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[1pegmncnosue

CeTeBble MHOTOITOJIB30BATENbCKIE UTPHI 3aHUMAIOT 3HAYUTEJIbHYIO HUIIY B COBpeE-
MEHHOIl UTPOBOI UHAYCTPUU. UNCIO UTPOKOB U CYMMBI JIEHET, BPAIIAIOIIUEC B ATOM
obtacTu, nopaxaior Booopaxkenue. B 2014 rony B «League of Legends» exxemecsiaro
3axoann 67 MuTMOHOB UTPOKOB. B 2015-M Ha yemmninonare mupa 1o urpe B «DoTA 2»
npusoBoi Gouz coctaBua 6osee 16 MuLIoHOB A0TapoB. Iponaxu cepun «Call of
Duty», momyJisspHOCTh KOTOPOU 0TYacTu 00YCJIOBIEHA TOAIEPKKON MHOTOTIOIb30Ba-
TEJILCKOTO PESKUMa, PEryJISIPHO IPUHOCAT Oojiee MUJLTHAP/A J0JJIAPOB yiKe B MEPBbIe
HECKOJIbKO JIHEH M0CJIe BBIXO/Ia 0Y€PEHOr0 BhIycKa. /lazke UTpbl, paHee ObIBIIIIE TOJBKO
oIHOTIOTb30BaTeabcKiMH, HaripuMmep cepust «Grand Theft Autos, teneps BrIFOYAIOT
ceTeBble KOMITOHEHTBI TIOJ/IEPSKKU MHOTOTIOTh30BATEIbCKOTO PEsKUMA.

B 5100 KHITrE TOAPOOHO PACCMATPUBAIOTCS BCE OCHOBHBIE MTOHATH, HEOOXOAMMBbIE It
CO3/IaHUsI CETEBBIX MHOTOIOJIH30BATENCKUX UTP. BHAUAIE MBI TO3HAKOMUMCST C OCHO-
BaMU CETEBBIX B3aUMOJIeiicTBIil: kak paboraeT VIHTEPHET U KaK BBIIOJHSETCS TIepe-
ChUJIKA JJAHHBIX Ha APyrue KoMibioTepsl. Jlaee, nmocje saknaiku GyHiaMeHTa, OyayT
paccMOTPEHBI OCHOBBI TIEPEayun JaHHBIX B UTPAX, KaK MMO/ITOTABJINBATh UTPOBBIE TAHHDIE
K IIepeiaue 1o CeTH, KaK U3MEHSTD COAEPKUMOE UTPOBBIX OOBEKTOB 110 CETU U KaK Opra-
HU30BaTh B3aUMO/IEHICTBIE KOMITBIOTEPOB, BOBJIEUEHHBIX B UTPY. 3aTeM Mbl [IOTOBOPUM
0 TOM, KaK KOMIIEHCHUPOBATh HEHAMEKHOCTh COETMHEHNS U 3aJIeP/KKHU TIPU ITepeade
JIAHHBIX TI0 CETH 1 KaK 00ECTIeUNTh MACIITAOUPYEMOCTb 1 GE30MACHOCTh UTPOBOTO KOJIA.
B riasax 12 u 13 paccMaTpuBaroTes cry:kObl 00beMHEH M HTPOKOB JIS BBIIEJEHHBIX
CepBePOB U UCIIOJIb30BaHue 00JIAaYHOrO XOCTUHTA — J[BE TEMbI, YPE3BHIYAHO BasKHbIE
JUISI COBDEMEHHBIX CETEBBIX UTP.

Ha crpanuniiax aToii KHUTH MbI HOIBITAIICH COBMECTHTD TEOPHUIO C TIPAKTHKOIL: B 6OJIb-
IIUHCTBE TJIAB HE TOJBKO 0OCY/KAAIOTCS BAsKHbBIC MOHATHS, HO U TIPUBOSITCS TPUMEPDI
IPOrPpaMMHOI0 KOJa, He0OXO[MUMOTO JIJIst IIOJHOLEHHOH paboThl ceTeBoii urpsl. Ha caiite
KHWTHU BbI Hali/leTe MOJIHbIE NCXO/IHbIE KOABI IBYX UTp. OiHA U3 HUX — CIOJKEeTHAS Urpa
(action game), a gpyras — crparerus B peanbiHoM Bpemenu (Real-Time Strategy, RTS).
YT0o0BI TOMOYb YUTATENO B OCBOCHUN PACCMATPUBAEMBIX 3/[ECH T€M, Ha TIPOTSIKEHUH
BCell KHUTH MbI Gy/IeM U3ydaTh MHOTOUYKCIEHHbBIE BEPCUU DTHX JBYX UTP.

BoJiblirast yacTh KHUTH OCHOBaHA Ha IIporpamMMe 00ydeHws, pa3paboTaHHOIl JIsT Kypca
M3YYEHHS TPOrPaMMHUPOBAHIS MHOTOIIOJIb30BATEIbCKUX UTP B YHUBepcuTere KOKHOM
Kamudopuuu. Ona, B cBOI0 04epe/ib, OIMPAETCS HA TTPEKPACHO 3aPEKOMEH/I0BABIIIYIO
cebst METOMKY 00yUeHUs paspaboTKe MHOTOIIOIb30BATENbCKUX UIP. OIHAKO 9Ty KHUTY
He cJIe[yeT pacCcMaTpUBaTh TOJBKO Kak yueOHoe 11ocobre — OHa MPUTOLUTCS JTI0OBIM
paspaboTYNKaM, JKeJAIUM Y3HaTh, KAK CO3/IaBATh CETEBBIE UTPHL
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KoMy aagpecoBaHa 3Ta KHUra

HecmoTpst Ha TO UTO B MIPUJIOKEHUN PACCMATPUBAIOTCS HEKOTOPBIE ACIIEKTHI COBpe-
MEHHOTO0 si3bika C++, UCIIOJIb3yeMOTO B KHUTE, TIPEATIOJIAraeTcs, YTO YUTATENb XOPOIIO
3HAKOM C 3TUM SI3BIKOM TTporpammupoBanust. Kpome toro, nmpemnoiaraercst, 4To YuTa-
Tesib yake obagaer 6a30BbIMK 3HAHUSAMU O CTAHAAPTHBIX CTPYKTYPAX JAaHHBIX, OOBIUHO
paccmaTtpuBaeMbix B Kypce CS2. [lns1 Tex, kTo He 3HaKOM ¢ C++ Uin JKeJlaeT OCBEKUTh
B TIAMSITH CBEJIEHUST O CTPYKTYPAxX AAHHBIX, MBI PEKOMEH/IYEM OTJIHUHYIO KHUTY JPHUKa
Po6eprca (Eric Roberts) «Programming Abstractions in C++».

Takske TIPEATIOIATaeTCs, YTO YUTATETh UMEET MPEJCTaBICHUE O TEXHOJOTUH TIPO-
IPaMMUPOBAHUST OHOIOIB30BATENLCKUX UTP. B neasne skenateabHo, 4TOObI OH UMEJT
npejcTaBiaeHne 06 UTPOBBIX IUKJIAX, TPUEMaX MOJETMPOBAHUSA UTPOBBIX 00BEKTOB,
BEKTOPHON MaTeMaTHKe U OCHOBaX UTPoBOil (pusnku. Ecjin BBl He 3HAKOMBI € 9TUMHE
BEIaM, BaM CJIe[yeT cHavYaia MpOYnTaTh KaKylo-HUOYIbh BBOJHYIO KHUTY O TIPO-
rpaMMupoBanuy urp, HarpuMep «Game Programming Algorithms and Techniques»
Canmxkas Masmxasa.

Kax ynomunamocs panee, KHUTA OZIMTHAKOBO XOPOIIO TTOAXOAUT U CTY/IEHTaM, U UTPOBBIM
MPOTPAMMUCTAM, JKeJIAIONUM OCBOUTD IPUEMbI CO3/IaHus ceTeBbIX UTp. U naxe Te us
Bac, KTO JIaBHO pabOTaeT B UIPOBOI MHYCTPUU, HO IIPEXK/E He 3aHUMAJICS CO3JaHIeM
CEeTEeBBIX UTP, HAWIYT B 9TOI KHUTE HEMAJIO TT0JIe3HOTO.

YcnoBHble 0603HaYEeHUS

ITporpamMMHBIiT KO TIOBCIOLY B KHUTE 0hOPMIIEH MOHOwMpuHHbM wpudTom. Hebourbiime
(bparMeHTBI Ko/1a MOTYT HAXOJUTHCST HEMTOCPEICTBEHHO B OCHOBHOM TEKCTE WJIU B OT-
MeTbHBIX ab3arax:

std::cout << "Hello, world!" << std::endl;

bBosee gnurHbIE (hparMeHThI KoJa 0hopMJIEHDI B BUJIE JIUCTUHIOB, KaK IIOKA3aHO B JIU-
crunre 0.1.

Jinctunr 0.1. MpuMep NUCTUHTa
// MNporpamma Hello world!
int main()

{

std::cout << "Hello, world!" << std::endl;
return 0;

}

B Tekcte Bam nHOTIA GY/IYT BCTpeyaThest ab3alibl, 0(hOpMIICHHbBIE KaK TTPUMEYAHMsT, CO-
BETBI, BPE3KU U MIPELyTPEKICHIUS, IPUMEPDbI KOTOPBIX TPUBOJIATCA JIajiee.

MPUMEYAHME T[pyMeyaHMss NMOMOralT OTAENWUTb MOSIE3HYI0 MHGMOPMAUMIO OT OCHOBHOMO TeKCTa.
BHMMaTeNbHO OTHECUTECh K TOMY, O YEM B HUX FOBOPUTCS.
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COBET CoBeTbl copepxxaT MOACKa3KW, KOTOPblE MOMOryT Mpu peanu3aumn OonpeaeneHHbIX CUCTEM
B KOAE Urpbl.

BHUMAHME [peaynpexaeHusi coaepXaTt O4YeHb BaXKHYH0 MH(POPMaLmMio, 06bI4HO KacatoLLyocs TUnmny-
HbIX OWMOOK Mnn npobnem, n cnocobbl NpeaynpeXxaeHns Nn peLleHnst 3Tux npobnem.

BPE3KA

Bpe3ku copepxxat obcyxkaeHuns, 06blYHO OTKIOHSOWMECS OT OCHOBHOW TeMbl FnaBbl. Bo Bpe3-
Kax MOryT NPUBOAUTLCS NOBOMbITHbIE CBEAEHNS O Pa3NMYHbIX NPobneMax, HO HeCyLleCTBEHHbIE
C TOYKM 3peHns obyyeHus.

Nouyemy C++7?

[Mopasstiomee 6GOJBITUHCTBO TPUMEPOB TPOTPAMMHOTO KOJIa B 9TON KHUTE HAUCAHO
Ha sA3bIKe C++, TOTOMY YTO OH (DaKTHUECKU OCTAETCSI OCHOBHBIM SI3BIKOM ITPOTPAMMMU-
POBaHUsI, UCIOJIb3YEeMbIM B UTPOBOM MHAYCTPUHU U TIPOTrPaMMICTaMK, paspabaThiBa-
IOIIMMU UTPOBbBIE IBMKKM (game engine). HexkoTopbie ABMKKY TT03BOJISAIOT HAITUCATD
GOJIBIIYIO YaCTh UTPhI HA IPYTUX si3bikax, Hanpumep Unity — ua C#, TeM He MeHee
B)KHO IIOMHUTD, YTO JIbBUHAS /1011 HU3KOYPOBHEBOT'O KO/Ia B TAKUX JIBMKKAX BCe ellle
nanucana Ha C++. [TocKoJIbKY TIaBHON TeMON KHUTH ABJISAETCS Pa3zpaboTKa CeTEBbIX
MHOTOII0/1b30BaTE/AbCKUX UT'P, YTO HA3bIBACTCS, «C HYJI1», OLIPEe/Ie/IeHO UMeeT CMbICL
paccMaTpuUBaTh 3TY TEMY € UCIOJIb30BAHUEM SI3bIKA, HAa KOTOPOM HallUCAaHbl UT'POBLIE
nBukkr. Ho faske eciim Bech ceTeBOM KOJI /LISt CBOMX UTP BbI OyieTe MUCATh HA KAKOM-
TO IPYroM s3blKe, OCHOBHBIE IIPUHIIUIIBI OCTANyTCs IpaKTUYecky TeMu xe. I Bce ke
BeChMa JKeJMaTeTbHO, YTOOB! BBl OBbLTN 3HAKOMB! ¢ C++, WHade mpuMeps! Kojga OYayT
BaM HEIOHSTHBI.

[Nouemy JavaScript?

[TosiBuBIMIMiiCS Ha CBET KaK HACIEX CAEJaHHBINA S3LIK CIEHAPUEB JJISI MOIIEPKKH
6paysepa Netscape, JavaScript 9BOJIIOIMOHUPOBAJ 10 CTAHAAPTU30BAHHOIO, IIOJIHO-
[EHHOr0 U 10 HEKOTOPO cTernenn QYHKIIMOHATBHOTO s3bIKa. ETo momysipHocTh Kak
sI3bIKa KJIMEHTCKUX CIIEHApHEB OMOTJIa eMy 1epebpaThCst Ha CTOPOHY CEePBEPa, TJIE 0
IPOLEAYPBL, uMeoIIne GopMy 0OBEKTOB, IIPOCTON CUHTAKCHUC 3aMbIKAHMIL 1 IIHAMU-
yecKast TUITU3aIus BecbMa 3 (HEKTUBHO YCKOPSIIOT Pa3paboOTKy CJysKO, YIIPaBJISEMbIX
coObrTrsMu. TIporpaMMHBII KOJI Ha 9TOM sI3bIKE TPY/HEe MOAAAeTCs pehaKTOPUHTY
U ¥IMeeT XYIIIYIO IIPOM3BOAUTEIbHOCTD, 4eM Ko Ha C++, 4To jesiaeT ero He JIy4Iinm
BBIOOPOM JJIsT pa3paboOTKK KJANEHTCKOI yacTu urp. Ho T KayecTBa He SIBJSIIOTCS
npo6IeMOl ISt cepBEPHOIT YacTH, KOTra [Jis BEPTHKAaJbHOTO MacIITaOupOBaHUs
ca1yk0bl MHOTA JOCTATOYHO JIMIIb CABUHYTh OeryHOK BIIpaBo. [IpuMepbl CepBEPHBIX
cary:k0 B ryiaBe 13 Hanucanbl Ha JavaScript, u JJ1sg UX HOHUMaHKS TPeOYeTCs Z0BOJbHO
GJIM3KOE 3HAKOMCTBO € 9TUM SI3bIKOM. Ha MOMeHT HanucaHus KHUTH JavaScript ObL,
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1o omenkaM GitHub, caMbIM aKTHBHO HCIIO/Ib3YEMbIM A3BIKOM. ETo0 110151 cocTaBisiia
50 % Bcex mpoekToB. CieoBaHme 3a TEHAEHIIMSMU PN TEHAEHITHH PEIKO TTPUBOIUT
K XOPOIINM pe3yJsraTaM, HO yMeHUe IIPOrPaMMUPOBAThH HAa CAMOM ITOIYJISIPHOM B MUPE
A3bIKe J1aeT Olpe/ieJIeHHbIE BBITOIBL.

Beb-canT KHUMU

Jliist 9TOi KHUTH CO3JIaH BCIIOMOTATEbHBIN BeG-caiit: https.//github.com/Multiplay-
erBook. Ha caiite BbI HaiiieTe CChIJIKK Ha IPUMEPHI Koja u3 Kuuru. Kpome Toro, tam
coziepsKaTcst CIIUCOK OMMOOK M OIIeYaToK, CChLIKU Ha cJiaiiapl PowerPoint u rmian kypca
0OyueHUsT B YHUBEPCUTETE.



bnarogapHocTu

Ml xoTesu Obl BBIPa3UTh CBOIO GJIATOJaPHOCTh BCEM COTPYAHUKAM U3JATEIbCTBA
Pearson 3a moMo1ib B co3/lanny KHUTH. B UX yncsie: Halll OTBETCTBEHHBIN PeaKTOP
Jlaypa Jlesun (Laura Lewin), yGeausiiasg Hac coOpaThCsi BMECTE U HAIIUCATD 9TY KHUT'Y;
nomomHuK pegakropa Ousust Becemkio (Olivia Basegio), cienasiias Bce BOBMOKHOE
st obecriedenust pabouero mporiecca; pegakrop-koucyasrant Matika Teperon (Michael
Thurston), momorasiuii paGotarh Ha/l HAIOJTHEHIEM KHUTH. MBI TAKJKe XOTUM CKA3aTh
crmacn6o BCEMY TEXHUYECKOMY TIEPCOHATY, BKITIOYAsT BBITYCKAIOMIETO PETAKTOPa JHIIH
Bucrepa (Andy Beaster), u Bcem corpyanukam Cenveo® Publisher Services.

Hamu rexunueckue pepakropbr Anekcanap Bouap (Alexander Boczar), [xonatan
Pakep (Jonathan Rucker) u Ixxkedpd Takep (Jeff Tucker) coirpanu BaskHy0 posib B uc-
npaBJieHIH OMUOOK B KHUTe. Mbl X0Te 1 GbI 100JIar0apyiTh MX 32 TO, YTO OHM HAIILIK
BpEMSI B CBOEM ILJIOTHOM Trpaduke /7151 ee periensuposanusi. HakoHerl, Mbl BeIpaskaeM
6sarosaprocTh Valve Software 3a mpegoctaBieHHYI0 HaM BO3MOKHOCTh HAIlUCATh
o Steamworks SDK, a takske 3a pereH3upoBanue riaasbl 12.

BbnaroaapHocTtu oT xoluya nensepa

Cmacu6o 6ousbiioe Jlopu (Lori) u Makkuanau (McKinney) 3a moJjiHoe MOHUMaHUE,
TO/IEPIKKY, T0OOBE 1 XOpoliiee HacTpoeHue. Bor — camast myurnast ceMbs. S moTparut
Ha 9Ty KHUTY MAaccy BPeMEeHMU, OTOPBAB €ro OT OOIIEHNS ¢ BAMU, HO Terepb s CBoGoeH!
Vpal Criacubo Bam, MaMa U Tiaria, 3a Ballly MOIEPKKY U JIIOOOBb, 32 BAIIy YBEPEHHOCTh
B TOM, YTO UX CBIH CIIOCOGEH HAIICATH KHUTY TIOYTH TAK K€ XOPOIIO, KaK OH MTHUIITET KOJI.
Cnacu6o tebe, Ber (Beth), 3a Maccy yUBUTEIBHOTO, YTO ThI C/IEJIAJIA JIJISI MUPA B TIEJIOM,
U 3a TO, UTO WHOT/IA TPUCMATpUBaja 3a MOMMH KorkaMu., Cracu6o Beeir Moeir MHOTO-
YUCIEHHON ceMbe 3a TIOIEPKKY U BEPY U 32 BOCXUIIEHUE TEM, YTO sI MTUIITY YIeOHUK.
Cnacu6o Yapabssy (Charles) u Bcem MmonMm koneram-npodeccuonaam us Naked Sky
(TIporpaMMUCTaM ), KOTOPbIE TOMOTAJIA MHE COXPAHSTh OIUTENBHOCTD U YKA3bIBAJIH HA
mou ommbku. Criacu6o sam, Tsup (Tian) 1 Cam (Sam), 4To 3aTallnU/IM MEHS B 9Ty UH-
nycrpuio passiedennii. Criacrbo Bam, cetceil Konmmnr (Sensei Copping), 3a HayKy, 4To
YeJIOBEK, KOTOPBIN yOUpaeT CBOM JI0M, HO OCTABJISIET IPSI3HBIM TyaJleT, pa3pyInaet ceOsl.
U koneuno, ciacu6o tebe, Canzkaii, 3a o, uto npuriaacui mers Ha 6opt USC u npunsin
MeHs B ¢BOIO KoMaHy! S HuKoraa He cMor Gbl IOBECTH 3TO JIEJIO JI0 KOHIA 6e3 TBoei
MYJIPOCTH U TPE3BOCTHU MBITIJIEHNUS, HE TOBOPS YK€ O TOM, UYTO TIOJIOBUHA HAITMCAHHOTO
npunamiaexut tebe! (Ax, aa, cracu6o tebe, Jlopu, elie pas, Tak, Ha BCIKUAN carydail, eciiu
Ha MepByIo 61ar0lapHOCTh Thi He 006paThIa BHUMaHs!)
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Meskly KOJTMYeCTBOM KHUT, HAITMCAHHBIX aBTOPOM, 1 00hEMOM 0JIarolapHoCTeil ecTh
olpe/ieJieHHast 3aBUCUMOCTbh. Tak Kak s Hanucasn Maccy 6JarogapHocTeil B CBoei 11o-
cilefiHell KHUTe, Ha 9TOT pas OyAy KpaTok. S Xxouy, KOHEuHO e, BhIPa3uTh Oaromap-
HOCTh MOUM DOJIUTEJISIM U CECTPE, CKa3aTh CMacubo MOMM KOJIIEraM U3 MPOrPaMMbI
Information Technology Program Yuusepcurera IO:xHnoii Kamudopuuu (USC). Ha-
KOHeI, 51 XOuy CKasaTh cracu0o [[Kolya 3a coryiacue U3yduTh Hai Kype <IIporpam-
MUPOBAHUE MHOTOIOJIB30BATEIBCKIX UTP», TIOTOMY UTO G€3 3TOTO Kypca He yBueaa
ObI CBET M 3Ta KHUTA.



O6 aBTOpax

Ixourya Tneitsep (Joshua Glazer) — coocroBaresb u TexHuueckuii upextop Naked
Sky Entertainment, He3aBUCVMON CTY/IMY, 3aHUMAIONIEICs Pa3pabOTKON Urp JIst pHU-
CTaBOK U II€PCOHAJIbHBIX KOMIIBIOTEPOB, TakX Kak «RoboBlitz», «MicroBot», « Twister
Mania», a KpoMe TOTro, MOJIHBIX XHTOB JIJIs MOOMJIBHBIX YCTPOICTB: « Max Axe» u «Scrap
Force». Kak pykoBogurens Naked Sky ox KOHCYJIBTHPOBAT HECKOIBKO BHEITHUX 1TPO-
extoB, Bkiouass «Unreal Engine» B Epic Games, «League of Legends» B Riot Games,
«Destroy All Humans» 8 THQ u MHOKeCTBO APYTUX mMpoekToB 1tst Electronic Arts,
Midway, Microsoft u Paramount Pictures.

[To coBmecTuTenbeTBy [Ikontya uynraer gekiun B Yauepcurtere HOxnoit Kanmudopnuu,
T7Ie ¥ 3aMHTEPECOBAJICS KyPCaMHU MO TPOTPaMMIPOBAHIIO MHOTOMIOTb30BATEIBCKIX UTP
1 pa3paboTKe UTPOBBIX JBUKKOB.

Canmkait Maaxae (Sanjay Madhav) — crapmmii npenogasaress Yausepcurera Osx-
Hoit Kanmmdopaun, BeJieT HeCKOIBKO KYypPCOB 110 TTPOTPAMMHUPOBAHUIO W CO3/IAHUIO BU-
neonrp. OCHOBHOI 113 HUX — IPOTPAMMUPOBAHIE UTP 7T CTY/IEHTOB CTAPIINX KYPCOB,
kotopsIii o unTaetr ¢ 2008 roma. Takske oH BeZleT HECKOJBKO JAPYTUX KYyPCOB, 11O TAKUM
TeMaM, KaK UTPOBBIE IBUKKH, CTPYKTYPBI JAHHBIX U Pa3padOTKa KOMITHIISTOPOB. SBJIsi-
ercst aBropoM kaurH «Game Programming Algorithms and Techniquess.

o nocrynuenus Ha pabdory B Yuusepcuter IO:xHoi Kanndoprun Canmkail paboran
MPOrPaAMMKCTOM B HECKOJIBKUX KOMIAHUSAX, 3aHUMABIITUXCS PazpaboTKON BUACOUTD,
Brutouast Electronic Arts, Neversoft u Pandemic Studios. YaacTBoBaJI B CO3[IaHU MHOKE-
crBa urp, srodas «Medal of Honor: Pacific Assault», «Tony Hawk’s Project 8», «Lord
of the Rings: Conquest» u «The Saboteur», — GOJIBIINHCTBO 13 KOTOPBIX B TOI MJIM MHOIL
CTETeHN MOKHO Ha3BaTh MHOTOTIOIb30BATEIbCKIMH CETEBBIMU UTPAMH.



O630p ceTeBbIX Urp

Mpoes ceTeBblX MHOMOMO/Ib30BATENbCKMX UIP HE Oblna nonynspHa y OCHOBHbIX Mpo-
nsBoautenein urp o 1990-x, BnpoyeM, HET npaBun 6e3 NCKIoYeHNI. B aTol rnase
Mbl CHayasla NO3HaKOMMMCS C KpaTKOWM UCTOPWEN 3BOJTIOLIMM MHOMOMOSIb30BaTENbCKUX
Urp, oT NepBbIX ceTeBbIX Urp 1970-x A0 0BLLIMPHOM COBPEMEHHOMN MHAYCTPUK. A 3aTeM
6yaet npeacraeneH 0630p apXMTEKTYpbl ABYX MNONYNASPHbIX CETEBLIX Urp 13 1990-x —
«Starsiege: Tribes» n «Age of Empires». MHOrne npuembl, NMPUMEHSIBLUMECS B 3TUX
Urpax, UCrosb3ytoTcsl U B HalUW AHWU, NMO3TOMY AaHHbI 0630p MOMOMXET JlyyLUE MOHSATb
CNOXKHOCTW CO3AaHMSi CETEBOIM MHOIOMOJ1b30BATENIbCKOMN UMPbl.

KpaTkas MCTopusi MHOrOMNob30BaTENbCKUX UMD

[TepBbie mpapoauTesi COBPEMEHHDBIX CETEBBIX MHOTOIIOJIB30BATENBCKUX U HAYAIIH 1O~
sBAATHC erie B 1970-x u paboTaiu Ha YHUBEPCUTETCKUX MettHdpeiimax. OHAKO UTPbI
9TOTO POJIa He TIOTYYHJIN MIMPOKOTO PACTIPOCTPAHEHYIS, TTOKa VIHTEepHET He PpeBpaTHIICs
13 nHGOPMAIMOHHOTO Yy/Ia B HEYTO 00OBIIEHHOE, — 3TO MIPOU3OIILIO BO BTOPOU TOJIOBUHE
1990-x. B aTOM paszesie Mbl TIOTOBOPUM O TOM, KaK MOSIBUJIVICH TTEPBBIE CETEBBIE UTPHI
U B KAaKUX HANPaBJIEHUSX IIJIO UX PAa3BUTHE TOYTH TTOJBEKA, HAUMHAS C MOSIBIEHUS
MEPBBIX UTPOBBIX «/IMHO3ABPOB>.

JloKkanbHble MHOIOMO/b30BaTEeIbCKUE UTPbI

HexoTopble n3 paHHIX BUAEOUTD OBLIH JTOKALLHOIMU MHOZONOLbI0BAMENbCKUMU, B TOM
CMBICJIE, UTO JIOTTYCKAIU BO3SMOKHOCTD YUACTHS JIBYX U H0JIee UTPOKOB B UTPE HA OJTHOM
KoMITbIoTepe. K umcsry Takmx Urp OTHOCSTCS caMble TIepBbIe UTPbI, BKJIOYas «Tennis
for Two» (1958) u «Spacewar!» (1962). JlokajibHble MHOIOIIOJIb30BATEIbCKIE UTPHI
MPOrPaMMUPYIOTCST TIPAKTUYECKH TaK JKe, KAK OJJHOMOJIb30BaTeIbCKUE. EnnHCTBEH-
HOe OTJINYNE 3aKJII0YAT0CH B HATMYUU HECKOTBKUX M300paKeHN UTPOBON CIIEHB! Ha
aKpaHe 1,/WJIU TTo/iIep’KKe HECKOIBKIX YCTPONCTB BBO/A. Tak Kak MporpaMMUpOBaHIe
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JIOKQJIBHBIX MHOTOIIOJIb30BaTEJIbCKUX UTP OYEHb CXOKe C IIPOrPaMMHUPOBAHUEM OJ[HO-
I0JIb30BATEIBCKUX UTP, B ATOI KHUTE K HEMY MbI GOJIbIIE He BEPHEMCSL.

PaHHWe ceTeBble MHOIOMOJIb30BaTEbCKUE UTPbI

IlepBble cemesbie MHO2ONOIBL30BAMENLCKUE UZPL PAOOTANN B HEOOJIBUINX CETSIX, COCTO-
stx 13 6osbinx DBM. [iaBHoe oT/iMyre ceTeBOM MHOTOIIOIb30BATEIbCKON UIPHI OT
JIOKAJTBHOM MHOTOITIOJIb30BATELCKOM COCTOUT B TOM, YTO B AKTUBHBIH CEAHC UTPBI BKJIIO-
YeHbI IBa WK G0Jiee KOMITbIOTEPa, COSANHEHHBIX APYT ¢ Apyrom. OIHON U3 TaKuX ceTeit
6oubiix DBM 6bia cucrema PLATO, paspaborantas B VIJWIMHONCKOM YHUBEPCUTETE.
Numenno B cucreme PLATO 06blia cosana oHa U3 EepBbIX CETEBbIX UTP — IOIIAroBast
crparerus «Empire» (1973). IlpumepHo B TO ke BpeMst yBU/Iesia CBET U CETEBAs UTpa
«OT TIEPBOTO Jiniay «Maze Wars, u JIo cUX 1IOp HeT e[UHOr0 MHEHUS O TOM, KaKas U3
JIBYX MOJKeT TIPeTeH/I0BATh HA IEPBOPOJICTBO.

C HavasioM pacrnpocTpaHeHUsT TePCOHATbHBIX KOMIIbIOTEPOB B KoHIle 1970-x paspa-
GOTYNKY UCKAIU CITOCOOBI OPTAHU3AIIMH B3aUMO/IEHCTBYS IBYX KOMITBIOTEPOB Y€pe3
nocnedosamenvioie nopmot. Ilocae0BaTEIBHBIN TIOPT MO3BOJISIET TIEPEaBaTh JAaHHBIE
[0 OJIHOMY OWTY, 1 OCHOBHBIM €r0 HazHaueHUeM ObLIO B3aMMOJICHCTBIE ¢ BHEITHUMHE
YCTPOHNCTBAMU, TAKUMHU KaK IPUHTEPDI WU MoJieMbl. OJTHAKO € €T0 TIOMOIIbIO TaKKe
MOJKHO OBLJIO CBSI3aTh J[Ba KOMITBIOTEPA 1 OPIraHU30BaTh OOMEH JTAHHBIME MEK/TY HUMU.
ITO TO3BOJISTIO CO3/IATH UTPOBON Cceanc, 0OHETMHSIIONNN HECKOTBKO TTEPCOHATHHBIX
KOMITBIOTEPOB, OJ1aro[apsi YeMy MOSIBIJIUCH mepBbie ceteBbie urpsl it PC. B 1ekabpb-
ckoM HoMmepe kypHasia «BYTE» 3a 1980 rox 6buta omybnkoBana crarbs Baccepmana
n Crpaiikepa 0 TOM, KaK TPOrpaMMUPOBATh TaK Ha3bIBA€Mble MHOTOMAITMTHHBIE UTPBI
Ha beiicuke.

Ho 6011101 HEIOCTATOK MCTIOTB30BAHUST MOCTEI0BATENBHBIX TTOPTOB COCTOSLI B TOM, YTO
KOMITBIOTEPBI OOBIYHO UMEITH He 6oJiee IBYX TaKUX TOPTOB (€C/IH, KOHEYHO, HE UCTIONh-
30BajlaCh KapTa Paclimpens). ITO 03HAYATIO, UTO JJIST COEIMHEH ST H0JIee YeM JIBYX KOM-
MHIOTEPOB Yepe3 MOCTeI0BATENbHbIE TOPTHI HEOOXOAMMO OBITO UCTIOMH30BATD 2UPITHOHYIO
CXeMY COeTMHEHTIsT, B KOTOPOIT MHOKECTBO KOMITBIOTEPOB OOBEANHSIIIOCH B KOJTBITO. Takast
Opranu3alysl KOMIIBIOTEPOB ABJIAETCA OJHUM U3 BAPUAHTOB TOLOJIOIMU CETH, O KOTOPbIX
noipoOHee paccKasbiBaeTcs B ryiaBe 6 « TOMmoioruu ceteil U MpUMEPBI UTP>.

Tak, HecMOTPsI Ha HaJIMYue TEXHOJIOTHH, JOCTYIIHOM yike B Hadase 1980-x, 6osbiimH-
CTBO WTP, BBINYIIEHHBIX B TEUEHUE JECSITUIETHUS, HE UCII0JIb30BAI0 UMEBIINECS CeTe-
Bbie BO3MOKHOCTH. Tosbko B 1990-e uies oObeanHEeHIA HECKOJIBKUX KOMIIbIOTEPOB
B JIOKQJIBHYIO CETH JIJISI UTPBI MTOJIYYMJIa laTbHelIee Pa3BUTHE, O YeM PACCKA3BIBAETCS
HIKE B 9TOM IJIaBe.

MHOromnonb30BaTeNbCKUIN MUP

Muoronosb3oBareabckuii Mup, uiau MIIM (Multi-User Dungeon, MUD), — ato
0ObIYHAST TEKCTOBAsI MHOTOIIOJIB30BATEILCKASI UTPA, B KOTOPOU HECKOJIBKO UTPOKOB O/
KJIIOYAIOTCSE K O0IeMy BUPTYAJIbHOMY MUPY. VITPbI 3TOTO BUJIA BIIEPBBIE TOSIBUJIICH HA
Gonpux DBM B KpynHBIX yHUBEPCUTETAX, a cama ab0pesuaTypa MUD mponcxoaut ot
HazBauust urpsl «MUD» (1978), coznarnoit Pobom Tpyimoy 13 DcCeKCKOro YHUBEPCHU-
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Teta. MHOrornoab30BaTeIbCKUil MUP MOSKHO CUMTATh PAHHEN KOMITBIOTEPHOI Bepcuei
poJieBoii urpel «Dungeons and Dragons», XoTs He Bce MHOTOIIOJIb30BATEIbCKIE MUPbI
OBbLIN POJIEBBIME UTPAMU.

C pocTOM MOLIHOCTH IIEPCOHANBHBIX KOMIIBIOTEPOB IIPOU3BOUTEIN AIIIAPATHOIO 06e-
CliedeHus HauajIy BBIIIYCKAaTh MOJIEMBI, TI03BOJISTIOIIIE JABYM KOMIIbIOTEpAM 0OMEHIBATh-
CA JaHHBIMU 110 CTaHIaPTHBIM Te]Ie(l)OHHbIM JIMHUAM. HeCMOTpH Ha TO 4TO CKOPOCTH
O6MeHa 6bI]II/I I-Ip(‘Z‘SBbI‘-IaI‘/JIHO HU3KNMM 11O COBPEMEHHBIM MEPpKaM, MOJZEMBbI JaBaJan
BO3MOKHOCTD UTPATh B MHOTOITIOJIb30BATE/IbCKUX MHUPaAX YK€ BHE CTCH yHI/IBepCI/ITeTOB.
Hexoropbie 3amyckanu urpst MITM B axexkmponnvix dockax obeserenuil (Bulletin Board
System, BBS), 1103BoIsIBIIINX HECKOJILKUM I0JIb30BATEISIM TIOIK/IIOUATHCS TIOCPECTBOM
MO/IEMOB U BBITIOJIHATH MHOKECTBO [[eflCTBHfI, B TOM YMCJIE U UT'PAThb B UT'PHI.

Nrpbl B NOKaNbHbIX CETAX

Tepmun zokamvias cems (Local Area Network, LAN) ucnosbayercst 1711 OIUCaHKs CO-
eIMHEH ST HECKOJIBKIX KOMITBIOTEPOB B OTHOCUTEJIBHO HEGOJIBIINYIO ceThb. J[J1s1 co3ianus
JIOKAJTBHBIX COeTMHEHMNIT MOTJIN UCTIOJIb30BAThCST CAMble Pa3Hble MEXaHI3MBI — OJTHUM U3
MIPUMEPOB CIY/KUT OOBEANHEHNE B CETh YePe3 MOCTeN0BATETbHBIE TOPTHI, KAK OTACHIBa-
JIOCH BBITTIE B 3TOH riaBe. OHAKO 3BE3/IHBIN Yac JTOKATBHBIX CETel TIPOOUI C TTOSIBIEHHEM
Ethernet (mipotokosia, KOTOPBIN OAPOOHEE paccMaTpuBaeTcs B TiiaBe 2 « IHTepHeT» ).

Urpy «Doom» (1993) Bo MHOrOM MOKHO CUUTATH TIPAPOIUTEIEM COBPEMEHHBIX CETEBBIX
UIP, XOTs OHA U He ObLIa MePBOil UIpoii, 06ecneunBaIonieil MHOTOIIOIb30BATENbCKUI
PeKnM B JIOKaTbHOU cetu. [lepBag Bepcust wymepa om nepeoeo auya, BuITyTIIEHHAS KOM-
nanveil id Software, noiep;KUBaIa 10 YETHIPEX UTPOKOB B OJJHOM CEAHCE UTPhI ¢ BO3MOJK-
HOCTBIO UTPATh BMECTE MPOTHB KOMITBIOTEPA UITN KayK/ABIH cam 3a cebst. Tak kak «Doom»
ObLJI aKTUBHOI MIPOil ¢ OBICTPO UBMEHSIIOIIENCS UTPOBOII cUTyalei, oH moTpeboBal
peaynsaluy HeCKOJIbKUX BasKHEHIINX neld, olnucbhiBaeMbIX B 9TOH kuure. Koneuno, Bce
3TU TIPUEMBI TIPETEPTIeSIN CyIeCTBeHHbIe n3MeHeHu: ntocsie 1993 rosa, HO IepBeHCTBO
«Doom» B maHHOU 06JacTH HUKEM He ocriapuBaeTcst. [ToapodHee MCTOPUS CO3MaHuUsT
«Doom» omuceiBaercst B kaure «Masters of Doom» (¢M. CCBIKY B KOHIIE TJIaBbI).

MHuorue UTPBbI, IIpeAliojgaraBiine NCIoJb30BaHne MHOTOII0JIb30BaTEJIbCKOI'O peKnMa,
noaJepKuBaJjin B3aMMO/JIeICTBUSI HUTPOKOB HE TOJIbKO B JIOKAJIbHBIX CETAX, HO TaKiKe
yepes3 MO/IEMHbIC NJIN TEJIEKOMMYHUWKAITMOHHbIE COEIMHEHU . I‘IGPES HECKOJIbKO JIET yiKe
I1O/1aBJIAIOIIEE OOJIBIINHCTBO CETEBBIX urp obecIeunsio MOAAEPIKKY JIOKAJIbHBIX CeTel.
ITO ITPUBEJIO K ITOSABJIEHUIO KJIy6OB, OCHaIIIEHHBIX CO€/IMHEHHBIMU B CETb KOMIIbIOTEPA-
MH, B KOTOPbIX CO6I/IpaJII/ICb JIOOUTENN CeTEBBIX Hrp. HeCMOTpH Ha TO YTO HEKOTOPLIE CE-
TE€BbIE MHOI'OIIOJIB30BATEJIbCKNE UT'PBI BCE €II€ BBIITYCKAIOTCS C HOHZ[GP)KKOI;,I JIOKAJIbHBIX
CeTef/’I, B ITIOCJIEIHYE TO/IbI Ha PhIHKE JIOMUHUPYIOT MHOT'OITOJ/Ib30BATE/IbCKIE OHJZCHZH-L{Zpbl.

OHNaH-uUrpsl

B oHtaiitH-Urpe UTPOKU CBS3BIBAIOTCS JPYT C APYTOM TIOCPEACTBOM HEKOTOPOIT TII00aIIh-
HOI ceTH. B Hacrosiee BpeMsl OHJIAH-UTPbI 4YaCTO HA3bIBAIOT MHTEPHET-UTPAMU, HO
TEPMUH <OHJIAITH» HAMHOTO IITHUPE M BKJOYAET TaKKe HEKOTOPble paHHUE CeTH, TaKne
kak CompuServe, KOTOpbIE paHbliie He OB CoeIMHEHBI ¢ VIHTEpHETOM.
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C Hauasom 6ypHoro passutus VHrtepHera B konile 1990-x Hauajics paciBer oHJIaliH-
urp. B unciie urp, 3aBoeBaBIIX TOMYJISIPHOCTD B 9TOT MEPUOJT, MOJKHO HazBath «Quake»
(1996) xomnanuu id Software u «Unreal> (1998) komnanuu Epic Game.

XO0Ts1 MOKET TIOKa3aThCsl, UTO OHJIANH-UTPBI PEATUZYIOTCS TaK Ke, KaK UTPBI JIJIST JIO-
KaJIbHBIX CeTeil, IJIaBHOI POo6JeMON OHIAH-UID ABJISIOTCS 3a0epyckil, Hen36eKHO
BO3HUKAMIIIKE MPU Tepejiave TaHHbIX 110 ceTu. [lepBoHauasibhast Bepcust «Quakes,
HArpuMep, BooOIIe He MPeIIoiarajia B3auMoOIeHCTBUSI Yepe3 HHTEPHET-COeITNHEH NS,
U TOJIBKO ¢ BbIxozioM uctipasiennii QuakeWorld nosiBusiach BO3MOKHOCTD UTPBI Yepe3
WuTepHer. MeTo/ bl KOMITEHCAI[MH CETEBBIX 3ajiePikeK GoJiee MoJAPOOHO paccMaTpuBa-
10TCA B TJ1aBe 7 «3ajlepKKu, (DIYKTyalluu U HAZIe)KHOCTh> U B TJIaBe 8 «YirydienHas
06paboTKa 33/1EPIKEK>.

C nossienueM B 2000-x Takux cayx0, kak Xbox Live n PlayStation Network, siBiisis-
IIUXCS TPSIMBIMU TTOTOMKAMU CJIY>K0 /1711 TepCOHANBHBIX KOMIBbIOTEPOB Tra GameSpy
1 DWANGO, crasia BO3MOKHO TO/IEP/KKA OHJIAWH-UTP Ha UTPOBBIX KOHCOJISIX. B yach
MUK 9TUMU CITYKOAMU TIOJIB3YIOTCS MUJUTHOHBI AKTUBHBIX MOJIb30BATEJIEH, XOTS, € pac-
NPOCTpaHEHHEM MOTOKOBOTO BUIEO U APYTUX CJYKO /I MTPOBBIX KOHCOJIEH, He Bee
HTU AaKTUBHBIE UTPOKH JIEHCTBUTELHO UTPAIOT B UTPLI. B raase 12 «rposbie carykObi>
paccKasbIBaeTCs, Kak MHTETPUPOBATh OJHY M3 TaKUX CJIyKO — Steam — B Urpy st
[IEPCOHATBHOTO KOMIIBIOTEPA.

MaccoBble MHOIoMos1b30BaTE/IbCKUE OHJANH-UIPbl

Jlase B HaIM AHU OOJIBITUHCTBO MHOTOIIOJIb30BATEIbCKIX OHJIANH-UTD OrPAHUYMBAECTCS
MOJIIEPKKO HEOOITBIIOTO YKC/Ia UTPOKOB B OJTHOM MUTPOBOM ceaHce — 0OBIUHO OT 4 110
32. OHAKO B MACCOBOU MHOZ0NONb308amenvckoll onnain-uzpe (Massively Multiplayer
Online Game, MMO) B 0{HOM UTPOBOM CeaHCe MOTI'YT IIPUHUMATH Y4aCTHe COTHH, €CJIN
HE THICIYU UTPOKOB. BOJIBIIMHCTBO MACCOBBIX OHJIANH-UIP — 9TO poJiesbie urpbl (Role-
Playing Games), u moatromy ux oboszHauaot abopesuarypoit MM ORPG. Ho cyiiecTBy-
10T TaKKe W JIPYTHe BU/Ibl MACCOBBIX OHJIAIH-UTP, HAPUMED WYymepbl 0m nepeozo Juua
(First-Person Shooters, MMOFPS).

Bo muorux caygasx urppt MM ORPG moxHO cunTtaTh rpadmiecknM pa3BUTHEM MHOTO-
moTb3oBaTeTbcKX MUPOB. Hekoropsie 3 panuux urp MMORPG daktryeckn mosrBu-
JIUCH JI0 TMUPOKOTO pactpocTpanenus VIHTepHeTa u (hyHKIIMOHUPOBAIN B KOMMYTUPY-
eMBIX ceTsX, Takux kKak Quantum Link (6osee mosntee HasBanue — America Online)
u CompuServe. OiHol 13 TIepBbIX TakuX urp crania « Habitats (1986), B koTopoii Gbuiu
peasm30BaHbl HEKOTOPBIE 3JIeMEHTBI HOBEHIIel TeXHOJIOTUH, ONTMCAaHHbIe B KHUTe Mop-
uurcrapa 1 @apmepa (CM. CChLIKY B KOHIIe r1aBbl). OIHAKO TOIBKO C PACTIPOCTPAHEHHEM
MHTepHeTa UTPBI TOTO JKaHPa CTAIU 0OpeTaTh MOMyIIPHOCTD. [IepBbIM HACTOSIIITUM
xurtoM cTajia «Ultima Online» (1997).

[pyrue urpet MM ORPG, takue kak «EverQuest» (1999), rak:ke nmesn onpeziesieHHbIIM
yCTIEX, HO HACTOSITIAI B3PHIB MHTEPECa BO BCeM MUpe mpousoriies ¢ BerxogoM « World of
Warcraft» (2004). B kakoii-to MomeHT urpa ot Blizzard co6pasa 6osee 12 MUIIHOHOB
AKTUBHBIX TIOAMMCYNKOB [0 BCEMY MUPY U CTajIa HACTOJIBKO 3HAYUTETHHOM 4aCThIO 10-
MyJASpHOI KyJabTypbl, uTo B 2006 roy Jjiersia B OCHOBY OTHOTO U3 STTU30/[0B aMEPUKaH-
CKOTO MYJIBTUILTUKAITHOHHOTO cepraia «IO:xubrit mapk» (South Park).
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Cospianue MacCOBBIX OHJIAH-UTP COTPSIKEHO C PEIIIEHUEM CIIOKHBIX TEXHUUYECKUX 3a/1ad,
YacTh M3 KOTOPBIX 06cyskaaeTcst B riase 9 «MacirrabupyeMoctb». OHAKO OOJIBITIMHCTBO
[IPUEMOB, HCIIOJIb3YEMBIX ITPU 3TOM ITPOIECCE, JAJICKO BBIXOANT 32 PAMKHU HAIIECH KHUTH.
Kpome Toro, mpesk/ie ueM jraske paccMaTpruBaTh CaMy BO3MOKHOCTE CO3/[AHUST MacCOBON
OHJIAH-UTPBI, CJIETYET O3HAKOMUTHCS C OCHOBAMU CO3/IaHUS MeHee MacITabHbIX ceTe-
BBIX UTP.

Mo6unbHble CETEBbIE UIPbI

C nosiBjieHUeM Urp /i MOOUJIBHBIX YCTPOMCTB He OCTAIUCh B CTOPOHE ¥ MHOT'OIIOJIb-
30BaTeJIbCKHUE UTPhl. MHOTHE U3 HUX Ha MOOUIbHBIX ILIATGOPMAaX SBJIAIOTC ACUM-
XPOHHBIMU — OOBIYHO CO CMEHOIT X0/Ia — U He TPeOYIOT Mepe/lauil JAHHBIX B PEATbHOM
BpeMeHU. B aT0i1 MO/1e/Tn UTPOKM U3BEIIAIOTCS O TOM, YTO HACTYTIAeT UX IIPABO C/IeJ1aTh
XOJI, ¥ UMEIOT I0BOJIbHO MHOTO BPEMEHH, YTOOBI BBIIIOJHUTD €r0. ACHHXPOHHAS MOZEJIb
CYIIIECTBOBAJIA C CAMOTO MOMEHTA TIOSIBJIEHMST CETEBBIX MHOTOITO/Ib30BaTeThekux nrp. He-
KOTOPbI€E 9JIEKTPOHHBIE JOCKH OOBABJIEHII MMEJIU eMHCTBEHHYIO TeJIe(OHHYIO JIMTHUIO
JUUT BXOJAIINX COCIMHEHUT, a 3TO 03HAYAJIO, UTO B KAXK/bIII MOMEHT BPEMEHU K TaKUM
cucreMaM MOT ObITh HOAKJIIOYEH TOJIBKO OJUH I0Jb30BaTelb. TO €CTh UIPOK J0JIKEH
ObLII TIOJKJIIOYUTHC, CIEJATh CBOM X0/ ¥ OTKJIIOYUTHCA. 3aTeM B CJEAYIONIII MOMEHT
BTOPOM MIPOK MOJKET TOAKIIOYUTHCS, YTOOBI CIEIaTh OTBETHBIN XOI.

B kauecTBe mpuMepa MOOUIBHO UTPBI, UCTIOJIB3YIONIEN ACUHXPOHHYIO MHOTOTIO/IB30-
BaTEJIbCKYI0 MOJIeJIb, MOKHO mpuBectr « Words with Friends» (2009). C TexHuueckoi
TOYKM 3PEHUS aCUHXPOHHAS ceTeBask UTPa IIPOIIEe B peausalnu, YeM Urpa, 1eicTBy-
I01I[ast B PEKUME PEaTbHOTO BPEMEHHU, 0COOEHHO JIJIST MOOMJIBHBIX YCTPOUCTB, TIOTOMY
4TO MPUKJIAAHBIE IPOrpaMMHbIe HHTepdeich MoOMIbHBIX MaaTdopM (Application
Program Interface, API) yske umeror GyHKINN [JIsT aCHHXPOHHBIX B3aUMOIEHCTBUI.
Wcnosp3oBatne aCHHXPOHHON MOJIENH [IJist MOOUJIBHBIX UTP HA PaHHEH CTajuu pas-
BUTHS MOOWJIBHBIX ceTell OBLIO MPaKTHYECKH HEBO3MOKHO M3-3a HU3KOU HAIEeKHOCTH
ATHX CETeH 10 CPABHEHUIO € TPOBOAHBIMU coefinHeHusIMU. OIHAKO ¢ OBICTPBIM POCTOM
YKCJIa yCTPORCTB, oaepskuBatonx Wi-Fi, u yiydiienrem kauecTBa MOOMIbHbBIX ceTeil
CTaJIO MOSIBJIATHCS BCe OOJIBIIE CETEBBIX UTP PEATBHOTO BPEMEHHU JIJIst 9TUX YCTPOUCTB.
[Ipumepom Takoiil UTPbl, UCHOJIB3YIONIEH TPEUMYIIeCTBA CETEBbIX B3aUMO/IEMCTBUI
B peasibHOM Maciitabe Bpemenw, sieisietcst « Hearthstone: Heroes of Warcrafts (2014).

Starsiege: Tribes

«Starsiege: Tribes» — 510 HayYHO-(paHTACTUYECKUIT IITyTED OT IEPBOTO JINIA, CO3aHHbIN
B komie 1998 roxa. B To Bpemst aTta urpa currasach OAHOI U3 Jydiux 6J1arogaps Bos-
MOKHOCTH BECTHU JUHAMUYIHOE CPAsKEHUE OTHOCUTELHO OOJIBIIOMY KOJHUECTBY UTPO-
KoB. HekoTopsle HTpOBBIe Pe;KUMBI Pa3penrasy OfHOBpeMeHHOe yuacTie 10 128 urpokon
B JIOKAJIbHBIX ceTsiX uin Vutepuere. UToObI TOJIYIUTH MPEACTABIEHIE O CTETIEHH CII0K-
HOCTH peaM3aIlii TAKUX UTP, TPUMUTE BO BHUMAHUE, YTO B TOT TIEPUOJT TIOIABJISIONIEE
GOJIBIITMTHCTBO UTPOKOB MOAKIIOYATOCH K IHTEpHETY Yepe3 KOMMYTUPYEMbIE JIHHUH.
[Tosib30BaTeE I KOMMYTHPYEMbIX COEJAMHEHUN B JIydIlIeM CIy4ae UMeTN MOJEM, MO/
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JEPKUBAIOIIUI CKOPOCTH Ilepeiaun IaHHbIX 10 56,6 k6ut/c. Bojee Toro, urpa «Tribes»
MOJIIEP/KUBAJIA TTOJKJIIOUEHHUST CO CKOPOCThIO Beero 28,8 k6ut/c. [lo coBpeMeHHbIM
MepKaM 3TO YPE3BBIYAITHO HUBKAS CKOPOCTD. Ele oiH (hakTop: KOMMYTHPYEMBIE CO-
eIMHEHN CTPaJaii OTHOCUTEIBHO OOJIbLUIMMU 3a/IePKKAMK — 3aePKKH B HECKOJIBKO
COTEH MUJLIMCEKYH/L ObLIM OOBIYHBIM JIEJIOM.

MoskeT MoKa3aTbCs, YTO CeTeBask MOJIENb JIJIsl UTP ¢ HU3KUMU TPeGOBAHUSIMU K TIPO-
IyCKHOM ¢IIOcOGHOCTH yiKke ycTapesa. Ho HecMOTpst Ha 9T0 MOJIEJTb, HCITOJIb30BaBIIASICST
B «Tribes», mo-TpekHEMY OCTaeTCst BOCTPEOOBAHHOMN B HAIIM JHK. DTOT Pa3/Ies OMUCHI-
BaeT UCXOIHYIO CETEBYIO MOJIeJb UrPbl « Tribesy Jiuiih B 001ux ueprax — OoJiee mo/1-
pobGHOE ee onrcaHye MOKHO HaiiTu B crathbe Dpormaiiepa u Tudra, cebliika Ha KOTOPYIO
IIPUBOJIUTCS B KOHIIE TJIaBbL.

He nyraiitecs, eciiu Kakie-To Ujied, pacCMaTpPUBaeMbIe 3/1eCh, OCTAHYTCS [IJisI BAC HeIlo-
maTHeIMI. [lesth 9TOT0 pasmena — gaTh 001IIee MpeicTaBIeH e 00 ADXUTEKTYPE CETEBOT
MHOTOTIOJIE30BATETBCKON UTPBI, YTOOBI BHI MOTJIM OTIEHUTH KOJIUIECTBO TEXHUYECKUX
po6JIeM, KOTOpbIe HEOOXOANMO OBLITO peliuTh. TeMbl, 3aTparuBaeMble B 5TOM pas/elie,
6oJiee TIOPOGHO OYYT pacCMaTPUBATHCS Ha MPOTSKEHNH Beell kauru. Kpome Toro, urpa
«RoboCat Action», cozmanne KOTOpOoii pa3dUpaeTcs B 9TOI KHUTE, UCIOJIb3YeT MOJEb,
MOXOKYIO Ha ceTeBy10 Mojiesib <« Tribess.

ITepBoe, 4TO HEOOXOMUMO C/IEIATH TIPH TIPOEKTUPOBAHUH CETEBOI UTPBI, — BHIOPATD 7P0-
TMOKOJ 83aUMOOCUCMEUIL, TO ECTh OTIPE/IEIUTh COTJIAIIECHUS, B COOTBETCTBUN € KOTOPBIMHU
IBa KOMIIbIoTepa OyayT 0OMeHUBaThCs AaHHbIMIL. B riaBe 2 « IHTepHeT» paccKasbiBaer-
cs1, Kak (pyHKInoHupyeT VIHTEPHET, U OMUCHIBAIOTCS HANOO0JIEe MIUPOKO UCTIOIb3yEMBIE
nporokosibl. B rmase 3 «Cokersl Bepkii» Mbl IOTOBOPUM 0 OMOIHNOTEKE, UCIOJIb3Ye-
MOV JIJIST YIIPOIEHUsT OPTaHU3aIUK B3aUMO/IEHCTBUI TTOCPEICTBOM 3THUX TTPOTOKOJIOB.
B pamkax marepuaza JaHHOI TJIaBbI CKasKeM TOJIBKO, UTO PA/IA BBICOKOM 3(h(heKTUBHOCTH
«Tribes» ucnonbayer nernadesrcrviit TpoTokoIL. To ecTh IPOTOKOJI, KOTOPBIN HE TapaHTH-
PYeT JIOCTaBKY JIAHHBIX, OTIPABJIEHHBIX B CETb.

OpHako UCII0/Ib30BAHKEe HEHAIEAKHOTO IPOTOKOJIA MOKET BbI3bIBATD IIPOOJIEMBI, KOI/A
TpebyeTcst pa3ocaarh JaHHbIE, BAKHBIE [IJIsI BCEX UTPOKOB B Urpe. [103TOMY MHKEHEPHI
JIOJIKHBI ObLIIK PEHINTH TPOOJIEMY COPTUPOBKHU OTIIPABJISIEMbBIX JAHHBIX 110 CTEIICHN BasK-
Hoctu. Paszpaborunku «Tribes» B KOHEUHOM UTOre TPUILIN K CXeMe JeJeHUs JaHHbIX
Ha YeThIpe KaTeTOPUU:

1. Hel‘apaHTl/IpOBaHHbIe JaHHbIE. Kak moskmo J0Ta/1aThCA, 9TU TaHHbIEC HE OKa3bIBalOT
CYHIECTBEHHOTI'O BJIMAHUA Ha X0/l UTPBI. HpI/I YMEHbIICHNN HpOHyCKHOI;'I c1ocoOHo-
CTH @JITOPUTM UI'PBI MOJKET PEHIUTDH OCTAHOBUTD I€peJavdy 3TUX JaHHbIX.

2. TapaHTtupoBaHHbIE TaHHbIE. [[JI51 ATUX JAHHBIX FAPAHTUPYETCS UX JIOCTaBKA aJipe-
caTy, IpuveM B OIpe/ieJIeHHOM TIOpsi/IKe cye/oBaHust. K aTol KaTeropuu OTHOCSTCS
JaHHble, OKa3bIBAIOIIUE CYIIECTBEHHOE BIIMAHIE Ha X0 UIPhI, HAIIPUMEpP COOBbITHE
BBICTPEJIA U3 OPY KHUSI.

3. JlaHHbBIE «C CaMbIM NIOCJIETHUM COCTOsIHUeM». K aT0i1 Kareropuu OTHOCTCS 1aH-
HbIE, /IJI KOTOPBIX BAXKHO UMETDb CaMyIo MTOCJIE/IHIOI UX BEPCHUIO, HAIIPUMED YHCJIO
nmomnajianuil B orpeeseHHoro urpoka. Mudopmanus o yncie paHeHU UTPoKa
mepecTaeT OBITh aKTYATbHON M HYKIAETCS B OOHOBIEHNH, KOTIA UTPOK MOTyYaeT
ouepeHoe paHeHHe.
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4. TapaHTHPOBAHHO CKOPOCTHBIE JTaHHBbIE. DTUM JIAHHBIM YCTAHABJIMBAETCS CAMbII
BBICOKHUIT TPUOPUTET, YTOOBI 06ECTIEYUTH MAKCUMAIBHO BBICOKYIO CKOPOCTD Hepe-
JIauM ¢ TApaHTHPOBAHHON 70CcTaBKOi. [IprMepoM Takoro posia TaHHBIX SBISAETCS
UHGOPMAIHS O TTEPEMEIIIEHUSIX UTPOKA, KOTOPbIe OOGBIYHO TIPOUCXOMIST OU€Hb ObI-
CTPO M TIOTOMY JIOJIZKHBI OBICTPO MEePEAaBaThCs.

B cereBoii mozienu «Tribesy mpuiiioch peaqnsaoBaTh MHOKECTBO MTPAKTUYECKIX PEIIIe-
HUI, 4T00BI 06ECTIeUnTh Tepeady JaHHbBIX 9THX YETBIPEX THIIOB.

[ pyruM BakKHBIM apXUTEKTYPHBIM PEIeHUEM CTajla PeaTn3aIiust MO «KAUCHIM -
cepgep» BMECTO MOJIENIN «MOUKA-moykas. B Mojenn «KJinenT-cepBep» Bce UTPOKU
MOJIKTIOYATOTCS K TIEHTPATBHOMY CEPBEPY, TOT/Ia KaK B MOJIETH «TOUKA-TOUKA» KasKIBIN
UTPOK CBSA3BIBACTCS ¢ KAXKBIM APYTHM nrpokoM. Kak obeyskmaercs B rmase 6 «Tomoso-
TUU CeTeil ¥ IPUMEPBI UTP», MOJIENb «TOUKA-TOUKA» TPeOYET MPOMYCKHOI CIIOCOOHOCTH
O(n?). To ecTh MPOTTyCKHAST CIIOCOOHOCTD JIOJKHA PACTH B KBaJPATUIHON TIPOTPECCUN
C yBeJIMYeHneM unca nosb3oBateneil. [Ipn 3nauenun n, pasaom 128, mosnoca mporry-
CKaHWsl, BBIJIEICHHAS [ OJIHOTO UIPOKA, OKAKETCS HUUTOKHO Masioit. UTo6bl n3beskarh
3T0# TIpo6JIeMBl, B «Tribes» Gbliia peasim3oBaHa MOJIEb «KJIUEHT-cepBeP». B 3T0I KOH-
duryparun Tpe60BaAHUS K MPOIYCKHOI CIIOCOOHOCTH JITTsT KAKIOTO UTPOKA BHIPAKATOTCST
[IOCTOSIHHOW BEJIMYMHOM, & CePBepP J0JIKEH UMEeTh [0JIOCY IIPOILYCKAHUST BCETO JIUIIb
O(n). OmHaKko 9TO O3HAYAET, UTO CEPBEP JOJIKEH HAXOMUTHCS B CETH, JIOMYCKAIOMNIEi
CYIIECTBOBAHUE CPa3y HECKOJIBbKUX BXOMASIINX MOAKIIOUEHHUH, UYTO B T€ BpeMeHa OBLIO
BO3MOJKHO TOJIBKO HA MIPEATIPUSATUSIX U B YHUBEPCUTETAX.

[aunee, cerenbie onepaiiuu B «Tribes» ObLIM pasOUTHI HA HECKOJIBKO YPOBHEH, 06pa-
3YIOIIMX ceTeByt0 Mojesb «Tribes» B Buje cBOEOOPA3HOIO «MHOTOCJOMHOTO MTUPOTas.
Ira Mogenb nsobpaxena B tabr. 1.1. Huxe kpaTko onmchiBaeTcsa KasKAblil U3 yPOBHE
MOJIEJTH.

Ta6nuua 1.1. OCHOBHblE KOMMOHEHTbI ceTeBol Moaenu «Tribes»

YpoBeHb MOJIEJIN UTPDI

Jluctietuep pantomos Jlucnetuep Jlucrieruep coObITHiT OctaibHoe...
repeMereHni

III/ICHeT‘{ep IIOTOKOB

Jlucnieruep coeuHeHMIt

Moy b 06CTyKUBAHUS TAKETOB

Moaynb 06Cny>XMBaHUS MaKeTOB

ITaxem — 310 HAOOP JAHHBIX OIIPEIETIEHHOTO (hopMaTa, ITepechLIaeMbIil 1Mo ceTi. B Mo-
nesm <Tribes» modyo obcayacusanus naxkemos odpasyeT caMblii HUZKHUI yPOBEHb. ITO
eIMHCTBEHHBIN YPOBEHb, 3aBUCAIINIL 0T ocobeHHocTel mnaTdopMel. B cyiHocTH, aTOT
YPOBEHb CJAYKUT 00epTKoil 1ist crangapTHoro API cokeTos, ¢ MOMOIIBIO KOTOPOTO
OCYIIECTBJISIETCS KOHCTPYUPOBAaHKE U Tiepe/iaua MakeToB Pa3jndyHbix (hopmatos. Pe-
aJM3allKs ATOTO YPOBHS TIOX0Ka Ha Peaanu3alinio CUCTeM, MPe/ICTaBICHHBIX B IylaBe 3
«Coxetnl bepxis.
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Tax kax B «Tribes» ucmonb3yercst HeHaZEKHBIN IIPOTOKOJI, pa3paboTYMKaM IIPUILIOCH
NO0ABUTH MEXaHU3M 00PabOTKHU JaHHBIX, TPEOYIOINX rapaHTUPOBAHHOW ocTaBKuU. [To
AHAJIOTUU C PelieHneM, 00CyKIaeMbIM B TJiaBe 7 «3afeps:KKu, (pIyKTyaluu U Hajex-
HOCTB», B «Tribes» peasmzoBan cOOCTBEHHDIN YPOBEHD MOIEPKKN HaZle)KHOCTH, OTHAKO
ATOT YPOBEHD HAICXKHOCTH HE UCTIOIB3YETCS MOLYIIEM OOCTYKUBAHIISI TIAKETOB; BMECTO
HErO OTBETCTBEHHOCTD 32 TO/IEPIKKY HAJIEKHOCTH BO3JIATAETCsI Ha BBICOKOYPOBHEBBIE
JIMCTIETYEPBI, TaKWe Kak ducnemuep ganmomos (ghost manager), ducnemuep nepemeuie-
nuti (move manager) u ducnemuep cobvumuii (event manager).

AvcneTyep coeaMHeHUI

3amaua ducnemuepa coedunenuii 3aKI0IaeTcs B aGCTPAKIIK CETEBOTO COEAUHEHI IBYX
KoMITbtoTepoB. OH MPUHUMAET JaHHbBIE OT YPOBHSI, JIEKAIIEro BbIllle, — ducnemuepa no-
MOK06 — 1 TIePENAeT UX Ha YPOBEHD HIIKE — MOOYMI0 00CIYNCUBAHUS NAKEITOG.

[lucnerdep coenHeHNT Bee elrie ocTaeTcs HeHa/iesKHbIM. OH He 2apanmupyem T0CTaBKy
HepeIAaHHbBIX eMY [TAKETOB, HO TAPAHTUPYET BO3BPAT Y8eJOMICHUS 0 00CMABKe — JPYTHUME
CJIOBaMH, JlaeT BO3MOKHOCTD [IPOBEPUTD COCTOSHUE 3a11POCa, [IePeJaHHOro AUCIIeTYepy
coepinHenunil. Biarogapst atoMy ypoBeHb, HAXOJANIMIICA BbIIIIE AUCIIETYEPa COSMHEHNT
(zucrieTyep MOTOKOB), MOJKET Y3HATH, GBI JIN JOCTABJIEHBI OTIIPABJICHHBIC VM JIaHHBIE.

VBeoMIIeHre 0 IOCTaBKE PEATH30BAHO € TIOMOTITHIO GUTOBOTO MOJIST CKOJIB3SIIIETO OKHA
KBUTHPOBaHMsI. B OpUTUHANBHON CTaThe ¢ OMucanueM ceteBoit mogenu «Tribesy or-
CyTCTByeT moApobHast WHMOPMAIUS 0 pealn3aliy UCIeTdyepa COeANHEHUTH, HO OHa
HATTOMUHAET PEATU3AINIO CUCTEMBI, 00CYKIaeMOIl B TaBe 7 «3alepsKKH, QIyKTyarimm
1 HA/IE’KHOCTD>.

[ucneTyep NOTOKOB

OcHOBHOIT 3a1aueil ducnemuepa nomoxog SBJsIeTCs Nepeiada JaHHbIX AUCIIETUEPY CO-
equHennit. OIMH U3 BA)KHEHNIIINX aCIIEKTOB 3TOH 3a/1a4n — OIpejiesieHe MaKCUMAaJIbHO
JIOTTYyCTUMOI CKOPOCTH Tiepe/iayn faHHbiX. OHa 3aBUCHAT OT KauecTBA TOKIIOYEHNST
k MuTtepHery. B opurnnanabHoil ctaTbe NPUBOAUTCS IIPUMED, /e 110b30BaTeNb C MO-
JIEMHBIM COEJITHEHIEM Ha CKOpocTH 28,8 KOUT/C MOKET YCTaHOBUTH CKOPOCTH TIepe-
nauu, pasayio 10 makeraMm B CeKyHAY, IIPU MaKCUMaJbHOM pasmepe makera 200 Oaiir,
YTO COOTBETCTBYET CKOPOCTH MpUMeEpHO 2 kbaiit/c. drta nHbOPMaIUa 0 COeANHEHUN
¢ KJIMEeHTOM (CKOPOCTb U pa3Mep) IIepeaeTcs Ha CEpBep, YTOObI FapaHTUPOBATh, YTO
cepBep He «3aTOIUT» COCMHEHNE ¢ KIUEHTOM CJIMIIKOM OOJIBIIMM 06BEMOM JJAHHBIX.

Tak Kak Bce Ipyrue CUCTEMBbI MTOCBLIIAIOT CBOM JIaHHbIE Yepe3 UcIeTyep MOTOKOB, 110-
CIeTHU TakyKe OTBEYAET 32 PAaHKMPOBAHUE 3aIIPOCOB 10 TTpuopuTeraM. MHbopmaims
OT JIMCTIETYEPOB MepeMeIeHnil, coObITH U (haHTOMOB MOJTYYAET BBICITHI TPHOPUTET,
B TOM CJIydae, eCJIM T0JI0ca MPOITyCKaHUs NMEET CYIecTBeHHbIe orpanndenns. Korma
JcreTyep MOTOKOB OIpeIesideT, Kakie JaHHble cae/yeT OTIIPABUTD, OH Iepe/aeT I1a-
KEThI [IICIETYEPy COCTMHEHMIT. B cBOIO 0uepeb AucmeTdepbl H0ee BBICOKOTO YPOBHSI
M3BEIAIOTCS TUCIETYEPOM TOTOKOB O COCTOSTHUN JIOCTABKH.

W3-3a orpannyeHnii Ha UHTEPBAJ CJIE/IOBAaHUS U pa3Mep ITaKeTOB, Ollpe/lesIsieMbIX JI1C-
HeTYEPOM ITOTOKOB, B OJIMH ITAKET MOTYT ObITh BKJIIOUEHBI PA3HOPOIHBIE aHHbie. Hanpu-
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MEp, IMMaKeT MOJKET HECTU HEKOTOPBIC laHHbIE OT /IUCIIETYEPA HepeMeIHeHI/Iﬁ, HEKOTOpPbIC
AaHHbI€ OT JJUCIIETYEPa coObITHI 1 HEKOTOPbIE JaHHbIC OT ANCIETYEPA (I)aHTOMOB.

[uncneTtyep cobbIThi

Jucnemuep cobbimuil yIIPaBIISIET OUEPEIBI0 COOBITHI, TECHEPUPYEMBIX YPOBHEM MO/IEJIH
UIPbL. DTU COOBITHA MOKHO CYUTATD IIpocTeiieil (GopMoll yoaiennozo 6vi306a npouedyp
(Remote Procedure Call, RPC) — ¢dyHKIU, KOTOPbIE MOTYT BBIIOJHSITHCS HA Y/1AJIE€H-
HbIx KoMmnbioTepax. [Togpobuee mexanusmbl RPC o6cyskaaiores B riase 5 «Permkars
00BEKTOB>.

Hampumep, Koria UTpoK MPOU3BOUT BBICTPEI, AUCTIETYEPY COOBITHI HaBepHsIKa OyaeT
Tepelaio COOBITHE «UTPOK BBICTPEIHII». ITO COOBITHE 3aTEM MOKET OBITH OTIIPABICHO
Ha cepBep, KOTOPbIN MPOBEPUT KOPPEKTHOCTH COOBITHS U BBIIOJIHUT TIPOTPAMMHBIN KO/
BhICTpesa 13 opyskust. Ha aucmerdep coOBITUI TakiKe BO3TATAETCS OTBETCTBEHHOCTD
PaHKMPOBaHUsI COOBITHIT IO TPUOPHUTETaM — OH OYJIET TBITaThCsI TPOU3BECTH 3aIHCh
MaKCHMAJIbHOTO YMCJIa BBICOKOTIPUOPUTETHBIX COOBITHI, MOKa He OYIeT BHIMOJTHEHO
MoG0e 13 CIAEMYIONIX YCIOBHUN: <ITAKET 3aTIOJIHEH, «0IePeb COOBITHI OMyCTeNay M
«CJIUTIKOM MHOTO aKTHBHBIX COOBITHIT».

Juctieruep cobbituii Takxke Gurcupyer Gakt TO0CTaBKU COOBITHIT, OTMEUEHHBIX KaK
HaJle)kHble. boaroaps aToMy B HeM JIerKO peasinsyercd HajeskHas nepegava. Ecin
MOCTaBKA HAJIEXKHOTO COOBITHS He Obla TTOATBEPIKACHA, TUCTIETIep COOBITUN MOKET
MIPOCTO MOCTABUTH COOBITHE B HAYAIO OUEPEH U TIOTBITATHCS OTIIPABUTD €T0 TIOBTOPHO.
KoteuHo, He Bce cOOBITHsI OYIyT OTMEUEHBI KaK HajlesKHbIe. J[JIst HeHaesKHBIX COOBITHIA
HET HeOOXOIUMOCTH (DUKCUPOBATH (DaKT OCTABKH.

AncneTtyep paHTOMOB

Jlucnemuep panmomog sBisieTcs, MOKAIYii, CAMON Ba)KHON CUCTEMOI JIJIsT TOIEPIKKN
no 128 urpokos. Ha BbicOKOM ypoBHe 3aj1a4a auciietyepa (paHTOMOB 3aKII04aeTcs
B XpaneHuu oybaukamos (haHTOMOB) dunamuueckux 0ObEKTOB, TIPEANOTAraeMbIX Pe-
JIEBAHTHBIMU [IJIs JAHHOTO KOHKPETHOTO KiIneHTa. VIHbIMU cJI0BaMU, CepBep MOChLIAET
KJIMEHTY WH(MOPMATIUIO O IMHAMUYECKIX 0OBEKTAX, HO TOJIBKO O TeX U3 HUX, O CYIIECTBO-
BaHUU KOTOPBIX, TT0 MHEHUIO CepBepa, KIMEHT JA0JKEH 3HATh. YPOBEHb MOETH UTPHI
OTIPENIETISAET, O YeM KIUEHT J0IICeH 3HATH U 0 YeM €My OBLITO ObI 3HATD HCeAAMenbHO. ITO
obecIieyrBaeT eCTeCTBEHHOE Pasjie/ieHre UTPOBBIX 00EKTOB 110 MPUOPHUTETaM: OOBEKTHI,
0 KOTOPBIX KJMEHT JOJKEH 3HATh, UMEIOT BBICIIUI TPHOPUTET, & OOBEKTHI, 0 KOTOPHIX
3HATH JKeJaTeIbHO, — HU3IMNH. OMpesesuTh PpeJieBAHTHOCT TOTO WM HHOTO 00hEKTa
MOKHO MHOKECTBOM Pa3HBIX clI0c000B. HeKOTOpbIe U3 HUX PacCMaTpUBAIOTCS B TiaBe 9
«Macmrabupyemoctb». Ho BooGIiie roBops, ompeesieHre peJieBaHTHOCTH 0ObEKTOB BO
MHOTOM 3aBUCHUT OT CIIEIU(DUKY UTPBI.

HesaBucumo ot TOro, Kak OMpeessieTcst PeleBaHTHOCTh 00bEKTOB, AucteTdep GanTo-
MOB JIOJIKEH TIepefiaTh KIUEHTY MAKCUMATbHO BOBMOKHOE YHCJIO0 PENEBAHTHBIX 00b-
exToB. OueHb BaXKHO, YTOOHI UCTIeTYep (GaHTOMOB TapaHTHPOBAJ YCIENTHYIO TIePeIaqy
CaMbIX aKTyaJbHbIX JaHHBIX BCeM KJreHTaM. IIpuunHa Takoro TpeboOBaHusI B TOM, YTO
urdopMaIyst B 1y6anKaTaX UrPOBBIX OOBEKTOB YaCTO COJEPIKUT CBEJICHUS 00 YPOBHE
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310POBbsA, BOOPYKEHNU, KOJINYECTBE 608HpI/IHaCOB N T. 1. — TO €CTb CBEICHNS, aKTYyaJIb-
HOCTDb KOTOPbIX OY€HDb BasKHa.

Korma 06beKT cTaHOBUTCS peneganmmubim (NI OKA3BIBAETCS B 0OJIACTH BUAUMOCTH),
nvcreTdep (haHTOMOB 3aMHMCHIBAET HEKOTOPYIO MHGMOPMAIIUIO B 0OGHEKT, KOTOPHIi CO-
OTBETCTBEHHO Ha3bIBaCTCs (panmomnoi sanucwio (ghost record). dra 3anuch copepsKuT
TaKue 3JIeMEHTDI, KaK YHUKAIbHbIH uaeaTudukarop (ID), Macka cocTosHus, IPUOPUTET
U M3MeHeHne COCTOSTHIUST (HEe3aBIUCHUMO OT TOTO, OTMEYEH JI 0OBEKT KaK HAXOSATIHICS
B 00JTaCTU BUIMMOCTH).

Ilepen nepenaveii paHTOMHBIX 3alKceil OOBEKTHI CHAYAIA YIOPIAOYUBAIOTCS 10 U3-
MEHEHUSIM COCTOSTHHS, a 3aTeM 110 ypoBHIO mpuopuTteTa. [locse Toro xak aucrerdep
(haHTOMOB OTIPEIETUT, KaKie 0OBEKTHI TOJIKHBI TIEPEIABATHCS, UX TAHHbIE T0OABIISIOT-
Cs1 B MCXOJISINIUI TTAKET ¢ UCIIOJIb30BAHUEM TIPUEMA, KOTOPBIN OIMCHIBAETCS B IJIaBe 5
«Permkanust 0GbEKTOB>.

[vcneTtyep nepemMeLLeHnit

anaueil ducnemuepa nepemewenuil SBASETCS MAKCUMAIBHO OBICTPAst TIepeava WH-
bopmaiu o nepemernieHuAX urpoxa. Ecii Bam 0BOAMIIOCH UTPATh B MHOTOTIOJIb30BA-
TEJILCKUE UTPBI ¢ OBICTPO MEHSIIOIIIMMHUCS CIIEHAMH, BbI TIOHUMAeTe, HACKOJIBKO BajkHA
TOYHOCTb MH(pOPMaILUK O nepeMelieHusax. Eciau nndopmarus o mosunum urpoka 3a-
MA3/[bIBAET, JIPYTUE YYACTHUKHU UTPBI MOTYT IIBITATLCS CTPEJIATD B TO MECTO, T/I€ UTPOK
ObLI COBCEM HEIaBHO, a He TY/Ia, Tie OH JAeHCTBUTEbHO HAXOAUTCS, M3-3a YETO MOTYT
CRIIAJILIBATECST OMTHOOUYHBIE TTPEICTaBIeH ST 00 06CcTaHOBKE B Mrpe. BricTpoe 06HOBIEH E
uHGOPMAIIUU O MEPEMEIEHUSIX MOKET CJAYKUTH BaKHBIM CIIOCOOOM CHUIKEHUSI BOC-
LIPUATUSA 3a/1eP/KEK UTPOKAMMU.

[lpyrast npu4muHa, 10 KOTOPOI AUCTIeTYep TepeMEIeHnil MMeeT BBICITUI TPUOPUTET,
06yCIIOBICHA YACTOTON OOHOBJICHUS BXOHBIX JIAHHBIX, cocTasJistionieii 30 pa3 B ceKyHy.
ITO 03HAUAET, uTo yepe3 Kaxkayio 1/30 cexyHpl CTAaHOBUTCS IOCTYITHON HOBast MH(OP-
MaIist, KOTOPYIO HY’KHO MepeaTh Kak MOKHO ObIcTpee. BLICIIHT TPHOPUTET TakiKe
03HAYAET, YTO C MOSIBJIEHUEM JAHHBIX O MEePEMEINEHISIX TUCTIeTYeD TOTOKOB JT0IKEH
HMOOABJISITD UX B UCXOJISIINE MAKETHI B TIEPBYIO ouepe/b. Kaskibiil kineHT 00si3aH epe-
ZIaBaTh CBOIO NH(OPMAITHIO O TTepeMelIeHUsX Ha cepBep. 3aTeM cepBep MCIIONb3YeT Ty
UHGOPMAIIMIO B MOZIETU UTPBI U OTIIPABJISIET KIUEHTY TIOTBEPKICHIE TIPHeMa CBEIeHUI
0 TIepeMETIeHUSIX.

OcTanbHbIE CUCTEMBI

B mogenu urpot «Tribes» ectb elie HeCKONIbKO CUCTEM, XOTS OHM He TaK BayKHbI JJIsI
HoHMMaHuUs o0ueil apxuTekTypbl. Hanpumep, umeercst ducnemuep 010K08 0annvlx
(datablock manager), o6cay:uBaoMii Mepeavy CTaTUYECKUX UTPOBBIX OOBEKTOB.
OH oTinuaercst ot aucnerdepa haHTOMOB, 0OCTYKUBAOIIETO IMHAMUYECKUE OOBEKTHI.
ITpuMepoM cTaTUYeCKOTo 00bEKTa MOKET CIYKUTh OTHeBas yCTaHOBKa (OpyauiiHast
W ITyJieMeTHas OaliHs ) — 00beKT, KOTOPBIN caM HUKY/a He [IepPeMelaeTcs, HO UTPOK
MOJKET B3aMMOIEICTBOBATH C HUM.
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Age of Empires

Taxk ke kak «Tribes», cmpamezus ¢ peanviom epemenu (Real-Time Strategy, RTS)
«Age of Empires» 6b1a Boimytena B koute 1990-x. Paspabotunku «Age of Empires»
CTOJIKHYJIUCH € TEMH K€ OTPAHNYECHUSIMH TIOIOCHI TIPOITYCKAHUS U 33jIepsKKaMU, CBOH-
CTBEHHBIMU KOMMYTHUPYEMBIM MOIKII0OueHusIM K MHTepHety. B urpe «Age of Empires»
HCITOJIh30BAHA MOJIENb demepMunuposannozo coomeemcmeus (deterministic lockstep
model) ceTeBbix B3amMmoeiicTBuil. B 9T0# MOien Bce KOMITBIOTEPDI COETUHEHBI IPYT
C IPYTOM, TO €CTb UCTIOTIB3YETCSI MOJIENIb COSIMHEHU «TOUKa-TOUKa». Bee y3iIbl oHO-
BPEMEHHO U OeMepMUHUPOBAHHO BBITIOTHSIIOT KOJI MOJIEJTH UTPBL. J[eTepMUHUPOBAHHOCTD
JIOCTUTAETCS TOCTOSIHHBIM B3aMMOIEHCTBUEM Y3JI0B JIJI CHHXPOHU3AIMU Ha BCEM I1PO-
TSDKEHNN UTPBI. MofesTb IeTepMIUHNPOBAHHOTO COOTBETCTBH BCE €Ie MUPOKO MCIIOb-
3yeTcs B COBPEMEHHBIX UTPaX-CTPATETUSAX PeaTbHOTO BPEMEHN!, HECMOTPSI Ha TO UTO el
yKe ouerb MHOTO JieT. IIpumep urpsl «RoboCat RTS», KoTopbiil puBoaMTCS Hajiee
B KHHUTE, KaK Pa3 peayin3yeT MoJIesb eTeEPMUHIPOBAHHOTO COOTBETCTBUSL.

OHUM U3 CYLIECTBEHHBIX OTJUYNI CETEBON MHOTOIOJIb30BaTEILCKOM Mojiesin RTS
or FPS (uryrepoB oT 11epBOTO JIMIA) SBJSETCS KOJUYECTBO PEJEBAHTHBIX OOBEKTOB.
B «Tribes» masxe npu Hajmunu 128 urpokos B 1060 MOMEHT BPEMEHH JIMIIb YaCTh 9THX
WUTPOKOB TaK WJIM WHAYE BIUSIOT HA MTPOBYIO 0OCTAHOBKY KOHKPETHOTO KJeHTa. To ecTh
nucrerdepy (hanToMoB B «Tribes» oueHb peiko MpUXOAUTCs TiepechLIaTh HHMOPMAIIIO
0 6osee uem 20—30 panromax cpasy.

B crparerusix peaJlbHOTO BpeMeHH, TakuX Kak «Age of Empires», cutyarmst unast. Hecmo-
Tpst Ha HEGOJIBIIOE KOJMUECTBO UTPOKOB (OPUTHHAIbHASI UTPa MOJJIEPIKUBAET He GoJiee
BOCHMU UTPOKOB), KAXKIbII HTPOK MOXKET YIIPABJIATH GOJIBITUM KOJUYECTBOM OOHEKTOB.
Opurunanbhas urpa <Age of Empires» mos3BoJisieT KaskaoMy UTPOKY yIpaBisaTh 50 06b-
exTaMu, a GoJiee Mo3HIe BEPCUU UTPLI TIOBBIIAIOT 3T0 orpannyenue 10 200. Eciiu B3s1h
3a OCHOBY umcJio 50, 3T0 OYET 03HAUATE, YTO B MACCOBOI GUTBE BOCHMU UTPOKOB OJIHO-
BPEMEHHO MOJKET MCIOJb30BaThes /10 400 06bekToB. /[ake mpu TOM, 4TO €CTECTBEHHO
BO3HUMKAET BOIIPOC O BO3MOKHOCTH TIPUMEHEHUSI HEKOTOPOI CUCTEMBI OIIpe/le/IcHUS
PEJIEBAHTHOCTH, YTOOBI YMEHBIIIUTD YUCIO OOBEKTOB, MOAJIEKAIINX CHHXPOHU3AI[UH,
HEOOXOMMO YUUTBIBATh CaMBINl XyAMIHil ciieHapuii. Kak OBITh, €CTi B KOHIE UTPBI
BCTPETUJINCH APMUU BCEX BOCBbMU UTPOKOB? B aTOM cityyae peieBaHTHBIMU MOTYT OKa-
3aThCsT HECKOJBKO cOTeH 00beKTOB. CHHXPOHU3MPOBATH TAKOE KOJMYECTBO 0OHEKTOB
OYEHb CJIOKHO, JJaKe eCJIU JIJIST KaK/IOTO U3 HUX MepeiaBaTh MUHUMAJIBLHO BO3MOKHBIT
06beM MHDOPMAITHH,

Jlist perienust 9Toi npobeMbl HHXKeHepsl 13 MpoekTa «Age of Empires» peurnian
CUHXPOHU3UPOBATH He 0OBEKTHI, a KOMAHIbI, BBITOTHIEMBIE KayKIBIM UHTPOKOM. JTO
TOHKO€, HO OY€Hb Ba)KHOE OTJINUne — jaxke npodeccruonanbubiii urpok B RTS He cro-
cober BeIOTHUTH GoJiee 300 kKoMaH B MUHYTY. TO €CTh Jlaske B CAMOI 9KCTPEMAIbHOI
CUTYAIUU UTPE IPUJETCS IEPEAABATD OT KAKIOTO UTPOKA He 00JIee HECKOJIbKUX KOMAH/][
B cekyHy. /{7151 aTOTO TpeGyeTcst HaMHOTO MEHbITIAS T0JI0CA TIPOTTYCKAHHUS, €M B CITydae
CUHXPOHU3AIMH HH(MOPMAIIK O HECKOJIBKUX COTHIX 00beKTOB. OIHAKO YUUTBIBAsT, UTO
UTpa He TIepelaeT HUKaKoil nudopMarim 00 00beKTaX, KasKIbIH SK3eMILISIP J0JIKEH He-
3aBUCUMO BBIMOJIHSITh KOMAH/IbI, I€PEJaBaeMble KaXK/IbIM UTPOKOM. A TaK KaK KaK/[bIil
IK3EMILISP AEHCTBYET HE3aBUCHMO, KPaliHe BayKHO, YTOOLI BCe OHU OCTABATUCH CUHXPO-
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HU30BAaHHBIMHE JIPYT C PYTOM. DTO 0OCTOSITENBCTBO BICUET caMyto GOJIBIYIO TIPOdIeMy
B peasIn3aliii MOJIEJIH JIeTEPMUHUPOBAHHOTO COOTBETCTBUS.

Tanmepbl X0A0B

Tak kak KasKblil 9K3eMTIIISIP UTPHI ZICHCTBYET HeE3aBUCUMO, IMEET CMBICII CTTOTh30BATh
IPENMYIIECTBaA TOMOJOTHHU «ToYKa-Touka». Kak obcyskmaercs B riase 6 «Tomosorun
cereil 1 [IPUMEPBI UTP», OAHUM U3 IPEUMYIECTB MOJIE/IM «TOUKA-TOUYKa» ABJIseTcs OoJiee
BBICOKAsi CKOPOCTh IOCTABKY JAHHBIX. DTO OOBSICHSIETCS OTCYTCTBUEM TPOMEKYTOUHOTO
3BeHa «B Jiniie» cepBepa. OIHAKO MTPU ATOM KaKBIH UTPOK JI0JIKEH MTOCHLIATh CBOTO MH-
(hopmarnuio y:xe He eIMHCTBEHHOMY CEPBEPY, & BCEM JIDYTUM UTPOKaM. Tak, HalpuMmep,
€CJIN UTPOK A J1aJl KOMaH/Ty aTaKOBaTh, BCE IPYTHE 9K3EMTLISIPBI UTPbI IOJIKHBI TTOJTYIHTh
9Ty KOMaH/y, MHAU€e PasBUTUE COOBITHIL B HUX MOUAET 110 APYTOMY CLEHAPUIO.

CymtecTByer elie ofinH BayKHBIH (GakTop, KOTOPBIH HEOOXOAUMO YUUTHIBATH: UTPOKH
MOTYT UMETHb KOMIIBIOTEPHI C pa3H0171 ITPOU3BOAUTEIDHOCTDBIO N PA3HDBIE 11O KaYE€CTBY
noaksoyenust k Murepuery. Bepuemcst K mpumepy, riie UTPoK A laeT KOMaH/Iy Ha4aTh
aTaKy: O4YeHb BayKHO, ‘{TO6bI KOMaH/la O HadaJIe aTaK1 HE HadaJla BbIIIOJIHATHCA HEME/ -
JIEHHO y uTpoka A. BmecTo aTOTO UTPOK A JI0JIKEH TOKIAThCS, TTOKA Bce uTpoku — B, C
u D — GyayT rorosbl 06paboTaTh 9Ty KOMaHAy. Bo3HUKaeT napagokcaibHas CUTyalus:
€CJIM 9K3EMILISP UTPhI UTPOKa A OYIET KAATh CJMIIKOM JOJIT0, IPEKIE YeM HauaTh BbI-
MOJTHEHWE KOMaH/Ibl, GY/IeT CO3/IaBaThCsl BIIEUATIICHHE, YTO UTPA «<TOPMO3UTS.

ITpo6iiema ObLTa pellieHa 3a CYET BBEJACHMS B o4epeib KOMaH/ maimepa xoda (turn
timer). B atom cirydae crHauana BeIOUpaeTcst MHTEPBaI cpabaThiBaHUs TaliMepa — B UTpe
«Age of Empires» aToT nHTepBas 110 ymMoadanuio paser 200 mc. B teuenne atux 200 mc
BCe KOMaH bl coxpanstiorest B 0ydep. ITo ncreuernu nurepsaia 200 Mc Bce KOMaH/IbI
UTPOKa MePefaloTest IO CETH BCEM JIPYTUM UrpoKaM. JIpyroii KiroueBoil 0cO6eHHOCThIO
TaKOH CHCTEMBI SIBJIETCA 3a/IePsKKa X014 Ha /IBA MHTEPBaIa. JTO 0O3HAYAET, HAIIPUMEP,
4TO KOMaH/IbI, 3alyIIIEHHbIE UTPOKOM B XOJI€ C TIOPSAKOBBIM HOMepoM 50, He OyayT
BBITIOJIHEHBI HU OJIHUM 9K3€EMILISIPOM, TIOKA He TIPUIET BpeMsI Xoja ¢ HomepoM 52. [[ist
ciyuast ¢ 200-MULTHCEKYHIHBIM TaiiMePOM X0/ 9TO 03HAYAET, YTO 3AOEPICKA PeaKuuu
(input lag) na komanzy nrpoka cocrasut 600 Mc. 3aepskka Ha IBa X071a TIO3BOJISIET BCEM
JPYTUM UTPOKAM TIPUHSTH ¥ MOATBEPAUTD KOMAH/IbI, KOTOPBIE OJIKHBI GBITH BBINOJTHEHbI
Ha oIpezieJiecHHOM Xozie. HecMOTps Ha TO UTO MOHATHE XO0B KasKeTCS TPOTUBOPEYAITM
CYTHU CTPATETUI PEaIbHOTO BPEMEHH, TTPU3HAKU ATOTO TEXHUYECKOTO PEIEHUST MOKHO
3aMETUTh B CAMbIX Pa3HbIX cTparerusx, Bkiodas «StarCraft IT». Koneuro, coBpemenbie
UTPBI MOTYT TIO3BOJIUTD cebe POCKOIIb COKPATUTH MHTEPBAJIBI CpabaThIBAHUS TaiiMEPOB
XO/IOB, TIOTOMY YTO KQueCTBO MMOAKIFOUYEHHSI K CETH Y OOJIBIITITHCTBA TT0JIb30BATE/ICH HbIHE
HaMHOIO Bblllle, ueM B KoHIile 1990-x.

C peliennieM, peayin30BaHHBIM HA OCHOBE TaliMepa XO/I0B, CBSI3AHO ellle OJIHO BAJKHOE
06CTOSITENBCTBO, KOTOPOE HEOOXOIMMO YUUTHIBATE. [IpeficTaBbTe, 9TO y OAHOTO U3
UTPOKOB TTPOU3OIILJIA ITTUTETbHAS 33/I€PKKA U OH OKA3aJICsT He B COCTOSTHUN JEHCTBOBATH
CUHXPOHHO ¢ 200-MUILTMCEKYHHBIM TaliMepoM. Vrpa Moryia Gbl TIPHOCTAHOBUThLCS HA
BpeMst, 4TOOBI JIMKBUANPOBATh OTCTaBaHUE, — B KOHEYHOM CUeTe OHA MOTJIa Obl «BbI-
GPOCHUTH» UTPOKA, €CJU OH TIPOJOJIKUT 3a€PKUBATH OCTATBHBIX. «Age of Empires»
TaKsKe MbITAETCS KOMIIEHCUPOBATH MOA0OHDII CIIeHAPHIA, IMHAMIYECKHU MEHSSA CKOPOCTh
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oToOpakeHMsl B 3aBUCMOCTH OT COCTOSIHUSI CETH, — TO €CTh KOMIIBIOTED ¢ OCOOEHHO
MeJJIEHHBIM TIOK/II0YeHneM K VIHTepHeTy MOKeT BbIIeJUTh OOJIblile BpeMEeH! Ha IIPUeM
JIAHHBIX U3 CETH 1 MEHbIIIe — Ha 0TOOpakeHue rpadukn. Bosee momHy0 HHGOPMAIIHIO
0 IMHAMHWYECKOU PEryJnpoBKe TaliMepa X0/I0B MOJKHO HAWTH B OPUTUHAJIBHON CTAThe
Berrnepa u Teppano, cchljika Ha KOTOPYIO PUBOJIUTCS B KOHIIE TJIABbI.

Peenue, ocoBannoe na nepejade KoMatz, UMeeT ellle OJHO [IPerMyLlecTBO: OHO He
Tp€6y€‘T 6OJIBHIOTO O6'beMa IMaMSITH U BBIYUCIUTEIbHON MOITHOCTHM JIJIA COXpaHEHUA
KOMaH/1I, 3aIlyCKaeMbIX B X0/I¢ UTPbL. ITO IA€T BO3MOKHOCTb PEaM30BaTh COXPAHEHUE
Mar4a ¢ TOC/IEAYOIUM €r0 BOCIIPOU3BEIEHNEM, KaK 9T0 ciiesiano B «Age of Empires IT».
Bocnpoussezienue — o4eHsb nomyigpHas QyHKIMA B CTPATerusx, OHa JaeT BO3MOKHOCTD
OIEHUTD XOJ[ UTPbI U MOJYIUThH HoJiee MOJHOE TIPECTABIEHUE O BOBMOKHBIX CTpaTe-
rusx. UToOBI peann3oBarh MOA00HOE COXpAHEHIe U BOCIIPOU3BEIEHNE B PENIEHIIX,
OCHOBAaHHBIX Ha CMHXPOHMU3AIINN I/IH(l)OpMa]_[I/II/I 06 O6’b€KTaX BMECTO CMHXPOHU3AINN
uHGOPMAIUU 0 KOMaH/AX, TOTPe6OBAIOCH OBl 3HAYMTENLHO GOJIBIIE BPEMEHH 1 BbI-
YUCJIUTEIbHBIX PECYPCOB.

CnHXpOoHM3auns

OHUX TOTBKO TaMEPOB XO/I0B HE[OCTATOYHO, YTOOBI TAPAHTUPOBATH CHHXPOHU3AIIIO
MexTy yaiaamu. [ToCKoIbKY Kaxk/blii KOMITBIOTEp TIPUHUMAET U 06pabaThbiBaeT KOMAH/IbI
HE3aBUCHUMO, KpaliHe BayKHO, YTOOBI KasK/blil U3 YYaCTHUKOB TIOJTydYasl OJMH U TOT JKe
pesyusraT. B cBoeii cratbe BerrHep u Teppano nuntyT: «CII0:KHOCTh 00HADYKEHHMST OLIIH-
GOK PacCUHXPOHU3AIUY CBsI3aHA ¢ HAKOIJIEHUEM OY€Hb TOHKUX OTJIMYUN C TeUeHUEM
BpeMeHH. OJIeHb MOKET IyTh-UyTh CMECTUTBCS, €CJIN 0 CIYYaifHOCTI KOPM JIJIST HeTO
OKa’KeTCsl HEMHOTO B ZIPYTOM MECTe, — ¥ YiKe Yepe3 MIUHYTY OXOTHUK MOJKET ITONUTH Y4y Th
JPYTUM ITyTEM WU €T0 CTPeJia MPOJETUT MUMO TeJIH U OH BEPHETCST IOMOI 6e3 Msicas.

PaccMOTpUM KOHKPETHBII IIPUMED, BHITEKAIOMIMI 13 TOro (hakTa, YT0 GOJIBIITNHCTBO UIP
BHOCSIT 9JIEMEHT CJIy9alfHOCTH B UTPOBYIO cuTyanuio. IIpecTaBsre, 4TO UTpa BBITIOTHSIET
calydailHble IPOBEPKU, YTOObI OIIPEAEIUTh, MOKET JIM JIYYHUK BBICTPEIUTD 110 HEXOTE.
JIeTKOo 10Ty CTUTB, UTO IK3EMILISIP UTPOKA A OTIPE/IEsINII, UTO TIEX0Ta HAXOIUTCA B 10CATA-
€MOCTH JIy9HHKA, & IK3EeMILIIIP UTPOKa B — uTo 0Ha errle cammikoM asteko. Perienne aToi
1pOGJIEMbI 3aK/II0YAETCS B IPUCTABKE «IICEBI0» B HA3BAHUY 26HEPATNOP NCeBOOCAYUATIHBIX
uucen (Pseudorandom Number Generator, PRNG). ITocko/ibKy Bce TeHepaTOpBbI IICEeB/I0-
CITyYaHHBIX YHCEN UCTIOB3YI0T HEKOTOPOE HAYaIbHOE YUCJI0, MOSKHO TaDAHTUPOBATh, UTO
06a urpoka — A 1 B — 11o/y4aT oZIHy U Ty e II0C/IeA0BATEIbHOCTD [ICEBA0CTYYalHbIX
YUCEJT, €CJIN CHHXPOHU3UPOBATH HAUaTbHOE 3HAYCHUE TeHEPATOPa MEKILY HK3EMILIIPaMiu
urpel. Ho nMeiiTe B BULY, 4TO CHHXPOHU3AINST HAYaIbHOTO 3HAYEHUSI TeHepaTopa rapaH-
TUPYET JIUIIb TIOJyYeHre O/HOW 1 TOU JKe TocieoBaTebHocTy uncen. [Toartomy BaxkHO
rapaHTHPOBATH HE TOJIBKO YTOOBI KayKIBIH 9K3EMILJISIP MCIIOIB30BAJ OTHO U TO JKE€ HAuaJIh-
HOE 3HAYEHME, HO 1 YTOOBI KayK/IbIii 9K3EMILISIP BBITTOJIHII OJNHAKOBOE YHCJIO OOpaIeHni
K FeHepaTopy TCeB/I0CTYyYalHbIX YUCeJl, NHAYe TeHEPATOPhI B PA3HbIX 9K3EMILJISIPAX pac-
cunxporusupyiorest. [Ipobdiema cuaxporusaiu PRNG B KOH(DUTYPAIUHT «TOYKA-TOUKA>
mozipobHO pacecMaTpuBaetcst B IiiaBe 6 « Tormoiornu ceteil i pUMEpPbI UTP».

[TpoBepka cuHXpOHU3AIMH JJaeT ellle O/IHO HeSBHOE IIPEUMYIIECTBO — OHA YMEHbIAET
BO3MOKHOCTH MOTIIeHHIYecTBa. Harpumep, eciiu OluH UTPOK nprcBouT cebe (MoIieH-
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HUYECKUM ITyTeM, ecTecTBeHHO) 500 OTIOTHUTETBHBIX PECYPCOB, IPYTHE IK3EMILISPBI
HeMeIJIEHHO 06HapysKaT PACCHHXPOHM3AIIIO B COCTOSTHUY UTPHI. B aTOM cirydae Jerko
MOJKHO PeaTM30BaTh UCKITIOYeHe MOITeHHIKA U3 UTpbl. OHAKO, KaK U J0bast Apyras
cucTeMa, CHHXPOHU3AIUS TTO3BOJISIET BBISBUTH He Bce (DaKThl MONIeHHUYecTBa. To
06CTOSITENTHCTBO, UTO KAKIBIH HK3EMILISIP MOJIETUPYET KayKABIH UTPOBOT 0OBEKT, aeT
BO3MOKHOCTD PEaJ30BaTh MOIIEHHNUECKIH JOCTYTI K NH(MOPMAIINH, KOTOPast He T0JIK-
Ha 0TOOpakathest. TO €CTh TaK HA3bIBAEMBbIiT 6310M KAPMbl, PACKPBIBAIOIINN BCIO KAPTY
UTPBI, BCE €Ille OCTAETCS TUITUIHOM MPOGJIeMOii B OOJIBITHHCTBE UTPOBBIX CTPATETUH.
ITOT U APyTUe BOIPOCH be3onacHocTu obcyskaaTcest B riaase 10 «Be30omacHoCThs.

B 3akntoueHune

CeTeBble MHOTOIIOJIb30BATENBCKUE UTPBI UIMEIOT JITTHHHYIO UCTOPUI0. OHU HAUMHAIKUCH
KaK MTPBI, BBIIOJIHSIOIIECS B ceTsix bosbimx IBM, nanpumep «Empire» (1973), koto-
pas pabotaia B cetu PLATO. IToszaHee HOABUINCH TEKCTOBbIE MHOIONOJIb30BATENbCKIE
MUPBL. DTU MHOTOIIOIH30BATEIbCKIE MUPBI 3aTEM PACTIPOCTPAHIJINCH Ha 9JIEKTPOHHBIE
JOCKH OOBSIBJICHIUH, MO3BOJISAIONINE MTOAKIIOYATHCSI K HUM 110 KOMMYTHDPYEMBIM TeJe-
(bOHHBIM JTUHUSIM.

B nauane 1990-x Mup KOMIIBIOTEPHBIX UTP IITYPMOM B3SJIM CETEBbIC UTPHI BO TJIaBe
¢ «Doomy (1993). OTu urpsl MO3BOJIANN COEANHATD HECKOJIBKO KOMIIBIOTEPOB B JIO-
KaJIbHOM CEeTH W UTPATh 32 WJIM IPOTUB ApYT apyra. C passutuem VHTEpHETA, B KOHIIE
1990-X GOJIBIILYIO IO ISIPHOCTD 3aBOEBAJIM OHJIAMH-UIPhl, Takue Kak « Unreal» (1998).
B nauane 2000-x oHIaitH-UTPBI TAK)KE CTAJU MOSBJSTHCS HA UTPOBBIX KoHCOJs1X. Co-
BpPeMeHHbIE OHJIAITH-UTPHI TTO//IEP;KUBAIOT YYACTHE B OTHOM UTPOBOM CEAHCe COTEH, eCJIN
HE THICSTY UTPOKOB.

«Starsiege: Tribes» (1998) peanmsyer ceTeBy0 apXUTEKTYPY, KOTOPAst BCE €Il 0CTACTCST
AKTYaJhbHON U MCIOJIB3YeTCS B COBPEMEHHBIX CIOJKETHBIX MTPax. B Hell ucmosbayercst
KJINEHT-CepBepHast MOJIEJIb, KOT/Ia KaK/[bIIl NTPOK MOJKIIOYAETCSI K CePBEPY, OCYIIECT-
BJISTIOIIEMY KOOPAMHAINIO UrPbl. Ha caMOM HUKHEM YPOBHE HAXOAUTCSI MOAYJb 00-
CJTYsKUBAHUSI TTAKETOB, abCTPArUPYIONIUL OIIEPAIUIO MTEPEadl TTAKETOB B CETh. Bbilie
pacroJiaraeTcst IUCHeTYep COeUHEHNIT, 00CTYKUBAIOIIUN COEIUHEHMS C UTPOKAMU
1 06eCcTieyrBaIOIIHii epeiady YBeOMIIEHUIT O IOCTaBKe TTAKETOB BBITIEIEKAIIUM YPOB-
HaM. Jlucrerdep MoTOKOB IPUHUMAET JAHHbBIE OT UCIIETYEPOB H0JIee BBICOKOTO YPOBHST
(BKJIIOYAS AUCIIETYEPHI COOBITHIL, (DAHTOMOB U IIEPEMEIIEHUI) 1, OIIUPAsCh HA CHCTEMY
TIPUOPHUTETOB, T0OABJISET HTH JAHHBIE B MCXOSAIINE MTAKETHI. /[ucterdep coOBITUI TpH-
HUMAaeT BasKHble COOBITHSI, TaKWe KaK «UTPOK BBICTPENII», U TAPAHTUPYET PACCHLIKY
STUX JJAHHBIX BCEM 3aHHTEPECOBAaHHBIM cTOpoHaM. /lucreTyep (haHTOMOB 0beciieunBaeT
OTIPaBKY U3MEHEHWIT B 0OBEKTAX, PEJIECBAHTHBIX, [0 €T0 MHEHUIO, LI KOHKPETHOTO
urpoxka. /lucnerdep nepeMenieHnii pacchlIaeT BCceM HTPOKaM aKTYalbHYI0 HHGOPMAITIO
0 TIPOUCXOJIAIIIX TTePEMEIeHUSX.

«Age of Empires» (1997) peanusyer Mozesb 1eTepMUHUPOBAHHOIO COOTBETCTBUSL. Bee
KOMITBIOTEDBI, YYACTBYIOIINE B UTPe, HAMPSIMYIO COEIMHSIOTCS APYT ¢ ApyroM. OmaHaKko
BMECTO MHMOPMAITIH 0 KAJKIOM UTPOBOM 0GBEKTE UTPA PACCHLIACT BCEM Y3JIaM KOMaH/IBI.
AT KOMaH/IBI 3aTeM 06pabaThIBAIOTCS Y3IaMU HE3aBUCUMO JIPYT OT Apyra. J{Jst cuH-
XPOHU3ALNN KOMITBIOTEPOB UCIIOJIB3YETCs TalIMEP XOI0B — Tiepel] OTIIPABKOI KOMaH/I
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B CETh OHU CHAaYaJIa HAKATUTHBAIOTCA B Gydepe B TeUeHNe ONPeIeJIeHHOTO TIepro/a. ITu
KOMaH/Ibl He BBIIIOJIHSIOTCS 10 MOMEHTa, 1T0Ka He IIPOM/IeT /iBa Ileprojia TaiimMepa, 4To
JIaeT JOCTaTOYHO BPEMEHH, UTOOBI KasK/bIil y3es pasocas U IPUHSI KOMAH/IbI, KOTO-
phl€e TIO/TEKUT BBITTOJHUTD BO BpeMst Xo/a. Kpome Toro, BakHO, 4TOOBI KaKIbIi y3e
BBITIOJIHSITT MOJIEJIb UTPBI IETEPMUHIPOBAHHBIM 00Pa30M, BCJIEACTBYE YET0, HAITPUMED,
BO3HHMKAET HCOOXOAMMOCTD CHHXPOHU3AI[I TeHEPATOPOB TICEBI0CTYYATHBIX YHCET.,

Bonpockl Ang noBTOpEHU

UeM OTIMYATOTCS JIOKATHHBIE U CETEBbIE MHOTOTIOB30BATEbCKUE UTPHI?

2. HaszoBute Tpu pa3HOBUIHOCTHU COEIMHEHUI B JIOKAJIBHBIX CETSIX.

3. Kaxkag ocHoBHag npo6semMa BO3HUKAET NPU ajanrtaiuu aas VHreprera cereBoi
WUTPBI, BBITTOTHSIBIIENCS B JIOKAIBHOW CETH ?

4. Pacmudpyiite ab6pesuarypy MIIM (MUD) u nepeuncaute, B Kakiie UTPbI 9TO
Pa3BUIIOC.

5. Yem MMO otsimgaercst 0T CTaHAAPTHON OHJIANH-UTPDI?

6. Kakwme cucremer B Mozenu «Tribes» obecnednBaroT Ha1e/KHOCTD?

7. Onummre, Kak gucnerdep ¢panToMoB B Mogean «Tribes» BoccranaBinBaer MuHu-
MaJIbHO HEOOXOAMMYIO OBTOPHYIO [Iepeady [IPU IOTepe MaKeTa.

8. B «Age of Empires» HCIOJIB3yeTcst MOJIETb «TOUYKA-TOUKA». KaKyto poJib Urpaer

B 9TO MoiesH TaiiMep xo/0B? Kakas nHGOpManys mepeaaeTcs Mo CeTH MeKIY
y3aamMu?
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NHTEpHET

B 37Ol rnaBe npeacTtasneH 0630p npotokosnioB ceMeincTBa TCP/IP n cBsi3aHHbIX
C HMMM, @ TaKXKe CTaHZApTOB, UMEIOLLMX OTHOLLUEHNE K B3anMoaencTBusM B VHTep-
HeTe. OCHOBHOE BHMMaHue yAensieTcs TeM U3 HUX, KOTOpble UMEIKT OTHOLIEHMWE
K NpOrpaMMmpoBaHmio MHOMOMO/Ib30BATENLCKUX UTP.

[MponcxoxxaeHne: KOMMyTaUnMsa NakeToB

CoBpeMeHHBIN VIHTEpHET JalIeKo YIIeJa OT CETH ¢ YeTHIPhMsI Y3JIaMH, C KOTOPOH OH Ha-
yunasicsd B Kouile 1969 roga. Opurunanbioe nazsanue atoii cetu — ARPANET. Ona
6bima cospana B CIIA, B YIpaBiaeHUH 1O TTEPCIEKTHBHBIM HAYYHBIM MCCAE0BAHUSAM
(Advanced Research Projects Agency) ¢ 11e/ibio 06eCIIeunTh yueHbIM, padOTAIOIIIM B
pasHbIX TeorpahuIecKux TOUKAX, JOCTYII K MOIIHBIM KOMITBIOTEPAM, TaKxkKe reorpadu-
YECKM YANICHHBIM JPYT OT JPYTa.

IMocrasnennag nenpb gocruranach B ARPANET npumenenuem nepaBio nsodpereH-
HOHM TeXHOJIOTHH, IOJIyYUBIIel HazBaHue Kommymayus naxemos (packet switching).
[lo TosBJIeHNS TEXHOJIOTUN KOMMYTAI[UU TTAKETOB y/IaJeHHbIE CUCTEMBI TIepe/IaBain
nHGOPMAIINIO, UCIIOJIb3YS MPOIEAYPY, U3BECTHYIO KaK KoMMymayus aunuil (circuit
switching). CrcTeMbl, HCIIOJIB3YIOIIME KOMMYTAIUIO JIUHUH, IlepegaBain nHMOPMAIIUIO
yepes COTIaCOBAHHbBII KaHA, CO3/[aBaEMBII IIyTEM COEIMHEHSI OT/ICJbHBIX JINHUN B 60-
Jiee JUIMHHYIO M COXPaHSBITUIICS HA MPOTSKEHNN BCETo repuojia repeaaun. Harpumep,
4TOObI OTIIPABUTH JOBOJIBHO OOJIBIION 00beM JaHHbBIX, CKaKeM Tele(hOHHbII 3BOHOK, 13
Hpio-Mopka B JIoc- AH/pKesIeC CHCTeMa KOMMY TALAH JIMHIH T0JIKHA OBLTA BBIICTHTD He-
CKOJIBKO HEGOJIBLINX JIMHUN MEKY IIPOMEKYTOUHBIMU TOPOJAMH, COEAUMHUTD UX B OHY
U nepeaath 1o Heii nudopmanuio. B pesyibraTe 06pasoBbIBAICS IPOTKEHHbIN KaHall,
COXPaHSIBIINICS JI0 3aBePIeHNs Tiepeayur nHbopMaru. B 1aHHOM cJiydae MOTJ ObITh
3apesepBupoBansl giHuE ot Heio-Mopka 1o Yukaro, ot Ynkaro 10 Jensepa u ot Jlen-
Bepa 10 Jloc- Anmkeneca. B ¢cBoto ouepe/ib, 3TH JTUHUK B IEHCTBUTETBHOCTA COCTOSIIIN
us3 etle 6oJiee KOPOTKUX JIMHII Mesk Ly GoJiee OIM3KUMU ropoaMi. JIMHUK OCTaBaJIMCh
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BBIJIEJIEHHBIMU /0 OKOHYAHUS Tiepejadn nHOOPMAIMHU, TO eCTh 1TOKa He 3aBEPITUTCS
tesiechonnbiil 3B0HOK. [Tocsie aToro cucrema mMorja 3a/1eficTBOBATh JIMHUY JIJIS IPYTUX
MOTBITOK TIepefaun uHdopManuu. ITo penieHne 006ecneunBajIo BbICOKOE KauecTBO
CBSI3M, HO OIPAaHMYMBAJIO yA00CTBO UCIOJIb30BAHNUS, TaK KaK B KaxKIblil KOHKPETHbIII
MOMEHT BpEMEHU BbI/IEJIEHHbIE IMHUU MOTJIM UCIIOJIb30BATHCS TOJIBKO JIJISI OJIHOM 11eJTH,
KaK TToKa3aHo Ha puc. 2.1.

Cwuatn
BocToH

A )

Yukaro

Noc-AHpxenec

AkTVBHas nepeaaya ua Hoto-Mopka B Jloc-AHmxenec

=== == 336M10KMpOBaHHan Nepegava n3 boctona B Cuatn

Puc. 2.1. KoMMyTauus nMHWiA

TexHOIOTHSI KOMMYTAIIUU TTAKTOB, 00ecIieunBast y00CTBO UCIIOJIb30BAHIS, YCTPAHSIET
HEO0OXOIMMOCTD PE3EPBUPOBAHIST TUHUH JITIST BBIICJIEHHON Mepefiaui. ITO IOCTUTAETCST
IyTeM JieJIeHUs TTepe/laykl Ha MaJleHbKue (PparMeHTbl, KOTOPbIe HA3bIBAIOTCS NaAKemamu,
" OTIIPABKU MUX IO COBMECTHO MCHOJIb3YEMbIM JIMHUAM C IPUMEHEHNEM IIPOIEAYPbI,
TIOJTYYHBIIEH HazBaHUe nepedaua ¢ npomexcymounvim naxonienuem (store and forward).
Kasxziplii y3es ceTn cBsI3aH C JAPYTUMU y3JaMU TIOCPEJACTBOM JIMHUU, KOTOPAs MOXKET
repeiaBaTh MaKeThl MEKIY y3JaaMu. Kaxaplil y3esr HaKamamBaeT BXOAAIINE TaKeThl
U TIepelaeT uX Jajbiie, OJIsKaiiieMy y3iy B 3aanHoM HanpasiaeHnu. Hampumep, ni-
dopmanus, nopexamas nepefade us Hoio-Mopka B Jloc-Ankesec, pasbusaercs Ha
MHOECTBO OYeHb KOPOTKHIX IAKeTOB, KOTOPbIe 3aTeM oTnpasisiores us Hpo-Topka
B Umkaro. Korza y3en B Unkaro mprHIMAaeT TAKeT, OH ITPOBEPSIET €T0 a/[pec Ha3HAUEHIIS
n ornpasJisieT B [lensep. IIporeypa noBTopsieTcs 10 TeX 1op, oKa MakeT He JOCTUTHeT
Jloc-Ankeneca, a 3ateM — tesiehoHa TosrydaTesis. BaxkHoe oTJndMe OT TeXHOJIOTUN
KOMMYTAIIMH JINHUHN 3aKTI0YaeTCsT B BO3MOKHOCTU BEJEHUS CPa3y HECKOJIBKUX TeJse-
(boHHBIX PA3roBOPOB € UCIOJIb30BAHUEM OJIHUX U TeX Ke JuHui. OHOBPEMEHHO TI0
9THIM 7Ke JIMHUSAM MOTYT IepejiaBaThes apyrue sponkn us Hpo-Topka B Jloc-Anpkenec,
u3 Bocrona B CHITI WK MEKITY JTIOOBIME IPYTUME TOPOJIAMH, PACTIOIOKEHHBIMHU <TT0
aopore». IIo muHMAM MOKHO OJHOBPEMEHHO I1€pegaBaTb MMaKETbl MEK/Y MHOKECTBOM
Pas3HBIX MIYHKTOB, YTO HAMHOTO y00Hee, Kak TI0Ka3aHo Ha puc. 2.2

OpHaKO KOMMYTAIMS AKETOB — HTO BCETO JIMIh M. Y3JIaM B CETH HYKeH Habop
(popMasTbHBIX TPOTOKOJIOB, OTIPEESIIONINX, KaK B IEHCTBUTEITHHOCTU JOJIKHBI YIIAKO-
BbIBaThCA JaHHble U nepecblaarbes 1o cetu. Jus cetn ARPANET aror Habop 1poro-



34 naBa 2 e WHTepHeT

-

BocToH

AkTvBHas nepeaaya u3 Huto-Mopka B Nloc-AHmkenec

rmmmmms AKTUBHAA Nepegava u3 boctoHa B Cuatn

Puc. 2.2. KommyTaums naketos

KOJIOB OB OIIpe/iesieH B IOKyMeHTe, n3BecTHOM Kak «BBN Report 1822» u yacto Ha-
3piBaeMoM npomoxkosiom 1822. C ronamu ARPANET niposioskana paspacrarbest v cTasia
YacTbhIO CETH, HbIHE U3BECTHON Kak Mnmepnem. B Tedenne aTOro BpeMeHU HETIPEPLIBHO
Pa3BWBAJMCH W MTPOTOKOJIBI M3 oTyeTa 1822, MpeBpaTUBITUCH B UTOTE B T€ MPOTOKOJIbI,
KOTOpbIE YIpaBistior paboToii coBpementoro Murepuera. Bee BMecTe oHE 06pasyioT
HabOop IIPOTOKOJIOB, U3BECTHBIN KakK cemeicmeo TCP/IP.

MHoroypoBHeBas Moaenb TCP/IP

CewmeiictBo TCP/IP omnoBpemMenHO 1mopaskaer cBoeil Kpacotoii u myraet. Ero kpacora
06yCIOBIIEHA TEM, UTO B TEOPUHU ITO CEMENCTBO COCTOUT M3 HECKOIBKIX HE3ABMCHMBIX
abCTPaKTHBIX YPOBHEH, KasKIBIH 13 KOTOPBIX MOIEP/KUBAETCST MHOKECTBOM B3aMO3a-
MEeHSIEMBIX TIPOTOKOJIOB, PEIIAIONIIX COOTBETCTBYIOIIIE 3a/[a4! U IIePeIAIOIINX JaHHBIE.
A cTpax BBI3BIBAIOT YACThIC CKaH/IATbHBIC HAPYIICHWS MTPABUJI CAMUMH aBTOPAMHU ITPO-
TOKOJIOB B YTO/Y IPOU3BOAUTETBHOCTH, MACIITAOMPYEMOCTH WJTH APYTUM TPEOOBaHMUSIM,
KOTOPBIE OOBSICHSIIOTCST UX BBICOKON CJIOKHOCTDIO.

Hara ¢ BaMu 3a/1a4a Kak pa3pabOTINKOB MHOTOTIOJIB30BATENBCKUX UTP — MOHSITH I0CTO-
nHcTBa U HeocTatku cemeiictBa TCP/IP. 910 momoskeT HaM HaydInThes TUCaTh (hyHK-
IMOHANbHbIE U 3(hdekTrBHBIE UTPBL. OBBIYHO JOCTATOYHO YMETh B3aUMOICHCTBOBATD
C CaMbIMU BEPXHUMU YPOBHSIMU CTEKA, HO JIJISA TOCTHKEH Mt GoJbieil apPheKTHBHOCTH
JTUX B3aMMO/IEHICTBHIT TIOJIE3HO 3HATDH U TIOHUMATh, KaK (DYHKITMOHUPYIOT HUKHUE YPOB-
HU 11 KaKOe BJIMSHIIE OHU OKAa3bIBAIOT HA BEPXHIIE.

Cy1iecTByeT MHOKECTBO MOJIeJIel, OTIMCBIBAIOIINX B3AaUMOICHCTBUS MEXK/LY YPOBHAMU
npu obmere uHpopmanueit B Marepuere. B nokymenre «RFC 11225, onpezesubiiem
TpeboBaHus K y3iaM VIHTepHeTa Ha paHHUX 9Tarax ero PasBUTHs, UCIIOJb3YeTCst
yeThipe YPOBHA: yposensv cemesozo docmyna (link layer), mesccemesoii yposens (1P
layer), mpancnopmmowiii yposens (transport layer) u npuxradnoi yposens (application
layer). AnbrepHartuBHas mModenv gaaumodeticmeuil omxpovimolx cucmem (Open Systems
Interconnection, OSI) onpezensieT ceMb ypoBHeit: gusuueckuil yposens (physical layer),



duUsnyeckunii ypoBeHb 35

xananvmoiil yposens (data link layer), cemesoi yposens (network layer), mparncnopmuwiii
yposens (transport layer), cearncoswuii yposens (session layer), npedcmasumenvcruii ypo-
genw (presentation layer) u npuxnadnoi yposensv (application layer). YToGer ocTaBUTH
B [[EHTPE BHUMAHUST TOJIBKO TO, YTO HEOOXOAUMO Pa3paboTInKaM WP, B ATOH KHUTE UC-
MOJIb3yeTCst KOMOMHUPOBAHHAS, TIATUYPOBHEBAS MOJIENb, BKJIIOYAIONAs (DU3UYECKUH,
KaHAJIbHBIH, CeTeBOH, TPAHCTIOPTHBIN 1 MPUKJIAJHON YPOBHH, KaK TIOKa3aHO Ha puc. 2.3.
Kask/ip1it ypoBeHb peraeT onpe/ie/ieHHbIe 33/[a91 U YA0BIETBOPSET TOTPEOHOCTSAM YPOB-
H$1, PACIOJIOKEHHOTO HEMIOCPEACTBEHHO HA/l HUM. B 4110 9THX 3a/1a4 BXOAUT:

a 1npuem 6J10Ka JaHHBIX [JIA TIepeaavn OT BbhIMIEJIEKAIIETO YPOBHA;

0O ymakoBKa JaHHBIX ¢ qobaBieHueM 3arojioBka (header) u, nHOTIA, KOJTOHTHUTY A
(footer) maHHOTO YPOBHS;

nepelaya JaHHbIX HIKEIEKAIEMy YPOBHIO IS AajibHeleil o6paboTku;
IIpUeM TiepelaHHbIX JAHHBIX OT HUKeJIeKallero ypoBHS;

pacliakOBKa JaHHbIX C yIaJIEHUEM 3aroJIOBKa;

0O000o

nepeaya JaHHbIX BhILIEJeKaIeMy YPOBHIO s JajibHelleii 00paboTKu.

[MoTok AaHHbIX

MpviknagHble

MpuknagHon ypoBeHb naHHble

Baronosok

TpaHCcnopTHLIN ypOBEHb TPaHCMopTHoro
YPOBHS

3aronoBok

CeTeBON ypoBEHb ceTeBoro
YPOBHSI

3aronosok KonoHtutyn

KaHanbHbIN ypoBeHb KaHasnbHoro
YPOBHS

KaHarnbHoro
YPOBHSI

DU3NYECKNI YPOBEHD dunanyecknin Hocuternb

«

Puc. 2.3. MHoroyposHesas mogenb TCP/IP ¢ Touku 3peHusi paspaboTumnka urp

OmHaKo MOZIeTTh He ONpeZIesIseT, Kak KaK/Iblil YPOBEHD peliaeT CBOM 33/1aun. B peans-
HOCTH CYIIECTBYET MHOKECTBO [IPOTOKOJIOB, KOTOPbIE MOKHO MCIIOJIb30BATDh HA KAsKJIOM
yposHe. HexoTopble n3 Hux gsisgiotca posecaukamu cemeiictsa TCP/IP, a npyrue
MOSIBUJIMCH COBCEM HEJJABHO. 3HAKOMBIE ¢ 0OBEKTHO-OPUEHTHPOBAHHBIM TPOTPAMMHUPO-
BaHUEM MOTYT PACCMaTPUBATD KaxK/Iblil YPOBEHDb Kak MHTepdeiic, a KasK/IbIi IPOTOKOJI
n Habop MPOTOKOJIOB — KaK peain3aluio 9Toro uurepdeiica. B uaeane ocobeHHOCTH
peayusaly YpoBH: He JOJIKHBL BJAUATD Ha BepXHUE YPOBHU B CTeKe, HO, KaK 0TMeyasIoch
BBIIIIE, ATO He BCerjia Tak. B ocraBiieiics yacTu raBbl TIPEICTaBICH 0030 YPOBHEH U He-
KOTOPBIX 13 HarOOJIee U3BECTHBIX MPOTOKOJIOB, UX PEATU3YIOIINX.

dU3NYECKNN YpOBEHDb

B camMoM HI3Y MHOTOCJIOIHOTO TIHPOTA HAXOAUTCS. HAOOJIee TIPOCTON TIOIEPKUBAIOIIHIT
YPOBEHD: usuyeckuil. 3amada GU3NIECKOT0 YPOBHST — 00€CTIeunTh (PU3NIECKYIO CBSI3b
MEXKIy KOMIThIOTepaMu WM y3JaaMu (xoctamu) B ceTH. [l nepenaun wHboOpMaun
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Heo6xonuM (pusnyeckuii HocuTe b, Buras mapa kareropuu 6, renedOHHbIE JTUHNN,
KOAKCUAIbHBIN Kabesb U BOJIOKOHHO-ONTUYECKUiT Kabesib — BCe 9TO MpuMepsl (huside-
CKWX HOCUTETEH, 06ECTIEUMBAIONINX COEMMHEHTIS, HEOOXOMMbIe (DU3MIECKOMY YPOBHIO.

O6parure BHUMaHNe, 4TO (GU3UIECKUN HOCUTEb He 00I3aTEIBHO J0IKEH ObITh YEM-TO
MarepuanbHbiM. JI1060ii 061azaTesb MOOUIBHOTO TesedoHa, ITaHIIeTa UM HOyTOyKa
MOJKET 3aMETHUTbh, YTO PAJUOBOJIHBI TAKIKE SIBJISIIOTCS ITPEBOCXOHBIM (DU3UUECKUM
HocuTesreM nHGopMaini. B ckopoM OyayiieM KBaHTOBas 3aly TAHHOCTh TAK/KE MOKET
cTaTh (PU3NYECKUM HOCUTEJIEM JIJISI Tlepe/laurt MH(POPMAIUK Ha TUTAHTCKUE PACCTOSTHUS
C OTPOMHOU CKOPOCTBIO, U KOT/Ia 3TO MTPOU30H/IEeT, MHOTOCJOWHBIN nmupor VHTepHeTa
OyJIeT rOTOB UCIOJIB30BaTh €r0 B KAUeCTBE peai3aini (PU3nuecKoro ypoBHSI.

KaHanbHbIN YPOBEHb

Kananpiblil ypoBeHb — 9TO TO MECTO, OTKy/Ia OepeT Hauaro HHPOPMATHKA MHOTOCIIOT-
Horo mmpora. Ero 3agaua — peaqn3oBarh cmocod B3aUMOIENCTBIIT MKy (hrusndaeckn
CBS3aHHBIMU y3JaMu. To eCTb KaHAJIbHBII YPOBEHD JI0JIKEH 1IPEJ0CTABIATh METO/,
MOCPEZICTBOM KOTOPOTO OZINH y3eJI MOKeT YIaKoBaTh NH(MOPMAIIIO U NePeaTh ee Ha
(bU3MYECKOM YPOBHE, TaK YTOGBI Y3€T-TIOMYIATeh MOT, TPUHSB TTAKET, U3BJIE€Yh U3 HETO
nepeanuyIo nHgopmalmio.

Enunuiia nepeadn Ha KaHAJIBHOM yPOBHe HasbiBaeTcst kadpom (frame). Vicmobayst Ka-
HaJIbHBII yPOBEHb, y3J/Ibl IOCBLIAIOT APYT APYTY KaApbl. Ec/i roBOPUTH TOUHEE, B UHUCJI0
3a/1a4 KaHAJIbHOTO YPOBHS BXO/IUT:

Q omnpezneeHne crocoba I/IlIeHTI/I(I)I/IKaLlI/II/I y3J10B, YTOOBI Ka/Ip MOT IOCTUYb a/[pecaTa;

Q onpejesnenue (popmaTa Kajipa, BKIOYAIOIIETO aJpec MoaydaTesis U OTIIpaBJiseMble
JTAaHHbIE;

 omnpexaereHne MaKCUMaJbHOTO pa3Mepa Kazipa, YTOOBI BEPpXHNE YPOBHU 3HAJH, Kakoi
00beM JAaHHBIX MOKHO OTIIPAaBUTDH B OI[HOI>'I rnepezaave;

Q onpezesenue crocoba (pU3nIecKoro mpeodpasoBaHiisl Kaapa B 9JIeKTPUYECKIE CHIHA-
JIbl, KOTOPBIE MOKHO IiepeiaTh Yyepes (PU3NnUecKrii HOCUTEb 1, IPU OJIaroIpusTHOM
CTeYeHUN 0OCTOSITEIBCTB, IPUHATH HA CTOPOHE MOJIyYaTeIs.

O6parure BHUMaHHUE, YTO JOCTABKA Ka/pa Y3Jy HA3HAYEHUs JUIITH BO3ZMOYKHA, HO HE
rapaaTupoBana. CyIecTByeT MHOKECTBO (haKTOPOB, BAUAIONTNX HA T1€JI0OCTHOCTD AJIEeK-
TPHUECKOTO CUTHAJA, (DAKTUUECKN JOCTUTAIONIETo MecTa HazHaueHus. [loBpexaenme
(bU3MYIECKOTO HOCHUTEIIS, PA3HOTO POJa AJEKTPOMATHUTHBIE TIOMEXU UM OTKa3 060-
pyZlOBaHUS MOTYT TIPUBECTH K TTOTepe Kaapa. KananabHbIll ypoBeHb HE TIpe/oiaraet
TIPHUJIOJKEH ST KAKUX-TTO0 TOTOMHUTETHHBIX YCHITHH, YTOOBI OTTPeenTh (haKT TOCTABKI
KaJ[pa ajipecaTy Uy IOBTOPHYIO €ro Ilepesiady, eCiu J0CTaBKa He YBeHUAJIACh YCIIEXOM.
[To aToit npuunHe B3auMO/IENCTBUS HA KaHAJIHHOM YPOBHE Ha3blBAIOT HEHa/IesKHBIMU.
JI060# BHICOKOYPOBHEBBII MTPOTOKOJI, TAPAHTUPYIONTIH HAIEKHYIO TOCTABKY TaHHDIX,
JI0JIKEH caM Peajii30BaTh 9TH TapaHTHU.

JLtst KakI0M PasHOBUIHOCTH (GU3NUECKOTO HOCHUTEJIsI, BBIOPAHHOTO JIJIsI Pean3aiun

(hU3MUECKOTO YPOBHS, UMEETCST COOTBETCTBYIOIIIH IIPOTOKOJI UK TPYIIIA IIPOTOKOJIOB,
obecrieunBarIInuX Bee HeoOXouMbie (QYHKIMU Ha KaHaIbHOM ypoBHe. Harpumep, yaJibl,
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COEJIMHEHHbIE BUTOM 11apoii, MOI'YT B3aMMO/ICIICTBOBATD MOCPECTBOM O/IHOTO U3 IIPO-
tokosio Ethernet, takoro kak 1000BASET. Vaiibl, coeuHeHHble PaHOKaHAIOM, MOy T
B3aUMOEHCTBOBATH MMOCPEACTBOM OTHOTO U3 paanomnpoTokonsoB Wi-Fi (mampumep,
802.11g,802.11n, 802.11ac) niu 0HOrO U3 PaLKOIIPOTOKOIOB MOOUIBHOMN CBI3H, TAKKUX
kak 3G uinu 4G. B Tabu1. 2.1 nepednciieHbl HEKOTOPbIE PACTIPOCTPAHEHHbIE KOMOMHAIIUN
(busnyecknx HOCUTENEH U TPOTOKOJIOB KAaHATHHOTO YPOBHSI.

Ta6nuua 2.1. KoM6rHaumm GranMyeckux HoCUTENEeN 1 NPOTOKONIOB KaHaNlbHOrO YPOBHSI

®usnuecknit Hocutens | NMpPOTOKON KaHaIbHOrO YPOBHS
Buras napa Ethernet 10BASET, Ethernet 100BASET, Ethernet 1000BASET

Buroii meanbIii mpoBo Ethernet over Copper (EoC)
Papmoananason 2.4 I'Tig 802.11b, 802.11g, 802.11n
Pagnoananason 5 I'Tig 802.11n, 802.11ac
Pagnoananazon 850 MIt | 3G, 4G

Bostokonno-ontuyeckuii | Fiber Distributed Data Interface (FDDTI), Ethernet 10GBASESR,
KabeJb Ethernet 10GBASELR

KoakcunanbHblii kabesb Ethernet over Coax (EoC), Data Over Cable Service Interface
Specification (DOCSIS)

W3-3a cToJib TECHOI CBsI3U (PU3UUECKOTO M KAHAJIBHOTO YPOBHEN B HEKOTOPBIX MOJIETISIX
OHM OOBENHSIOTCS B OIUH YPOBeHb. OHAKO HEKOTOPBIE (DU3NIECKUE HOCUTEN TIOI-
TEPAKUBAIOTCS HOJIEE €M OJTHUM TPOTOKOIOM KaHATBLHOTO YPOBHSI, TIOITOMY TTPE/IIIO-
YTUTEJbHEE PacCMaTPUBATh (DU3NUECKUI U KAHAJIbHBIN YPOBHU OT/IEJIBHO.

BaxkHo OTMETUTD, UTO MHTEPHET-COCMHEHNE MEKIY IBYMS yIaJeHHBIMU Y3JaMU
He TpeGyeT UCIOIb30BaHUS eIMHOTO (GU3NIECKOTO HOCUTENSI U €IUHOTO TIPOTOKOJIA
KaHalbHOro ypoBHa. Kak Oyaer pacckasaHo B CIeAYIONIMX pas/esiaX, ONUChIBAIOLINX
OCTaJIbHBIE YPOBHH, B Iepelady OJHOTO (hparMeHTa JaHHBIX MOKET OBITH BOBJIEUEHO
HECKOJIbKO HOCUTEJIEH 1 TPOTOKOJIOB KaHAJILHOTO YPOBHS. COOTBETCTBEHHO, B TIEpeavy
JaHHBIX /I CETEBOI KOMIIBIOTEPHOI UIPhI TAKAKE MOKET ObITh BOBJIEYEHO MHOKECTBO
MIPOTOKOJIOB KAaHAIBLHOTO YPOBHS, nepeuncyaenubix B Tabr. 2.1, K cuactbio, Gmarogapst
a6crpakiun cemeiicra TCP/IP ocobeHHOCTH pabOTHI HCIIOJIB3YEMOTO MTPOTOKOJIA
KaHaJbHOTO YPOBHSI OKA3bIBAIOTCS HA/IEKHO CKPBITBIMU OT UTPHI. [10 aTO# nipuumHe
MBI He OyzieM yriayOssaThes B IeTalbHOE UCCIe0BaHue (DYHKITMOHUPOBAHUS KAsKI0TO
W3 UMEIOIUXCS TPOTOKOJIOB KaHAJIBHOTO YPoBHs. OJIHAKO CYIIECTBYET O/[HA IPYIIIa
IIPOTOKOJIOB, KOTOPbIE, C OAHON CTOPOHBI, APKO WIIOCTPUPYIOT paboTy KaHaIbHOIO
YPOBHS, a ¢ IPYTOil — 06SI3aTEBHO BCTPETSATCS Ha TPOGECCHOHATHBHOM Iy TH KasKI0TO
[IPOTrPAMMUCTA CETEBBIX UTP. DTO TPOTOKOJbI Ethernet.

Ethernet/802.3

Ethernet — 210 He KaKO#-TO OJUH MPOTOKOJ, A IeJiast TPYIINA TPOTOKOJIOB, TI0KYMEH-
TUPOBAHHBIX B oduimasbHoM cOopHuKe cTanaapTos Ethernet, onybankoBanHOM
B 1980 rony xomnanusamu DEC, Intel u Xerox. Bee BMecTe coBpeMeHHBIE TPOTOKOJIbI
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Ethernet onpegensiorcsa crangaprom IEEE 802.3. Cymiecrsyior Bapuantsl Ethernet,
NeiCTBYIOIINE B OIITOBOJIOKOHHBIX JINHUSIX, BUTHIX MAPAX WM MHOTOKUJIBHBIX BUTHIX
MEJHBIX TPOBOIaX. ECTh BApHAHTHI, paboTaroIIne ¢ PA3HBIMI CKOPOCTSIMI: HA MOMEHT
HATMCAHUS 9TUX CTPOK GOJBITMHCTBO HACTOJBHBIX KOMITHIOTEPOB MO/IEPKUBAIIH
ruraburhbiii Ethernet, o yske cymectsoBain u Habupaau HOMYJISPHOCT CTAHAAPTHI
Ethernet, nopgep:usaiomnue ckopoctu nepegaun 10 10 T'our/c.

Jlnst upentndukamy y3nos B Ethernet ncmonsayioTest ammapatibie ajfipeca (agpeca
yIIpaBJIeHus: JocTyIoM K cpene — Media Access Control), nnmu MAC-adpeca. MAC-
ampec — 9TO YHUKATbHOE 48-OUTHOE YHCIIO, TPUCBANBAEMOE KAJKIOMY ATIMAPATHOMY
YCTPOHCTBY, moakIouaeMoMy k cet Ethernet. O65I9HO 9TO YCTPONHCTBO HA3BIBAIOT
xonmposiepom cemesozo unmepgetica (Network Interface Controller, NIC). Ilepsona-
YATLHO CEeTeBbIe KOHTPOJJIEPHI UMENTN BUJT TUIATHI PACTINPEHNST, HO Garofapst OypHOMY
pacmpocTpaHeHnIo VIHTepHeTa B TIOC/IeIHYIE TIAPY ACCATUIETHI OHH CTaJIN BCTPAUBAThCS
B MaTepuHcKue iathl. Ecim yaimy tpebyercst Gosiee 0[HOT0 COSAMHEHUS ¢ OIHOI UITH He-
CKOJIbKUMU CETSMH, CYIIECTBYET BO3SMOKHOCTD BCTABUTD B KOMITBIOTEP JIOTIOJTHUTEILHBIE
IJTaThl CETEBBIX KOHTPOJLJIEPOB, U TAKOH y3es OyzaeT nMeth Heckobko MAC-anpecos,
10 OJTHOMY JIJIST KQK/[OTO CETEBOTO KOHTPOJLIEPA.

Yrobbl 06ecriednTh TI06ATBHYIO YHUKATLHOCTE MAC-aipecoB, TPOU3BOUTENN CETEBBIX
KOHTPOJIIIEPOB «3ammmBaioT> MAC-ajipeca B KOHTPOJLIEPHI Ha armapatHoM yposHe. [lep-
Bble 24 GUTa COCTABJSIOT YHUKAIbHbII naeHTHduKaTop opranusaiiu (Organizationally
Unique Identifier, OUT), soipanssiii IEEE mist naentudukaum npousBoaUTeN . YHU-
KaJbHOCTh OCTABIIMXCsE 24 OUT, TIPUCBAMBAEMbIX allllapaTHBIM YCTPOICTBAM, JT0JIKEH
rapaHTUPOBATh MTPOU3BOANTEND. V13 BBIIECKA3aHHOTO CJIEAYET, YTO KAK/IBIN CeTeBOI
KOHTPOJLIIEP J0JKEH UMETH AlllapaTHO 3allUThI TII00albHO-YHUKAJIbHbI nieHTH(hU-
KaTop, 110 KOTOPOMY K 3TOMY KOHTPOJIIIEPY MOKHO OOPAaTHThHCSL.

MAC-anpec okaszajcst HaCTOJIbKO YAAYHON UJleel, UTO NCITOTb3YEeTCsT He TOIBKO MPOTO-
kosamu Ethernet. B geiicTBUTEIBHOCTH OH MCIIOJIb3YETCS. OOJIBIIMHCTBOM IIPOTOKOJIOB
kaHasbHOTO ypoBHst IEEE 802, Britouast Wi-Fi u Bluetooth.

MPUMEYAHUE C momeHTa noseneHus MAC-agpecoB OHW MNpeTepreny ABa BaXHbIX W3MEHEHWS.
Bo-nepebix, MAC-agpec nepectan 6bITb MO-HACTOSALIEMY YHWKanbHbIM anmnapaTHbIM MAeHTUdMKaTo-
pOM, MOTOMY YTO MHOIME COBPEMEHHbIE CETEBbIE KOHTPOJIIEPHI MO3BOAIOT MPOU3BOSIbHO U3MEHATb MX
MAC-agpeca. Bo-BTOpbIX, ANS pelleHns pas3nnyHblX HaspesLumx npobnem opraHusaumsi IEEE BeBena no-
HATWe 64-6uTHoro MAC-agpeca, nonyyvBLLErO Ha3BaHME PACLUMPEHHOMO YHWKaNbHOro naeHTudrkaTopa
(Extended Unique Identifier, EUI64). Be3ne, rae Heobxoanmo, 48-6uTHbIi MAC-aapec MOXeT 6bITb npe-
obpasoBaH B EUI64 BcTaBkoW AByx 6aiT OxFF OxFE cpa3sy nocne OUI (yHWKanbHOro naeHTudukaTopa
opraHusaummu).

Ha puc. 2.4 uzobpaxena crpykrypa Ethernet-mmakera, koropsiit obeproiBaer Ethernet-
KaJIp KaHAJIbHOTO YPOBHS U Jo0asiisier yHUKaIbHbIEH MAC-ajpec, IPUCBOEHHBIN KasK-
ZIOMY CETEBOMY V3JIy.

IIpeambyna v nauanvnoil pasoerumens kadpa (Start Frame Delimiter, SFD) ogunako-
BbI€ /IJId KaK/I0I'0o ITIaKeTa M COCTOAT U3 BOCbMU 6aliTOB: BX55 OX55 OX55 OX55 OX55 OX55
0x55 ©xD5. ITO IBOUYHBIN TTA0JIOH, TOMOTAIOIIHNI alllapaType CETEBOTO KOHTPOJLIEPa
CUHXPOHM3UPOBAThCS M IIOATOTOBUTHCI K preMy Kazpa. [IpeamOyiia u Hava bHbIIl
paszeuTes b 0OBIYHO BEIOPACHIBAIOTCS U3 IIAKETA AIllIaPaTyPOil CETEBOr0 KOHTPOJLIEPA,
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BanTbl 0 4
0-7 Mpeambyna | SFD |
8-13 MAC-agpec nonyyarens
14-21 MAC-agpec oTnpaBsuTens OnuHa/Tun
22—... dakTuyeckme aaHHble (46—1500 6anT)
KoHTponbHas nocnenoBaTesnibHOCTb kagapa |

Puc. 2.4. Ctpyktypa Ethernet-naketa

a ocTaBHInecs GailTbl, BK/IIOYAs KaJp, I€PeAaloTcsl MOAYJIIO0 Pealu3alii IPOTOKO/Ia
Ethernet as o6paboTku.

3a HavaIbHBIM Pa3/eUTENeM Kalpa CAEAYIOT MeCTh OANTOB, TTPEACTABISIIONNX
MAC-anpec nosryuaress kajapa. Cyniectsyer criernanbubiii MAC-azpec momyuaress,
FF:FF:FF:FF:FF:FF, U3BECTHbII KaK WUPOKOSeUamenviblil adpec, YKa3blBAIOIUI, YTO
KaJIp TIpeTHa3HaueH BCeM y3J1aM B JIOKATBHOI ceTH.

[Toste <A/ TUIT> UMEET HECKOJIBKO HABHAYEHWH U MOXKET MPEJICTABIISTh ITTHHY WJIH
tur. Ecim mosie ucmosb3yercs i mpejicTaBIeHus! JINHbL, OHO XPaHUT 00beM (hakTu-
YeCKUX JaHHBIX Kajipa B OGaiitax. Eciiu 1moJie MCob3yeTcest [Jist PeICTaBIeHIsI THIIA,
oHo xpanut Homep EtherType, 0HO3HAYHO OTIPEEISIONIIH TPOTOKOJ, KOTOPBIH TOJIKEH
MCIIOJIb30BAThCS JIJIsT MHTEpIpeTaiui hakTudeckux aanubix. Mogymas Ethernet, mpu-
HUMAIOIIUI 3TO T0JIE, I0JKEH ONPEIeUTh, KaK TPABUJIBHO €r0 NHTEPIPETUPOBATD.
Yrobsl TOMOYB B 3TOM, ctargapT Ethernet ompemensier, 4To MaKCUMaTHHBIA 00bEM
(dakTUYecKUX JAaHHBIX He MOKeT mpeBbimaTh 1500 6aitT. DTo YnC/I0 U3BECTHO KaK
Maxcumanvuviil pazmep nakema (Maximum Transmission Unit, MTU), motomy 4T0 3TO
MaKCUMAJTbHbIH 00beM JaHHbIX, KOTOPBIIT MOJKHO OTIIPABUTE B OHOI Tepenave. CTaH-
JIapT TakKe onpesessier MuHIMaibHoe 3adenne EtherType kak 0x0600 (B 1ecsiTUIHOM
npezcrasienun — 1536). To ecTb ecoiu 0T «JIMHA/TUIT» COAEPIKUT YUCJIO, MEHDIITEE
wim pasHoe 1500, OHO TIpeICcTaBIseT AJIUHY, a ec/ii GoJibliee 1in paproe 1536 — Tuir.

MPUMEYAHUE XoTs 3TO ABNSIETCA HApYLIEHWEM CTaHAapTa, MHOMMe COBPEMEHHbIE CETEBbIE KOHTPO-
nepbl Ethernet noaaepxuBatoT Kagpbl, AnMHa KOTOPbIX NpeBbiwaeT 1500 6aiiT. 3Tu jumbo-kadps! (jumbo
frames) MoryT umeTb pasmep Ao 9000 6aiT. [N NOAAEPXKKM 3TON BO3MOXXHOCTU KOHTPOJIEPhI onpeae-
NS0T B 3aronoske kaapa EtherType, a BbluvcneHve pasmepa kagpa NpoMCcXoamT annapaTHo.

DakTuyeckre JaHHbIE — HTO TaHHBIE, TTOTEKaINe mepenade B kaape. OObIIHO 9TO
MaKeT CETEBOTO YPOBHS, ePEaHHbII KAHATHBHOMY YPOBHIO JIJIST TOCTABKU COOTBETCTRY-
IOIIIEMY Y3JTY.

IMose konmponvnoti nocredosamenvrocmu xkadpa (Frame Check Sequence, FCS) xpa-
HUT 3HaYeHre KOHTPOIbHOI cymMmMbl CRC32, creHeprpoBaHHOE HA OCHOBE JIBYX MOJIEN
a/[PECOB, MOJIS UTHHBI/TUTIA, (DaKTHYECKUX JAHHBIX U JA0MOJIHeHUs. Biarogapst atomy
nocJie TipreMa JIaHHbIX anmaparypa Ethernet Mosker mpoBepuTh 1EJTOCTHOCTD Kajipa
1 OTOPOCHTH €T0, ecin Gy/IeT yCTaHOBIEH (hakT ero moBpeskaeHnst. HecMOTpst Ha TO 9TO
npotokos Ethernet we rapaHTupyer I10CTaBKy JaHHBIX, OH MPUIAraeT GOJIbIINe YCUITHS,
4TOOBI TPEIOTBPATUTD OCTABKY TIOBPEKIEHHDBIX JTaHHDIX.

Crenuduka criocoda nepegaun nakeros Ethernet uepes pusnueckuii ypoBeHb 3aBUCHT
OT HOCHUTEJIsI U He TIPEJICTABJISICT MHTepeca VIS Pa3paboTINKOB MHOTOIIOb30BATEILCKUX
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urp. Jlocrarouno GyeT ckasaTh, YTO KaxK bl y3eJI B CETU IPUHUMAET KaJAp, YNTAET ero
U OIIpeJiesisieT, IBJSIETCST JIM OH ero mosydyaresieM. Eciu sisercst, To us kaapa OyayT
u3BJIeYeHbl (DaKTHYECKKE JaHHble U 00paboTaHbl B COOTBETCTBUM CO 3HAYEHUEM I10JIS
JUTAHDBL/TUTIA.

MPUMEYAHME Ha paHHux 3Tanax B 60nbWwMHCTBE HebonbKnx ceTeln Ethernet anst coeanHeHns MHo-
)KECTBA Y3/10B MCMOJIb30BaIUCh YCTPOWCTBA, U3BECTHbIE Kak KoHueHmpamopsi (hubs). Ewe paHblue uc-
MOJIb30BaNCs AIMHHBIN KOaKcUanbHbIN kKabenb, MPOTSHYTHIA MeXay KOMMbITEPaMU. B Takux ceTsx anek-
TpUUYeckne curHanbl, CooTBeTCTBYytoWMe Ethernet-nakeTy, AocTurann 6ykBasbHO KaXxaoro y3na, u yxe
caMm y3en onpeaenss, SBASETCH /M OH MonyvyaTeneM nakeTa. Takoe TEXHUYECKOEe peLleHne OKas3anochb
HeapdeKTVBHBIM AN 6onbLUMX ceTel. Mo Mepe CHUXEHUS CTOMMOCTM annapaTypbl B 60/bLUMHCTBE CO-
BPEMEHHbBIX CeTel s COEAMHEHUS Y3/I0B CTanM UCMOJb30BaTbCs YCTPOMCTBA, U3BECTHLIE KaK cemeable
kommymamopsi (switches). KommyTaTopbl 3anommHatoT MAC-agpeca, a nHorga v IP-agpeca y3nos, noa-
K/IIOYEHHBIX K MOpTaM, NMo3ToMy 60/bLIMHCTBO NAKETOB MOXET MOChIIATLCS MO KpaTHailUMM MyTsM K UX
nosyyatensimM n oTnagaeT HeobXxoAMMOCTb NepesaBaTh UX KaXAOMY Y371y B CETU.

CeTeBOW YPOBEHb

KanaspHbIl ypoBeHb 06ECIeUnBaET IPOCTON U OJJHO3HAUHBIH CIIOCO0 Mepeaun JaHHBIX
OJITHOMY MJIM HECKOJIBKUM a/ipecyeMbIM y3iaM. I1oaToMy MoKeT 110Ka3aTbCs CTPAHHBIM,
3a4eM HY’KHBI Bce ocTayibHbie ypoBHU B cemelicTBe TCP /IP. Kak okasbsiBaercs, ka-
HAJIbHBII YPOBEHb HMEET HECKOJIBKO HEZIOCTATKOB, KOTOPBIE MOTYT OBITh YCTPAHEHBI HA
YPOBHSAX, JIEJKAIIHUX BBIIIIE:

Q Axpecanusi ¢ uciosb3oBaHueM armnapaTHoro MAC-aapeca orpaHndnBaer riOKOCTb.
BoobpasuTte, 4TO UMEETCsT OUeHb MOTYJISIPHBII BeO-cepBep, KOTOPBIN €KeHEBHO
HOCENIAIOT ThICSYU [oJb3oBaTeeit. Eciu Obl ocTyil K Beb-cepBepy ObLI BO3MOKEH
TOJIBKO IIOCPECTBOM KaHAIBHOIO YPOBHSI, 3aIIPOCHI AOJIKHbI ObLIN ObI HAIIPABJIATHCS
o MAC-azipecy ero ceTeBOTo KOHTpoJIIepa. A Terepb MPe/CTaBbTe, YTO OHAK/IbI
CeTeBOI KOHTPOJLIEP BhITIesT 13 cTpost. HoBbIi ceTeBoit KOHTPOJITEp, YCTAHOBIEHHBIH
B3aMeH CropesItero, Oyer nMeth pyroit MAC-azipec, 1 cepBep yKe He CMOKET TTPHU-
HUMAaTh 3aITPOCHI OT TToJIb30BaTeseit. OueBuaHO, 4TO TOBepX MAC-aapecoB 10KHA
UMETHCS KAKasi-TO JIPyTasi, JIETKO HaCTparuBaeMasi CCTEMA a/IPECAIINH.

O KanajibHbI yPOBEHD HE MOAEP/KUBAET cerMeHTanmo VHTepHeTa Ha Gosiee MeJi-
Kue, JJoKanbHbie ceT. Ecu 6b1 Bech VIHTEPHET UCIIONB30BA TOJABKO KaHAJIbHbII
YPOBEHb, BCE KOMIIBIOTEPHI OJEKHBI OB ObI OBITH MOAKIIOUEHB! K €INHON TTPO-
TSKEHHOH cetu. BenomumTe, uto nmpotokos Ethernet gocrasisier kasaprii Kajap
Ka’kK/[OMY y3JIy B CETH U TT03BOJISIET Y3JIy CAMOMY OIIPE/IeIUTh, SIBJSETCS JIU OH
nosydaresnem. Eciau 661 B ViHTepHeTe HCIoab30BaIC TONbKO npoTokos Ethernet,
KaKIBIH Kajip J0JKEeH GBI OBl TOCTUYD KaK/IOTO y3J1a Ha TIAHETE, MOAKII0YEHHOTO
K ceTu. B 9TOM ciryuae oueHb HeGOJIBIIOE YKCIO0 TAaKEeTOB MOCTaBuIo Obl VIHTEpHET
Ha Kosienu. Kpome Toro, He 6bLI0 ObI HUKAKOH BO3MOKHOCTHU OTIPEIETISITH CBOO
HOJAUTUKY GE30IIaCHOCTU B PasHbIX 00J1acTAX ceTu. VIHOTAA KelaTelbHo, YTOObL
ITUPOKOBEIATETbHBIE COOOTIEHNS MePeaBalNuCh TOJIBKO y3JIaM B MECTHOM ocuce,
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WM JIOCTYT K 001uM haitnam Gl BO3SMOKEH TOJBKO JIIST KOMITBIOTEPOB B OJTHOM
snannn. C MCIOIb30BaHMEM TOJHKO KAHAJIHHOTO YPOBHS BBEJIEHUE MOJOOHBIX
orpaHUUYeHNiT GbIJIO OBl HEBO3MOKHO.

O KanambHbIl ypOBEHD HE MOJIEPKUBAET BO3MOKHOCTH B3AMMOIEHCTBUI Y3JI0B C UC-
MOJIb30BAHKEM PAa3HbBIX MPOTOKOJIOB KAHAJIBHOTO YPOBHSI. [ TaBHOI M/eell MoIepsKKI
MHO’KECTBA ITPOTOKOJIOB (DM3NYECKOTO U KAHAJIBHOTO YPOBHSI SIBJISIETCSI BO3MOMKHOCTh
WCTIOJIb30BAHMS OTITUMATBHBIX PeaTN3aITnii A/ pa3HbIx ceTei. OHaKo MTPOTOKOJTBI
KaHAJIbHOTO YPOBHs He OIPENENsIOT CII0COObI B3aUMOAEHCTBUN MEKIY Pa3HbIMU
nporokosamu. VI cHOBa BO3HUKAET HeOOXOAUMOCTD B CHCTEME ajipecaliii, Pacioio-
JKEHHOW HaJl CUCTEMON armapaTHbIX a/[pecOB KAHATBHOTO YPOBHSI.

3a/laya KaHATEHOTO YPOBHS — 06eCTednTh MHMDPACTPYKTYPY ISt IOTHIECKOTT aapeca-
11K, 4TOOBI MOKHO OBLJIO JIETKO MEHSITH allllapaTHbie KOMIIOHEHTBI Y3714, TPYNIIPOBATH
V3JIbI B OT/I€JTbHBIE TTO/ICETH U TTO3BOJISITD Y3J1aM B Y/IAJIEHHBIX MO/ICETSIX, NCIMOJIb3YIONTNX
pasmbie (pu3nIecKre HOCUTEIH 1 TPOTOKOJIBI KAHAJIBHOTO YPOBHS, TIEpeIaBaTh cO0OTIIe-

HUWA APYT APYTY.

IPv4

B Hacrosiiee BpeMst 11T peansariii HeoOXOMUMBIX (QDYHKIHET CeTEBOTO YPOBHI HAO0-
Jiee IUPOKO UCHIOJIb3YeTCs unmepnem-npomokon eepcuu 4 (Internet protocol version 4,
[Pv4). IPv4 petaeT nocrapjeHHbIe 3a/1a4H, OTIPEIeIsis:

Q cucTeMy JOTHYECKON afpecanii, MO3BOJISAIONIYIO TPUCBANBATH CETEBBIM y3JIaM
MEHa;

Q cucreMy JIOTHYECKOTO pas3fieleHus aJ[pecHOTO MPOCTPAHCTBA B (DM3MUECKUX TTO/I-
CeTIX;

a CUCTEMY MapHIPpYTU3AIIUU JI TIEPEIavIU ITAHHDBIX MEK/1Y TTO/ICETAMMU.

IP-agpeca u CTpyKTypa naketa

Ocnosoii IPv4 asnaiores IP-aapeca. IP-agpec B IPv4 — 510 32-6utHOE 4iCJ10, 0OBIYHO
oTobpazkaeMoe 11 y1000uNTaeMOCTH B BI/E YEThIPeX 8-OUTHBIX YMCeJ], Pa3LeIeHHbIX
toukamu. Hampumep, cepsep www.usc.edu nmeet IP-axpec 128.125.253.146, a www.mit.
edu — TP-azpec 23.193.142.184. Baarogaps yHukanbHocTu IP-agpecos B MHTepHeTe
Y3€eJI-0TIPABUTEh MOKET HATIPSIMYIO MTOCJIATH MAKET Y3JIy-10JydaTesnio, IPOCTO YKa3aB
[P-anmpec momyvaress B 3aroioBke maketa. CyTiecTByeT UCKIIOYeHIE U3 TIPABUJIA YHU-
kanmpHOCTH [P-azpecos, onucsiBaeMoe HIKe B paszeiie «NAT».

Bwmecte ¢ [P-anpecamu iporokos IPv4 onpesiensier ctpykrypy naketos [Pv4. [Taker co-
CTOWT 13 3ar0JI0BKa ¢ nH(pOpMalneii, HeOOXOAMMON ISt TOAAEPKKY (PYHKIUI CETEBOTO
YPOBHS, U (haKTHUECKUX JTAHHBIX, COEPKANIINX HHPOPMATIHIO /IJIsT TIePeIadh, MOJTyIeH-
HyI0 OT ypoBHs Bbiliie. CTpykTypa maketa [Pv4 npusoaurest Ha puc. 2.5.

Bepcus (4 6ura) onpegenser BepCuio IPOTOKOJIA, MOAAEPKUBAIONIYIO JaHHbII IaKeT.
Jna IPv4 umeer 3HaueHue 4.
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Butbl 0 16
Paamep .

0-31 Bepcusi | .o oromka | TMN 0BChyxmBaHMS MonHbIi pasmep nakeTa
32-63 NneHTudukatop dnaru | CwmeLleHne dparmeHTa
64-95 Bpemsi xuaHu | MpoTokon KoHTporbHasi cymma 3aronioeka

96-127 Anpec oTnpasuTens
128-159 AZpec nonyyarens
160—... MapameTpbl

Puc. 2.5. Ctpyktypa IPv4-nakeTa

Pasmep 3aronoBka (4 6ura) onpezeisger pasmep 3aroJoBka B 32-0UTHBIX c1oBax. M3-
3a JIOTIOJTHUTENBHBIX TTOoJielt B KoHTle I P-3ar0/10BOK MOKET MMeTh TepeMEeHHBII pa3Mep.
[Toste pazmepa TOUHO OMpPEIEISIET, T/Ie 3aKaHIMBAETCS 3ar0JI0BOK M HAYMHAIOTCS (DaK-
THYecKue Jantbie. Tak Kak 1moJjie uMeer pasmep Bcero 4 6uTa, ero 3Ha4eHue He MOJKET
HPEBBINIATH 15, TO €CTh 3aTOJIOBOK He MOJKET UMETh pazMep OOoJIblIe SATHAIATH 32-0UT-
HBIX CJI0B, 1 60 GaitT. YuuTbiBas, 4T0 06beM 006s13aTebHON nH(OPMALIMU B 3ar0JI0BKE
cocrasisier 20 Gaiit, 970 MoJIe He MOXKET UMETh 3HAUCHUE MEHbIITe 5.

Tun oGeyskuBanus (8 GUT) UCTIONB3YETCS [T PA3HBIX HYIK/T, OT KOHTPOJISA HArPY/KEeH-
HOCTH JI0 UICHTH(DHUKAIIUN PasHBIX CIy:KO. 3a J0MOJHUTENbHON nH(pOpMatueil oopa-
maritech kK RFC 2474 u RFC 3168, cchuiku Ha KOTOpbIe PUBOJATCS B paszesie «Jlms
NOTOJTHUTETHHOTO YTEHUS>.

IMoanbiit pasmep nmakera (16 6uT) onpezesnser pasMep Beero makeTa B 6aiftax, BKIIIO-
Yas 3aTOJIOBOK M (haKkTUUYecKue JaHHble. Tak Kak MaKCUMaJIbHOE YHCJIO0, KOTOPOE
MOXKHO IpencTaBuTh 16 6uramu, paBHo 65 535, MakcUMa/IbHbII pasMep MaKeTa orpa-
HuyeH 65 535 Galitamu. YuuThiBas, 4To MUHUMAJIbHBIN pasMep IP-3arososka co-
crasiister 20 GaiiT, MaKCHMaJIbHBII 00beM (haKTHYECKUX JaHHBIX B Takete IPv4 paBen

65 515 Gaiitam.

Unentudukarop pparmenra (16 6ur), ¢paarn pparmenra (3 6ura) U cMelIeHHne
dparmenra (13 6uT) HUcmoNb3yrOTCS 5T COOPKU (PPArMEHTUPOBAHHBIX MAKETOB, KaK
oruchiBaeTcst B paszedie «Dparmenraiusi».

Bpewms sxusnu (Time to Live, TTL, 8 6ut) ucnosibsyercs Ajisi OrpaHMYEHEs YHCIa
MEePeChIJIOK TAKeTa, KaK ONMUChIBaeTcs fajee B pasjene «llojcetn n KocBeHHAs Mapiil-
PYTU3AIUST>.

ITporokoa (8 6uT) onpexessger, KAKOI IIPOTOKOJI A0JKEH UCIIOIb30BAThCS sl WH-
TEpIPETALUU COAEPKUMOTO B 001acTH (haKTHUeCKUX AaHHbIX. OH HAIIOMIHAET I10JIe
EtherType B kaape Ethernet Tem, uto KiraccuunupyeT IaHHbIe, yITaKOBAaHHBIE YPOBHEM
BBIIIIE.

Konrposbnast cymma 3aronoBka (16 61T) coepKUT KOHTPOJBHYIO CYyMMY JIJIsl IIPO-
BEPKU IeJIOCTHOCTH 3arosioBka [Pv4. OGpaTute BHUMAaHUE, YTO 3Ta KOHTPOJIbHAS CyMMa
OTHOCHTCS TOJTBKO K 3aT0JIOBKY. IIpoBepKa 1esrocTHOCTH (DaKTUIeCKNX JaHHBIX T0JIKHA
OCYIIECTBISATHCS YPOBHEM Bhiiie. JacTo B 9TOM HET HEOOXOAUMOCTH, TOTOMY YTO MHO-
i€ IPOTOKOJIbI KAHAJIBHOTO YPOBHSI Y3Ke MIPOBEPSIOT KOHTPOJIBHYIO cCyMMy (HAIIPUMED,
T0JTe KOHTPOIBHON TTOCTENOBATENLHOCTH Kaapa B 3aromoske Ethernet) u rapantupyior
I[eJIOCTHOCTD BCETO Kapa.
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Anpec otnpasuresns (32 6urta) — [P-agpec oTpaBuTeis IlaKeTa, a apec MOJIyYaTeis
(32 6ura) — b0 [P-azipec y3uma-mosydaTerisi makera, Tu00 CIelnaIbHbIN apec, COOT-
BETCTBYIOITUN MHOKECTBY Y3JI0B.

MPUMEYAHUE MoxeT NokasaTbCsl CTPaHHbIM, NOYeMy pa3Mep 3arosioBka onpeaensieTcs B 32-6UTHbIX
CNoBax, a pa3Mep rnakeTa — B 8-6UTHbIX. OTO 0BYCNOBEHO CTPEMIEHNEM K SKOHOMUM MPOMYCKHOM Cro-
coBHOCTW. Tak Kak Sitobble BO3MOXHbIE 3arofIOBKM UMELOT pa3Mep, KpaTHbIi 4 6aiitam, umcio, onpeaens-
toLlee pa3mep, Bceraa byaet kpaTHO 4, TO eCTb nocneaHve 2 buta B 3ToM uucne Bcerga 6yayTt pasHbl 0.
Onpefenvs pa3Mep 3aronioBka B 32-6UTHbIX C/IOBAX, YAAETCS COKOHOMUTL 2 BUTa. IKOHOMMUS NMPOYCKHOWM
CNocobHOCTY — 30/10TOE NPaBWIO B NPOrpamMMMpPOBaHM MHOrOMO/b30BaTENNbCKUX UMP.

MpsaMas MapLIpyTU3aUms 1 NPOTOKOS paspeLleHnst aapecoB

Yr06bI OHATD, Kak [Pv4 1103BoJIsI€T IaKeTaM IepeMeiaThCs MKy CETSIMK C Pa3HbI-
MU MTPOTOKOJAMU KaHAJIBHOTO YPOBHST, HEOOXOANMO cHAYaMa pa3obpaThest ¢ TeM, Kak
OCYILIECTBJISICTCS JI0CTaBKa IIAKETOB B CETH C €IMHCTBEHHDBIM IIPOTOKOJIOM KaHAJIbHOIO
ypos#st. [Tporokos IPv4 obeciieurBaer ajpecaluio makeTos mocpeactsom [P-aapecos.
Y1066l KaHAJbHBIH YPOBEHb MOT JIOCTABUTH MAKET HY;KHOMY aJ[pecaty, OH JOJIKEH
OBITH 3aBEPHYT B KAJIP C a[PECOM, OHITHBIM KaHATBHOMY YPOBHIO. PaccMoTpiM, Kak
y3est A Mor Obl OTIIPaBUTD JaHHble Y31y b (puc. 2.6).

Y3en A Y3en b Y3en B
IP: 18.19.0.1 IP: 18.19.0.2 IP: 18.19.0.3
MAC: 01:01:01:00:00:10 MAC: 01:01:01:00:00:20 MAC: 01:01:01:00:00:30

Puc. 2.6. CeTb C TpeMs y3namun

Ha puc. 2.6 uzo6pasken mpuMep CeTH ¢ TPeMs y3JIaMU, TTIOIKIIOYEHHBIMU K CETH T10-
cpencreoM Ethernet, kKaxpIii 13 KOTOPBIX MMEET €ITHCTBEHHBII CETEBOU KOHTPOJLIEP.
VY3zesr A, mmeroruii azipec 18.19.0.1, xouer nepesaTh ceTeBoMy YPOBHIO TTIaKeT JiJisd y37a b,
[P-anpec kotoporo — 18.19.0.2. To ectb y3en A noaroraBiaubaet naket IPv4 ¢ IP-
agpecom ornpasutesis 18.19.0.1 u IP-agpecom nosyuarens 18.19.0.2. Teopetnyeckn
CETEBON YPOBEHD 3aTEM JIOJIKEH BPYUUTD TAKET KAHAJIBHOMY YPOBHIO, YTOOBI TOT BbI-
HOJTHUI (DaKTHUIeCcKyIo ocTaBKy. K coxanenuio, MmozayJib Ethernet se cMokeT ToCTaBUTB
MaKeT, UCTOIb3ys TOIbKO [P-aapec, Tak Kak aTOT ajipec TOHATEH TOJIbKO CETEBOMY
ypoBHio. KaHaabHBII YPOBEHb J0JKEH KakuM-To 0Opasom onpezaentb MAC-aapec,
cootBercTBytonmit [P-anpecy 18.19.0.2. K cuacTbio, cyIiecTByeT IPOTOKOJ KAHAILHOTO
YPOBHSI, KOTOPBIHT HA3BIBAETCS NPOMOKoIoM paspeuterus adpecos (Address Resolution
Protocol, ARP) 1 KOTOpBbIii KaK pa3 U peliaeT aTy 3a1auy.

NMPUMEYAHUE TexHuuveckn ARP npuHaanexuT KaHasbHOMY YPOBHIO, MOTOMY YTO MOCbINAET MaKeThbl,
MCNoMb3ys aapeca KaHasbHOro YPOBHS, W HE HYXAAETCA B MaplupyTu3aumMn Mexay CeTsaMu, KoTopas
OCYLLECTB/ISIETCS Ha CeTeBOM ypoBHe. OAHAKO M3-3a TOro, YTO MPOTOKOJT BTOPraeTcs Ha TeppUTOpUIO
abcTpakumm ceTeBoro ypoBHS, ucnonb3ys IP-agpeca, ero nydlie paccMaTpuBaTh Kak MOCT MeXAy YpOB-
HSIMU, @ HE KaK NPOTOKOJT KaHa/IbHOrO YPOBHS.
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ARP cocTont 13 IByX OCHOBHBIX YacTeli: CTPYKTYPbI [TaKeTa, UCIIOIb3YeMOro /LIS 3a11po-
ca IP-azipeca y cereBoro KoHnTpoJuiepa o ero MAC-anapecy, u TabJIUIbI /st XPAHEHUST
aTHx Tap aapecos. Ipumep ARP-tabsmis nmpuBoguTcst B Tadu. 2.2.

Ta6bnuua 2.2. ARP-Tabnuua otobpaxerus IP-agpecos B MAC-agpeca

IP-appec MAC-appec
18.19.0.1 01:01:01:00:00:10
18.19.0.3 01:01:01:00:00:30

Korza peanusanuu nmporokosa I[P tpebyeTcst mocaaTh MakeT, UCIO0JIb3YysT KaHATbHbII
yPOBeHb, OHA JIOJKHA cHavaja noayuuth 13 ARP-Tabiminer MAC-aapec, cBsI3aHHBII
¢ IP-anpecom moayuarens. Eciu nckombiii MAC-azpec npucyTcTByer B TabJiun-
e, Monyab [P ckoHCTpympyeT Kajap KaHAJIbHOTO YPOBHS, UCTIOJAb3YS MOJYIEHHBIN
MAC-azpec, u nepejiacT ero peajausaluy KaHaJIbHOTO YPOBHS /ISl I0CTaBKU. Ecin
MAC-aznpec orcyTcTByet B Tabauiie, Moy ib ARP mombITaeTest onpeesnTh COOTBET-
crByiomuit MAC-aznpec, nocias ARP-naker (puc. 2.7) BceM y3j1aM B C€TH, JOCTYITHON
KaHaJIbHOMY YPOBHIO.

BanTbl 0 4

[OnvHa [OnuHa
0—7 | Tun obopyaosaHus Tun npotokona | @NMapPaTHOro | npoTokobLHOrO Kopn onepauuu
agpeca appeca
o [MpoTokonbHbIN
8-15 AnnapaTHblit agpec oTnpasuTens porokon anpec
oTnpaBuUTens...
...[lpoTOKONbHBIN o
16-23 anpec oTnpaeuTenst AnnapaTHbIi agpec nosyyarens
24-31 MpoTOKOMbHLIN agpec nosydyarens |

Puc. 2.7. Ctpyktypa ARP-nakeTa

Tun o6opynosanus (16 6uT) onpezesser THII 000PYAOBAHMUS, PEATU3YIOIIEr0 KaHAJIb-
Hbiii yposenb. [l Ethernet Tun o6opyaosanus pasen 1.

Tun nporokoaa (16 6ur) cosnagaer co snavenneMm EtherType, uciosb3yeMbiM 11po-
TOKOJIOM ceTeBoro ypoBHsi. Hamrpumep, mpotokosy IPv4 cooTBeTCTBYET YHCIO OX0800.

Jmna anmapaTHoro ajpeca (8 61uT) — [UIMHA alllapaTHOIO ajpeca KaHAIbHOTO YPOBHSI
B Gaiitax. O6b1uHO coorBeTcTByeT Anne MAC-axpeca, paBHoii 6 GaiiTam.

J{iuHa npoToKoIBbHOrOo aapeca (8 OUT) — [JIMHA JIOTHYECKOTO a/[PECa, UCIIOIb3YEMOTO
Ha ceteBoM yposHe. [l IPv4 pimna IP-anpeca paBHa 4 Gaiitam.

Kox onepanuu (16 6ut) — uncao 1 nimm 2, onpeje/isieT HasHaYeHUE [aKeTa — 3aIpoc
Ha nosrydenvie ungopmanuu (1) wiam orset (2).

AnmnaparHblii azipec otnpaBuTes (TlepeMeHHOol IJINHbBI) — allliapaTHbIN ajipec OTIpa-
BUTEJIS TAHHOTO TTaKeTa, a MPOTOKOJbHBII ajipec oTnpaBuTeis (TlepeMeHHOM JTHHBI) —
JIOTUYECKUH ajipec OTIIPABUTEIS TTaKeTa, NCIIOIb3yeMbIil HA CETeBOM ypoBHe. Pazmepsl
3TUX AJIPECOB OMPEIEIAIOTCS 3HAUCHUSIMU T10JIel, OMMUCAHHBIX BBITIIE.
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AnmapatHsrii azipec noxyyarens (TlepeMeHHON /IJINHBI) U MPOTOKOJBbHBIN aJipec mo-
Jyvarens (IlepeMeHHOU JJTMHbBI) — COOTBETCTBYIOIINE ajJipeca oJayJyaTessd MaKkeTa.
B caydae ¢ 3ampocoM ammapaTHBIH ajipec TOaydaTes st HEU3BeCTeH I NTHOPUPYETCs
TOJTYYaTeIeM.

[Ipomosxkum npenbyymuil npumep: ecau ysen A He 3naer MAC-azpeca ysina b, on
noarorasiauBaet nmaker ARP-3arnpoca ¢ 1 B nosie «Koj onepaiuus», 18.19.0.1 B 110Jie
«ITpoTokosBHBIN aipec OTHIpaBUTEST», 01:01:01:00:00:10 B T0JTe «ATMapaTHBIN
ajipec OTIpaBuTesisgd» 1 18.19.0.2 B 1noJie «[IpoTokombHbIT a/ipec oyuartenss». 3a-
Tem 3aBopaduBaer 9ToT ARP-mmaker B kaap Ethernet u ornpasisier ero 1o mmupoxo-
BemmarenbHoMy ajapecy Ethernet FF:FF:FF:FF:FF:FF. Kak MbI y5Ke TOBOPUJIH, 9TOT
azipec ykasbiBaeT, uTo Kaap Ethernet mosken ObITh ZOCTaBIEH BCEM y3JIaM B CETH
1 TIPOAHAJIN3NPOBAH UMHU.

[Tomyuus sToT maket, yses B He 10/5KeH oTBeYaTh Ha HETo, moToMy 4To ero [P-anpec He
COOTBETCTBYET ITPOTOKOJILHOMY ajipecy oJryyaTesid B akete. A BoT y3ea b, IP-aapec
KOTOPOTO COBIA/IAET C UCKOMBIM, HATIPOTUB, JI0JIKeH oTBeTUTh ARP-mtaketoMm, coznep-
JKAIIUM €T0 COOCTBEHHBIN a[ipec B KaueCcTBe OTIIPABUTEJIST U ajipec y3ja A B KauecTBe
nostyyaresist. [TpuHsB aToT maket, ysen A gobasut 8 ARP-tabmiy MAC-aapec ysia b,
3areM 3aBepHer oxxuarommii IP-maker B kaap Ethernet u ornipasur ero ysiay b o ero
MAC-azpecy.

MPUMEYAHME Koraa y3en A paccbinaeT nepBoHavanbHbili ARP-3amnpoc BCEM y3/1aM B CETU, OH BKJO-
yaet B Hero oba cBoux agpeca — MAC u IP. 3To aaeT BO3MOXHOCTb BCEM APYrvM y3n1aM B ceTh Ao6aBnTb
UHdopmMauuio 06 ysne A B cBon ARP-Tabnuubl, Aaxe ecliv B AaHHBIA MOMEHT 3Ta MHdOpMaLust UM He
Hy>Ha. OHa npuroanTcs, Koraa notTpebyercs BCTynuTb B CBA3b C Y3110M A, 1 U36aBuT OT HEO6X0ANMOCTH
noceinatb ARP-nakeT 3anpoca.

BO3MOXHO, Bbl 3aMETW/IN, YTO 3Ta CUCTEMA CO3AAET HEKYHO YA3BMMOCTb B cucTeMe 6e3onacHoCTv. 3n0-
HaMepeHHbIN y3en MOXeT nocbinate ARP-nakeTbl ¢ nobbiMu IP-agpecamu. He vMetowwmii BO3MOXHOCTU
NpOBEPUTbL AYTEHTUYHOCTb ARP-MH(OpMaLMU CeTeBOM KOMMyTaTop Mor Gbl HenpegHamMepeHHo nepe-
NpaBnsTb 3I0HAMEPEHHOMY Y3/y NaKeTbl, NPpeAHa3HayYeHHbIe APYroMy y3y. 3Ta ys3BUMOCTb MO3BONSET
He TONbKO MOACNYLWMBATb CETEBOM TpacuK, HO U MPEnsTCTBOBaTb AOCTAaBKE MepexBaYeHHbIX MakeToB
WCTVHHOMY afipecaTy, NOSIHOCTbIO HapyLuas paboTy ceTu.

lNoaceTn n KOCBEHHas MapLUpyTU3auus

IIpencrasbre aBe KoMIanuu, HasoBeM X Anbda u bera. Kaxkmas umeer 60/binyio
KOMITbIOTEPHYTO ceTh: ceThb Anbda u cetb Beta. Cerb Anba comepskut 100 y3m0B, oT
A1 o A100, u cerb Bera comepskut 100 yzios, or 51 10 5100. O6e koMnanuu xoTe/u
GBI CBSI3aTh CBOY CETH, YTOOBI UMETh BO3MOKHOCTH OOMEHUBATHCSA COOOTICHUSAMHY, HO
pOCTOE coefinHeHne ABYX cereil kabeimem Ethernet Ha KaHaJIbHOM yPOBHE BJeUeT
3a coboii mapy mpobsem. Kak Bbl moMHuTe, Takethl Ethernet 1o/KHBI epegaBaThest
BceM y3iaM B cetu. Coenunenue ceteil Anbda n bera Ha kaHaTpHOM ypOBHE TIO-
BJIeYeT HEOOXOAMMOCTb Tlepejadn Kaxoro nakera scem 200 ysinam smecro 100, uto
(dakTHUeCKH MPUBELET K yABOEHUIO Tpaduka B 00beiuHeHHOI ceTir. Kpome Toro,
YBEJUYMBAETCS Yyrpo3a 6€30TMacHOCTH, Tak Kak u3 cetn Asnbha B ceTh Bera 6yayT
nepeaBaTbes BCe TMAKETDI, a He TOJIbKO T€, UTO JACHCTBUTEIbHO TTPEIHA3HAYECHDI /IS
y3JI0B B ceTn bera.
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Yrobb komnanuu Asibda u bera Moriu ¢Bszath cBou cetu 6e3 morepu 9hPeKTUBHOCTH,
Ha CETEBOM yPOBHE IIPEIYCMOTPeHa BO3MOKHOCTh MAPIIPYTH3AIUU [TAKETOB MEKIY
Y3JIaMU B CETSIX, HE CBSI3aHHBIX HEIIOCPEJCTBEHHO Ha KaHaabHOM yposHe. DakTrdyeckn
cam MHTepHeT H3HAYATIBHO 3a/[yMbIBAJICS KaK OObEIMHEHNE TaKUX HEOOMBIITIX CeTeH,
PasOpOCAHHBIX TI0 BCEIl CTPaHe U CBSI3aHHBIX MEK/IY COOOU MPOTSIKEHHBIME COE/IUHE-
HusAMU. J{0CTOBHOE 3HAYEHWE CIOBA <MHTEPHETS — «MEKIYCEThY», TO €CTh COCTMHEHIE
cereil. Obecrieuenne B3aUMOICHCTBIN MEKLY CETIMU — 9TO 3a/[a4a CETEBOTO YPOBHSI.
Ha puc. 2.8 nokazano coegnnenue ceteii Anbda n bera Ha ceTeBoM ypoBHe.

Y3en A1 Y3en A2 Yaen A3
IP: 18.19.100.2 IP: 18.19.100.3 IP: 18.19.100.4
CeTb
T 77 Anbda
Y3en M
NIC 0 IP: 18.19.100.1
NIC 1 1P: 18.19.200.1
_____ CeTb
beta
Y3en b1 Y3en b2 Y3en b3
IP: 18.19.200.2 IP: 18.19.200.3 IP: 18.19.200.4

Puc. 2.8. CoeauHeHue ceteii Anbga u Beta

¥Y3enr M — aT0 criennasbHBIN y3es, KOTOPBIN Ha3bIBAeTCs Mapupymuzamopom (router).
MapuipyTusaTop uMeeT HeCKOJIBKO CEeTeBbIX KOHTPOJJIEPOB, KaK/bIi co cBouM IP-
azipecoM. B maHHOM ciydae ofiiH KOHTPOJIIEp NOJKIOUEH K cetu Aubda, a Apyroi —
k cetnt bera. O6paTute BHUMaHUe, 4To Bce [P-aapeca B cetrt Anb(a HAUMHAIOTCS
€ 18.19.100, a Bce IP-azpeca B cetu bera — ¢ 18.19.200. UToObI MOHSTH, KaK MBI 3TO
MOJKEM HCII0JIb30BaTh, HEOOXOANMO JleTalbHee UCCIe0BATh MOACETH U PazobpaThes
¢ uneedt macku nodcemu.

Macka nojicett — 310 32-6UTHOE YNCII0, 0OBIUHO 3aMIUCHIBAEMOE B BUJIE YETBIPEX YUCEJI,
pazjieJIeHHbIX TOYKaMH, 110 anasoruu ¢ [P-agpecamu. ToBop4T, 4TO Y3716l TPUHAIIEKAT
o/lHOII TI0/IceTH, ecyiu 1opaspsignas ornepaius 1 (AND) mexxny ux [P-agpecamu ¢ ma-
CKOTI TIOJICETH BO3BPAIIIAET OJIMH U TOT jKe pe3yssrar. Harmpumep, eciu mmojcetsb onpejie-
JIeTcst MacKoit 255.255.255.0, torja [P-anpeca 18.19.100.1 1 18.19.100.2 ABJSAIOTCA
nomycrtumbiMu [P-anpecamu atoil mogcetu (tadu. 2.3). OxHako agpec 18.19.200.1 He
MIPUHA/JIEKUT TIOZICETH, TIOTOMY UTO otiepariust mopaspsizaoro 1 (AND) mexay agpecom
C MACKOW IT0JICeTU BEPHET JIPYTOI Pe3yJIbTaT.

B aBOMYHOM IIpejcTaBIeHIN MacKa MOACeTH OOBIYHO UMEET BUJL IT0CJIeI0BaTeIbHO-

CTU eITNHUIIL, 32 KOTOPOH CJEMYeT TOCIe0BATETHHOCTD HYTeH, UTo mesaet ee Goee
ya060unTaeMOi 1 yIpouaeT BhIoHeHne nopaspsaatoil onepauu V1 (AND) B yme.
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B tabu. 2.4 nepeuncienp HanboJiee THITMYHBIE MACKH TIOJICETEH U YHCTIO0 YHUKATBHBIX
aJIPECOB Y3JI0B B 9TuX nozcersix. Obparute BHUMAHIE, YTO B JIFOOOI MTOJICETH JIBa a[[peca
BCer/la 3ape3epPBUPOBAHbI U HE MCIOIB3YIOTCS ISt Y3108, OIMH U3 HUX — adpec cemid,
KOTOPBIN SBJsIeTCsT pe3yJibraToM nopaspsaHoit onepamnu I (AND) mexay Mackoit
nojcery u mobbiM IP-agpecom B aTOM 1oceTH, APYroi — wupoxosewamesviolii aopec,
KOTOPBIH SABJsIeTCS pe3yibraToM mopaspsiaaoii onepariuu UJIN (OR) mexay aapecom
CETHU U TIOPA3PSITHBIM JIOTIOJTHEHUEM MACKH TToficeTH. To eCcTh Kask/blil OUT B ajpece ceTH,
HE OTIPEJIeJISIONIIIT TOJICETh, JOJIKeH ObITh ycTanoseH B 1. TTakeTsl, MOChLTaEMbIE IO
MTIPOKOBENATETLHOMY a/IPECY TTOICETH, JIOJKHBI IOCTABISTHCS BCEM Y3J1aM B TIOJICETH.

Ta6bnuua 2.3. IP-agpeca v Macku noaceTen

Y3en IP-appec Macka noacetun IP-appec U macka noacetm
Al 18.19.100.1 255.255.255.0 18.19.100.0
A2 18.19.100.2 255.255.255.0 18.19.100.0
b1 18.19.200.1 255.255.255.0 18.19.200.0

Ta6nuua 2.4. MNpumMepbl Macok noaceTein

Macka noacetun Macka noaceTv B ABOMYHOM 3Havawmx MakcuMmanbHoe
npeacTaBAeHUn 6uToB 4Yucno y3nos

255.255.255.248 Tttt 11 1111114111111000 29 6

255.255.255.192 111 1111114111111111000000 26 62

255.255.255.0 111111 11141114111111111100000000 24 254

255.255.0.0 11111111111111110000000000000000 16 65534

255.0.0.0 11111111000000000000000000000000 8 16777214

Tak kak mojiceTs, IO OTIPeIeIEHNI0, — 3TO TPYMIA y370B ¢ [ P-anpecamu, 11t KOTOPBIX
niopaspsinas orepaius 11 (AND) ¢ mackoii iojiceTn Bo3BpalliaeT O/t U TOT Ke Pe3yJib-
Tar, 106ast O/ICETH OMPEIETIETCS MACKOT TOICETH U ee anpecoM ceti. Hampumep, ceTh
Asba Kak MoJICeTh OTPE/IENIETCST CeTEBBIM a[pecoM 18.19.100.0 ¢ MacKoil mojceTn
255.255.255.0.

[MTupoko ucmob3yercs: cokpaiieHHast (popMa 3aMucu, U3BECTHASE KaK OeCKIACCO8AsL
aopecavus (Classless Inter-Domain Routing, CIDR). B aBoudyHOM TIpeicTaBICHUN
MacKa MmojiceTy OOBIYHO UMEET BUJL MOCJAE0BATEILHOCTH U3 71 €[IMHHUII, 32 KOTOPOIT UjieT
[OCJIeIOBATENIBHOCTD U3 32 — n HyJieii. [loaTomy 10/iceTh MOKHO 3aIIUCaTh KAK CETEBOI
ajipec, CUMBOJI / 1 YHCJIO 3HAYANUX OUTOB B Macke mozaceru. Hampumep, cetb Asbda,
usobpaxkeHHylo Ha puc. 2.8, MoxHO omucath B HoTauuu CIDR kax 18.19.100.0/24.

MPUMEYAHUE Cnoso «becknaccoBasi» B CnoBOCOYeTaHUM «becknaccoBasi aapecaums» 06bsaCcHs-
eTca TeM, 4To 06bl4HO agpecaums U npucBavBaHuWe 670KOB aApecoB MPOM3BOAATCA Ha OCHOBE TPex
knaccoB ceTelt. CeTn knacca A MMeKOT Macky nmoaceTm 255.0.0.0, ceTu knacca B — macky nogce-
T 255.255.0.0, cetn knacca C — Macky noacet 255.255.255.0. Bonee nonHyto nHdopmaumio
0 6ecknaccosort agpecaumnn (CIDR) MOXHO HaliTv B aokyMeHTe RFC 1518, ynomsiHyToM B pasaene «[ns
[LONOJTHNUTENBHOMO YTEHNS».
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[Tyrem onpenesenns nojcereit crierucukaius [Pv4 mo3sossier oprannsoBars 1nepefavy
MAKETOB MEK/IY Y3JIaMU B PA3HBIX CeTsIX. J[e1aeTcst 9T0 Mpu MOMOII MAOIULbL MAPUPY -
musayuu (routing table), mpucyrcrByoreit B Mozxyse IP kaxaoro ysaa. B uactHocTH,
korma MomyJib IPv4 y3na sanpammBaeT ornpaBky [P-miakera yiajieHHOMY Y371y, OH JIOJKEH
BBISICHUTD, UCTIOJIB30BaTh Jit Tabsuily ARP 1 BBIIOJTHUTD OTHPABKY HEMTOCPEICTBEHHO
MJIH 33/1eHiCTBOBATh KaKOU-TO 06X0HON MapiipyT. C aToM Ie/bI0 B KaiKI0M MOLYJIE
IPv4 umeercs Tabimia Mapiipytusanun. s Kaskaoi 1oCTUKUMOI ogceTn B Tabumie
MapIIPyTU3AIUU [IPUCYTCTBYET CTPOKA ¢ uHdOpMaIineil 0 TOM, KaK TaKeThl JOJKHBI
JIOCTABJISITHCS B 9TY TOACETh. B Tabu. 2.5, 2.6 u 2.7 IPUBOAATCS BO3MOKHBIC BAPUAHTHI
tabuuni Mapiupytusanuu A1 ysaos Al, B1 u M B cetu, musoGpaskeHHoi Ha puc. 2.8.

Ta6nuua 2.5. Tabnuua mMapwpytusaumm yana Al

N2 n/n MNoacetb Ha3HaueHun Linro3 CeTeBoii KOHTpoONIEp
1 18.19.100.0/24 NIC 0 (18.19.100.2)
2 18.19.200.0/24 18.19.100.1 NIC 0 (18.19.100.2)

Ta6bnuua 2.6. Tabnvua MapwpyTvsaumm y3na b1

N2 n/n MoaceTb Ha3HauyeHUs Lnro3 CeTeBoii KOHTpoOIEP
1 18.19.200.0/24 NIC 0 (18.19.200.2)
2 18.19.100.0/24 18.19.200.1 NIC 0 (18.19.200.2)

Ta6nuua 2.7. Tabnvua mapwpyTusauum ysna M

N2 n/n MoacetTb Ha3HaueHus LWnro3 CeTeBoii KOHTpONiEp
1 18.19.100.0/24 NIC 0 (18.19.100.1)
2 18.19.200.0/24 NIC 1 (18.19.200.1)

Kosnonka «Iloncers naznauenus» copep:kut nHGOPMAIIMIO O [OJCETH, COIepsKalllel 1ie-
sesoit [P-anpec. Kononka «I1lmo3» onpenensier IP-anpec cienyioriero yssa B TEKyIIen
MOJICETH, KOTOPOMY CJIEIyeT TTOC/IaTh IaHHbBIN TTakeT Yepe3 KaHaIbHbIN ypoBeHb. [111r03
06s13aTeIbHO I0JIKEH OBITH ocTyTeH HenocpeacTsento. Ecam mone «I1lmoss mycroe,
3HAYUT, BCA TOJICETh Ha3HAYEHNA IOCTYITHA HETTIOCPEICTBEHHO 1 MTAKET MOKHO TIepeciaTh
1IeJIEBOMY Y3JTy uepe3 KaHaJIbHbIN ypoBenb. Hakownerr, kosoaka «CeTeBoit KOHTPOJLIEP»
neHTUhUIIPYET CeTeBON KOHTPOJLIEP, KOTOPBIN (PaKTUYeCKU OTIIPABUT I1aKeT. ITO TOT
CaMbIil MEXaHU3M, TOCPEJICTBOM KOTOPOTO MOKHO TIPUHATD ITaKeT Ha KAaHAJIbHOM YPOBHE
OJIHOII ceTu U Iepe/jaTh ero Ha KaHaJIbHbII ypOBeHb APYToil ceTH.

Korpa ysen Al ¢ agpecom 18.19.100.2 npiTaercs 11ocaarh naket ysiay bl ¢ agpecom
18.19.200. 2, BBIIOJIHAETCA CJIe/yI0oNIas OC/Ie/[0BATeIbHOCTD JIeHCTBII:

1. ¥zen Al koucrpyupyer [P-naker ¢ azpecom oTmpaBuTesis 18.19.100.2 1 aipecoMm
mojryyaresist 18.19.200. 2.

2. Momyub IP y3ma A1 nmpocMaTpuBaeT CTPOKU B TabJIIle MapIIPyTU3AIUN CBEPXY
BHU3, NIOKA HE HAil[IeT MepBYIO CTPOKY C MOJCEThIO Ha3HaYeHus, cozepskarieit [P-
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ajipec 18.19.200.2. B Hamem ciydae ato crpoka 2. Obparure BHUMAHWE, YTO MO~
PSAIOK CJIeIOBAHMS CTPOK MMEET Ba)KHOE 3HAYEHNE, TaK KaK IAHHOMY a/Ipecy MOXKET
COOTBETCTBOBATh HECKOIBKO CTPOK.

3. Imio3, ykazaHHbIH B cTpoke 2, uMeeT ajipec 18.19.100.1, noatomy ysesa Al c 1o-
mombio ARP u cBoero moxyns Ethernet saBopaunsaer maker B kagp Ethernet
u niocebLnaet ero mo MAC-azipecy, coorBercTByioniemy [P-anpecy 18.19.100.1. Tak
MaKeT I0CTUTaeT y3ya M.

4. Monyab Ethernet ysna M, o6c¢iyskuatomiuii ero ceresoit kourpoaiep NIC 0 ¢ IP-
azipecoM 18.19.100. 1, IPUHUMAET [AKeT, OIIPE/EIseT, YTO B 00JaCTH (DAKTUYECKUX
nMaHHbIX HaxoauTest [P-maket, n nepegaet ero mozy.io [P.

5. Moy IP y3ma M Bumut, uto maker agpecoBat y3iuy ¢ [P-agpecom 18.19.200.1,
U TI09TOMY TIBITAETCSI TIEPECTIATh ATOT MAKET MO YKA3aHHOMY a/[Pecy.

6. Moayub IP y3ima M npocMaTtpuBaer TabJuily MapiuipyTH3aluu, IoKa He HaigeT
CTPOKY € TO/iceThi0 Ha3HaueHus, conepskaieir [P-agpec 18.19.200.1. B ganHOM
cJy4ae aTo CTpoka 2.

7. Tlone «IlLm03» B cTPOKE 2 MycTOE, 3HAYUT, IIeJIeBasT MOJICETh IOCTYITHA HETOCPE/I-
crBeHHo. Onnako Kosionka «CeTeBoil KOHTPOJIJIEP» YKA3bIBAET, YTO JIOJIKEH UC-
monb3oBathes ceTeBoit KOHTposep NIC 1 ¢ IP-aapecom 18.19.200.1. ITOT ceTeBOM
KOHTPOJIIEP MOJIKJII0UeH K ceTn beTta.

8. Mouyus IP ysna M nepegaer maxer moxy.o Ethernet, o6ciy:xkuBaiomiemy ceteBoii
kortposiep NIC 1. Moayns Ethernet ucnosnpsyer ARP, uTo6b 3aBepHYTH HAKeT
B kaap Ethernet u mociars ero mo MAC-aapecy, coorBercTByIomnieMy IP-axpecy
18.19.200.1.

9. Mouyub Ethernet ysna b1 npuHiMaet maker, onpesiessiet, 9To B 00actu hakTude-
CcKMX Jannbix naxoaurcs IP-naket, u nepeznaet ero moxyatio IP.

10. MogmyJs IP ysina B1 BuanT, uro IP-aapec momyvaTesist COBIALAET ¢ €ro COOCTBEHHBIM
ajipecoM, U Tiepejiaet (hakTUIeCcKue JaHHbIe U3 TTAKeTa HA CJEYIONTUN YPOBEHb /LI
JasibHeliieir 06paboTKM.

ITOT MPpUMeEP TTOKA3bIBAET, KaK /[Be HE3aBUCHMbIE CETH MOTYT B3aMMO/I€ICTBOBATD,
UCITIOJIb3YST KOCBEHHYIO MAaPIIPYTH3AINIO, HO KAaK GBbITh, €CJIU TIOHAM0OUTCS OCHLIATE
MaKeThl U3 ATUX ceTell y3saM B MnTeprete? B aToM ciydae /7151 HUX HYKHO CHadasa mo-
JIy9uTh desicmeumenvivil IP-anpec u o3 ot nmocrasiiuka yeayr Mareprera (Internet
Service Provider, ISP).

Jluist JaHHOTO TIpUMepa mpecTaBuM, 4To Obla mosydeH [P-agpec 18.181.0.29 u 10-
CTYII K TIJTI03y 18.181.0.1 MOCTABIIUKA YCIYT. AZIMUHUCTPATOP CETU JIOJIKEH Tereph
JOOABUTB €IIe OIMH CETEBOM KOHTPOJLIEP B y3eJ M 1 HACTPOUTD €ro C TIOJyYeHHBIM OT
nposaiizepa IP-axpecom. Hakomerr, OH J0JKeH TOMOTHUTD TaGIUIBI MAPIIPY TH3AI[IH
yasa M u Bcex y3i0B B ceTr. Ha puc. 2.9 nsobpakena HoBasg KOHDUTYpaLKs CeTH,
a B Tabu. 2.8,2.9 u 2.10 — ucnpa/ieHHbIE TAOJUIIBI MAPIIPY TH3AIIH.

MPUMEYMAHME T[locTaBwymk ycnyr MIHTepHETa — 3TO He Kakasi-TO KOHCTPYKUMS, OXBaTblBatoLlast BeCb
VIHTEpHeT, a NpocTo 6osbluas opraHu3aumns ¢ cobcTBeHHbIM 6/10KOM AencTBUTENbHLIX IP-aapecos. YTo
camoe MHTEepECHOe, FMaBHOM 3aAayeil 3TON opraHv3aumm sSBnsieTcs pasaeneHve IP-aapecos Ha noaceTvt
1 nepeaaya B apeHay 3TUX NOACETEN APYrMM OpraHu3aumsM.
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Y3en A1 Y3en A2 Y3en A3
IP: 18.19.100.2 IP: 18.19.100.3 IP: 18.19.100.4
__ Cem
Anbda
Ysen M
NIC 0 IP: 18.19.100.1
MocTaBLumk NIC 1 IP: 18.19.200.1
ycnyr = - == NIC 21IP: 18.181.0.29
MHTepHeTa
_____ CeTb
beta
Y3en b1 Y3en b2 Y3en b3
IP: 18.19.200.2 IP: 18.19.200.3 IP: 18.19.200.4

Puc. 2.9. MNoakntoyeHune cetent Anbda n beta k UHTEpHETY

Ta6nuua 2.8. Tabnuua mapwpyTusaumm y3na Al ¢ goctynom B UHTepHeT

N2 n/n MopaceTb Ha3HauYeHUs Lnro3 CeTeBOW KOHTpoiep
1 18.19.100.0/24 NIC 0 (18.19.100.2)
2 18.19.200.0,/24 18.19.100.1 NIC 0 (18.19.100.2)
3 0.0.0.0/0 18.19.100.1 NIC 0 (18.19.100.2)

Ta6nuua 2.9. Tabnuua mapwpyTtusaumm y3na b1 ¢ goctynom B UHTepHeT

N2 n/n MoaceTb Ha3HauYeHUNA Lnro3 CeTeBOW KOHTpoiep
1 18.19.200.0/24 NIC 0 (18.19.200.2)
2 18.19.100.0/24 18.19.200.1 NIC 0 (18.19.200.2)
3 0.0.0.0/0 18.19.200.1 NIC 0 (18.19.200.2)

Ta6nuua 2.10. Tabnuua MaplpyTusauum y3na M ¢ goctynom B IHTepHeT

Nen/n Mopacerb Ha3HauyeHUs Linro3 CeTeBOW KOHTponnep
1 18.19.100.0/24 NIC 0 (18.19.100.1)
2 18.19.200.0/24 NIC 1 (18.19.200.1)
3 18.181.0.0/24 18.181.0.1 NIC 2 (18.181.0.29)
4 0.0.0.0/0 18.181.0.1 NIC 2 (18.181.0.29)
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Azipec ©.0.0.08/0 Ha3BIBAIOT AOPECOM NO YMOIUAHUIO, TOTOMY UTO OH OTIPEIEJISIET TIO/I-
ceTb, cojiepskantyio Bce IP-anpeca. Ecim azpec HazHaueHusI makeTa, IPUHATOTO y3J0M M,
HE COOTBETCTBYET HU OJHOU M3 TPEX MEPBBIX CTPOK, OH TOYHO OYAET COOTBETCTBOBATH
TO/ICETH B MOCJe/Hek cTpoke. B nanroM ciryuae maket Gy/ieT riepe/ian 4epe3 HOBbIil ce-
TEeBOU KOHTPOJLJIEP Ha IILJII03 TIOCTABIUKA YCayT MHTepHeTa, KOTOPBIM HAIIPABUT MAKET
110 MapIIPyTy OT IITI032a K IITI03Y, 3aKaHIMBAIOIITUICS Y3JI0M C a/ipecOM Ha3HAuYeHNs.
Ananornuno ysmaet Al u b1 Takske mosyunsiv HOBble 3aMIICH C AJIPECOM TI0 YMOJITYAHUIO,
HanpasJigioniye makeTbl B MIHTepHeT yepes ysea M, KOTOPBIL B ¢BOIO oyepesb Oyer
repeiaBaTh UX MIJTI03Y TTOCTaBIMNKa ycayT HTepHeTa.

Kasknprit pas, korja makeT rmomnajaet Ha MIJTI03 W TIePeHarpaBJIsieTcsT JJablile, ero 1moJe
TTL (Bpems xxuznm) B 3arosioBke [Pv4 ymenbiiaercst Ha ennnuity. Korza snauenue TTL
nocrurter 0, maket cOpachIBAETCST Y3JI0M, MOLYJIb [P KOTOPOTO BBITIOJHUIT 3aKTHOUN-
TeJIbHOE YMeHbIleHue. JTO MpeIoTBpaliaeT 3allukInBaHue maketos B IHTepHeTe, ecam
OKa)KeTCS TaK, YTO IAKeT HAYHEeT KyPCHPOBATD 10 3aK0JIbIIOBAaHHOMY MapiipyTy. [Tocie
usmenenns TTL He06X0UMO IIOBTOPHO BBIYMCAUTH KOHTPOJbHYIO CYMMY 3ar0JI0OBKa,
4TO TIPUBOAUT K JOMOJHUTEIBHBIM 3aTpaTaM BPEMEHHU Ha y3Jax, 00padaThIBarOIX
MAKeTDI U [ePeIpaBIsIoNuX UX Jajblie.

OCOBbIE IP-APECA

CnenyeT ynoMsiHyTb ABa 0cobbix IP-azpeca. MepBbiit HasbiBaloT nemeasim (loopback), unu mo-
kanbHbiM (localhost), agpecom: 127.0.0.1. Ecin moaynio IP 6yaet npeanoXeHo oTnpaBuTb na-
KeT Mo agpecy 127.0.0.1, OH HUKyZa ero He oTnpaBuT. Moay”nb IP 6yaeT AeiNcTBOBaTh, Kak ecnm
6bl TONIbKO YTO MOMYYMIT MAKET, U NMEepeaacT ero YPOBHIO BbIlLe AJis 06paboTku. TEXHUYECKM BECH
610K aapecoB 127.0.0.0/8 LO/MKEH 6biTb METNEBbIM, HO HEKOTOPLIE OMEPALMOHHbLIE CUCTEMBI
HacTpavBatoT 6paHaMayap Tak, YTO OH MPOMyCcKaeT TOMbKO MaKeTbl HA aapec 127.0.0.1.

Cnepytowmii appec — wupokosewamessHbil adpec Hymnegol cemu 255.255.255.255. [aH-
HbI aApec YKa3bIBAET, YTO NAKET AO/HKEH ObITb AOCTABMEH BCEM Y3/1aM, AOCTYMHbIM JIOKaIbHOMY
KaHanbHOMY YPOBHIO, M HE JO/MKEH NepeaaBaThCcs Yepes MapLupyTm3atopbl. O6bI4HO 3TO peanu-
3yeTcs 3aBepThiBaHMEM MaKeTa B Kaap KaHa/nbHOIO YPOBHS M Mepeaayeil ero no LMPOKOBELLa-

TenoHoMy MAC-agpecy FF:FF:FF:FF:FF:FF.

3uauenue 0 B mosie TTL He eiMHCTBEHHAS TIPUYKHA, TI0 KOTOPOH TTAKET MOXKET OBITH
coporren. Harrpumep, ecJiu akeThl MOCTYTIAIOT B CETEBOU KOHTPOJLIED MAPIIPY TH3ATO-
pa HACTOJIBKO GBICTPO, UTO TOT HE CIPABJSETCS ¢ UX 0OPabOTKOMH, KOHTPOJIJIEP MOKET
IPOCTO UTHOPUPOBATH UX. KpoMme TOro, ecyin makeThl MOCTYTAIOT HA MAPIIPYTU3ATOD
Ha HECKOJIBKO CETEBBIX KOHTPOJIJIEPOB, HO BCE JIOJIKHBI TTEPETPABIATHCS Yepe3 enH-
CTBEHHBII KOHTPOJLIED, HEOCTATOUHO OBICTPBIN, YTOOBI CIIPABUTHCS € TAKKM ITOTOKOM,
HEKOTOPBIE U3 TTAKETOB MOTYT OBITh COPOIIECHBL. DTO JIUIIb YACTh TIPUYNH, IO KOTOPBIM
[P-mrakeThl MOTYT MCU€3aTh 10 ITyTH OT OTIIPABUTEJS K TToTydaresio. M3 aToro cienyer,
YTO BCE MPOTOKOJIBI CETEBOTO YPOBHS, BKJIIo4ast | Pv4, HeHaie;KHbI. DTO O3HAYAET, YTO HET
HUKAKHUX TapPAHTHIl JOCTABKU MOJYYaTeio OTpaBieHHbix maketoB [Pv4. Bosee Toro,
€CJIV TTAKETBI BCE JK€ JIOCTUTHYT TOJIyYaTesist, 3TO He O3HAYAET, UTO OHU OY/IyT IOy YEHbI
B TOM K€ MOPSIIKE, B KAKOM OBLJIA OTIIPABJIEHBI. 3aTOPBI B CETH MOTYT BBIHYIMTh MapIil-
PYTHU3ATOPBI OTIPABUTH YACTh MAKETOB JIJISI OJTHOTO U TOTO K€ TIOIy4aTesist 110 OHOMY
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MapuIPYTY, & YaCcTb — I10 IPYroMy. T MapUIPyThl MOI'YT UMETb PA3HYIO IIPOTSKEHHOCTD,
13-3a Yero MOCJIe[HIE AKEThI MOTYT TIPUOBITH TIEPBBIMU. VIHOT/IA OJIMH 1 TOT JKE TTAKET
MOJKET OBITH OTIPABJEH 110 HECKOJIBKUM MapIIPyTaM, U3-3a Yero OH OyAeT MOJIy4YeH
azipecaToM HeckoJsbKo pa3d! [lon HeHa/eXKHOCTDBIO TOHUMAETCS OTCYTCTBHUE TapaHTUi
JIOCTaBKY U COBIA/IEHUS MTOPS/IKA JOCTABKU C MOPSIKOM OTIIPABKH.

®parmeHTaums

Kax yroMiuHaoch BbIliie, MAKCUMaTBHBIN 00beM (hakTHUeCKIX JaHHbIX B Kajape Ethernet
cocrasJiger 1500 Gaiit. OnHako, Kak OTMEYaIoCh Ipesk/ie, MAKCUMAJIbHbII pasMep IaKeTa
IPv4 cocrasisier 65 535 Gaiit. BestencTBre 3TOT0 BO3HUKAET BOIIPOC: KOJIb CKOpo 1P-
TAKeThI IOJUKHBI 3aBOPAYNBATHCS B Ka/IPBl HA KAHAJILHOM YPOBHE, KaK UX pa3Mep MOKET
npesbiiiath 3Hadenre MTU kananbHoro ypoBasa? OTBeT 3aK/I04aeTCs B BO3SMOXKHOCTH
Ppaemenmayuu. Ecn momyimo 1P 1nipeiyioxuTh nepeaTh makeT, pagMep KOTOPOTo TIpe-
BoimraeT MTU 1ie/1eBoro KaHaJIbHOTO YPOBHSI, TO TaKoil makeT OyzeT pasouT Ha GoJiee
MeJIKHe MaKkeThl ¢ padMepamu, papabiMu MTU.

Oparmentsl IP-niakera 06pabaThIBAIOTCSA TOUHO TaK K€, KaK 00bluHble | P-aKkeTsr, HO
HEKOTOPbIE [10JIs1 B UX 3ar0J0BKaX yCTaHABIMBAIOTCSA 0COOLIM 0Opa3oM. K aTum moJjism
OoTHOCATCA: uaeHTHdUKaTOp hparMenTa, dJaru pparMenTa u cMerieHne pparMenTa.
Korza momyib IP pas6uBaer IP-naker Ha rpyiiny hparMeHToB, s Kaska1oro (hparMeHTa
co3nmaetcs HOBBIN [P-makeT ¢ cOOTBETCTBYIONMMI 3HAYECHUSIMU TI0JIEN B 3aTOJIOBKE.

IMose uaenTudukaTopa Gparmenta (16 6UT) XpaHUT YUCIIO, UACHTHMUIUPYIOIIEE UC-
XO/IHBIH (pparMeHTHPOBAHHbBIN TTakeT. Bece hparMeHThI OIHOTO TTaKeTa UMEIOT OJIMHAKO-
BOE 3HAYEHUE HTOTO MOJIA.

IMose emerenus pparmenta (13 6uT) onpeesnser cMelleHue JaHHOro hparMenTa oT
Havajia MCXOHOTO TaKeTa B 8-0alTOBBIX OJIOKaX. ITO YUCI0 00s13aTe/IbHO OyIeT pas-
JITYaThCA BO Beex (pparMeHTax B rpymie. HeoObraHas cxema HyMepanuy BbiOpaHa, 4To0bI
YMECTHTB JiI060e cMetienne BHyTpu 65 535-6aliTHoro makera B 13 6ut. JI7ist aT0Or0 HEOO-
XO/IMMO, '-ITO6I)I BCe cCMelleHA 6BL7H/I KpaTHBI 8 6aﬁTaM 13-3a HEBO3MOJKHOCTHU BBIPA3UTH
cMelteHust ¢ 6oJIbIIel TOYHOCTBIO.

ITose (amaros pparmenta (3 6uTa) mMoMyYaeT 3HaYeHIe Ox4 BO BeeX (DparMeHTax, KpoMe
TOCJIEIHET0. DTO 3HAUEHNE HASBIBAIOT (PIAZ0M HATUUUS OONOIHUMETLHBIX (QPaAzZMeHmOos
(more fragments flag), oro ykassiaeT, 4To B JaHHOM TPYIITIE CYTIECTBYIOT ApyTrue (hpar-
MeHTbI. Eciii y3es mpuMet rnakeT ¢ 9TuM (JiaroM, OH I0JIKEH JT0KIAThCS JOCTABKU BCEX
(bparMeHTOB IPYIIIBI, IPEK/IE YeM coOpaTh MAKeT M MepeiaTh ero Ha BhIIIeesKaIlni
ypOBeHb. ITOT (hrar He TpeGYeTCst yCTaHABINBATD B 3aKIIOYUTETHHOM (hparMeHTe, mo-
TOMY YTO OH UMeeT HeHyJIeBOe 3HAYeHUE B 0JIe CMEIEeHMs], YTO TAK)Ke YKa3bIBaeT Ha
MPUHAJJIEKHOCTD IpyIie (pparMeHToB. B neifictBuTesbHOCTH (hJiar JoJKeH ObITh COPO-
IEeH B TIOCTIeHeM hparMenTe, 4To6bl COOBIUTL 06 OTCYTCTBUHU APYTUX (DParMeHTOB,
CJIEIYIONTHX 32 OTUM.

NMPUMEYAHUE T[one cdnaroe parMeHTa MMEET elle 0AHO Ha3HayeHne, OTnpaeuTens IP-naketa mo-
XET YCTaHOBWTb B HEM 3HayeHne X2, U3BECTHOE Kak NPU3HaK He ghpaeMeHmuposamsp. ITOT MPU3HaK
yKa3blBaeT, YTO NakeT He JO/MKeH (hparMeHTMPOBATLCA HU MPU Kakux ycnosusix. Bmecto atoro, ecnm
Moay”nb IP He CMOXeT nepefaTth NakeT B KaHaslbHbI YPOBEHb M3-3a TOro, YTO ero 3HayeHne MTU MeHbLue
pa3Mepa nakera, 3TOT MakeT Jo/MKeH bblTb COpOLUEH, HO He hparMeHTUPOBaH.
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B Ta6.. 2.11 nokasaHbl COOTBETCTBYIOIINE I0JISI 3aT0JOBKOB B OoJibiioM IP-nakere
U B TPEX IaKeTax, MOJy4YeHHbIX B pe3yJibrarte (hparMeHTUPOBAHMS UCXOJHOIO MTaKeTa,
u4To0BI TIepeIaTh ero Yepes kKanai Ethernet.

Ta6bnuua 2.11. IPv4-nakeT, nognexawumin dparMeHTaumm

Mone 3HaueHus 3HaueHus 3HauyeHus 3HauveHus
B UICXOQHOM | BO ppar- BO (ppar- BO (ppar-
nakere MeHTe 1 MeHTe 2 MeHTe 3

Bepcusa 4 4 4 4

Pasmep 3arosioBka 20 20 20 20

OO6muii pasmep 3020 1500 1500 60

Wpentuduxarop 0 12 12 12

Duaru ¢pparmenta 0 0x4 0x4 0

Cwmermenne pparmenta | 0 0 185 370

Bpewms sxuszuu 64 64 64 64

IIpoTokon 17 17 17 17

Anpec ornpaBuTeist 18.181.0.29 18.181.0.29 18.181.0.29 18.181.0.29

Anpec noydaTesns 181.10.19.2 181.10.19.2 181.10.19.2 181.10.19.2

@axrnueckne nanusle | 3000 GaiT 1480 Gaiit 1480 Gaiit 40 Gaiit

[Tose upentudukraropa Bo Bcex hparMeHTax cojepKutT 3Hadenue 12, ykaspiparoliee,
YTO BCe TPU (pparMeHTa OTHOCATCS K OJHOMY M TOMY K€ MCXOAHOMY TakeTy. Uuc-
J0 12 — Tpou3BOJIBHOE, HO OHO, CKOPEE BCETO, TOBOPHUT O TOM, 4TO 3TO 12-if (hparmMeH-
TUPOBAHHBIN TTAKET, OTIPaBJIeHHBIN y370M. B miepBom dparmenTe ycranossien iar
HaJIMYUA JOMOJHUTETBHBIX (DparMeHToB U cMelenue, papaoe 0, ykaspiaoliee, 4To
OH COZIEPIKUT JIaHHBIE, HAXOJIAIINECS B HaYaae UCX0AHOro makera. O6parure BHUMA-
HUe, 4TO 1oJie oOuiero pasmepa uMeer sHadenue 1500. Moayb IP 06bIYHO cTpeMUTCSI
co3/1aBaTh (hparMeHThl MAKCHUMAaJIbHO BO3MOKHOTO padMepa, 4TOObI YMEHBIIUTD UX
kosnuyectBo. Tak Kak 3arooBok IP-makera sanumaet 20 6aiit, 11 GpakTHIecKux
naHHbIX ocTaerca 1480 Gaiit. V3 aTOr0 Caepyer, 4To AaHHbIe s BTOPOro parMeHTa
JIOJKHBL HaunHaThest co cMmetenus 1480. Opnako u3-3a Toro, 4To cMelenus gpar-
MEHTOB uaMepaTcs B 8-6aiiTHbix O10kax, a 1480/8 = 185, B geiicTBUTENBHOCTH
3HaUYeHHe CMEIeHus B JaHHOM ciiydae paBao 185. Bo Bropom dparmenTe takske ycra-
HOBJIEH (hJlar HAJTWYKS JTOTIOJHUTENbHBIX (hparMmenToB. Hakowner, Tpetuit ¢pparment
nmeet cMmeterre 370 1 cOPOTIEHHBIN (hJIar HAJUYHUST TOTIOJTHUTEIbHBIX (DPArMEHTOB,
YKasbIBAOIINI, 4TO 9T0 nocjenuuii pparment. OOl pasMep TpeTbero parMeHnTa
pasen Bcero juib 60 GaiiTaM, Tak Kak NCXOAHBI makeT Hee B ceOe 3000 GailT JaHHEBIX,
nmest o6mwmit pasmep 3020 Gaiit. 3 Hux 1480 GaiiT okasamoch B epBOM (hparMeHTe,
1480 Gaiit — Bo BropoM 1 40 — B TpeTheM.
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[Tocse oTrpaBKu hparMeHTH MOTYT OBIThH MOABEPTHYTHI AbHEHIIIEMY (hparMeHTHPO-
BaHuIo. Takoe ciyyaeTcs, KOT/ia Ha IIyTH K Y3JIy-110JIy4yaTesio BcTpeyaeTcs: KaHaJlbHbIN
YPOBeHb ¢ enie MeHbITNM 3HaueHneM M TU.

Yro0bI TakeT ObLI A0JKHBIM 00pazoM 06paboTaH TorydaresieM, Bee parMeHTh! T0JK-
HbI JIOCTUTHYTh €r0 U OBITh COOPAHHBIMU B UCXOJIHBIN He(hPArMEHTHPOBAHHBIN TIAKeT.
3-3a 3aTOPOB B CeTH, JTMHAMUYECKOTO U3MEHEHUS TabJIIIl MapIIPYTU3AIIUT WU 110
JIPYTUM TIPUYUHAM MAKEeThl MOTYT JIOCTUTHYTD y3Jia Ha3HAuYeHUs He TI0 MOPSIJIKY, BO3-
MOZKHO, IIePEMEKASICh C APYTHMU [TAKETAMU OT TOTO JKe UJIH IPYTOTO y3JIa OTIIPABUTEIS.
Besxuii pas, korga nepBbiii pparMeHT [OCTUTAET MmoTydaresis, Moayib [P aToro ysna
HUMeET JO0CTaTOYHO MHGMOPMAIUK, 4TOOBI OMPEAETUTD, YTO (ParMeHT AeHCTBUTETHHO
SIBJIsIETCST (DPATMEHTOM, a He MOJHBIM [TAKETOM: 9TO CJIelyeT U3 YCTAHOBJIEHHOTrO dJiara
HAJIWYUS IpYyTUX (hparMeHTOB WU HEHYJIEBOTO 3HAUEHUS B MOJIe CMeleHus. B aTot
MOMEHT MOJyJib IP mosyuaresst cosmaer Oydep pasmMepoM 64 KO6alT (MaKCHMaIbHbIIT
pasmep makera) 1 KOMUpyeT JaHubie 13 pparmenta B 6ydep ¢ yuerom cuMerienus. Bydep
mapkupyetcst [P-ajipecom oTripaBuTeisi U ueHTU(GUKAIMOHHBIM HOMEPOM (hparmeHTa
nakeTa, YTo6bl IOTOM, KOT/Ia MOCTYIIAT APYTHe (pparMeHTh ¢ COOTBETCTBYONIIM a[PECOM
OTIIPABUTEJIS U UACHTU(DUKAIMOHHBIM HOMEPOM, MOAYJIb [P Mor ckonuposats B 6ydep
HOBbIE JlaHHbIe. Korjia mocTymaer maket co cOpormeHHbIM (hraroM Haimdust pyrux dpar-
MEHTOB, [TOJIy4aTe b BBIYUCISET OOIINI pasMep NCXOIHOTO TTAKeTa, CKIIa/biBast pa3Mep
(akTHueCKuX NaHHBIX B IaKeTe U ero cMelnenue. [loce mocTynienus Bcex AaHHBIX,
MIPUHAJIEKANUX TTaKeTy, MOyJib [P mmepesaeT BocCTaHOBJIEHHBIH TTAKET CJIeyIoIeMy
YPOBHIO JIUISt ajibHeliteil 00paboTKu.

COBET HecMoTpsi Ha TO YTO MexaHu3M dparMeHTaummn IP-nakeToB MO3BOMSIET MOCbINATh OrPOMHbIE
nakeTbl, OTMPaBAATb UX He pekoMeHayeTcs. Bo-nepBbix, MOTOMY, YTO M3-3a 3TOrO yBeNMuMBaeTcs 06b-
€M AaHHbIX, (haKTU4eckn nepedaBaeMblx Mo cetn. Kak MOXHO BuaeTb B Tabn. 2.11, naket pasmepom
3020 6aiT 6bIn pa3buT Ha ABa NakeTa no 1500 6aiT M oAnH NakeT pa3mepoM B 60 6aT AaHHbIX, BCEro —
3060 6aiT. 3TO HEe 0CO6EHHO 60/bLLON MPUPOCT, HO OH MMEET CBOMCTBO HaKamnIuBaTbCs. Bo-BTOpbIX,
€C/v Mo NyTW noTepsieTcst XoTs 6bl 0AMH parMeHT, nonyyaTens 6yaeT BbiHYXAeH cOpOCUTb BeCb MaKeT.
3T0 06CTOATENLCTBO YBENMUMBAET BEPOSTHOCTb MOTEPU GOMbLUMX MAKETOB, COCTOSILUMX M3 MHOXECTBa
parmMeHTOB. M0 3TONM NpUYMHE XenaTenbHO BoobLe n3beraTb parMeHTaUMmM, rapaHTMpOBaB, YTO pas-
Mepbl IP-NakeToB He NpeBbICAT BeiMunHy MTU KaHanbHOro ypoBHS. [106UTbCA 3TOrO MOpoN OYeHb He-
NpoCTO, MOTOMY YTO Ha MyTW MeXay ABYMS Y3/aMy MOMyT BCTPeYaTbCsl pa3Hble MPOTOKOSIbI KaHabHOro
YPOBHSI: NpeAcTaBbTe, YTO NakeT nepeaaetcs u3 Hulo-Mopka B SINOHMIO. BecbMa BEPOSITHO, UTO MeXAy
[BYMS y311aMu BCTPETUTCS XOTS 6bl OAMH KaHasbHbIM YpOBEHb, 06CNykMBaeMbIli NpoTokosioM Ethernet,
NMoO3TOMYy pa3paboTUMKKM UIP YaCTO MUCXOAST U3 MPEAroNiOXKEHUs, YTO MUHMMAasbHbLIM pasmep MTU ans
BCEro MaplupyTta coctaBuT 1500 6aiiT. 3 1500 6aiT AoMKHbI BKItodaTb 20 6aiT IP-3aronoBka, hakTu-
yeckue aaHHble 1 Nbyto Apyryto nHbopMaumio, HeobxoanmMyto 06epTbiBatoLLEMY NPOTOKONY, TaKOMY Kak
VPN nnu IPSec, KOTOpbI MOXET MCMOJb30BaThCA Ha MapLupyTe. Mo 3Toi NpUYMHE pa3yMHO OrpaHUYnTb
06beM hakTuyeckmx AaHHbIX 1300 Gaiitamu.

Ha nepBbii B3rnsa MOXeT MoKas3aTbCsl, YTO Jlyylle OrpaHUYMTb pa3Mep MakeTa elle MeHbLUMM 3Have-
HueM, Hanpumep 100 6aliTamMu. B KOHLIE KOHLOB, eCniv BEPOSITHOCTb hparMeHTauum 1500-6aiiTHoro na-
KeTa HEBENNKA, TO YXX BEPOSITHOCTb dparMeHTaumm 100-6aiTHOro nakeTa BOOGLUE CTPEMUTCS K HYJHO,
pasBe He Tak? [la, 3TO TakK, HO He 3abblBalTe, YTO K KaXAOMy MakeTy npukiaabiBaetcst 20-6aiTHbIN
3aronoBok. Mrpa, nocbinatowasi nakeTbl paamepom Bcero no 100 6aiT, 6yaet pacxogosaTb 20 % npo-
NMYCKHOW CMOCOBHOCTM Ha OAHW TOMbKO IP-3arofoBKM, YTO BbLIFMSIAMT HEOMPaBAAHHBIM PacTOuUTESNb-
cTBOM. [0 3TOW NPUYMHE, KaK TOMbKO Y Bac ByayT OCHOBaHMs nosaratb, YTO MUHUMaNbHOE 3HaYeHue
MTU He 6yneT Huxe 1500, ctapaiitech hopMupoBaTh MakeTbl ¢ pa3MepoM, 6nmn3kmum k 1500. B 3ToMm
cnyyae Tonbko 1,3 % nponyckHol cnocobHocTv 6yaeT pacxonoBaThes Ha IP-3arofoBkM, YTO HaMHOMO
nydwe, yem 20 %!
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IPv6

[Tporokos IPv4 ¢ ero 32-6UTHBIMU ajipecaMiu MO3BOJISAET aJPecoBaTh 4 MUJLIHAP/A
y37108B. Biiaroapst BO3MOKHOCTH OPTAHU3AIIE JIOKAJIBHBIX CETEl 1 MEXaHU3MY TPenl-
pasoBaHust afpecoB (0OCYIKAAIOTCS fajiee B 9TOU IJTaBe) MOYKHO CYIIECTBEHHO YBEIUUUTh
YUCJIO Y3JI0B CETH, CIIOCOOHBIX 0OMeHUBaThCst nHbopMaieil uepes Mureprer. OHako
n3-3a ocobeHHocTel pacipeaenerust IP-apecoB u OBICTPOrO POCTa YKCIA TIEPCOHATb-
HBIX KOMITBIOTEPOB, MO6I/IJH)HI)IX yCTpOfICTB 1 ITOJAKJIIOYEHHDBIX K I/IHTepHeTy 6BITOBI)IX
prbOPOB 32-6UTHOE aJPECHOE POCTPAHCTBO OJIM3BKO K McUepanuio. /Iyt mpeooaeHust
HTOTO 3aTPYIHEHMS, a TakKe pobieMbl HeadderrusHOCTH [PV4, BCILIBIBIIET 32 10JITHE
rOZIbI €0 MCIIOJIb30BaHKs, ObLI pazpaboTan poTokos IPv6.,

B reuenue cuenylomux nHeckoapkux jet IPv6, Bepogarno, octraneTcss HeMHTEPECHBIM
ns paspaborunkos urp. Kak coobiuna kommanus Google, B utosie 2014-ro npuMepHo
4 % moJib3oBaTeiell 06palalich K ee caiiTaM ¢ ucrosb3oBatueM IPv6, 4To, BEposiTHO,
MOJKET CJIYKUTDb XOPOUIMM MHAMKATOPOM, AEMOHCTPUPYIONIUM, KAaK MHOIO KOHEUHBIX
10JIb30BaTEE UCIOJIb3YET YCTPOMCTBA, To/IKIoYeHHbIe K VIHTepHeTy uepe3 [Pv6. Kak
CJIEJICTBIE, UTPHI BCE €IIle J0JLKHBI YMeTh 00pabaThiBaTh BCe CTPAHHOCTH 1 OCOOEHHOCTH
IPv4, kotopbie GbLI IpusBaH ucpasuth IPv6. OxHaKo ¢ pacipocTpaHeHHeM UIPOBBIX
aThOpM CIIEAYIOIIETO TOKOIEHUsT, TakuX Kak Xbox One, mpotokos [IPv6 B koHeuHOM
utore BoITeCHUT IPV4, U T03TOMY MMEET CMBIC ITPOBECTH HEOOJIBIIIOE UCCIIEI0BAHNIE,
4TOOBI OHATH, 4TO c000ii TipecTasiiser IPV6.

Camoii 3aMeTHOI HOBOI 0cobeHHOCTBIO IPV6 aBistercs aauna HoBbIX IP-anpecos,
coctasiistionitast 128 6ut. Agpeca TPv6 3anuchiBaloTCst KaK BOCEMb YeTHIPEX3HAUHDBIX
[IeCTHA/IIATEPUYHBIX YHCEJT, Pas/leIeHHbIX ABoeToYMIMU. B Tabs. 2.12 npeacraBieHbl
tunmunble ajpeca [Pv6 B Tpex normyctumbix hopmax.

Ta6nuua 2.12. TunuyHble GopMbl NpeacTaBneHns agpecos IPv6

®dopma Appec

[Tonnas 2001:4260:0000:8f1:0000:0000:0000:1013
C cokpaleHueM He3HAYaIUX HyJ el 2001:4260:0:81:0:0:0:1013

C 0IHOKPATHBIM COKPAIIEHUEM CILJIONTHBIX 2001:4260:0:8(1::1013
rocJieioBaTebHOCTe Hy el

Hesnavamue (Bepyiiue) HyJau B KaKIOM CEKCTETE MOKHO oTOpocuTh. Kpome Toro,
MOKHO YJIATUTh OJHY CIJIONTHYIO MOCJIe0BATEIBHOCTD HYJIEBBIX CEKCTETOB, 3aMEHUB
ee JIBOMHBIM JiBoeToureM. Tak Kak ajgpec Bcerja 3anuMaer 16 O6aiit, u3 cokpaleHHoi
(bOPMBI JIETKO TIOJYIUTH UCXOAHYIO, TIOJICTABUB HA MECTO OTCYTCTBYIONINX TGP HYJIH.

ITepsbie 64 6urta B agpece IPV6 00BIUHO IPECTABJISIIOT CETh U HA3BIBAIOTCS NPePUKCOM
cemu (network prefix), a mocieanme 64 Gura IPeACTABISIOT KOHKPETHBIN Y3€T U Ha3bIBa-
1oTcs udenmugpuxamopom unmepetica (interface identifier). Korma Heo6xoaumo, 4T00bI
CeTeBOIl y3eJi, HAIIPUMEP JIeHCTBYIOIWI B POJIM CEPBEPA, UMeJ HEKOH(MITUKTY IO
[P-azpec, aAIMUHUCTPATOP CETH MOXKET BPYUHYIO HA3HAYUTDH UIEHTUMDUKATOP WHTEP-
deiica mogo6HO TOMY, Kak HasHavyaioTcs agpeca IPv4. Ecim ysiny He Tpebyercst, 4To0bI
yIaJIeHHBIE KJIUEHTBI JIETKO MOTJIN HAWTU €r0, OH MOKET BHIOPATH CIyYallHbIN UIEHTH-
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dukatop unTepdeiica u 06bIBUTH 06 ITOM B CETH, TaK KaK BEPOATHOCTH KOH(MIMKTOB
B 64-O0MTHOM IIpOCTpaHCTBe 0YeHb HeBesnka. Ho vaiie upentudurarop unrepdeiica
MPUCBANBAETCS MPOUBBOANTENEM aBTOMATUIECKH, KAK PACIIUPEHHBIN YHUKAIbHBIN
uaentudukarop EUI-64 (Extended Unique Identifier), koTopslii yske rapaHTUPOBaHHO
ABJIAETCSA YHUKATHHBIM.

IIpomoxon obnapyacenus cocedeis (Neighbor discovery protocol, NDP) ciysxut 3ameHoit
mporokosry ARP, a Takske BoiTiostHsIeT HeKoTOpbie hyHKIHN mpotokosa DHCP, koTopsrit
omuckiBaercst gasee B 1ol riaase. C momotibio NDP MapuipyTusatopbl COOOIIAIT CBOM
npeUKCh ceTell U TaOJIUIIBI MAPIIPY TU3AINH, & Y3JIbI 3AMPAIIUBAIOT U COOOIIAIOT CBOM
[P-aspeca u azipeca KaHAIBHOTO YPOBHS. Bojiee moHyt0 MHGOPMAIIIIO O TPOTOKOJIE
NDP moskno naiitu B jokymente RFC 4861, ccbliika Ha KOTOPBI TPUBOUTCS B Pas/iese
« /17151 MOTIOTHUTEIBHOTO YTEHUS>.

Etite o100 3ameuaTesibHoe oTidiie ot IPv4: mpotokos IPV6 GoJibliie He TOAEPKIBAET
(bparMeHTaIMio TAKeTOB Ha YPOBHE MAPIIPYTU3AIINU. ITO TAET BO3MOKHOCTH yOPATh 13
IP-3arosioBka Bce II0JId, UMeIoII[ e OTHOIIEHYE K (bpaI‘MeHTaL[I/H/I, 1 HEMHOTI'O IIOBBICUTDH
MPOITYCKHYO c1tocoOHOCTh. Ecain maker IPV6, 1oCTUTIITIIT MapIIPYTH3aTOPA, OKAsKETCsT
CJTMITITKOM BEJTHK JIJIs ICXOJISITIIETO KaHAIBHOTO YPOBHSI, MapPIIPYTU3aTOP MPOCTO COPOCUT
HAKeT U COOOIIUT OTIIPABUTEIO, YTO MAKET CIUIIKOM 60Jbiioit. [Tocse aToro oripaBu-
T€JIb MOJKET ITOBTOPUTD ITOIBITKY, YMEHBIITNB PA3MEP ITaKeTa.

Bonee mommyto nadopmaiiio o mpotokosie [IPv6 moxuo HatiTu B tokymenTe RFC 2460,
CCBIJIKA HAa KOTOPBII IPUBOAUTCS B paziesie «/1Jis NomoJHUTETbHOTO UTEHUS >

TpaHCNOPTHbINA YPOBEHb

3amava ceTeBOro ypoBHsI — 06ECTIEYNTH BO3MOKHOCTD B3AUMOIEHCTBIS MEKLY Y3TaMu
B YIQJIEHHBIX CETSX, a 3aj[a4a mpancnopmuozo yposis — 06eCTednTh BO3SMOKHOCTD
B3aUMOJICHCTBUS OT/EJbHBIX MPOIECCOB, BHITOJTHAIONINXCS HA 3TUX y3Jax. Tak Kak
Ha OJTHOM y3Jie MO’KET BBITOJHITHCS MHOKECTBO TIPOIECCOB, HE BCET/Ia JOCTATOYHO
3HaTh, uTO y3esa A nocnan [P-mmaker y3ny b: korna ysesn b mpumer IP-naket, on noJ-
JKEH 3HATh, KAKOMY IIPOTIECCY TIEPENATH ET0 COAEPIKUMOE JIJisI IajibHelIel 00paboTKY.
YT00bI PEITUTH 3TY MPOGJIEMY, Ha TPAHCIIOPTHOM YPOBHE BBOJUTCSI IOHSATHE ROPIMOG.
[Topt — 310 16-6HTHOE T1ET0E HE33HAKOBOE YNCJIO, TIPEACTABISIONIEE KOHEUHYIO TOUKY
B3aMMO/IeHCTBUSI HA KOHKPeTHOM y3Je. Ecau cpaBunth [P-asnpec ¢ HazBanuem yJniibl
1 HOMEPOM JIOMa B TIOYTOBOM aJipece, TO MOPT MOXKHO CPABHUTH C HOMEPOM KBaPTHUPbI
B 9TOM JioMe. [Iposioszkas aTy aHaoruio, porecc MoKHO PacCMaTpUBATh KaK JKUJIbIIA,
KOTOPBIH 10CTAeT KOPPECIOHACHIINIO U3 OJTHOTO UJIN HECKOJIBKUX TIOYTOBBIX ATIUKOB
B 9TOM 7ioMe. C ITOMOIIBI0 MO/LYJIST TPAHCTIOPTHOTO YPOBHS MPOIECCY MOSKHO 1PUC60-
ums OTIPeCTCHHBIIT HOMEP TIOPTa U COOBIIUTH MOYJIIO TPAHCTIOPTHOTO YPOBHS, UTO
JMaHHBIN mporece Oyner o6pabarbiBaTh JH0ObIE COOOIIEHNS, TIOCTYHAIINE HA 9TOT
MOPT.

Kax yske ymoMuHAaIOCh, BCe MOPTHI SBASTIOTCs 16-6uTHBIME ynciamu. TeopeTrdeckn
MPOIECCY MOKHO TIPUCBOUTD JIIOOOI TOPT ¥ UCHOJIB30BATD €10 JIJist TI00BIX B3aNMOJIEN -
cTBUit. OTHAKO ecJIN IBYM TIpolieccaM Ha OTHOM U TOM JKe y3JIe TIOTIBITAThCST IPUCBONUTD
OJIMH W TOT K€ TIOPT, BO3HUKHET TpobsieMa. [IpeacTaBsre, 4To IBYM TpOrpaMMamM — BeO-
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cepBepy U cepBepy AJIeKTPOHHON MOYTBI — HPUCBOECH OJIMH U TOT ke HoMep nopta — 20.
B aToMm ciyuae, ecsii TPAaHCIIOPTHBIN YPOBEHb IPUMET JlaHHble 17151 topta 20, 1oJKeH
JIV OH TIePeIaTh 9T aHtbie oboum mporteccam? Ecii ma, Torma BeG-cepBep MOKET To-
MBITATHCS] HHTEPIPETUPOBATH BXOJSAIIYIO AJIEKTPOHHYIO TIOUTY Kak BeH-3a1poC UK Mo~
YTOBBIN CEPBEP MOJKET HOTBITATHCS MHTEPIPETUPOBATH BXOJSIIIN BEO-3aIIPOC KAK DJIEK-
TPOHHYIO MOUTY. ITO B KOHEYHOM CUETE MIPUBEET K TOMY, UTO JINOO BEO-110JIB30BaTE b,
Jm6o OTIIPpaBUTEND THChMa GyzieT BechbMa o6ecKypaskeH. [1o aToit mprdnHe GOJBITIMHCTBO
peasusaiuii TpeOy0T HAIMYUS CIENUATBHOTO (hJjiara Ha TOT CJIy4Yall, KOrja OJUH U TOT
JKe IIOPT IIPUCBANBAETCS. MHOXKECTBY [IPOLIECCOB.

Yro6bl TOMOUB TIpoIieccaM U30ekKaTh KOHMIUKTOB U3-32 HOMEPOB TIOPTOB, OP2AHU3A-
yust no npuceoenuio umen u aopecos 8 Mumepneme (Internet Corporation for Assigned
Names and Numbers, ICANN), usBectHast Tak/Ke Kak nOJIHOMOUHbBLL OP2aH 1O UUDPOBHIM
adpecam 6 Humepneme (Internet Assigned Numbers Authority, TANA), Bezer peectp Ho-
MEPOB TIOPTOB, B KOTOPOM Pa3pabOTUMKK PA3IMIHBIX TIPUTOKEHUH U TIPOTOKOJIOB MOTYT
3ape3epBUPOBATH MOPTHI JIJIST CBOETO UCIIOJIb30BaHMsL. B peecTp MOKeT ObITh BKJIIOUYEH
TOJIPKO OJIUH PETUCTPAHT JIJIST KasKJOTO IMOPTAa M MPOTOKOJIA TPAHCTIOPTHOTO YPOBHSI.
Howmepa opros 1024—49 151 usBecTHbI Kak 10.16306amenbCKue, VI Pezucmpupyemle,
nopmot. PazpaboTdnk J1000ro IpOTOKOJIA MK HPUIOKEHUs MOKeT nocaaTh B IANA
o(UIMATBHBII 3aTTPOC Ha TIPUCBOECHUE €My HOMEPA MOpPTa U3 9TOTO JIMara3oHa, KOTOPbIi
OCJIE PACCMOTPEHUST MOJKET OBITh YIOBIETBOPEH. EC/ HOMEp M0JIb30BATEIBCKOTO TIOP-
Ta 3apeructpupoBad B IANA /714 oripeziesieHHOTO TPUJIOKEHNS UK POTOKOJIA, HUKAKUe
JPYTHE MPUITOKEHIIS FJIU TIPOTOKOJIBI He JI0JIKHBI HCIIOJIb30BATh €10, XOTs GOJIBIIMHCTBO
peasusaiuii TPaHCIIOPTHOTO YPOBH:I HE MPEISITCTBYIOT 3TOMY.

[Moptet ¢ HoMepamu ot 0 10 1023 cunTaroTcsd cucmemnviMu, U 3ape3epsuposanibimi,
nopmamu. ITU MOPTHI TIOAO0OHBI TT0JIb30BATEILCKIM, HO UX peructparust B IANA orpa-
HUYeHa W TPOU3BOUTCS ¢ cobmoperneM 6osee cTporux mpasui. OcobeHHOCTh ITHX
[OPTOB B TOM, 4TO GOJIBIIUHCTBO OTEPAIIUMOHHBIX CUCTEM MO3BOJISIOT IPUCBAUBATD WX
TOJILKO TPOIECCaM, OOTATATONIIM TTPUBIIETUSIME CYNEPROIb308AMELS T OHU MOTYT HIC-
TIOJTE30BATHCS TOIBKO JIJIsT Tieielt, TPeOYIONIX TOBBIIEHHBIX Mep GE30MacHOCTH.

Haxkouer, noprter 49 152—65 535 usBecthbl Kak dunamuyeckue. OHU He PErHCTPUPYIOTCS
B TANA 1 3aKOHHO MOTYT UCIIOJIb30BaThCs J10ObIME TIpolieccaMu. Eciim mpoiiecc 1o-
IBITAETCS IPUCBOUTH cebe IMHAMUYECKUI OPT U OGHAPYKUT, YTO TOT YIKe UCTIOJIb3YET-
cs1, OH OyIeT IIPOBEPATH APyrue JMHAMUYECKLE IIOPThI, II0Ka He HaizeT cBoboanbii. Kak
JOOPOTIOPSIIOUHbIE TT0JIb30BaTe U VIHTEpHETA TIPH CO3IaHINH MHOTOTIO/Ib30BATENbCKITX
UTP BBI JIOJUKHBI UCTIOJIB30BATh TOJBKO THHAMUYECKUE TIOPTHI MU 3aPETUCTPUPOBATD
B IANA 10/1b30BaTe/IbCKUIL TIOPT, €CJINM 9TO MOHALOOUTCS.

[Tocsie TOro Kak MPUIOKEHHE MOJTYYUT HOPT B CBOE PACIIOPSIIKEHUE, OHO CMOJKET UC-
MOJTb30BATH TIPOTOKOJ TPAHCTIOPTHOTO YPOBHS 71T GaKTUIECKON TTepelau JaHHBIX.
B tab6u. 2.13 mepedynceHb HEKOTOPBIE TIPUMEPBI IPOTOKOTIOB TPAHCTIOPTHOTO YPOBHS,
a Takyke COOTBETCTBYIONINE UM HOMEpPA TIPOTOKOJIOB. Kak paspaboTuuKu urp Mul B 0C-
HOBHOM GyJ1eM nuMeTh jiesio ¢ iporokosamu UDP u TCP.

COBET TllonHble agpeca OTNpaBUTENen Wnu mnoslyyaTeneil 4acTo 3anuchbiBaloTCs Kak KOMOMHaLuMs
IP-agpeca n HoMepa MopTa, NepednciieHHble Yepe3 ABoeToune. To ecTb MOSHbIM aapec naketa c IP-
agpecoMm 18.19.20.21 1 HoMepoM nopTa 80 B 3arofloBKE MOXHO 3anucaTtb Kak 18.19.20.21:80.
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Ta6nuua 2.13. MNpuMepbl NPOTOKONIOB TPAHCMOPTHOMO YPOBHS

HasBaHue A66peBuaTtypa | Homep npotokona
Transmission control protocol (niporokos ynpasienuss | TCP 6

repeziaveit)

User datagram protocol (riporokos nosbsosarenbckux | UDP 17

JlaTarpaMm)

Datagram congestion control protocol (nporoko DCCP 33

JlaTarpaMM C OTIpe/IeJICHIEM 3aTOPOB)

Stream control transmission protocol (nporokos nepe- | SCTP 132

Jlaui C yIpaBJIeHueM IIOTOKOM )

UDP

IIpomoxon norvzosamenvckux oamazpamm (User Datagram Protocol, UDP) — ato
JIETKOBECHBIH TIPOTOKOJI, 00EPTHIBAOIIIIL IAHHbIE U TIEPEAAOIIUI UX U3 TIOPTa OJHOTO
y3Jia B 11opt Apyroro ysia. Jlatarpamma UDP cocrout us 8-6aiiTOBOro 3arojioBka, 3a
KOTODPBIM cenyioT ¢akrudeckue nannsie. Ctpykrypa UDP-3aronoska nsobpaxena
Ha puc. 2.10.

Butel 0 16
0-31 [MopT oTnpasuTens [MopT nonyyarens
32-63 Pasmep KoHTponbHasa cymma

Puc. 2.10. Crpyktypa UDP-3aronoska

ITopr ornpaBurens (16 6ut) — HOMED TTOPTA, ¢ KOTOPOTO JatarpaMMa Obljia OTIPaBJIe-
Ha. MoskeT NpurofinThes, ecu MpeirosaraeTcs, YTo HorydaTesib J0JKeH OTBeTUTD Ha
MOJIyYEHHYIO laTarpaMMy.

ITopr moxyyaress (16 6ur) — 1eseBoii Homep 1opTa gaTarpamMmmbl. Moaysis UDP fo-
CTaBUT JIaTarpaMMy TPOIecCy, IPUCBOUBIIEMY HTOT MOPT.

Pasmep (16 6ut) — pasmep UDP-3arosioBka 1 (haKTHUECKUX JTaHHBIX.

Koutpoasnasi cymma (16 61t) — HeoOs3aTe/IbHAs KOHTPOJIbHAS CYMMa, BBIUUC/IsSIEMAsT
na ocuoBe UDP-3arosioBka, (hakTHYeCKUX JJAaHHBIX U HEKOTOPbIX 11oJsieit [P-3arosoBka.
Ecsi KOHTpOIbHAS CyMMa He BBIUNCJISIACH, 3TO TI0JIE TOJKHO COIEPsKaTh HyJIeBOe 3Ha-
yeHnue. 4acTo aTo 110ojie UTHOPUPYETCs, IIOTOMY Y4TO IIPOBEPKA JAHHBIX OCYIIECTBJISIETCS
Ha HUZKEJIeKANINX YPOBHAX.

UDP — ouenp mpoctoii mpoTokos. Kaxk/jas nararpaMma cqYuTaeTcss He3aBUCUMOI
CYTITHOCTBIO, He TIPEAMOIATAIONIEN HATHYUS OOTIETO COCTOSTHUST MEKIY IBYMSI Y3TaMI.
UDP-nakeT MOKHO CPaBHUTD ¢ OTKPBITKOM, OPOIIEHHON B IOYTOBBIN SIIUK U 3a0bITOI.
ITporokos UDP He npusaraeT HUKaKUX YCUJIHiL, 4TOOBI OTPaHUYHUTH TPAhUK B mepe-
TPYKEHHON CeTH, 0GECTIEYNTD TOCTABKY B OTIPEETIEHHOM MOPSIIKE, KaK U BOOOIIE T0CTa-
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BUTD JJAaHHbIC. ITUM OH CUJILHO OTJIMYAETCA OT CJIE/LYIOINIEro IIPOTOKOJIA TPAHCIIOPTHOTO
ypoBHa — TCP, KOTOpbBIiT MbI PACCMOTPUM JIaJiee.

TCP

[Tporokon UDP noazep:xnBaet nmepefavy oTAeTbHBIX IaTarpaMM MesK/Iy y3aamu. B ot-
JITYIE OT HEro npomokon ynpasienus nepedaueti (Transmission Control Protocol, TCP)
TO3BOJISIET CO3/IATH MEK/Y Y3JIAMU TTOCTOSTHHOE COETIHENTE U 0OECTIeUMBAET HAIEKHYIO
nepejiady 1oToka Janublix. KiouyeBoe €080 371eCch — «Ha/lexKHYI0». B oTinuune ot Beex
IIPOTOKOJIOB, KOTOPbIE Mbl paccMatpuBaiu panee, TCP npusaraet MakCUMyM yCUIINI,
4TOObBI TAPAHTHPOBATH JTOCTABKY YKa3aHHOMY ITOJIYYaTEe0 BCEX OTIPABJICHHBIX TAHHBIX
B 33/TaHHOM Topsizike. Kak pesysibrat, oH nMeeT 3aroJioBoK 60rbiero pazmepa, uem UDP,
1 TpeGyeT HeTPUBUAIbHOM MOIEPIKKM COCTOSHISI COEIMHEHUS Ha 0OEUX €ro CTOPOHAX.
ITO JIAeT MOJIyIaTeIM BO3MOKHOCTD TTO/ITBEPIK/IATH IPUHATDIE IaHHbIE, & OTIIPABUTE-
JISM — BBITIOJIHATH TIOBTOPHYIO TIepe/iauy HeTOATBEPK/I€HHBIX TTAaKeTOB.

Emnnuna nepegaun nanusix B TCP HaszbiBaeTcst cezmenmom. 1o Ha3BaHMeE OTPAXKAET
tot daxt, uto TCP npeanasnauen ajs mepenadn GOMbIIMX IOTOKOB JAHHBIX, KK IbII
CErMEHT KOTOPBIX 06EPTHIBACTCS TTaKeTOM HIUKHEro ypoBHst. CermenT coctout uz TCP-
3ar0JIOBKA, 32 KOTOPBIM CJIeYIoT JanHbie aToro cerMenTta. Ctpykrypa TCP-3aronoska
nsobpaskena na puc. 2.11.

Butel 0 4 7 16
0-31 [MopT oTnpaButens | MopT nonyyarens
32-63 [MopsigkoBbI HOMep
64-95 Homep noatsepxaeHusi
96—-127 Pasvep 3apesepsupoBaHo | Pnaru Pa3smep okHa nprema
3arornoeka
128-159 KoHTponbHas cymma YkasaTernb BaXHOCTU
160—... MapameTpsl

Puc. 2.11. CrpykTypa TCP-3aronoska

ITopr ornpaBurens (16 6ur) u mopt mosyuyaresnst (16 6utT) — HOMepa MOPTOB TPAHC-
MTOPTHOTO YPOBHSI.

ITopsiakoBbii HOMep (32 61Ta) — MOHOTOHHO YBETMUNBAOIINNACS YICIOBON MICHTH-
dbuxarop. Kaxapiii 6aiit, nepegannpiii mporokosom TCP, umeeT mopsaakoBbiii HoMeD,
KOTOPBIN CHYKUT MAeHTU(PUKATOPOM aTOTo Gaiita. Biarogaps asToMy oTipaBUTENb
MOJKeT OTMETHUTb MOChIJIaeMble JJaHHbIe, a TTOJyJYaTesqb — MOATBEPAUTH UX TTOTyde-
Hue. B xauecTBe MOPAIKOBOTO HOMEPA CerMeHTa OOBIYHO BBIOUPAETCS TTOPSIIKOBbII
HOMEP MepBoro Oaiita B 3ToM cermMeHTe. VICKIIOUEHIEM U3 9TOTO MIPABUJIA SIBJISIETCS
TPOIeypa YCTAHOBKY COEIMHEHMSI, KOTOpas OMMChIBAaeTCs B pasfiese « TpexaramHoe
COTJIACOBAHUES.

Howmep moarepskaenus (32 6uta) coIepsKUT MOPSIIKOBbIIT HOMEP CIIEAYOIIEero OaiTa,
KOTOPBII OKUJAeT MOJIYINTh OTIIpaBuTe b, OH NCIOMB3yeTCs A MOATBEPKICHUS
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preMa BeexX JJAHHBIX C ITOPSJKOBBIMU HOMepaMu MeHblile aToro yncia. Tak kak TCP
rapaHTHUpYeT JI0CTaBKy BCeX JIaHHBIX B OIIPe/leJIeHHOM ITOPSsI/IKe, ITOPSAKOBBIN HOMep
caeyioniero 6aiiTa, KOTOPBIH OKUMAET TOTYINTH Y37, BCETA HA eMHUIY GOIbIITe
MOPSAZIKOBOTO HOMEPA MPEJIBIYINEro, yKe MPUHATOro Gafita. 3aOMHHUTE: OTIIPABUTENh
3TOTO0 HOMepa MO/TBEPsK/IaeT IoJyyeHre He TOPSIAKOBOTO HOMepa ¢ 3TUM 3HAaYeHHueM,
a BCEX MOPSATKOBBIX HOMEPOB MCHBIIIE 9TOTO 3HAYCHUS.

Pasmep 3aronoBka (4 6ura) onpezesisier pasMep 3arojioBka B 32-0MToBbIX cioBax. [Ipo-
tokost TCP 1103B0JIsIET BKJIIOYATh B KOHEI] 3ar0JIOBKa HEKOTOPbIE He0OsI3aTe IbHbIE TIOJIS,
MO9TOMY pasMep 3aroJI0OBKa MOKeT KoJtebaTbest oT 20 10 64 GaiiT.

®aru (9 6uT) xpanar Metagannbie 0 3arogoske. OHU 0OCYKIAIOTCS HUXKE, TAE 9TO
HEO0OXOIMMO.

Pasmep okna npuema (16 6ut) XpaHuT pasmep cBOGOJHOrO IIpocTpaHcTBa B 6ydepe,
KOTOPOE €eI1ie MOKET UCTIOIb30BaTh OTIPABUTEID /17 BXOAAIINX JaHHbIX. Mcmomb3yeTcs
TSI YTIPaBJIE€HUS TIOTOKOM JIAHHBIX, O YeM PAaCCKa3bIBAeTCS Jajee.

VYkazateb Ba;kHOCTH (16 OUT) XpaHUT PacCTOSHME OT IEPBOro OailTa B JaHHOM CerMeH-
Te J10 IIepPBOTo HaliTa BHEOYePEAHbIX JAHHbIX. AHATM3UPYETCH, TOJIBKO €CJIA yCTAHOBJIEH

aar URG.

NMPUMEYAHUE [ns onpepenenus 8-6utHoro 6510ka nHdopMaLlmm BO MHOrMX AokymeHTax RFC, Bkto-
yasi Te, UTO ONpeAensoT OCHOBHbIE MPOTOKOJIbI TPAHCTIOPTHOIO YPOBHS, BMECTO C/IOBa «6aiiT», uMetoLLe-
ro CIMLIKOM CBOGOAHOE TOJKOBaHWE, UCMOMb3yeTcs 6onee OfHO3HAYHbIA TEPMUH «OKTET». HekoTopble
ycTapeBLue nnathopMbl UCMONb30BaIun 6aiThl, coaepxxalume 60sblue UM MeHblue 8 6UT, NO3TOMY CTaH-
[apTM3aumsa TepMMHA «OKTET» NnoMorsa obecneunts COBMECTUMOCTb Mexay nnatdopmamu. B HacToswee
BpeMs 3Ta npobnema noTepsina CBOK OCTPOTY, MOTOMY UTO Ha BCeX NnaTgopMax, C KOTOPbIMUA NPUXOANUT-
€S CTaNKMBaTbCA paspaboTurkam urp, nog 6anMToM noapasymeBaetcs 8 6uT.

HapgexxHocTb

Pucynok 2.12 wumoctpupyer 06061ieHHbIil crioco6, koropsiM TCP rapanTupyer Ha-
NEKHYTO Tlepeiauy JaHHbIX MeKy y3aamu. BkpaTile, y3ea-oTIpaBUTeb OCHIIAET
YHUKAJIbHO UJAEHTUMUINPYEMbII TTAKET y3JIy-T0JIydaTes 0. 3aTeM OTIIPABUTENb HKJIeT
OT TIOJIy4aTeJisi OTBETHOTO TTAKETa, MOATBEPKIAAIONIETO IPUeM raketa. Ecii moaTeepx-
JieHne He TPUXOUT B TedeHne OTPeeIEHHOTO TTPOMEKYTKA BpEMEHHU, OTIIPABUTEb
MOBTOPSIET Tiepeiavy makera. Tak MpoIoJKaeTes 10 TeX 0P, MOKa Bee aHHble He Oy/yT
OTIPABJICHBI U TIOJITBEPIKIEHBI.

B zeiicTBUTEIBHOCTY aJIFOPUTM 9TOTO IIPOLECCA BBITJISUT HECKOJIBKO CJI0JKHEE, U MBI
OCTAHOBUMCS Ha HEM TIOJIPOOHEE, TaK KK OH MOKET CJAYKUTH OTJIMIHBIM 06PA3IOM Op-
raHU3aINN HAJIEKHON Tiepesiaun qauHbIX. [lockombky crpaterust TCP npemycmarpuBaet
HOBTOPHYIO Ilepe/lady AaHHbIX U CJIeKeHe 32 0KUAaeMbIMU IIOPSIKOBBIMU HOMEPAMHU,
KasK/[blil y3eJI IOoJIKeH XpPaHuTh cBefeHunss 000 Bcex akTuBHbIX TCP-coeqnnenusx.
B tabu. 2.14 nepevyncyieHbl HEKOTOPBIE TIEPEMEHHbBIE COCTOSIHUST 1 UX CTaHIapPTHbIE
obosnauenust, onpesensembie qokymentoM RFC 793, TIporeaypa nHUIIMAIN3AIIAN CO-
CTOSHWS HAUMHACTCS C TPEXATAITHOTO COTJIACOBAHMS MEKIY IBYMS Y3TaMU.



TpaHCropTHLIN YPOBEHb

[aHHble
NPUHATLI?

Het Copepxat

noaTBepXKaeHue?

3anoMHuTbL
NoATBEPXAEHHbIE
nopsiaKoBble HOMepa

Copepxut
oXuaaembii Hert
nopsAKOBbIN

Homep?

Oa
Y

Mepenatb
npuknagHomy
YPOBHIO

Y
YBenuuntb
oXngaembin
NopsiAKOBbIA HOMEP

McTekno
Bpemsi oXuaaHusi
noaTBepXKAeHNs?

EcTb ewe

NaHHble ans Het

OTnpaBuTb
NMOBTOPHO

oTnpaBkn?

OTnpaBnTb MX.
3anomMH1Tb Bpems

oTnpaBku

Puc. 2.12. biok-cxeMa afnropuTMa HaZIeXXHo nepeaayn AaHHbIX NpoTokosioM TCP

Ta6nuua 2.14. MNepeMeHHble cocTosiHMs TCP

61

NepemeHHasn O603HaueHue | OnpeneneHue

Send Next SND.NXT [TopsiikoBbIil HOMEp cJIe/lyIOIIero cerMmeHTa /IJIst OTIIPaBKU
Send SND.UNA ITopsAKOBBIN HOMEpP CaMOTO CTaporo Gaiita, OTIpaBJEHHO-
Unacknowledged TO y3JIOM U IIOKa He IMOATBEPKIEHHOTO
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Tabnuua 2.14 (okoHvaHue)

MepemeHHasn O603HaueHne | OnpegeneHue

Send Window SND.WND Tekymuii 06beM JTAHHBIX, KOTOPbIN Y3€J1 MOJKET OTIIpa-
BUTb JIO IPHEMa TIOATBEPKIECHUS JIJIST HETIO/ITBEPIK/ICHHBIX
JIAHHBIX

Receive Next RCVNXT Cutety1o1uii MOpsiZIKOBBIN HOMEP, KOTOPBIN 0K1/1AeT

TIOTYYUTD y3eJ

Receive Window RCV.WND Texymuii 06beM JaHHbIX, KOTOPbIii Y3€J MOKET IPUHSTDH
JI0 UCUepIIaHust MecTa B npueMuoM Oydepe

TpexaTanHoe cornacosaHue

Pucynox 2.13 nimocTpupyeT mpolece TPeXaTamHOTO COTTIACOBAHUS MEKLY y3JaaMu A
n b. ¥3en A nununmmpyet coennHeHMe, MOChIIas IEPBbIN CETMEHT. DTOT CETMEHT UMeeT
daar SYN 1 caydaiiHo BbIOpaHHBII HayaiabHbI opanakoBbiii Homep 1000. CermeHT
cooburaer y3iy B, uto ysen A xenaer nannunposath TCP-coenrnenne ¢ HadaabHbIM
nopsizikosbiM HOMepoM 1000 n uTo y3en b nosmken mHNIIMATM3UPOBATh PECYPCHI, He-
06XOIUMBbIE TSI TOIEPKAHUST COEMHEHNSI.

Bpewms Yaen A Ysen b
SND.NXT | RCV.NXT| SND.UNA SND.NXT | RCV.NXT | SND.UNA
1000
Mepenayva ——— | Seq#: 1000
SYN > Mprem
1001 1000 3000 | 1001 |
Seq #: 3000 I Mepenava
E— —— Acki#: 1001
1001 | 3001 | 1001 SYN, ACK 3001 | 1001 | 3000
Mepenava ———— Seq#: 1001
1001 | 3001 | 1001 Ack#: 3001 7> Ilprew
v ACK 3001 | 1001 | 3001

Puc. 2.13. TpexaTanHoe cornacoBaHue

Y3en b, ecnm xkesmaeT u "MeeT BO3MOKHOCTDh OTKPBITH COE/IMHEHME, OTBEYAET MaKe-
TOM C yCTaHOBJEHHBIME (iaramu SYN u ACK. OH ITOJTBEPIKIAET MOPSIKOBBIIT HOMEP,
MPUCTAHHBIN Y370M A, YBeJIMUUBAs €ro HA eUHUILY U 3arucbiBas B moje «Homep
MOITBEPKICHIS». DTO 0O3HAYAET, UYTO CIELYIONTHI CerMEeHT, KOTOPbIii y3ea b oxkumaer
MOJTYYUTH OT y3J1a A, TOKEH COEPKaTh MOPSAKOBBII HOMEp, HA eIAUHUILY GOJIBIINTI,
ueM npeabiayuil. Kpome toro, ysen B caydaiiHbiM 00pa3soM BbIOMpaeT cOOCTBEHHBIN
mopsIKOBBIN HOMep (B HamreM caydae — 3000) misg Havama mepegadyn MOTOKA TAHHBIX
yaiay A. O6parure ocoboe BHUMaHUE, YTO y3Jibl A 1 B BBIOUPAIOT cirydaiiibie HauaJb-
Hble MopsiAKoBbie HoMepa. C coefnHenneM CBSI3aHbI [BA OT/EJNbHBIX TIOTOKA [AHHbBIX:



TpaHCNOPTHbIN YPOBEHb 63

O/IMH — OT y3J1a A K y3J1y b, 1511 KOTOPOTO HCIIOJIb3YIOTCS MOPS/IKOBbIE HOMEpa, yCTa-
HaBJIMBaeMbIe Y3JIOM A, U IPYyToil — OT y3Jia b K y371y A, B KOTOPOM MOPAIKOBbIE HOMEPA
ycranaBimBaiorces yainoM B. Ilpucyrersue ¢orara SYN B cerMeHTe Kak Obl TOBOPUT: « i,
tam! MHe ecTb 4TO MepeiaTh BaM, HAaUMHAA ¢ OaiiTa, OTMEYEHHOTO MOPSITKOBBIM HOME-
POM, Ha eJIMHUILY OOJIBIITNM, YeM TIOPSIIAKOBBII HOMEpP B 9TOM cermeHTey. Hasmmuue doiara
ACK 1 HOMepa MO/ITBEP:K/IEHNS] BO BTOPOM cerMeHTe o3HavaeT: <51 roros. Keraru, st nipu-
HSJ1 BCe JIaHHbIe, OTIIPABJIEHHbIE 10 9TOr0 ITOPSIKOBOIO HOMEPA, II09TOMY BO3Bpaliaio
BaM IOPSIZIKOBBIN HOMEP, KOTOPbII 03KU/IAI0 TTOJYYNUTD OT Bac B CJIe/yIOIEeM CErMeHTe».
Korzma y3es A TpUMeT 3TOT CETMEHT, €My OCTaHETCST TOJBKO MOATBEPANUTD HAYAIbHBIIH
HOPSIKOBBII HOMED, IPUCTIAHHBIN y3/0M B, OCBIIKOI cerMenTa ¢ yCTaHOBJIEHHBIM
srarom ACK 1 HOMEPOM HOATBEP:KIEHUs, Ha eAUHUILY GOJIBIIUM [TOPSIKOBOIO HOMEpA,
MPUCIaHHOTO y370M B, T0 ecTh 3001.

MPUMEYAHME Korpa TCP-cerMeHT coaepxuT dnar SYN unm FIN, nopsiiKoBbIA HOMEp YBENMYMBAETCS
Ha OAMH JAOMONHUTESNbHBIN 6aiT, YTOBbI NoKasaTh NpucyTcTaue dnara. NHoraa 3To HasbiBaloT ghaHMoM-
HbIM 6atimom TCP.

HanexxHocTb TapaHTUpPYeTCsI TTOATBEPKIeHeM ITpueMa OTIIPaBJIeHHbIX JaHHbIX. Ecan
BpeMST OXKUIAHWS TIOATBEPIKACHNS NCTEKIIO U y3eJ1 A He IPUHSIIT cerMeHT SYN-ACK, mpeji-
noJiaraetcs, uto y3es b He npunasn cerment ¢ gurarom SYN WM €ro OTBET HOTEPSJICS.
B sitoboMm cirydae y3es A MOKeT TIOBTOPUTD OTITPABKY HAYATbHOTO cermenTa. Eciu y3en b
MIPUHSI CETMEHT ¢ (hrarom SYN ¥ B TIEPBBII 1 BO BTOPOH pas, IPEIIoJIaraeTcst, uTo y3ema A
He ITOJIy4nJI 0TBeTa SYN-ACK, TI09TOMY OH MOKeT IIOBTOPUTD OTIIPAaBKY cerMeHTa SYN-ACK.

MNepenaya AaHHbIX

[lng nepeaum JAHHBIX y3JIBI MOTYT BKJIOYATh X B KaXKIBIH UCXOASAIINI CETMEHT.
KakpIii cerMeHT MapKUPYeTCsT OPSIIKOBBIM HOMEPOM TepBOro Gaiita (hakTHIecKux
JaHHBIX B [ocjenoBaTeabHOCTH. Kakapiit GailT nMeeT CBOM MOPSAAKOBbI HOMED, a 9TO
03HAYAET, YTO TOPSIZKOBbIIT HOMEDP CEeTMeHTa [OJKEH COBIIAIATD C TIOPSIKOBBIM HOMe-
POM MPEBIAYIIEr0 CErMEHTa, YBEINYECHHBIM Ha YMCJI0 OAliTOB B MPEIBIAYINEM CEIrMEH-
Te. Kpome ToTO, KOTr/1a CErMEHT € JAaHHBIMU IIPUHUMAETCS MOJIyJYaTesIeM, OH ITOChLIAET
MaKeT TOATBEPKAEHIS C HOMEPOM MOATBEPKIEHNUs], COOTBETCTBYIOUINM CJIEYIOIEMY
OKHMIAEMOMY TOPSIIKOBOMY HOMepy. OOBIYHO OH COBIIAAET C MOPSIAKOBBIM HOMEPOM
TPEIBIIYIIEr0 CErMEHTa, YBETMIEHHBIM Ha YncJI0 GalTOB B mpebiyiieM cermente. Ha
puc. 2.14 mokazaHo, Kak MMPOTEKAET MPOCTas Tepejiada 6e3 MoTepu CETMEHTOB. Y3ea A
nocbtaer 100 GaifT B IepBoM cermMeHTe, y3en b moarBepskaaer u mockliaet 50 ¢cBOMX
Gaiitos, ysen A nocsuaer emie 200 Galit, u 3aTeM y3es b IoATBepKIaeT MOJIyYeHNe dTIX
200 6aitT, He rmochlIasg HUKAKUX AOIOJHUTEIbHBIX JAHHbBIX.

Curyanus 0CcJI0KHSAETCS, KOT/Ia TPOUCXOIUT TIOTEPS CETMEHTOB WJIM OHU JIOCTABJISIOTCS
B HerpaBmwiibHOM miopsiake. Ha puc. 2.15 y3en A niocsinaer ysay b cerment 1301, koto-
PBII TepsieTCsT HA MOJITYTH. Y3es A JK/IET aKeTa MOATBEPKAEHISI C HOMEPOM TTOATBEP:K-
nenust 1301, Kora BpeMst 0)kuIaHust UCTEKAET, a Y3eJ A TaK U He TI0JIy4aeT TO/TBEP:K-
JICHVST, OH CYMTAET, UTO UTO-TO TIOIIJIO HE TaK: TJIe-TO Mexay y3inamu A u b norepsiicst
6o cerment 1301, mubo maker noarsep:kaeHus. B modoM ciaydae ysen A npuHuMaer
pellieHre TTOBTOPSTH Tiepeiauy cermenta 1301, moka He GyeT TOTyYeHO MOATBEPIK/Ie-
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Hie ot y3na B. YTo6bI MOBTOPHUTH Mepeiauy, y3ea A I0JKeH XPaHUTh KOMTHIO CerMEHTa
C IAHHBIMU TI0]] PYKOIi, U 5TO SIBJISIETCSI KII0Y€BOI 0c0OeHHOCTHIO padoTsl TCP: Moyib
TCP fosKeH XpaHUTh KOMUIO TIOChLIAEMBIX OAliTOB, TIOKA He TIOJIYYHT MOATBEPKICHUE
oT noJtyyateJist. TosibKo 1ocsie mosrydyeHus noarsepskaenud Mmoayiab TCP MoxkeT crepethb
3TOT CEIMEHT U3 MaMsTH.

Bpewms Yaen A Y3en b
SND.NXT | RCV.NXT [SND.UNA SND.NXT | RCV.NXT | SND.UNA
1001 | 3001 | 1001
o Seq #: 1001 3001 | 1001 | 3001
epenava
Ack #: 3001
¢ > Mpuem
Length: 100
1101 | 3001 | 1001 3001 | 1101 | 3001
Seq #: 3001 — MNepenava
Mpvem Ack #: 1101
1101 | 3051 | 1101 Length: 50 3051 | 1101 | 3001
ST— Seq #: 1101
Ack #: 3061 |—__ Monem
Length: 200
1301 | 3051 | 1101 9 3051 | 1301 | 3051
Seq#:3051 | Mepenaya
vt Aol 1391 3051 | 1301 | 3051
v | 1301 | 3051 | 1301 Length: 0
Puc. 2.14. lNMepepaya aaHHbIX npotokonoM TCP 6e3 notepu nakeTos
Bpewms Y3en A Y3en b
SND.NXT | RCV.NXT | SND.UNA SND.NXT | RCV.NXT [ SND.UNA
1301 | 3051 | 1301
ER— Seq #: 1301 3051 | 1301 | 3051
| Ack#: 3051 v
. n4yero He NPUHATO
Length: 100 * P
Y
1401 | 3051 | 1301
3001 | 1301 | 3051
_ Seq #: 1301
TavimayT! —
Ack #: 3051
> Mpuem
Length: 100
1401 | 3051 | 1301 3051 | 1401 | 3051
Seq#:3051 | Mepepaya
Mpviem ] Ack#: 1401
: 3051 | 1401 | 3051
v | 1401 | 3051 | 1401 Length: 0

Puc. 2.15. MNMoteps TCP-nakeTa 1 NOBTOpHas ero nepegada
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[Tpotokos TCP rapanTtupyer f10ocTaBKy JAaHHBIX B OIPEJEJICHHOM IOPAKE, TO €CTh
€CJIM y3eJI IPUMET TIaKeT ¢ TIOPSKOBBIM HOMEPOM, KOTOPBIN He OXKUIAJICS, Y HETO €CTh
nBa myTtr. CaMblil TPOCTOI — COPOCUTH TIAKET U KAaTh MTOBTOPHOI Mepeaun, KOoTaa
OH OKa)KETCSl Ha CBOEM MecTe. ANBTEPHATHBHBIN — COXPAHUTH CerMEHT B Oydepe 6e3
MOATBEP:KIEHUS U Oe3 Tepejlaul IPUKJIATHOMY YPOBHIO. TO €CTb CKONUPOBATH CETMEHT
B JIOKATBHBIN 6ydep MOTOKa, B MO3UIINIO, COOTBETCTBYIONIYIO MOPSIAKOBOMY HOMEDY.
3aTeM, KOr/Ia Bce MPEAbIAYIIHE CETMEHTBI OYYT MOJYYEHBI, TIOATBEPAUTH CETMEHT,
MIPUTIIE/IINI He TI0 TIOPSIIKY, ¥ TIEPEIATh €r0 IPUKIAHOMY YPOBHIO j1Jis1 00paboTKu, He
JI0’KU/IASICh TIOBTOPHOM TIepelauy OTIIPABUTEIIEM.

B mpeppiayux mpuMepax y3esr A BceTza JKIeT TMOATBEPKIEHNS, TTPeK/ie YeM TTOCaaTh
OYEPEIHYIO TIOPIUIO JAHHBIX. TAKOi MOPSAZOK PabOThI HE COOTBETCTBYET JACHCTBUTEIBHO-
CTHU U OITUCaH, TOJIbKO YTOOBI YIIPOCTUTH TIPpUMePbl. HeT HuKakuX TpebOBaHUI, KOTOPbIE
BLIHYKIATM OBl y3eT A OCTaHABJIUBATH MePefauy B OKUIAHUI MOATBEPIKICHIIS TOCTE
OTIPaBKU KaKA0ro cermMenTa. MaxTudecku, ecau Ob1 Takoe TpeGOBaHKE CYHIECTBOBAJIO,
potoko TCP HeBO3MOKHO ObLIO OBI HCIIOJIH30BATH [IJIs TIepefadun HH(MOPMAIIK Ha
GOJTBITIIE PACCTOSTHUS.

Kax BbI HaBepHsika nmoMuuTe, Bejmuria MTU misa Ethernet cocrasisier 1500 Gaiir. 113
HMX He MeHee 20 6aliT 3aHUMaeT 3arosioBok 1Pv4, 3arosnoBok TCP 3anumaert elie Kak
MuHEMYM 20 6aiiT, TO ecTh Beero B HeparmerTupoBanHoM cermente TCP, epenasa-
emoM uepes Ethernet, MoskHo oTnpaButh 10 1460 6ailT JaHHBIX. DTO YUCJIO HA3HIBAIOT
Maxcumarvivim pasmepom cezmenma (Maximum Segment Size, MSS). Eciu 661 ipoTo-
ko TCP oxusan noATBepskIeHNS MOCTe OTIIPABKH KaK/[OTO CETMEHTA, €T0 TPOITYCKHAs
c1roco6HOCTD Oblia 6bl BeCbMa M BechbMa orpatiyeHa. B aToM ciryyae ee MOKHO ObLIO Obl
BBIUMCJIUTD Kak 3HaueHne MSS, eieHHOe Ha BPeMST IOCTABKU CETMEHTA OT OTITPABUTEIST
JI0 TTOJTyYaTeJIst, TLTI0C BPEMSI IOCTABKHU MOTBEPAKACHUS OT TIOJIYIATENS 10 OTIIPABUTEIS
(8pems nepedauu,/noomeepacoenus — Round Trip Time, RTT). Bpems nepenaun,/mo-
TBEP:KIEHNsI Yepe3 BCIo cTpaHy cocTtasister npumMepro 30 mc. To ecTh MakcumasbHast
MIPOIYCKHAsT CIIOCOOHOCTD, AOCTUKUMAs TPOTOKoJ0oM TCP Ha TakKUX pacCcTOSTHUSX,
mora 661 coctasuth 1500 6aiiT/0,03 ¢, nau 50 kbaiiT/c, HE3aBUCUMO OT CKOPOCTHBIX
BO3MO’KHOCTEH KaHAJILHOIO YPOBHS. DTa CKOPOCTh MOTJIa Obl II0KA3aThCS BEChbMa IIPH-
suanoit B 1993 romy, Ho He cerosmsi!

Jlnst perenust mpobiemsr mpotokoay TCP mo3BosieHo mocaaTh cpa3y MHOKECTBO
CErMeHTOB, He JIOKUAAACH ToATBepsKAeHNs . OIHAKO KOJIUIECTBO TAKUX CETMEHTOB
HE MO’KET ObITh GECKOHEUHBIM, TaK KaK BO3HUKAET JApyras mpobiema. Korma nanHbie
TPAHCTIOPTHOTO YPOBHSI IOCTUTAIOT Y3714, OHU COXPaHAIOTCS B Oydepe, moka mporiecc,
CBSI3AHHBII ¢ COOTBETCTBYIOIUM [TOPTOM, HE U3BJICUET UX. B 9TOT MOMEHT JaHHbIe ya-
sstiorest 13 Oydepa. HeBaxkHO, KakuM 06beMOM AMSITH 00JIaIaeT y3es, caM Oydep nmeer
HEKOTOPBIN (hUKCUPOBaHHBIN pasMep. Jlerko mpeacTaBUTh, YTO CIOKHBIN MTpoTecc Ha
MEIJIEHHOM MPOIECCOPE MOYKET HE CIIPABJIATHCS ¢ 00pabOTKO# JAHHBIX, HOCTYHAIOTIMX
canmkoM 6uictpo. To ecthb kKorma Oydep 3aIoIHITCs, BHOBb MPUObIBAIONINE JaHHbIE
6yayT or6paceiBaThbest. st mpotokosa TCP 910 03HauyaeT, yTo MoJydyaeMbie JaHHbIE
He GyIyT MOATBEPAKIATHCS U OGBICTPOJAECHCTBYIONUI OTIIPABUTENb TOBTOPUT MEPEAAYY
JIAHHBIX C BBICOKOI CKOPOCTHIO. BechbMa BEPOSITHO, UTO OOJIBINAS YaCTh BHOBD OTIIPAB-
JIEHHBIX JIaHHBIX OISATh OyAeT cOpoleHa, TOTOMY YTO TIPUHUMAIOIINI y3€T NMeeT Bee
TOT K€ MEJJICHHBII TIPOIECCOP, HA KOTOPOM BBITIOJIHSIETCS BCE TOT JKe CJOKHBIN MPOTIECC.
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B pesynbrare sHaunTebHast 107151 TpacduKa GYAET MOTEPsIHA, YTO SBJISICTCS HEIOMYCTH-
MbIM pazbazapuBanuem pecypcos Murephera.

Yro0bl yCTpaHUTh 2Ty KatacTpoduueckyio Headdextusrocts, TCP peanusyer mpo-
ey PY, U3BECTHYIO KakK ynpasienue nomokom dannvix (flow control). Ynpasnenue
MOTOKOM He TO3BOJISIET OBICTPOCHCTBYIONEMY Y3y «3aBATMTh» TTAKETAMHU MEHee
6bicTpozeiicTByorero morpedburesns. Kaskaprii TCP-3aroloBOK COAEPIKUT MOJIE ¢ pas-
MEpPOM OKHa ITprUeMa, 3HaYeHHe KOTOPOTO YKa3blBaeT, Kakoii 00beM npreMHOro Oydepa
JIOCTYIIEH OTIpaBUTEN0 MakeToB. C ero moMOIIbio IPUHUMAROIIAsT CTOPOHA CO00IIaeT
HepeatoleMy Y31y MaKCUMAIbHbII 00bhEM TaHHBIX, KOTOPBIN TOT MOKET MOCJIATD, TTpe-
JKJI€ YeM IMPUOCTAHOBUTBCS B OKUIAHUY OATBep:KAeHs. PrcyHok 2.16 mumoctpupyer
0OMEH MmakeTaMu MeK/Y ObICTPOAEHCTBYIONIUM MEPEIAOIIAM Y3JI0M A U MeIJIEHHBIM
MIPUHUMAIONNM y3J10M B.

Bpewms Y3en A
SND. | RCV. | SND. | SND.
NXT | NXT | UNA | WND
1000 Y3en b
o SND. | RCV. | SND. | RCV.
epenasa S~ NXT | NXT | UNA | WND
Seq#: 1000
SYN
o . \ Mpuem
00
3001 | 1001 | | 300
................ A = Mepepava
| Seq#: 3000 Ack#: 1001 17
I Window: 300, SYN, ACK
Mpuem 4—5‘ """"""""
1001 | 3001 1001 [ 300
Mepenaua - 3001 | 1001 | 3000
1101 | 3001 1001 | 300 Seqf. 1001 Ack#: 3001
Mepenada Length: 100, ACK
1201 | 3001 | 1001 | 300 \ \ T
Mepepaya Seq#: 1101 Ack#: 3001
\ Length: 100, ACK 3001 | 1101 | 3001 [ 200
1301 | 3001 [ 1001 | 300 Rt SO R—
(__-I eq#H: CKH#. 1 o
Mpuem I Window: 200, ACK ! MpunoxeHne npuHsino 50 Gant
B o oy -
1301 | 3001 1101 | 200 = \ 3001 [ 1101 [ 3001 | 250
Seq#: 1201 Ack#: 3001
SND.NXT-SND.UNA Length: 100, ACK Mpuem
>= SND.WND 3001 | 1201 | 3001 | 150
Stalled Until ACK | N\ ___| Mepenada
1
-1 Sea#: 3001Acki#: 1201 Mpunoxexune npuHsno 50 Gaitt
[lprow L Window 190, ACK 3001 | 1201 [ 3001 | 200
B o o -
1301 | 3001 | 1201 150 -
pvem
Mepepava - -
™~ Seq#: 1301 Ack#: 3001 3001 | 1301 | 3001 | 100
1351 [ 3001 | 1201 150 Length: 50, ACK -
\~<._—_ ________ epenada
------- " -
Mpuem <=7 "o 3001 A 1307 \ 3001 | 1301 | 3001 [ 100
i . 1
v | 1351 [ 3001 [ 1301 | 100 Lo indow 100, ACK L Mpyem

Puc. 2.16. YnpasneHue noTokoM aaHHbIx B TCP
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WcximountenbHO /U1 IEMOHCTPAIIMN MaKCUMAaTTbHbIN pa3dmep cermenTa (MSS) B Hamem
npumepe orpanunden 100 Gaiiramu. ¥Y3ea b B HauaibHOM 1akeTe SYN-ACK yKa3bIBaeT
pasmep okHa mpreMa 300 6aiit, moatoMy y3en A mocbimaet ToabKo Tpu 100-6aliTHBIX
cerMeHTa ¥ IPUOCTAHABIMBAETCS B OXKUIAHUY NOATBepskIeHud oT y3ia b. Korza ysen b
MOCHLIAET MIEPBOE TIOTBEPIKIEHNUE, OH 3HAET, YTO Telephb B ero Oydepe 3ausito 100 baiir,
KOTOPbIE He MOTYT OBITh 06paboTaHbl TOCTATOYHO OBICTPO, TIOATOMY OH COOOIIAaeT
y3iy A, 4To OKHO 1preMa umeet pasmep 200 Gaiit. Ysen A momuut, uto emie 200 Gaiit
yoKe HaXOJATCA B Iy TH K y3J1y B, moaToMy B 0TBeT Hudero He nocbiaeT. OH BBIHYKIEH
MPOCTaMBATD, OKU/IAS €ITle OTHOTO MOATBePKAeHUS OT y371a b. K MomenTy, korza ysen b
TOTOB MOJATBEPAUTH BTOPOH 1akeT, 50 GAliT TaHHBIX YiKe U3BJIEYEHO MPUIOKEHUEM U3
Gydepa, To ecth Terieps B Oydepe 150 Oaiit 3anstro u 150 Gaiir cBo6oHO. [TockLiast -
TBEP/KICHHUE Y31y A, OH cOOOIIAET, YTO OKHO TIpreMa nMeeT pazmep 150 Gaiit. Yzea A
B 9TOT MOMEHT ITOMHMT, YTO BCE elile He MoATBep:kiaeHo nosrydenne 100 Gaiit, Ho mipu-
eMHOoe OKHO uMeeT pasmep 150 6aiiT, 103TOMYy OH MOCHLIAET Y3y B OMOJHUTENbHBI
50-6aliTHBIIT CETMEHT.

Ympassenne MOTOKOM IAaHHBIX TTPOJIOJIKAET JAEHCTBOBATH 110 ATOM cxeMe: y3ena b Bcerma
coobrmaer yaiy A, Kakoii 00beM JaHHBIX OH MOKET COXPAHUTh, YTOOBI y3ea A He 11ocIall
JaHHBIX GOJIBIIE, UeM y3eJ B CMOKET COXPaHUTD B Oydepe. YUUThIBast BBIIIECKA3AHHOE,
TEOPEeTUYeCKUH MpejiesT TT0JI0ChI TTPOITyCKaH!s /71T ToToKa AaHHbIX TCP MOXKHO BbI-
YUCJUTB TI0 CJIeLytotell hopmyJre:

PaSMep OKHa ITpueMa

[ITupuHa 110710CH TPOITYCKAHUS X .
Bpems nepenaun/moaTBepKIACHAS

V3-3a CTUIIKOM MAJIEHBKOTO OKHA TIPUEMa MOJKET 00Pa30BaThCst y3KOe MECTO B Tiepeiade
TCP. Bo us6esxanie 9TOro pasMep OKHa IpUeMa JOJLKEH ObITh JOCTATOYHO OOJIBIIIM,
4TOOBI TEOPETUUECKast IIPOIYCKHAsE CIIOCOOHOCTH Beera Oblia H0JIbIe MaKCUMaTbHON
CKOPOCTH TIepeiauil KaHATBHOTO YPOBHS MEKIY Y3JIaMHI.

O6paruTe BHUMaHKe, 4TO Ha puc. 2.16 ysen b mockuiaer ysiay A aBa HOATBEPKIEHUST
noApsiZi. ITo He camoe 3(PhhHEKTUBHOE MCIIOTB30BAHUE TTOJOCHI TPOIYCKAHUS, TIOTOMY
YTO HOMEP IIOATBEPKIEHUS BO BTOPOM IaKeTe ACK HOATBEPKAAET TaKKe Bce OailTbl,
KOTOpbIe OBLIN MOATBEPIKICHBI IEPBBIM TTakeToM ACK. Ha mepenauy oxnux tospko 1P-
u TCP-3aro/i0BKOB GbLIO BILYCTYI0 TIOTpadeHOo 40 OaiiT MOJI0CHI POy CKaHust OT y3Jia b
K y371y A. A eciin yuecTh pacxojbl Ha (hopMUpPOBaHUe Kajpa KAHAJbHOTO YPOBHS, Ha-
TpacHbIe 3aTPAThl OKA3bIBAIOTCS etife Gorbite. YToObI yeTpaHuTh Takoe HeahPeKTHBHOE
pacxojioBanue pecypcos, ipasusia TCP mpemycMaTpuBaioT BO3SMOKHOCTD OMI0NCEHHOZ0
noomeepacoenus (delayed acknowledgment). CorsiacHo onpeziesieHIo IpoTOKoJIa, y3el,
npunsiBinuit TCP-cerMenT, He 06s13aH HEMEIEHHO TOATBEPIKIATH €T0 — OH MOJKET BbI-
skaaTh 10 500 MC WK 10 MOMEHTA TI0JTyYeHUsT CJeYIONIEr0 CEFMEHTA, B 3aBUCUMOCTU OT
TOTO, KaKoe COOBITHE HACTYITUT PaHblie. B mpeapiLyiineM npuMepe eciu y3es b moayant
cerMenT ¢ mopsiikoBbiM HoMepoM 1101 B redenue 500 Mc ¢ MOMEHTa MOJyYEHUSI Cer-
MeHTa ¢ opsiIKoBbIM HoMepoM 1001, oH l0/KeH 1ocsIaTh MOITBEPIKIEHUE TOJIBKO JIJIs
cermenTa 1101. Iyt TSKETBIX TIOTOKOB JJAHHBIX TAKOH 1preM 29(hHEKTUBHO yCTPaHSET
MIOJIOBUHY MOATBEP:KACHUH 1 BCeT/ia IaeT MIPUHUMAIOIIEMY Y3JIy BPeMs U3BJIeUb KaKy1o-
TO 4aCTh JIAHHBIX U3 Oydepa, Orarofapst 4eMy MOCJAEHUI MOKET BEPHYTH YBEJTUYEHHBII
pasMep OKHa MpUeMa B CBOEM MOITBEPSKICHIH.
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MexaHu3M yTpaBJIeHUsT TOTOKOM JaHHBIX TToMoraet npotokosy TCP 3ammrute «coa-
ObIX» MOTpebuTEeH OT 3aBAJIMBAHNST TAHHBIMY, HO OH HUYETO HE JieJIaeT, YToObl mpe-
JOTBPATUTH TAKOE JKe TIeperoiierie MeJIEHHbIX CeTell 1 MapuipyTu3atopos. Tpaduk
B CETSIX BO MHOTOM HAIIOMHUHAET JBVKEHHE aBTOMOOUJIEH 110 KPYITHOU MarucTpaJIH.
B ocobero momyasapHBIX MapIIpyTH3aTOPax 3aTOp 00pa3yeTcs Kak Ha OKMBIEHHBIX
TIEPEKPECTKAX, TAK U B MECTAX Chea/ia ¢ Maructpaseil. YTo6sr n3beskarh meperpysKi ce-
reit, mporokos TCP peanusyer MexaHusM ynpasienus samopamu (congestion control),
KOTODBIH 110 CBOMM (DYHKITHSIM HAIOMUHAET CBETOMOPBLL. J{JIsT yMeHbIIeHUsT HATPY3KU
MozyJsib TCP co3HaTenbHO OrpaHnIrBaeT 00beM HEMIOATBEPIKIEHHBIX JAHHBIX, KOTOPBII
MOJKET HAXOJUTHCS B TIYTH. ITO TOXOKe HA PabOTy MEXaHN3MA YIPABIEHUST TOTOKOM
JAHHBIX, TOJTBKO BMECTO pa3Mepa OKHa IIPHeMa, YCTaHABINBAEMOTO TPHHNMATOIIEH CTO-
POHOI1, 371eCh MICIIOIb3YETCsT 3HAUEHIE, BEIYIICJEHHOE Ha OCHOBE YHNCJIa TIO/ITBEPKAEHHBIX
WU COPOTITIEHHBIX MAKETOB. TOUHBIN AJITOPUTM 3aBUCHT OT KOHKPETHOI PEaTU3aIIH, HO
0GBIYHO OH SIBJISIETCST HEKOTOPOH PA3HOBUIHOCTHIO CUCTEMBI € Q/UIUTHBHBIM YBEJINYEHH-
€M ¥ MYyJIbTUIINKATUBHBIM YMeHblIieHeM. To ecTb, yCTaHABIUBAS COeUHEHNE, MOLY b
TCP omnpeiesisier OKHO TIEPETPY3KU ¢ pasMepoM, KpaTHbIM MSS. O6bIYHO BEIOMpAETCSE
pasmep, paBHBIN 1ByM MSS. /lajsee, ¢ mosydeHTeM MOATBEPKACHUS AT KasKIOTO
cerMeHTa pa3Mep OKHa TIeperpysKu yBeJndymnBaeTcs: Ha BenanHy MSS. B naeampHbIx
COCJIMHEHVISIX, TP TIOTBEPIKICHIN BCEX MAKETOB, OKHO TIEPErPy3KH OY/IET yIBAUBATh-
cst B pazmepax. OpHako ecsn maketr Gyaer norepsid, Moaysib TCP ObICTPO YMEHBITUT
OKHO IePerpy3Ky HAMOJIOBUMY, IIPEIIOIArasi, YTO MOTEPsI BbI3BAHA 3aTOPAMU B CETH.
B pesynbrare 3TOTO OCTUTAETCS PAaBHOBECHE, IPH KOTOPOM OTIPABUTEJND MTOCHLTAET
JaHHBIE CO CKOPOCTHIO, He BBI3BIBAONIEH TAKOTO yBeINIeHUs TpaduKa, IpH KOTOPOM
MaKeThl HAUNHAIOT TEPSITHCS.

ITporokos TCP MoskeT Takke ClocOOCTBOBATH YMEHBIIEHUIO 3aTOPOB B CETH, MOCHLIAsT
MAKEThl C PasMepaMu, MAaKCUMaTbHO Ou3kuMu Kk MSS. Tak Kak K KakIOMy MakeTy
npuaraercst 40 GaiiT 3aroI0BKOB, Tiepe/iada HECKOJIBKIX MAJIEHBKIX CETMEHTOB OKa3bl-
BaeTcs Menee 3(hPeKTUBHOM, 4eM 00beUHeHNe CETMEHTOB B OUH O0JIbIION (hparMenT
U Iepejiada ero 1o Mepe roTOBHOCTH. JTO o3HavaeT, uto Moayib TCP nosken umernb
UCXOASIIUI Gydep I HAKOMJICHUSI JaHHBIX, MOCBIIAEMBIX YPOBHEM, HAXO/ISIIITIMCST
Bbitire. YToObI ONpeIe/InTh, KOT/Ia HaKalInBaTh JaHHbIe U KO/, HAKOHEII, OTIIPABUTh
cermenT, MHorue peanusanuu TCP ucnosb3yior ¢Boj| IpaBUJI 110/] HA3BAHUEM aI20PUMM
Heiizna (Nagle’s algorithm). Tpaguuumonso, eciu gaHuble yke ObLIM OTIIPABJIEHbI, HO
erie He OBLIU TOATBEPIKAEHDI, TPOU3BOJNTCS HAKOTIJIEHUE JIAHHBIX, TIOKA UX 00beM He
peBBICUT pasMep MSS um okHa Teperpy3Ku, — B 3aBUCUMOCTH OT TOTO, YTO MEHBIIIE.
Kak T0JIbKO 9TO MTPOMB0U/IET, TTOCHIIAETCS HAnOOJBIIUI CETMEHT, 0Ty CKaeMblil 9THMU
JIBYMSI TIpe/ie/IaM.

COBET Anroputm Heiirna — 6eaa ans Urpokos, NpeanoynTatoLLmMX Urpbl, KOTOpble UCMosb3ytoT TCP
B KayecTBe MpPOTOKOJ1a TPAHCMOPTHOrO YPOBHS. [03BONSS CHU3UTL NOTpebsieHne Nonockl NPoMnycKaHus,
OH MOXET CyLLECTBEHHO YBENMYUTL 3a[IEPXKKY Nepes OTNpaBKoi AaHHbIX. Ecnv urpe, oencTBytoLen B pe-
)KMMe peasnibHOro BpeMEHM, TPebyeTCsl YacTo NockiNaTh cepBepy HEGOMbLIME U3MEHEHUS, MOXKET NMPONTH
MHOXECTBO MIPOBbLIX KaApOB, NOKa HAKOMWUTCS AOCTAaTOYHOE YMCI0 U3MEHEHWMI, YTOGbI 3amnonHuTL MSS.
B pesynbTaTe y Mrpoka MOoXeT C/TOXWUTLCS BNeyaT/eHne, YTO Urpa «TOPMO3WUT», XOTS 3TO BCEro /InLb -
ekt paboTbl anroputMa Heiirna. Mo 3Toi NpuymMHe 6oMbILIMHCTBOM peanusaumii TCP noaaepXvBaeTcs
napameTp, NO3BONSIOWMIA OTKSIHOUUTL 3TY (DYHKUMIO YNpaBieHus 3aTopamu.
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OTkNtoveHne

Paspois coequternst TCP tpebyer 3alipoca Ha 3aBepIIeHUE U MTOATBEPIKACHUS ¢ KayKIoi
CTOPOHBL. 3aBepIIUB [epe/jady JaHHbIX, Y3eJl IOChLIAET [TaKeT ¢ yCTaHOBJIEeHHBIM (Jia-
roM FIN, coo0Iiast, 9TO FOTOB MTPEKPATUTD TIEPelauy AaHHbIX. Bee TaHHbIe B UCXO/ISIIEM
Gydepe, BKItouast makeT FIN, OCBLTAIOTCS U MEPEChLIAOTC, TIOKa He OyAeT MOJIyueHo
noareepxaenue. [1pu atom moayss TCP we Gyer npuHUMATh HOBBIE UCXO/AIINE JIaH-
HBIE OT BBITIEIeRKAIero yposud. OHaKo JaHHbIE, TTOCTYIIAIONINAE OT IPYTOTO Y3714, BCe
eliie MOTYT IPUHUMAThCST U OYAyT TOATBEpsKAaThest. Korma apyrasi CTOpoHa 3aKOHUUT
nepejiady, oHa Takxke OTIpaBuT makeT FIN. Korza yses, MHUIIMUPOBABIINI [TPOLIEAYPY
3aKPBITHS COEIMHEHMS, TIOJIYYNT OT IPYTOTO y3Jia rakeT FIN 1 makeT ACK B OTBET Ha CBOM
nmakeT FIN WM KOT/[a MCTedeT BpeMs oskujanus mnaketa ACK, moxysb TCP momHOCTBIO
3aKpOET COe/IMHEHNEe U YAAJIUT BCIO MH(MOPMAIINIO O HEM.

MpyknagHOW YpPOBEHb

Ha camom Bepxy caoeroro nupora TCP/IP naxoguTcst mpuKIaHON YPOBEHb, T/e el -
CTBYET IIPOrPaMMHBII KOJI MHOTOIIOJIb30BaTEIbCKON UTphl. [IpukianHoli ypoBeHb Takske
CJLYKUT TIPUOEKUIIIEM JIJIST MHOKECTBA OCHOBHBIX TPOTOKOJIOB VIHTEpHETA, ONUPAIOIINX-
CsI Ha TPAHCIIOPTHBIN YPOBEHD, U 3/1€Ch MBI UCCJIElyeM HEKOTOPbIE U3 HUX.

DHCP

[IpucBauBanue ynukaabubix ajgpecoB [Pv4 y3mam B JIOKaJbHON [OJICETH MOKET OKa-
3aThCsT HETIPOCTOI 3a/1auell /15T aIMIHUCTPATOPOB, 0COOEHHO KOT/IA B PAGOTY BKIIOYA-
10TCsI HOYTOYKH 1 cMapThOHBI. [[pomoxon dunamuueckoll Konguaypauui cemegozo ysia
(Dynamic Host Configuration Protocol, DHCP) perraer aty rnpo6Jiemy, aBast BO3MOK-
HOCTD Y3JIy 3aIIPOCUTH TTapaMeTPbl HACTPOUKH TTPY MOKJIIOYEHNN K CETH.

IMoprmtouasich K ceTH, y3es co3aaeT coodieHne DHCPDISCOVER ¢ cobcTBeHHBIM MAC-
ajipecoM u TockliaeT ero 1o rmporokosry UDP Ha agpec 255.255.255.255:67. [lockoabky
9TO COOOIIEHHE MTOIYUNT KaxKAblil y3e/1 B IOACeTH, JI0O0I UMEIONUIicsa B HEll cepBep
DHCP Ttakske npumert ero. Cepsep DHCP nipu Hamnunu csoboaroro IP-aapeca aist
KJTMEHTa TIO/ITOTOBUT TlakeT DHCPOFFER c mipessiaraembiM [P-aspecom 1 MAC-anpecom
KJaueHTa. B aToT MOMeHT kimeHT 1oka He nMmeeT [P-azpeca, mostomy cepsep He MOKeT
MOCJIATh TTAKET €My HEeIoCPeICTBEHHO. BMeCTO ATOTO OH TIOIIIET MIMPOKOBENATENbHBII
naket Ha UDP-nopt 68. Bee kanentet DHCP nipumyT nakeT, 1 Kaxblii IPOBEPUT
MAC-azpec B coobiennu, 4to0bl OIPeJeUTh, He apecoBaHo Ji coodiuienue emy. Korza
HY’KHBII KJIMEHT TIOJIYIUT COOOIIEHNE, OH TIPOUHTAET MPEATIOKeH b [P-axpec u perrwr,
IpUHUMAET OH IIPeVIO’KEeHNeE WU HeT. B cirydae 1mosioskUTeIbHOrO pellieHusl OH OTBe-
YaeT IMPOKOBeLaTeIbHbIM coo0IeHeM DHCPREQUEST ¢ 1poch0Oil 3aKPEUTh 32 HUM
MpeJIoKEHHBIN azipec. Ecm mpensioxkenue Bee elne B CUie, CepBep OTBETUT OTISTH JKe
IIUPOKOBEIIATEIBHBIM COOBIEHHEM DHCPACK, OJIHOBPEMEHHO TIOITBEPIKAAIONINM TIPH-
cBauBanue [P-ajipeca KIMEHTY U HePeAAIONIUM JH00YIO IONOJTHUTETbHY 0 HH(MOPMATIHIO
0 CeTH, TAaKyH0 KaK MacKa MOJCETH, afpec MapIIpyTH3aTopa 1 Jo0ble PEKOMEHIyeMbIe
cepsepbl uMeH DNS.
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Tounsrit popmar nakeroB DHCP u gononuutenbnyo nHGOpManio MOKHO HAUTH
B siokymente RFC 2131, cchuika Ha KOTOPbI TPUBOAUTCS B pasjiese «/ljs ponosinu-
TEJTHHOTO YTEHUS >

DNS

IIpomoxon cucmemot domennvix umen (Domain Name System, DNS) ocymiecrsisier
npeoGpa3oBaHnie UMEH JOMEHOB U mojiioMeHOB B [P-aipeca. Koria KoHeuHOMY 110J1b-
30BaTeJI0 MOHAA00OUTCS BBITIOJIHUTH OMCK B Google, eMy He TIpUAETCST BBOAUTD ajipec
74.125.224.112 B BebO-Opaysepe — OH MOKET IIPOCTO BBECTH WWW.google.com. YToObr
npeobpasosathb goMenHoe uMs B IP-anpec, Be6-6paysep kianenta nomwier DNS-3zampoc
no IP-aapecy cepBepa MMeH, Ha HCIIOJIb30BaHE KOTOPOTO HACTPOEH KOMITBIOTED.

Cepsep umen (name server) XpaHUT KapTy COOTBETCTBUI JJOMeHHBIX nMeH 1 [P-asipecos.
Hamnpumep, B aToil kapTe nMeHn www.google.com mMosxeT coorBeTcTBOBaTh IP-ampec
74.125.224.112. B HTepHETE CyNIECTBYIOT THICSIYH CEPBEPOB NMEH, HO GOJBITUHCTBO
U3 HUX XPAHUT HHPOPMAIIUIO TOJBKO 0 HEOOIBIIIOM MOAMHOKECTBE TOMEHOB U TTO/I-
nomenoB WuatepHera. Ecm 3ampaimmBaeMblii cepBep MMeH He BiajeeT wHbopMaluei
0 TpeGyeMoM JIoMeHe, OH OOBIYHO NMEET CCHIIKY Ha G0JTee OCBETOMIEHHBIH cepBep MMEH,
K KOTOPOMY U 06paliaeTcsi ¢ aHaJTOTHYHBIM 3aIIPOCOM. Pe3yiibraT BTOporo 3ampoca
0OBIYHO COXPAHAETCS B KIIIIe, UTOOBI IIPHU CJIEYIONEM OOpallieH!N K 9TOMY e IOMEHY
cepBep UMEH MOI Cpa3y K€ BepHYTb OTBET.

3amnpocsl 1 orBeThl DNS 06b14HO HochLIatoTes mo npotokoiry UDP wHa nopt 53. Ux
dopmarsr onpeaensiioress B gokymente RFC 1035, ceplika Ha KOTOPBIN TPUBOIUTCS
B pasfiesie /1711 TOMOTHUTETbHOTO UTCHUS».

NAT

Jlo cux mop Bce obeysxaasuecs [P-angpeca OB 2106a16HO MAPUPYMUSUPYEMBIMU
(publically routable). IP-ampec cunraercst r06aaIbHO MAPIIPY TU3UPYEMbIM, €CITH JIF0OON
[PaBUJIBHO HACTPOEHHBIN MapuipyTusartop B VIHTepHETE MOKET HOCTPOUTH MAPIIPYT
MaKeTa Tak, YTO TOT B KOHEYHOM CUETe JIOCTUTHET y3Ja ¢ atuM [P-aapecom. [list atoro
JII000#1 TII06AIBHO MaPIIPYTH3UPYEMBIiT aipec T0JKEH ObITh TIPHUCBOEH TOJBKO OTHOMY
yaay. Eci onus 1 ToT ske IP-ampec 6yet mprCBOeH ABYM y3JIaM, TAKeT, TpeHa3HavYeH-
HBII OJIHOMY Y3JI¥, MOJKET OBITh TIepe/ia APYTroMy. Eciii oM 13 TakuX y3JI0B BBIMOJIHUT
3a1poc K BeG-CePBEPY, OTBET MOKET OBITh OTIPABJIEH IPYTOMY Y3JIY.

Y1066l 06ECEUnTh YHUKATBHOCTH TI00AJIBHO MapIIPYTU3UPYEMBIX a[PECOB, OPTAHNU-
sanusg ICANN u ee Guimanbl pacipeaessaoT oTaelbHble 010Kku IP-agpecos MexkmLy
KPYITHBIMU OPraHU3AIUSIMUA, TAKUMU KaK KOPIOPAINHU, YHUBEPCUTETHI U TIOCTABIINKT
yeayr IHTepHeTa, KOTOpBIe 3aTeM MOTYT Tepe/laBaTh 9TH aJIpeca CBOUM COTPYIHUKAM
U KJIMEHTaM, FapaHTUPYsT YHUKATBHOCTD KaJK/OTO aipeca.

Tak xax IPv4 umeer b 32-6MTHOE agpecHOE IIPOCTPAHCTBO, TEOPETHUYECKHU CY-
mectByet 4,294,967,296 rinobanbhbix [P-agpecos. 113-3a HEBEPOSITHOTO POCTA YHCJIA
CETEBBIX YCTPOWCTB U 0cobeHHOCTEH paciipeneneHus [P-aapecos opranusanueii
ICANN aT10 KO/IMU€ecTBO 0KAa3aJ0Ch HEJOCTATOUHBIM. HacTo ceTeBoil a/IMUHUCTPATOD
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WJTH TTOJIB30BATEh MOKET OOHAPYKUTD, YTO YHCJIO Y3JIOB €0 CETH MPEBBIMIACT YHUCIIO
umemnomuxcst riaobdanbubix [P-azpecos. Hammpumep, y Kas10ro us Hac Kak pazpaborau-
KOB BU/IEOUTP HABEPHSIKA IMEETCST CMapT(HOH, HOYTOYK M UTPOBAS KOHCOJTD, HO TOJIBKO
oIMH TJ100asbHbIi IP-axpec, moJydeHHbIN B apeH/1y y IocTaBIiuKa yeiayr MHTepHeTa.
HackoJibko 661710 061 Hey100H0, ecin Obl Kax10€e YCTPOiicTBO TpeboBaIo Ha3HAYEHUS]
eMy BBIIeIeHHOTO rmobambroro IP-agpeca? Kaxasiit pas, moaKIoyas HOBBIH TayKeT
K MHTepHeTy, Mbl MOTJIH GBI BCTYTIATh B COCTSA3aHUE C IPYTUMU MOJTH30BATEISAME 34
nosiydernue HoBoro IP-azpeca y mocraBuuka ycayr HTepHeTa U, COOTBETCTBEHHO,
TIJIATUTD 32 3TOT afIpec.

K cuactbio, 6arogapst MexaHusMmy npeoopasosanus cemeevix aopecos (Network
Address Translation, NAT) cyIiiecTByeT BO3MOKHOCTD IIOAKIIOUYEeHUs K MIHTepHETY
1[eJI0H1 TojiceTH, MMest eIMHCTBEHHBIN r1o0anbubiil IP-agpec. YT0ObI HACTPOUTH
npeobpasosanue agpecoB (NAT) a1 ceTr, KaKJIOMY y3JIy B 9TOH CeTH HYKHO IPHU-
CBOUTD JOKANbHO Mapupymusupyemoiii (privately routable) IP-agpec. B ta6a. 2.15
nepeuncienbl HekoTopbie 6joku IP-agpecos, kotopbie opranusaius IANA 3apesep-
BUPOBAJa JIJIsT YaCTHOTO MCITOJB30BAHUS, TAPAHTUPYS, YTO HU OJIMH aJ[pec M3 3TUX
6JIOKOB HUKOTZ[a He OY/IeT UCIIONb30BaThes Kak raobanbhbiii [IP-agpec. To ectb J10060ii
M0JIb30BATEb MOKET CKOHCTPYHUPOBATH CBOIO JIOKAJIBHYIO CETh, NCIIOJIb3Y ST JOKAJIBHO
MapuipyTusupyembie IP-anpeca, 63 He0OXOIUMOCTH TIPOBEPSITh UX YHUKAJIbHOCTb.
Ob6ecneunBarh yHUKAJIbHOCTb aPECOB He TpeOyeTcs, IOTOMY YTO a[peca He ABJIAIOTCS
r100aIbHO MapIIPYTU3UPYEMbIME. TO €CTh HU OJUH MapuipyTusatop B VIHTEpHETE
He uMeeT MHGOPMAIINHU O TOM, KaK JOCTUTHYTH y3Ja ¢ JokaJabHbIM [P-anpecom, 1o-
ATOMY COBEPIIEHHO HEBAJKHO, CKOJIBKO JIOKAJIBHBIX CETEI UCIOIb3YIOT OJTHU U T€ JKe
sokanpHbie [P-ampeca.

Ta6nuua 2.15. bnoku nokanbHbix IP-agpecos

Avana3oH IP-agpecos Moacetb
10.0.0.0-10.255.255.255 10.0.0.0/8
172.16.0.0-172.31.255.255 172.16.0.0/12
192.168.0.0-192.168.255.255 192.168.0.0/16

Yro6BI MOHATH, KAK BBITOJHIETCS MPEOOPA3OBAHNE CETEBBIX aJ[PECOB, PACCMOTPUM
JIOMAIITHIO CETh JII0OUTENST BUIEOUTP, n300paxkennyto Ha puc. 2.17. VrpoBast KoH-
coJib, cMapThOH U HOYTOYK — BCEM ITUM YCTPOWCTBAM BJIAIEIBIIEM CETH MTPUCBOCHBI
YHUKaJIbHbIE JOKaTbHbIe [P-apeca, 1s 9Toro eMy He moTpe6oBaioch COrIacoOBbIBATH
CBOM JIEWCTBUS ¢ KAKUM-JT00 MOCTABIMKOM ycyT. CeTeBOMy KOHTPOJIJIEPY MapHIPyTH-
3aTopa, 06paIeHHOMY B JTOKATbHYIO CETh, TAKKe MPUCBOEH JTOKATbHBIH [P-anpec, a ero
CETEBOMY KOHTPOJLIEPY, o6palieHHoMY B VIHTepHET, TPUCBOEH TI06aIbHO MAPIIPYTH-
supyemblii [P-azpec, BoiianHblil nocraBimukoM yeiayr MHrepHera. Tak Kak JIOKaJIbHO
a/pecyeMblii ceTeBOI KOHTPOJITIEP TTOKITIOUYEH K JIOKATBHOM CETH, €T0 HAa3bIBAIOT TOPTOM
noxanvioti cemu (Local Area Network, LAN), a Tak kak r100a/IbHO apecyeMblii ceTeBoii
KOHTPOJLIEP TOAKIIOYEH K TI006aJIbHOMN CETH, ero Ha3bIBAIOT OPTOM 2106ANbHOL Cemi
(Wide Area Network, WAN).
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MapLpyTusaTop
WAN NIC IP: 18.19.2021 r--=-=-=-=—-=-=-=-=-- -~ WHTepHeT
LAN NIC IP: 192.168.1.1

MrpoBas koHconb CwmapTtdoH HoyTtbyk
IP: 192.168.1.2 IP: 192.168.1.3 IP: 192.168.1.4

Puc. 2.17. JlokanbHas ceTb, HaX0AALWAsCs 3@ MEXaHN3MOM NMpeobpa3oBaHns CETEBbLIX aApecoB

Jlist 9TOTO TIPHMEpA MIPEJIITOTIOKUM, YTO HA Y3JIe ¢ T100aIbHO MapHIPy TH3UpyeMbiM [ P-
azipecoM 12.5.3.2 feiicTByeT UrpoBoii cepBep, uctomb3ytomnuii topt 200. Ha urposoii
KOHCOJIU € JIOKaJAbHBIM IP-aipecom 192.168.1.2 BBIIOJIHSIETCS UIPa, UCIOIb3YIONas
nopt 100. MrpoBoii KoHCco/1 OTPe6OBaNOCH II0CAaTh COO0IIEHNE Ha cepBep 110 IIPo-
tokoay UDP, moatoMy oHa KOHCTPYHUPYET JaTarpaMMy, Kak 1mokasano Ha puc. 2.18,
C a/IpecoM OTIIPAaBUTE/IA 192.168.1.2:100 1 aZipecoM IoJrydaress 12.5.3.2:200. Eciu
JOTIYCTUTh, YTO Ha MAPIIPYTU3aTOPE OTKIIOUEHO MPeoOPa3oBaHNe CETEBBIX aPECOB,
KOHCOJIb TOTIJIET JaTarpaMMy B JIOKAJIbHBIN MOPT MapHIPyTU3aTOPa, KOTOPBI Tepe-
MPABUT €T0 B II00AIBHBII TOPT, MOAKI0OUeHHbIN K VIHTepHEeTY. B KOHEUHOM cueTe Ta-
KeT JIOCTUTHET cepBepa. M B 3TOT MOMEHT BO3HUKHET mpobsieMa. Tak Kak makeT uMeeT
ajipec OTIpaBuTesist 192.168.1.2, cepBep He CMOKET MOCIaTh OTBET 0OpaTHO. Kak Bbl
TIOMHUTE, ajipec 192.168.1. 2 ABIIETCSA JOKAIbHBIM, ITOTOMY HI OJIUH MapIIPyTU3aTOP
B VHTEpHEeTE HE CMOXKET IIPOJIOKUTD MAPIIPYT K aTOMY ajpecy. Jlaxke ecau Ha KaKOM-
TO MapIIPYTU3ATOPE OKAKETCST COBEPIIEHHO OECCMbICJEHHAS ISt HETO WH(DOPMAIHsT
o MapuipyTe k aroMy IP-azpecy, BecbMa Majlo BEPOSATHO, UTO ITaKeT AOCTUTHET UTPOBOM
KOHCOJIM, TaK Kak B VIHTepHeTe CylecTBYIOT MHOTHE TBICSYHU Y3JI0B € JIOKAJIbHbIM [P-
azpecom 192.168.1.2.

Yro6er peruth podsremy, MoyJib NAT Ha MapiipyTusaTope MOKeT H3MEeHUTH [ P-maker,
3aMeHMB JIOKaIbHbIH [P-azpec 192.168.1.2 rmrobanbHbiM [P-azpecom mapuipyTusa-

MrpoBast KoHcomnb MapuwpyTtusatop Cepsep
NIC LAN NIC WAN NIC NIC
192.168.1.2 Sro: 192.168.1.2 | 18.19.20.21 12.5.3.2
Mepenaya 192.168.1.2:100 (3| Mpuem
Dest:
12.5.3.2:200 MNepenava Mpviem
Mepenaya

12.5.3.2:200
Dest:
192.168.1.2:100

?7??

Puc. 2.18. MapuwpyTtusatop 6e3 noaaep>xku npeobpaszoBaHns CeTEBbIX aApecoB
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TOpa 18.19.20.21. DTO PENIUT YacTh TPOOIEMBI, HO He BCIO: pocTas moaMena [P-axpeca
CO3/IaCT cUTyaIuio, uzobpaxkeHuyo Ha puc. 2.19. /Iy cepBepa gararpamma Gy/ier Bbi-
TJSIZIETD Tak, Kak ey Ol OHa Oblia OTIPaBIeHa HETIOCPEACTBEHHO ¢ TIobarbHoTo 1P-
aj[peca MapIipyTU3aTopa, MOITOMY OH GJIATOTIONYYHO OTIPABUT OTBET MAPIIPYTU3ATOPY.
OHaKO MapIIPyTU3ATOP HE TIOMHUT, KTO OTIIPABUJI UCXO/THYIO JIaATarpaMMy, TOITOMY OH
He 3HAeT, KOMY HAIPABUTD OTBET.

MrpoBas koHconb MapwpyTtusatop Cepsep
NIC LAN NIC WAN NIC NIC
192.168.1.2 Src: 192.168.1.2 | 18.19.20.21 12.5.3.2
Mepepava 192.168.1.2:100 Mpviem
Dest:

12.5.3.2:200 Moamena IP otnpasuTens

Mepepava = Mpuem
Mepepnava
Mepepava 12.5.3.2:200
29727 Dest:

18.19.20.21:100

Puc. 2.19. MapuipyTv3aTop, NOAMEHSIOWMIA aapec OTNpaBUTeENs

Yt0ObI BEDHYTH OTBET HY;KHOMY JIOKAJILHOMY Y3JIy, MAPIIPYyTU3ATOP JOJDKEH UMETH He-
KOTOPBIN MEXaHN3M, OITPEIEITIONINMI TIOTydaTes s BXOJSIIETo akeTa B IOKAJTbHOW CEeTH.
Cambrit mpocToit cmoco6: co3marh TabIUIly 1 3aUCHIBATD B Hee [P-afipeca oTmpaBuTe-
Jieil BceX MCXOAMNX MAaKeTOB. 3aTeM, IPU MOJyIeHNN oTBeTa ¢ BHenrHero [ P-aznpeca,
MPOCMOTPETh TabJINILY, HAUTH BHYTPEHHWH Y3€J1, MOCAABIIHH TTAKET M0 9TOMY ajipecy,
U 3aTeM 3anucath B naket [P-agapec BuyTpentero ysina. OHAKO 9TO pellieHne OKasKeTCsT
HepabOTOCIIOCOOHBIM, €CJIU CPa3y HECKOJIBLKO BHYTPEHHUX Y3JI0B OY/IyT MOCHLIATD MTaKe-
TBI OJIHOMY U TOMY K€ BHEITHeMY y3Jry. MapIpyTu3aTop He CMOKET OIPE/IeJINTD, KaKue
BXO/ZAIINE MTAKEThl KAKOMY M3 BHYTPEHHUX Y3JIOB IIpE€/IHa3HAYCHbI.

Peienne, ucmonb3dyeMoe BCeMU COBPEMEHHBIMU MapIIPYTH3aTOPAMU C MOEPIKKOI
NAT, 3aksodaercst B TOM, 4TOOBI CTOMATh Gapbep MEXK/IY CETEBLIM M TPAHCTIOPTHBIM
yposaeM. [Toamensis ve Toabko [P-anpeca B [P-3arosioBke, Ho 1 HOMepa MOPTOB B 3ar0-
JIOBKE TPAHCIIOPTHOTO YPOBHsI, MAPIIPYTU3ATOP MOKET CO3/aTh H0JIee TOUHYIO CUCTEMY
OTOOPKEHUST 1 MAPKUPOBKH U cOXpaHUTD ee B Tabsmumite NAT. Barsstaure Ha puc. 2.20),
T7le TTOKA3aHO, KaK ABUKETCS MAKET OT UTPOBOH KOHCOJIM K CEPBEPY U KaK OTBET OJIaro-
TTOJTYYHO BO3BPAIIAETCS Ha UTPOBYIO KOHCOJTb.

Korma makeT, oTiipaBaeHHBIN UTPOBOI KOHCOJIBIO, TOCTUTHET MapIIPyTH3aTOPA, MOJYJIb
NAT sanuiier agpec U HOPT OTHPABUTENSA B HOBYIO cTpoKy B Tabiuiie NAT, Bboibeper
CIIyYaWHBIN, TIPEKIe He MCIO0Jb30BAaBIITUNC, HOMED TOPTa /I UAEHTUMUKAITIU KOM-
OUHAIMK azpeca U IIOpTa OTIIPABUTE U 3AIIMIIET 9TO YICIO B TY e CTPOKY. 3aTeM
OH 3aMEHUT aJIPec U IOPT OTIIPABUTE/IS B IIAKETe, 3allMcaB CBOM riobaibHbiil IP-axpec
U BHOBb BBIOPAHHBIIT HOMED TTOpTa. VI3MEHEHHBII MAKeT JOCTUTHET cepBepa, KOTOPbIil
OTTIPABUT OTBET Ha II00aMbHBIN [P-azpec MapIipyTHsaTopa 1 BHOBb BRIOPAHHBII HOMEP
nopra. Jlairee motyte NAT 1o Homepy nopra HaiineT nepBoHadaiabHbie [P-anpec u mopr
OTTIPABUTEJIS, 3AITUIIET UX B MTAKET OTBETA U OTIIPABUT HYKHOMY Y3JIY.
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Urposasi kKoHcorb MapuwpyTtusatop Cepsep
NIC LAN NIC WAN NIC NIC
192.168.1.2 Src: 192.168.1.2 18.19.20.21 125.3.2
192.168.1.2:100
Mepepaya Dest: Mpuem
12.5.3.2:200 Bei6op HoBoOro nopta
OGHOBREHMe Tabnuubl
Moamena IP v nopta oTnpasutens .' Src: :
1 18.19.20.21:50000 ,
| MNepepaya - JI Dest: I
\ 12532200  F3  Mpuem
| Mpviem Mepepava
12.5.3.2:200
Mowck nopta 50000 Dest:
Pkl etk Moamena IP n nopTa nonyyatens 18.19.20.21:50000
Src: 1
1
1 1253.2:200 }-+ MNepepaya
Mprem < Dest: h
' 1

192.168.1.2:100

S ————— -

Tabnuuya NAT
OTtnpaswuTens BHeLuHui nopt Monyyatens

192.168.1.2:100 50000 18.19.20.21:200

Puc. 2.20. MapwpyTtu3aTtop ¢ noaaepxkoi NAT, noameHsowmii aapec u nopT

MPUMEYAHUE [nsa 6onblueii 6€30MacHOCT MHOTME MapLUpyTU3aTopbl COXpaHAoT B Tabnuue NAT
Takxke IP-agpec v nopT nonyyatens. B 3ToM cnyyae, korga NakeT C OTBETOM BEPHETCA B MapLUpyTU3aTop,
moaynb NAT cHauana Hanget B Tabnumue 3anucb, UCMOMb3ysi HOMEP NMopTa OTNpaBuTENs B NMakeTe, a 3a-
TeM npoBepuT coBrageHve IP-agpeca u nopTa oTrnpasuTeNs B NakeTe ¢ 0TBeToM ¢ IP-agpecom v noptom
nosiyyatensi B OpUrmHanbHOM UCxXoasLieM nakeTe, ECm oHM He coBMaaatoT, 3HAaYUT, NPOUCXOAUT YTO-TO
NOA03pUTENIbHOE N MaKeT MPOCTO YHUUTOXAETCS.

lNepenayva yepes NAT

B03MOXKHOCTD TIPEOOPA3OBAHNST CETEBBIX AJPECOB — UYIECHBII TTOMAPOK TTOITb30BATE-
sgm MHTepHeTa, HO OH MOKET CTaTh HCTOYHUKOM TOJIOBHOM GOJTH /75T pa3zpaboTINKOB
MHOTOIIOJIb30BATEILCKUX UTP. V3-32 GOJIBINIOr0 KOJINUECTBA MOJTb30BATEIEH, IMEIOTINX
COOCTBEHHDIE JIOKATBHDIE CETH JOMA 1 UCTTOMB3YTONTIX NAT 15T TOAKIIOIEHIST KOM-
IILIOTEPOB U UT'POBBIX KOHCoJel K VIHTepHeTy, 10BOJIBHO YacTO BO3HUKAET CUTYallus,
usobpaxkennas na puc. 2.21. Irpok A Biazeer y3ioM A, PacIIOJIOKEHHBIM 3a MapIll-
pytuszaropom NAT A. Ou xoueT 3aryCcTUTh Ha y3Jjie A UTPOBOI cepBep TakK, 4TOOBI
ero Apyr, urpok b, mor nozakimouarsca k atomy cepsepy. rpox b Biazeer ysinom b
3a Mmapupytusaropom NAT B. V3-3a npeoGpasoBaHus CETEBBIX apPecoB UTPOK b He
CMOXXeT MHUITMIPOBATh coeinHeHNe ¢ yaiaoM A. Ecim ysen b monner maket mapripy-
TU3ATOPY, 32 KOTOPLIM HaXOAUTCA y3es1 A, IIbITasCh HOAKIIOUUTHCS K UTPOBOMY Cep-
Bepy, Mmapuipytusatop NAT A He HaiizieT COOTBETCTBYIOIYIO 3allUCh B CBOCH TabiuIie
NAT u 1poCTO yHUUTOKUT MTAKET.

CylecTByeT HECKOJNBKO pelieHnit aToil npobiembl. OxHO 13 HUX TpebyeT, 4TOObI
UTPOK A BPYYHYIO HACTPOWJ HA CBOEM MapUIPYTH3aTOPE Iepeafpecaluio nopTos.
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OpHaKo 9TO He caMoe JIydliiee PelleHre, i OHO TPeOYeT HaIMYUs y UTPOKA TEXHUYECKUX
3HAHUI 1 HaBBIKOB. Bropoe pelenye BoINIAAUT u3siiiee u 6e3onacHee. OHO M3BECTHO
Kak npocmoe npoxoscoenue UDP uepes NAT (Simple Traversal of UDP through NAT,
STUN).

Yaen Il
. IP: 4.6.5.10
-
-
23
LT
- V'S
NATA L _____ _{é‘. ______ N NAT B
WAN NIC IP: 18.19.20.21 - WAN NIC IP: 12.12.6.5
LAN NIC IP: 192.168.1.1 LAN NIC IP: 192.168.1.1
o
._1_3_. 1 3
| 2
Ysen A Y3en b
IP: 192.168.10.2 IP: 192.168.20.2

Puc. 2.21. TunnuyHasg ceTeBas KOHMUrypaums, UCnonb3yemas urpokamm

[Tpu ucnosnwzosanuu metorku STUN y3i1bl B3AUMOIEHCTBYIOT € TPETHUM Y3JI0M, TAKUM
kak cepsep Xbox Live miau PlayStation Network. Tperbst cropora coobuaer ysiam,
KaK MHUIIMUPOBATh COEJMHEHNE IPYT € APYTOM, YTOOBI CO3/aTh HEOOXOIUMbIE 3aIICH
B Tabaunax NAT MapuipyTusatopoB 1 MpoaoJKaTh B3auMoeiicTBust Hanpsamyio. Ha
puc. 2.22 nokazaHbl TOTOKN B3aUMOJIENCTBU, a Ha pUC. 2.23 — MMaKeThl, y4acTBYIOIINE
B oOMeHe, u creHepupoBartbie Tabauibl NAT. JlomycTum, 4To Urpa mpocyinBaeT
UDP-nopt 200, moaTomMy Bce B3auMOIEHCTBUS C y3JIaMU, He SBJISIONIUMUICS MapHIpy-
TU3aTOpamu, OyayT TPoXoauTh Yepes mopt 200.

NAT A NAT B
WAN NIC IP: 18.19.20.21 WAN NIC IP: 18.19.20.21
LAN NIC IP: 192.168.1.1 LAN NIC IP: 192.168.1.1
Ysen A Ysen b
IP: 192.168.10.2:200 IP: 192.168.20.2:200

Puc. 2.22, MoTOKM AaHHbIX NPWU MCNOb30BaHMU MeToankn STUN

Chauana ysen A mouuter maker ¢ nopra 200 mocpegauueckoit caysk6e ¢ IP-agpecom
4.6.5.10 (y3ex IT), coobimas, 4To XoTes1 Gbl 3aperncTpUpOBaThest B posint cepsepa. Korma
naker momazer Ha mMapupytusatop NAT A, oH cosmact sanuch B cBoeil Tabuie NAT
U UBMEHUT TIAKET, 3aMEHUB aJIPeC OTIPABUTEIIST CBOUM TJI00abHbIM [P-apecom, a opT
OTTIPABUTEJST — CIYYaWHBIM YMCJIOM, B HAIlleM IIpuMepe 60000. 3aTeM MapIiipyTU3aTop
NAT A ornpasur naket y3iay 1. ¥3es I1 npumer naker u y3naer, uto urpok A, urparo-
1 Ha y371e A ¢ azipecoM 18.19.20.21: 60000, JKeJlaeT 3apeTUCTPUPOBATHCS KaK cepBep
MHOTOITOJTb30BATENBCKON UTPHI.
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3arem ysen b nonuer ysiy IT maker, coobimaromuii, 4o Urpok B xoTesr Obl HOAKIIIO-
ynThcs K urpe urpoka A. Korga naker nonazer na mapipyrusarop NAT B, tor cozpact
3amch B cBoeft Tabsmite NAT 1 u3MeHNT makeT, mog06H0 TOMY Kak 9TO CeTal Mapii-
pytusaTop A. 3areM M3MeHEHHbI akeT Oyaer oTinpasJeH ysay I1, KoTopbiil y3Haer
13 makera, 4To y3es b ¢ agpecoM 12.12.6.5:62000 X0Tes Obl COeIUHUTHCS € Y3JI0M A,
B aror MmomenT y3eu T yske 3HaeT riobabHbIN agpec Mapipytusatopa NAT A, a Takske
MOPT ToJIyvaTesst, yepes KoTtopsiii Mmapiipytusatop NAT A nepenurer naker ysmay A.
V¥3zea IT mor Obl mocars 3Ty nHbopMarmo ysiay b B makere otBeta u moTpeboBarh,
uTo0BI y3es B mombiTaicst UCIob30BaTh ee st coeantenust. Ho He 3a0bIBaiiTe, 4TO
HEKOTOPbIE MAPIIPYTU3ATOPBI TPOBEPSTIOT MPOUCXOJKACHNE BXOASAIINX MAKETOB, YTOObI
rapaHTUPOBATh, YTO ITU TTAKETDI OKUAAIOTCA € YKa3aHHOTO ajpeca. MapuipyTusatop
NAT A noka oXKujiaet moJgyIuTh TOJIbKO MakeTsl oT yaua [1. Ecau ysen b cefraac mo-
IbITAETCS TOAKIIOUUTHCS K Y31y A, MapuipyTusaTop NAT A 3a06/0KUpPYeT MaKeT, IOTOMY
YTO OH HE OKU/IAeT MOJYYUTh OTBET OT y3Ja b.

K cuactsio, yzeu IT Takske sHaet riobaibhbiil [P-aapec mapiipytusaropa NAT B u Ho-
Mep TIOPTa, Yepe3 KOTOPBIH MOKHO OTIIPaBUTh NakeT y3iay b. [ToaTomy o mockuraer
nannyio nHhopmarmio yaay A. Mapmpyrusatop NAT A niporryckaer aty nngopmaiuio,
notomy uto B ero tabsmie NAT ecTh 3amuch, COOOIIAIONIAsL, 9TO y3eJ A JKIET OTBETa OT
yana [1. 3aTem ysen A moceisaeT naket y3iay b, ncrnomp3ys nahopmaimio, morydeHHyo
ot y3zna 1. MoskeT oka3aTbcsi CTPAHHBIM, UYTO CEPBEP IbITAETCST COEAUMHUTHCS C KINEH-
TOM, TOrZla Kak OObIYHO Bee Jiesiaercs HaoObopot. Enie 6osiee cTpaHHON JaHHas CUTyaLnst
OyJIeT BBITJISIZIETh, €CIIM BCHIOMHNTB, uTo Mapipytusatop NAT B He oxkugaeT moayunTh
MaKeT OT y3Jia A U [TOTOMY TIPOCTO He MPOITYCTUT €ro. 3a4eM TOr/[a HAIIPACHO TTOChLIATh
naker? Takum criocobom ysent A Boiayskaaet Mapiipytusatop NAT A cosaats 3amuch
B cBoei Tabmuiie NAT!

[Taker, oripaBsiennbIit y310M A y3my b, momaner B mapmipytuszarop NAT A. MapuipyTtu-
3aTOp OGHAPYIKUT, UTO ajzpec y3aa A 192.168.1.2:200 yiKke ecTb B TabJIuile ¢ BHELITHUM
MIOPTOM 60000, TI03TOMY OH BBIOEPET 3TOT TIOPT JJISI HCXOJSIIIETO MTAKeTa, 3aTeM CO3MacT
eliie OfIHY 3aIuch B TabIUIIE, YKA3hIBAIOIIYIO, UTO € a/ipeca 192.168.1.2:200 OTnpaBjieH
IaKeT Ha ajapec 12.12.6.5:62000. ITa JOIOJHUATEIbHAS 3AIIUCh ABJISIETCS KIIOYEBOI.
[TakeT mouTn HaBepHSIKA HUKOT/A He IOCTUTHET y37a b, Ho mocse ero otipasku y3ed 11
CMOJKET MOCIATh OTBET Y34y B, co0b1Iast, 4To0 TOT MOKET MOAKTIOUNTHCS HETIOCPE]I-
CTBEHHO K y3J1y A 110 azipecy 18.19.20.21:60000. ¥Y3es b Tak u mocTynur, u Korja maket
nocturaet Mapiipytusatopa NAT A, TOT yBUANT, 9TO 3TO A€HCTBUTETHHO OKIIAEMBIN
BXOZIAIINH ITAKeT ¢ ajgpeca 12.12.6.5:62000. OH U3MEHUT IIaKeT, [T0JICTaBUB a/[Pec MOJIy-
yaresis 192.168.1.2:200, u oTrpaBuT ero y3ay A. C atoro MmomenTa y3ibl A u b emoryT
B3aMMO/IEHCTBOBATh HEMOCPEICTBEHHO JAPYT C APYTOM, UCIIOJIb3Yys riobabHbie 1P-
azpeca M HoMepa TIOPTOB, KOTOPBIME OHU OOMEHSIITUCE.

MPUMEYAHME CyulecTByeT elle HECKOJIbKO MHTEPECHBIX (haKTOB O Npeobpa3oBaHUM CETEBLIX aape-
COB, KOTOPble CTOMT YNOMsIHYTb. Bo-nepBbix, NpueM nepegaun yepes NAT, onucaHHbIl Bbille, AAET Mo-
JIOXXUTESNbHBIN pe3ynbTaT He BO BCeX ciyyvasix. CyLLecTBYIOT Takue peanmnsaumm NAT, KoTopble He NpucBa-
MBAIOT COrMacoBaHHbI HOMEP NopTa BHYTPEHHEMY y3/1y. ITU peanu3aummn U3BECTHbI Kak cCUMMEMpPUYHbIL
NAT (symmetric NAT). B cuMMeTpUYHOM NpeobpasoBaHMK CETEBLIX aApeCoB KaXablli UCXOASLLMIA NakeT
nosly4yaeT YHUKasbHbIM HOMEP BHELUHErO MopTa, AaXKe eCiM OpuruMHasbHbIi IP-agpec v nopT y3na oT-
npaBUTENs yXe NpuUcyTcTBYOT B Tabnuue NAT. 3To 06CcToATENLCTBO MellaeT pabote Metoankm STUN,
noToMy YTo MapLpyTmsaTop NAT A BbIGEPET HOBbIM BHELLHWIA MOPT, KOrAa y3en A nowsieT nepsbii NakeT
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y3ny b. B 3ToM criyyae, korga y3en b nonbitaeTcs cBsizaThCs ¢ MapLupyTusaTopoM NAT A yepes BHELUHWIA
MopT, KOTOPbI UCMONb30BASICS NPU COeAMHEHUM y3na A ¢ y3roM 1, OH He COBMaAeT ¢ NopToM B Tabnuue
NAT, n nakeT 6yaet copoLueH.

MHoraa meHee 6e3onacHble peanvsaumny CMMMETPUYHOMO Npeobpa3oBaHms ceTeBbIX aApecoB NpucBanBa-
10T BHELLHME MOPTbI B CTPOro onpeseneHHOM nopsiake, bnarofaps YeMy HEKOTOpble MHTENNeKTyanbHble
nporpaMMbl MOryT rpedckazame 8bibpaHHbIl mopm v ucnonb3oBatb STUN-NoA06HYO TeXHoMOrMo ans
NPOXOXAEHMS Yepe3 cuMMeTpUYHLI NAT. Bonee 6e3onacHble peannsaumm CUMMETPUYHOIO Npeobpaso-
BaHWS CETEBLIX aApPeCcoB BbIGUPAIOT NOPTbI C/lyYalHbIM 06pa3oM, U MX NMoBeAeHMe TPYAHO NpeackasaThb.

Metoa STUN MOXHO npuMeHsTb Tonbko Ans naketoB UDP. Kak onucbiBaeTca B rnase 3 «CokeTbl bepk-
nn», npotokon TCP Ucnonb3yeT ApYyryto CUCTEMY MpUCBavBaHWS NOPTOB U BCErAa NepecbliaeT AaHHble
yepes NopT, OT/IMYAIOLLMICS OT NMOPTa, KOTOPLIN MPOCYLIMBAETCA B OXMAAHUM BXOASLUMX COEANHEHUN.
[ns npotokona TCP MOXHO WMCMOMb30BaTb NpueM, HasbiBaeMblii npoboem TCP (TCP hole punching),
KOTOpbI MOAXOAMT ANS CnyyaeB, korga Maplpytusatop ¢ NAT noaaepXuBaeT Takyld BO3MOXHOCTb.
B nokymeHTe RFC 5128, ccblika Ha KOTOpbIN NPUBOAWTCS B pasaene «ns AOMOMHUTENbHOrO YTEHUS»,
[laeTCst OTMYHBIN 0630p NpreMoB npoxoxzaeHus yepes NAT, Bktoyas npoboit TCP.

HakoHeL, cywecTByeT elle oavH NonynspHbIi crnocod npeoaoneHust MappyTtusatopa ¢ NAT. OH Ha3sbl-
BaeTcs uHmMepHem-ripomokoniom ycmpoticmea-wiitosa (Internet gateway device protocol, IGDP). 3toT
NMPOTOKON peann3yloT HEKOTOPblE MapLLPyTM3aToOpbl C MOAAEPXKON yHUBepcanbHOU asmomMamuyecKkol
Hacmpotiku (Universal Plug and Play, UPnP), 4Tobbl AaTb BO3MOXHOCTb Y3/1aM B JIOKa/lbHON CETU BpyY-
HYIO HacTpamBaTb OTOOpa)keHVe BHYTPEHHUX MOPTOB BO BHeLHMe, OaHako 3TOT cnocob He Bceraa noa-
[lEPXXMBAETCA Y MeHee MHTEpeCeH C AMAAKTUYECKOWN TOUKM 3pEHUS], MOSTOMY OH He OMMUChbIBAeTCs 34€eCh.
Ccblnika Ha ero onucaHve Takke NpUBOAMTCS B pasaene «/[na AONOMHUTENBHOrO YTEHUS».

B 3akntoueHune

B a10ii riraBe 6bit ipesicTaBiien 0630p BHYTpeHHero yerpoiictsa Murteprera. [Tosisienue
TEXHOJIOTUY KOMMYTAITNN TTAaKETOB, TTO3BOJISIONIEN OCYIIECTBJSATh CPa3y MHOKECTBO
nepesay 1Mo oiHoN JuHuH, Aano Hayaao nmpoekty ARPANET u B koneunom cuere H-
teprety. CemeiictBo mpotokosioB TCP/IP — cioensiii mupor, npuBoagnuii Uurepuer
B JIEHCTBUE, — COCTOUT U3 IISITH YPOBHEH, KasK/IbII U3 KOTOPBIX 00ECIIEUNBACT MIepeaady
JAHHBIX BBIIIEJIEKAIIEr0 YPOBHSL.

Dusnyeckuil ypoBeHb COOTBETCTBYET Cpejie-HOCUTEIIO, B KOTOPOI PaCIPOCTPaHAETCSI
CUTHAJ, U UHOT/Ia PACCMATPUBAETCS KaK YaCTh KAHAJBHOTO YPOBHS, HAXOISIIETOCS
HaJ HuM. KaHa/lbHBIN YyPOBEHD MPEAOCTABISIET CIIOCO0 B3aUMOICIHCTBUSI MEKIY CO-
enquHeHHbIMY yaiami. OH TpeOyer HaJUUUs CHCTEMbI allllapaTHO azpecaiuu, YToObI
KaXXIbIH y3eJ MOT MMeTh YHUKAJIbHBIN azpec, n onpeneaser MTU — makcumanbHbBIN
00beM JIaHHBIX, KOTOPbIE MOKHO MepeiaTh OAHUM (GparMeHToM. CyIIecTByeT MHOKECTBO
IIPOTOKOJIOB, CIIOCOOHBIX IIPEAOCTABIISATh YCAYTH KaHAJIBHOTO YPOBHsI, HO B 9TOM IJIaBe
10ApoOHO ObLI paccMOTpeH Jiniib poTokos Ethernet kak oxun u3 Hanbosiee BaxKHbIX
IS PAa3pabOTYMKOB HUTP.

CeTeBoil yPOBEHD, MPEAOCTABISAONINN CHCTEMY JIOTHUECKO afipecaliuy, Omupalo-
HIYIOCS Ha alllapaTHbIe aJ[peca KaHAJIbHOTO YPOBHS, MTO3BOJISET B3aUMOICHCTBOBATD
y3J1aM B pa3HbIX ceTsX. [Pv4 — ocHOBHOI TPOTOKOJ CETEBOTO YPOBHS Ha CETOAHSIITHUN
ZIeHb — PeaM3yeT CHCTEMbI TIPSIMOI M KOCBEHHOI MapIIpyTU3allnii, a TakKe pparmen-
TaIMIO TTAKeTOB, CJAUIIKOM OOJBbIINX Js1 KaHAJbHOTO ypoBus. [Pv6 — negaBHo 110-
SIBUBITHUHICS TPOTOKOJ — PelraeT mpobaeMy OTpaHndIeHHOCTH aJIpeCHOTO TTPOCTPAHCTBA
U ONTUMU3UPYET HEKOTOPbIE U3 Harboee y3Kknux MecT B [Pv4, cBA3aHHBIX ¢ Tiepenaveii
JTaHHBIX.
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TpaHCIOPTHBIN YPOBEHD € €ro opTaMu 0OecIeunBaeT HeloCPeACTBEHHbIE B3aMOIei -
CTBUS MEXK/Iy TIPOIECCAMU, BBITIOJHSIONMMUCS Ha yaasenubix y3inax. TCP u UDP —
OCHOBHBIE TIPOTOKOJIBI TPAHCTIOPTHOTO YPOBHS — UMEIOT (DyHAaMEHTATbHbBIC OTINIUST:
UDP — yierkoBecHbIii, He CO3/AIONINI TTOCTOSTHHBIX COeJIMHEHNN U HEHAJIEKHBIH TTPO-
tokou1, Toria Kak TCP 6oJiee TsuKebiid, TpeOYIONMiA YCTAHOBKY COEIMHEHNI ¢ COXPa-
HEHWeM COCTOSTHUS U TaPaHTUPYIONIH Ha/IeXKHYTO TTepeiady BceX JIaHHBIX B 33/[aHHOM
nopsizike. TCP peanusyeT MexaHU3Mbl yIIpaBJIeHUs MOTOKAMU JIAHHBIX U 3aTOPaMH,
4yTOOBI YMEHBIIUTD IIOTEPH HAKETOB.

Ha Bepmiune mupora HaXoAUTCS TPUKJIANIHON ypoBeHb, cogepsxkamuiit DHCP, DNS
1 TIPOTPAMMHBIN KOJT Baliell UTPhI.

Yro6bl co3aBaTh TOKATBHBIE CETH ¢ MUHUMATBHBIMI YCHIIMSIMH, PazpaboTaHa TeXHO-
Jorus npeobpazosanus cereBbix anpecoB (NAT), M03BOJAIONAS UCTIOIB3OBATH OJUH
rrnobanbibit IP-anpec amst moaxsiovenns k Murepuety memnoit cetn. Hemoctatkom NAT
SIBJIETCS GIOKUPOBAHTE HE3ATPAIITUBABIINXCS BXOISIIMX COEIMHEHNH, KOTOPhIE MOT-
Jit ObI OBITH KEJTATEJNBHBI [IJIsI CEPBEPOB, HO CYIIECTBYIOT MeTOAUKH, Takue kak STUN
u po6oiit TCP, KoTopbie IOMOTAIOT PEIIUTD ITY 3aaUy.

B sro0ii T1aBe GblTa 3aj05KeHa TeopeTHYecKast OCHOBa st paboThl ¢ IHTEpHETOM.
Csenienust, KOTOpbIE IPUBOJSTCS 3/1ECh, IPUTOJATCS B TJIaBe 3, Tle PACCKa3bIBAETCS
0 (OYHKIMSAX U CTPYKTYPAX JAHHBIX, UCMOJb3YEMBIX JIJIS PEATU3AITNN B3aUMOJICHCTBU
MEKY Y3JIaMH.

Bonpockl Ana noBTOpeHUs

1. Tepeuucaure ngarh ypoHeil ctexka TCP/IP u kpartko onummTe Kaxabii. Kakoii
YPOBEHB HE PacCMaTPUBAETCsT KaK CAMOCTOSITETbHBIH B HEKOTOPBIX MOJIEJISX ?

2. Jlng kakux 1eJeil ucnospsyercs nporokoi ARP? Kak on paboraer?

3. OObsicHUTE, KaK y3€JI C HECKOJIBKMMU CETEBBIMU KOHTPOJLIepaMu (HAIIPUME]P, Mapiil-
PYTH3aTOP) MOKET IepejiaBaTh MaKeThl MEX/Y pa3HbIMU MojiceTssMu. PacckaxkuTe,
KaK yCTpoeHa TabJImIia MapIipy TH3AIHH.

4. Pacmudpyiite ab6pesuatrypy MTU. Uto s10 Takoe? Kakosa Benmnunna MTU
B Ethernet?

5. O6bacHuTe, KaK OCYIIECTBISETCs (PparMeHTUPOBaHue MakeToB. I[IpeacTaBbre Ka-
HabHBIN ypoBeHb ¢ MTU, paBabiM 400, onuiimiTe 3aroJI0BOK TaKeTa, KOTOPBIH MOT
Obl OBITH (pparMeHTHPOBaH Ha ABa (hparMeHTa, a 3aTeM OIMLIMTE 3ar0JIOBKU 9TUX
(parmenTos.

6. TMouemy xemarenbHO usberath [P-hparmenrarm?

7. Tlouemy kesaTeJbHO CTPEMUTHCS OTTIPABISATH MAKEThl MAKCHMATBHOTO pa3Mepa,
KOTOpPbIE MOTYT GBITH TIepelatbl 6e3 pparMenTarmi?

8. Uewm oTamuaroTcs HaZeXHad 1 HEHa/leKHasd repegada JIaHHBIX ?

9. OmnwummuTe MPOIEAYPY YCTAHOBKY COEUHEHNS, UCIIOIb3yeMYI0 mipotokosiom TCP.
Kakme BasKHBIE JAHHBIE B 9TOT MOMEHT NEPEAAI0TCS ?

10. Ommummte, kak TCP obecreunBaeT HaEKHYTO Mepeavy TaHHbIX.



80 naBa 2 e WHTepHeT

11. Yewm ormmyaiorcs riodaibHO MapLUIPYTU3UPYEMbIe U JIOKAJIbHO MapIIPyTU3UPYEMbIe
[P-anmpeca?
12. Yro rakoe NAT? Kakue npeumyiiectsa naet NAT? Kakue nepocrarku nmeer?

13. OObsicHuTe, Kak KaneHT 3a NAT MOKET OTIPaBUTh MAKeT TII00aIbHO MapIIpy TH3H-
pPyeMOMY CcepBepY U IPUHSITh OTBET.

14. 9t0 Takoe STUN? [Ij1a uero Mosker ucnosibsoBarbea? Kak a1o paboraer?
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CokeTbl bepknn

B 37O rnaBe pacckasblBaETCS O KOHCTPYKLUMM, Hanbonee LWMPOKO UCMOMb3yeMon npu
pa3paboTke MHOrOMO/MbL30BaTENbCKUX UIP, — CokeTax bepknu. 3aeck 6yayT npea-
CTaBJeHbl TUMUYHBIE PYHKLMKM CO3AaHMSI COKETOB, YNPABIEHUS UMW U YHUUTOXEHWS],
PacCMOTPEHbI pa3nnyumst Mexxay nnathopMamMu, a Takke TUNMU3MPoBaHHas obepTka
ANst paboTbl C COKETaMU, APYXXECTBEHHAS MO OTHOLWEHMIO K C++.

Co3paHune cokeToB

Buepsbie Boimieaiumii B cocrase BSD 4.2, mporpammubiii uarepgdeiic Berkeley Sockets
API obectieunst cTaHAAPTHBI CTOCO0O B3aUMOIECHCTBUS ¢ PasHBIMEI YPOBHSIMHU CTEKa
TCP/IP. [Tociie cBOEro mosBAeHUs OH ObLI peai30BaH BO BCEX OCHOBHBIX OIlepali-
OHHBIX CHCTEMAX ¥ HAUOOJIee MOy JISIPHBIX SI3bIKAX IIPOrPAMMUPOBAHUSL, TO €CTh CTaJ
HACTOSIIIUM CTAHJAPTOM B CETEBOM TIPOTPAMMUPOBAHWH.

[lng goctymna k aToMy porpaMMHOMY UHTepPgEeNCy MPOIecChl CO3/Iat0T OJIUH U He-
CKOJIBKO cokemos (socket) 1 3aTeM UMTAIOT U3 HUX WU 3allUCHIBAIOT B HUX JaHHBIE.
Co3aTh COKET MOKHO BbI30BOM (DYHKIIMM C HEJ[BYCMbICJIEHHBIM Ha3BaHUeM socket:

SOCKET socket(int af, int type, int protocol);

Nms napamerpa af osnavaer <address familys, nim «cemeiicTBo azpecos», u onpeensier
IIPOTOKOJI CETEBOTO YPOBHSI, KOTOPbIil I0JIKEH MCIIOJIb30BAThCS COKETOM. BO3MOKHBIE
3HAYEHM [epedrciensl B Tabu. 3.1.

Ta6nuua 3.1. CeMelicTBa aapecoB, UCMOMb3yeMble NMpU CO3AaHUM COKETOB

Makpoc 3HaueHue

AF_UNSPEC He onpeneneno

AF_INET Internet Protocol Version 4 (1Pv4)




Co3paHue CoKeToB 83

Makpoc 3HaueHue

AF_IPX AF_IPX Internetwork Packet Exchange: oqun 13 miepBbIx IpoTOKOJIOB
CeTeBOro ypoBHsi, npojsurasinuiicss kommauueil Novell i rcriosp3oBasumiicst
B MS-DOS

AF_APPLETALK Appletalk: osiHO U3 paHHUX ceMeiiCcTB MPOTOKOJIOB CETEBOTO YPOBHSI, TIPOJIBU-

rasieecs KoMmnanueir Apple u ucrosib3oBaBiieecs Ha ee Kommblotepax Apple
n Macintosh

AF_INET6 Internet Protocol Version 6 (IPv6)

BosbnHCTBO COBpEMEHHBIX UTP HATIMCAHO C 1oj/iepskKoit [Pv4, moatomy BaMm, ckopee
BCETO, TIPUJIETCST NCTTOTh30BaTh AF_INET. C yBesmueHneM dmcia mob3oBatesielt, mepe-
mesiux Ha IPv6, moTpebyercst Takike pea30BaTh MOJJIEPKKY COKETOB AF_INET6.

[TapameTp type onpeziesisseT Ha3HAuUEHNE ITAKETOB, TOChIJIAEMBIX U TPUHUMAEMBIX Yepe3
cokeT. Kaskprif TpOTOKOJI TPAHCIIOPTHOTO YPOBHS, KOTOPBIH MOKET UCIOJIb30BATHCS
COKETOM, IMEET COOTBETCTBYIONIMH COCO6 TPYMIUPOBKU ¥ UCTIOJB30BAHUST TAKETOB.
B tabu. 3.2 nepeuncienb HanboJee 4acTo MCIOIb3yeMble 3HAUEHUS 9TOTO MapaMeTpa.

Ta6numua 3.2. 3HaueHns napameTpa type, UCronb3yemble Npyu CO3AaHUM COKETOB

Makpoc 3HaueHue

SOCK_STREAM [TakeTbl Ipe/ICTaBASIOT YIIOPSIOUEHHbIE CETMEHTBDI, IIOTOK HA/I€KHON
nepeayn TaHHbIX

SOCK_DGRAM [lakeTsI TpeICTaBIAIOT OT/ICIBHBIE TaTarPAMMBbI

SOCK_RAW 3aroJIOBKM TTAKETOB MOTYT MO/ITOTABJINBATLCS TPUKIAHBIM YPOBHEM

SOCK_SEQPACKET JleiictByeT 110106H0 SOCK_STREAM, HO OT HOJIy4aTe/iss MOXKET OTpe6o-

BaTbCA YUTATb MAKEThI LHEJMKOM I10CJI€ ITOJTY4EeHUSA

ITompiTKa co3aTh cokeT TrIa SOC K_STREAM C006LuaeT onepauI/IOHHof/’I CUCTEME, YTO CO-
KeT TpeOyeT CO3MaHuUsT MOCTOSTHHOTO COeIMHEHMSL. B OTBET crcTeMa BhIIESIET PECYPCH,
HeOoOXOIMMbIE IS TOANEPKAHNS HAJEKHOIO YIIOPSJOYEHHOTO IIOTOKA JAHHBIX. DTOT
TUTI UCioJib3yercs st co3panus coketoB TCP. Tun SOCK_DGRAM, HAlIpOTUB, HE IOJI-
JIEPAKUBAET TIOCTOSIHHOE COeIMHEHIE, U sl HETO BBIAEASETCS MUHUMAIbHBINA 00beM
pecypcoB, TpedyeMBbIX /I OTIIPABKU U IIPUEMa OTAEJIbHBIX JaTtarpaMM. Takoil coker He
TapaHTUPYeT HU HA/IESKHOCTD, HU JIOCTABKY MAKETOB B KAKOM-TO OTIPEeIeIEHHOM TTOPSI/IKE.
ITOT TUT UCTIONB3YeTCst Uit co3anus coketoB UDP.

[TapameTp protocol onpezessieT KOHKPETHDIN IPOTOKOJI, KOTOPBII COKET JOJIKeH
MCIIOJBb30BATD /LIS Tepe/layyl JaHHbBIX. 3/1eCh MOKHO YKa3aTb OAMH U3 ITPOTOKOJIOB
TPAHCIIOPTHOTO YPOBHS WJIN OJIUH U3 BCIIOMOTATEbHBIX ITPOTOKOJIOB CETEBOTO YPOBHS,
BXOJISIIINX B CEMEHCTBO MPOTOK0JI0B MHTepHeTa. OOBIYHO 3HAYEHNE, TIEPEIAHHOE B Ma-
pametpe protocol, Konupyercs HerocpencTBeHHOo B nosie «IIporokosn» 1P-3arosmoBka
KaKI0TO UcXo/siero nakera. OHO yKa3bIBaeT MIPUHUMAIOIIEH ONePallMOHHOM crucTeMe,
KaK MHTEPIPETUPOBATH TAHHBIE, 3aBEPHYTHIE B TakeT. B Tabi1. 3.3 IPUBOASATCS THITIHYHBIE
3HaueHUS /114 TTapaMeTpa protocol.
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Ta6nuua 3.3. 3HaueHnsa napameTpa protocol, cnonb3yemblie Npy CO3AaHUN COKETOB

Makpoc Tpebyemoe 3HaueHune | 3HaueHue
T™MNa
IPPROTO_UDP SOCK_DGRAM B maxer 3aBepuyra gararpamma UDP
IPPROTO_TCP SOCK_STREAM B maxket 3aBepuyT cerment TCP
IPPROTO_IP /@ Jlioboe Mcnoab3yercest IPOTOKOJ 10 YMOJYAHUIO JIJIST
YKa3aHHOTO TUIIA COKETa

OG6paruTe BHUMaHUe, 4TO, MIOJYYHB 3HaYeHHe @ B mapaMerpe protocol, OC BoiGeper
peanu3aluio MpoTOKOJA TI0 YMOJYAHUIO JIJIsI YKAa3aHHOTO TUIA COKeTa. 1o ecThb COKeT
IPv4 UDP MosHO cO3/1aTh BBI30BOM:

SOCKET udpSocket = socket(AF_INET, SOCK_DGRAM, ©);

Coxer TCP — BbI30BOM:

SOCKET tcpSocket = socket(AF_INET, SOCK_STREAM, 0);

3aKpBITh COKET, HE3ABUCHMO OT €TO TUTIA, MOKHO BBI30BOM (DyHKINHU closesocket:

int closesocket(SOCKET sock );

3akpsiBath cokeT TCP HyKHO TIOC/Ie OTTIPABKY BCEX JIAHHBIX W MOJTyUeHUS TOTBEPIK-
JeHus X rpremMa. Mbl PeKOMEH/IyeM CHAuYasa TIPEKPATUTh OTIIPABKY JAHHBIX B COKET,
3aTeM JOXK/IAaTbCA IMMOATBEPIK/ACHUA IIPUEMA BCEX /IaHHBIX 1 ITPOYUTATb BCE BXO/HbIE
JaHHbBIE ¥ TOJILKO [OCJIE HTOTO 3aKPIBATH COKET.

[IpekpatuTh OTIPABKY WJIM TIPUEM TIepe]l 3aKPBITHEM MOKHO C TTOMOMIBIO (DYHKITUH
shutdown:

int shutdown(SOCKET sock, int how);

B napamerpe how cienyer nepenarb SD_SEND — 4TOOBI OCTAHOBUTH OTIPABKY, SD_
RECEIVE — uT0ObI OCTAaHOBUTD npuem nanm SD_BOTH — 4TOOBI OCTAHOBUTD OTIHPaBKy
n ipueM. [Tepenaua 3HaueHns SD_SEND 1ocJie OTTIPAaBKHM BCEX JIAHHBIX BBI30BET OTIPABKY
nakerta FIN, KOTOPbIil U3BECTUT APYTYIO CTOPOHY COCANHEHUS, YTO OHA MOKET HE30MacHO
3aKPbBITh COKeT. B oTBeT ipyrasi ctopoHa npumieT ¢Boil maket FIN. Kak Tosibko urpa
HOJIYYUT TakeT FIN, OHa MOKET 0e30I1acHO 3aKPBITh COKET.

ITa (byHKHI/ISI 3aKPbIBA€T COKET U BO3BPAIlla€T BCE SaﬂeﬁCTBOBaHHbIe PeCypcChI o1iepa-
L[I/IOHHOI?I cucteMe. O6s13aTEIBHO SaKprBafITe BC€ COKeTbI, KaK TOJIbKO OHU CTaHOBATCA
HEHYKHDBIMU.

NMPUMEYAHUE B 6onbluMHCTBE Cny4YyaeB oOrnepauMoHHasi cucTeMa aBTOMaTWMYecku co3gaer IP-
3aronoBKM U 3arofioBKV TPAHCMOPTHOrO YPOBHSA ANS BCEX NaKeTOB, NOcbinaeMblX Yepes cokeT. Ho ecnm
co3gatb cokeT Tmna SOCK_RAW ¢ NpoTOKOMOM ©, MOXHO BPYYHYIO 3arofiHATb MOJIA 3arofoBKOB 060X
YpOBHel. Takow NpueM no3BosIMT HEMOCPEACTBEHHO OMNpeaENsTh Mo 3aro/IOBKOB, KOTOPblE 06bIYHO He-
[OCTYNHbI ANst pefakTMpoBaHus. Hanpumep, B KaXKAOM UCXOASILLEM NaKeTe MOXHO yKa3aTb CO6CTBEHHOe
3HayeHue TTL: MMEeHHO Tak AelcTByeT yTunuTta traceroute. 3anncb 3Ha4YeHUN B pas/iMyHble NONs
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3arofIOBKOB BPYYHYHO 4YacTO SIBMISIETCS €AMHCTBEHHON BO3MOXXHOCTbIO BCTAaBUTL HECTaHAAPTHbIE 3Haye-
HWSI, YTO MOXET MPUroAMTbLCS, B YaCTHOCTM, NMPU TECTMPOBaHMK CEPBEPOB, KaK OnucbiBaeTcs B rnase 10
«be3onacHoCTb».

MockonbKy cokeTbl Tuna SOCK_RAW Mo3BOMSIOT NMPOU3BOMIbHO U3MEHSATL 3HAUYEHUs MOJEN 3arofloBKOB,
OHM MPEACTaBNAOT OMPEAENEHHYIO Yrpo3y 6e30MacHOCTU U 6OMBLUMHCTBO OMEPaLMOHHBIX CUCTEM pas-
peLIaloT CO3/1aBaTh TakMe COKETLI TO/IbKO NMPOrpaMMaM C MoBbILIEHHBIMU MPUBUIErUSIMA.

Pasnuumna B API onepaumoHHbIX CUCTEM

[laxke ipu TOM, Y4TO COKETHI Bepkiin ABISIOTCA CTAHAAPTOM HU3KOYPOBHEBOTO MHTEP-
(eiica mocryna k VIntepHeTy Ha pa3ubix miardopmax, (pakruueckue peanusdaruu AP
B Pa3HbBIX OMEPAITMOHHBIX CUCTEMAX UMEIOT OTTunst. CyTecTBYeT HECKOMBKO OTIUIUI
1 0COOEHHOCTEN, KOTOPbhIE Ba)KHO 3HATD MEPEl HAYAJIOM PazpabOTKH KPOCCILIaT(hOPMeH-
HOTO KOJI, UCTIOJIb3YIOIETO COKETBHI.

[TepBoe U3 HUX — THUII JAHHBIX, UCIOJIb3YEMbII IS IIPEJACTABICHUS CAMUX COKETOB.
DyHKIHSA socket, Kak MOKHO OBLIO BUAETD BHIIILE, BO3BpallaeT pe3yabraT Tuia SOCKET,
HO B /IEHCTBUTEJIBHOCTN 3TOT TUTI CYNECTBYET TOJBKO Ha TaaTdopmMax Ha OCHOBE
Windows, Takux kak Windows 10 u Xbox. HeMHOro mokomnasImch B 3ar0JI0BOYHBIX
(aitnax Windows, MOJKHO 3aMeTHTB, 4TO SOCKET OIpejiesisieTcst Kak typedef or UINT_PTR.
To ecTh 9T0 yKaszaTesb Ha 00JIaCTh MAMSITH, I7le XPaHUTCST MHPOPMAIIHST O COKETE U €ro
COCTOSIHUU.

Ha POSIX-coBmectumbix miatdopmax, takux Kak Linux, Mac OS X u PlayStation,
COKeT — MpoCToe 3HaueHue Trra int. [1o cyTw, HeT HUKAKOTO THIIA JAHHBIX ¢ HA3BAHUEM
«COKeT»: (DYHKIIMS socket BO3BpAIAET IeI0€ YUCI0. DTO YUCIO MPE/CTABISET MHIEKC
B CITMCKE OTKPBITHIX (PAliJIOB M COKETOB OMEPAITMOHHON cucTeMbI. TO ecTh COKET OueHb
MOXOK Ha feckpunTop daiina, onpegensiembiii crangaprom POSIX, u dhakrtuueckn
MOJKET MEPEABATHCS MHOTHM CHCTEMHBIM (DYHKITHSM, TPUHUMAIOIIUM TaKHe IeCKPUTI-
TopbL. I10106HBI TOAX0 K UCIIOJIb30BAHMIO COKETOB JIMIIAET NX HEKOTOPOI J0JIM THOKO-
CTH, KOTOPYIO JIAIOT CIIEIUATU3UPOBAHHbIE (DYHKIMHU JIsT PabOTHI C COKETaMU, HO MHOT/IA
CYIIECTBEHHO YITPOINAET PEATU3AINIO MTOJJIEPKKY CETH B IPESKIIE HECETEBBIX TIPOIIECCaX.
OnHuM cylecTBEHHBIM HEJIOCTATKOM (hyHKITMU socket, BO3Bpallaolei int, sBisercs
HeJI0CTaTOYHast 6E30MACHOCTD TUIIOB, TAK KaK KOMITAJISITOP HE CMOKET BOCIIPETISITCTBO-
BaTh Tepeziaue JO0ro MeJOUNCIeHHOTO BhIpaskeHnst (HalpuMmep, 5 X 4) B QyHKI[HIO,
MPUHUMAIONIYIO COKET B BUjle TapaMeTpa. HekoTopeie npumepsl KoJla B 9TOM TyiaBe
PEIIAIOT TaHHYIO TIPOGJIEMY, TaK KaK OHA SIBJISIETCS] YHUBEPCATBHOU JIJIsT TIPOTPAMMHOTO
naTepdeiica coketoB bepkan Ha Bcex mmatdopmax.

Hesasucumo ot Toro, kax miar@opma 1npecTasiser COKeT — Kak int nim kak SOCKET, —
BaXHO TIOMHUTD, YTO COKETBI BCET/IA IOJIKHBI TIepeiaBaThbesd (DYHKIMAM 10 3HAUEHUI.

Bropoe BaxkHoe pasinune Mesky maaTGopMaMu 3aKJII0YAeTCst B MUMEHH 3ar0JI0BOYHOTO
(aiira, coeprkaliero onpeieIeH s st ucmoab3oBanus 6ubanorekn. B Windows 6u-
6/oTeKa 1151 paboThl ¢ COKeTaMu HasbiBaeTcss Winsock2, 1 10ToMy IIporpaMMHbIE MO-
JLyJI, UCTIOJIb3YIOIIUE COKETHI, IOJIKHBI MTOJIKII0YATh 3ar0JI0BOYHbIN (haiti WinSock2. h.
B Windows cymiectByet 6osee crapast 6Gubsmoreka ¢ HazanneM Winsock, 1 ata Bepcust
(haKTIYECKH IIOKIIOUAETCS [10 YMOTYaHuIO B (paiiie Windows . h, KOTOPBIIA UCIIOJIb3YeTCsI
GosbHCTBOM IIporpamm st Windows. Bubanorexa Winsock Oblia Hanmcana gaBHo
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U Tpe/icTaBisieT coboit 6Hosiee OTpaHUYEHHYI0 U MEHEe ONMTUMU3UPOBAHHYIO BEPCHUIO
6ubsmorekn WinSock2, Ho oHa copepKuT 00bsBIEHUS HEKOTOPHIX OCHOBHBIX OUOJINO-
TEYHBIX (DYHKITHIA, TAKMX Kak (hYHKIMST CO3JaHMst COKeTa, 00CyKIaBInasicst Boiiie. B pe-
3yJIbTaTe BO3HUKACT KOH(MJIUKT NMeH MeskTy Windows . h 1 WinSock2. h, TIOAKTIOYaeMbIX
B OJTHOU e/IMHUIIE KOMITUJISIIUI: MHOTOKPATHbIE OOBSBICHUST OJTHUX U TEX XKe (DYHKITHIT
3aCTaBJILIOT KOMIIUJIATOP U3BEpraTh cooO1eHus 06 omnbKax, COUBAIOILUE C TOIKY TeX,
KTO HE 3HAET O CYIECTBOBAHUH ATOTO KOH(PIUKTA. UT0OB N36€KaTh 3TOTO, HEOOXOANMO
Ji00 TIOIKITF0UATh WinSock2 . h iepes Windows . h, 100 ompeeuTh Makpoc WIN32_LEAN_
AND_MEAN tiepe/1 TokoueHneM Windows . h. Makpoc 3acTaBUT MPEpoIieccop, KpoMe
BCETO MIPOYEr0, UCKIIOUUTH JUPEKTURY mojKoueHst Winsock us crincka ¢aiinos, co-
nepaiuxcst B Windows . h, 1 TeM caMbIM TPEAOTBPATUTD KOH(IUKT.

@aitsn WinSock2.h COJZIEPIKUT TOJIBKO 00bSABIICHUS (byHKuI/H‘/’I U TUIOB JIJAHHBIX, UME-
IOIIX TIPSIMOE OTHOIIEHNE K cokeTaM. [lJist mosrydeHust 0ObsIBICHII IPYTIX CETEBBIX
(hyHKIMIT He0GXOAMMO MOAKIIOYNTH Apyrre (aitnsl. Hanprumep, 4To6bl HCTOTB30BaTH
dyHKIIE TpeodpasoBaHms aJpecoB, pacCMaTpUBaeMble Jajiee B 9TOU IJlaBe, CepyeT
MOJKJIIOYNTD Ws2tcpip.h.

B POSIX-coBmecTUMBIX TIaT(GOPMax UMEETCsI TOJIBKO OjiHA BepCUst OUOIUOTEKY JJIst
paboThI ¢ cOKeTaMu, 0OBIYHO JIOCTYITHAS TTyTEM TIOIKI0UeHus (haiia sys/socket . h. J{yist
ucnosab3oBanus Gyuriwii 1yst IPv4 moakmounte netinet/in. h. UT00OBI HCIIO/IB30BATh
dbyHKIMN TPeobpasoBaHus A/[PECOB, CIIEYET TOIKIIOUYNTH arpa/inet. h. [ljst pasperire-
HUST UMEH BaM MOHA0OUTCSI TIOAKIIOYUTE netdb. h.

W Hunma nsays u npekpalieHne UCIoIb30BaHus OMOINOTEKH TOAIEPKKIA COKETOB Ha
pas3HbIX MIaTOpMax TakKe OCyllecTBI0TCs no-pasznomy. B POSIX-coBmecTumbix
miaTdopMax 6OINOTEKa AKTUBU3UPYETCS aBTOMATHYECKH U He TpeOyeT JOIOTHUTE b-
HBIX JIeUCTBUH mepe]] HauanaoM paboTsl ¢ coketamt, bubanoreka Winsock?2, Harporus,
Tpebyer SIBHON MHUIIMAIM3AIMK U 3aBEePIIEeHNs 1 JaeT M0Jb30BaTeI0 BO3MOKHOCTh
YKa3blBaTh BEPCUIO UCIIOJAb3yeMoil 6ubmorexku. YToObl akTUBUPOBATH OUOJINOTEKY
coketoB B Windows, ucroJibayiiTe WSAStartup:

int WSAStartup(WORD wVersionRequested, LPWSADATA 1lpWSAData);

wVersionRequested — 2-GaliTHOE CI0BO, MyIaAIINI (AT KOTOPOTO OIPEEIAeT CTaPUIAi
HOMEp BEPCHH, a cTapiinil GailT — Muraammii HoMep keaaemoil Bepcun Winsock. Ha
MOMEHT BBIXO/Ia 9TOI KHUTM TOCJeIHEN OblIa BEPCHs ¢ HOMEPOM 2.2, KOTOPbIi MOMKHO
repesiaTh B 3TOM ITapaMeTpe Kak MAKEWORD (2, 2).

1pWSAData — yKasaTeJb Ha CTPYKTYPY JaHHBIX, KOTOpas Oy/IeT 3amoJHeHa ¢ MOMOIIbIO
dhyHKIIIH WSAStartup nadopMaliieil 06 akTHBUPOBAHHON GUGJIOTEKE, BKIIIOUAs HOMEP
BEPCHU TIpeocTaBIeHHON peanusaiun. OObIYHO OH COBIAIAET ¢ 3aTPeOOBAHHBIM HOME-
POM BEPCHH U, KaK MPaBUJIO, He TPeOYeT MPOBEPKH.

WSAStartup BosBpalaer 6o 8, coobInas 06 ycrexe, Iubo Ko OMUGKHU, OIPe eI oI
IPUYUHY HEBO3MOKHOCTU aKTUBUPOBATh Onbnorexy. CireyeT OTMETUTbD, YTO HU OfHA
us dpyukunii Winsock2 He 6yzer paboraTh IpaBUIbHO, €CJIM BbI30OB WSAStartup He 3a-
BEPILIUTCS YCIIEXOM.

YT00bI 3aBEPUIMTD KCIIOAb30BaHKe OMOIMOTEKH, BBI30BUTE WSACleanup:

int WSACleanup();
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WSACleanup He MIMeET MapaMeTpoB U Bo3Bpataet Koj omubku. Korza mporece BbI3biBaeT
WSACleanup, BCe OKUAIOIINE OIIEPALIMU C COKEeTAaMU 3aBEPIIAIOTCA U OCBO60>KZ[EIIOTCH
BCe BbIJIeJIEHHBIE /IJISI HUX PECYPCHI, TOTOMY BCET/la CTapaiTech 3aKPhIBATh BCE COKETHI
nepest 3aBepiieHneM ucrosb3oBanust Winsock. Berzossl WSAStartup MoACUMTBIBAIOTCS
CHUCTEeMO, T03TOMY WSACleanup J0JKHA BBI3BIBATBCA CTOJIBKO K€ Pa3, CKOJbKO BbI3bI-
BaJach WSAStartup, 4TOObI TapAaHTHPOBATH OCBOOOIKICHIE BCEX PECYPCOB.

O6paboTka ommbOK Ha pasHbIX maarGopMax Takke pasandaercs. B ciyuae ommbOKu
GOJBIIMHCTBO (DYHKITHIT Ha BeeX TuiatdopMax BosspaiaoT -1. B Windows Bmecto Hu-
Yero He rOBOPAINETO YUCIA -1 MOKHO NCII0Jb30BAaTh MAaKPOC SOCKET_ERROR. [TockosbKy
uicJ0 -1 He HeceT mHopMaiuu o npuurHe omubku, B Winsock2 npeaycmorpeHa
bynkims WSAGetLastError, ¢ TOMOIIbIO KOTOPOM MOKHO MOJIYUYUTD JAOTOJHUTEIbHbII
KOJI, MOMOTAIOIIHIT OTPEeTUTh PaKTUIECKYIO OMIUOKY:

int WSAGetLastError();

Ita GYHKIMS BO3BPAIIAET KO TOJBKO CAMOU TIOCIeHEN OINOKY, CreHEPUPOBAHHON
TEKYIIUM MTOTOKOM BBITIOJIHEHUSI, TIOATOMY €TO BasKHO MOJYYUTDH CPasy ke, KaK TOJbKO
Gubnuorednast pyHKIMs BepHeT —1. BbI30B apyroii 6ubinoredHoi hyHKIMU cpasy 1mo-
ciie ommbKHU, CKOpee BCEro, 3aBepIInuTCs OMUOKOM, 00YCIOBIEHHOI epBOiil OIUOKOIA.
ITO MOXKET U3MEHUTH Pe3yJbTaT, BO3BpalaeMbiii (hyHKImelr WSAGetLastError, u 3a-
MaCKUPOBATh UCTHHHYIO TIPUYUHY TPOOJIEMBI.

POSIX-coBmecTumble OGUOIMOTEKN TaKkKe HAIOT BO3MOKHOCTD IIOJIYYUTD AOMOJIHI-
TesibHY0 HHOopMannio o6 ourbke. Ho 111 3TOro OHU NCIOIB3YIOT IJI06ATBHYO Hepe-
MEHHYIO errno U3 cranzapTHoii 6ubsmorexu C. YToObl UMETh BO3MOKHOCTH IIPOBEPSITH
3HAYEHME errno, HOAKIIounTe (ail errno. h. Ilocie 9TOro k errno MOKHO 00paIaThes
Kak K J11060i apyroii mepemernoit. [Togo0HO pesyJbrary, Bo3BpaiaeMomy (hyHKInei
WSAGetLastError, 3HaUE€HNE €rrno MOKET M3MEHSITHCS ITOCJIE BbI30BA KasK/101 (DYHKITUH,
HO9TOMY BasKHO IIPOBEPSTH ee cpasdy IOocJIe MoJydeHNs TPU3HaKa OMIMOKH.

COBET BO/bLUMHCTBO NNaT¢OpMeHHO-HE3aBUCUMBbIX yHKLMI B 6UGNMOTEKE NOAAEPXKKN COKETOB UMe-
10T MMEHa, COCTosALIME TONbKO M3 BYKB HWXHEro peructpa, Hanpumep socket. OaHako 60MbLIMHCTBO
Windows-dyHkuuii B 6ubnmoteke Winsock2 HaumHatoTcs ¢ 6yKBbl BEPXHEro perucTpa v MHOrAa MMeoT
NPpUCTaBKy WSA, MOKa3blBaOLLYtO, YTO OHU ABASIOTCS HECTaHAAPTHbIMK. Pa3pabaTbiBas nporpammbl Ans
Windows, cTapaiiTtecb Ucnosib3oBaTth dyHKUMM M3 Winsock2 oTAeNbHO OT KpocCniaThopMEHHbIX, YTO6bI
nocnesyowmin nepeHoc Ha POSIX-coBMeCTVMbIE NaThOPMbI Bbi3blBa MEHbLUE CIIOXKHOCTEN.

B oubamorexe Winsock2 npucyrerByior GyHkImu, He nMeronue anaaoros B POSIX-
cOBMecTUMOIT Bepcuu 6ubinoreku coketoB bepkiu, Tak e kak mHorue POSIX-
COBMECTHMBbIE OIIEPAIIMOHHbIE CUCTEMBI IMEIOT COOCTBEHHBIE TIIAT(OPMEHHO-3aBUCHMBIE
ceTeBbie PYHKIUY B IOTIOJMHEHNE K CTaHAapTHBIM. CTaHapTHLIE (hYHKIUHN s PaGOTHI
C COKETaMHU MPEIOCTABJISIOT BCe HEOOXOANMOE JIJIst TUITHYHONW MHOTOTOJIb30BATEIbCKOI
CETEBOU UTPBI, TOATOMY B OCTABIIENCS YACTI HTOU IJIaBBI MBI GY/IEM HCCJIE0BATh TOJIBKO
cTangaptHble Kpocciardopmennsle dynkiunu. [Ipumepst Koza a1 9T0i KHUTH OpU-
EHTUPOBAHbI HA OTEPAIUOHHYI0 cuctemy Windows, HO HecTaHAapTHBIE (DYHKITUH 13
Winsock2 nemonn3yiorest B HIX TOTBKO B TOM CIydae, KOT/a HeOOXOIIMO TIPOBECTH HHH-
MMATTH3AIIIO U OCTAHOBKY OGUOIMOTEKH, a TaksKe [T MPOBepKH omuboK. /list hyHKIwi,
OTJIMYAIOTIIXCSI Ha PA3HbIX I1aThopMax, OyIeT IPUBOAUTHCS HECKOJIBKO BEPCUET KOJIA.
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Aapec cokeTa

JT1060ii ITaKeT ceTeBOro YpoBHS JOJIKEH COAEPKATh aJpPec OTIIPABUTE/IS U [OIydaTeIs.
Ecin nannbie 06epThIBAOTCS B ITAKET TPAHCIOPTHOIO YPOBHS, TAKOM ITAKET TaKKe
JIOJIKEH COZIepsKaTh MOPT OTIPAaBUTENS U HoJrydaress. JlJis nmepegadu 9Toi agpecHoi
uHopManun B GubanoTeKy uin u3 GubJNOTEKU B IIporpaMMHOM uHTEpdeiice ompe/e-
JigeTcsd TUIL JaHHbIX sockaddr:

struct sockaddr {
uintl6_t sa_family;
char  sa_data[14];
¥

sa_family XpaHUT KOHCTaHTY, ONPEAEAAIONTYIO THI aapeca. [[pr MCIoNb30BaHUHT 9TOTO
ajpeca ¢ COKeTOM 3HaueHe B oJIe sa_family JOJIKHO COBIAAATh CO 3HAYEHUEM Mapa-
MeTpa af, ICIOIb30BAHHOTO A/ co3fanus cokera. [Tose sa_data nmeer pasmep 14 Gaiit
u xpaHuT gakTudecknii aapec. OHO ompeaeneHo Kak 0000MEeHHbI MaccuB (GalToOB,
IOCKOJIbKY TIPE0CTaBIIsIeT BOBMOKHOCTh COXPaHATH aZpeca B pasHbIX (hopMaTax B 3a-
BUCHMOCTH OT HMCIIOJIb3YEMOI0 ceMelcTBa aapecoB. TeXHUUECKH 9TO MOJIe MOKHO 3a-
MOJMHATH BPY4YHYI0, NOGARTHO, HO [UIST 9TOTO TpebyeTcs 3HaTh (hOPMATHI TIPEACTABICHUS
aPecoB pasHbIX ceMelicTB. YToObl M30aBUTh IIPOrPAMMKCTA OT 9TON HEOOXOAUMOCTH,
B API nMeroTcs crenuaan3ipoBaHHble THITbI JaHHBIX, IOMOTAOIIIe HHIIUAII3IPOBATh
ajipeca U3 HanboJiee PacpPOCTPAHEHHBIX CeMeCTB afpecoB. IT0CKOIbKY HA MOMEHT
paspaboTKU IPOrpaMMHOro uHTepdeiica He CYIECTBOBAIO HI KJIaCCOB, HU MEXaHU3Ma
HOJIUMOP(HOrO HACIeJOBAHNsL, STU TUIIbI JaHHBIX CJIEAYeT BPYYHYIO IPUBOIUTH K TUILY
sockaddr mpu nepegaue 060N 6ubMoTeuHON (yHKIMU, TpedyIotiel agpec. UTOOBI
co3mathb ajzpec i nmakera [Pv4, ucnonpayiite tun sockaddr_in:

struct sockaddr_in {
short sin_family;
uintil6_t sin_port;
struct in_addr sin_addr;
char sin_zero[8];

3

[Tone sin_family HakJaspIBaeTcs Ha mose sa_family B cTpykType sockaddr u, cooT-
BETCTBEHHO, UMEET TOT K€ CMbICJL.

[Tosie sin_port xpauut 16-GUTHYIO CEKITHIO a[peca ¢ HOMEPOM TIOPTa.

ITose sin_addr xpanut 4-6aiitabil agpec IPv4. Tum in_addr o-pasHomy o0bsBIIsIETCS
B pasHbIX Oub/moTekax. B HeKoTOphIX 11atdopMax aTo IpocToe 4-6aliTHOE 1eI0e YICIIO.
Ho, xax npasuio, agpeca IPv4 samuchiBaioTcs He Kak 4-OaiiTHbIE 1ieJIble YICIa, a KakK
yeTbIpe OTAeIbHBIX O6aliTa, pasaeseHHbIX Toukamu. 110 9T0ii npuunte apyrue miardop-
MBI OIIPEJIETISIOT CTPYKTYPY, 00€PTHIBAIOIILY IO 00bEANHEHUE CTPYKTYP, KOTOPhIE MOKHO
WCITOJTb30BATH JIJIs1 MHTEPIIPETAIUN JIPECOB B Pa3HbIX hopMaTax:

struct in_addr {
union {
struct {
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uint8_t s_bl,s_b2,s_b3,s_b4;
} S_un_b;
struct {
uintl6_t s_wl,s_w2;
} S_un_w;
uint32_t S_addr;
} S_un;
¥

Ucnonp3ys nosst s_bl, s_b2, s_b3 u s_b4 CTPYKTYpbI S_un_b B oObeIMHEHNH S_un,
MOKHO BBECTH a[PeC, YKazaHHbII B y1000unTaeMoii hopme.

[Tosie sin_zero He MCHOJB3YETCS U CYHIECTBYET TOJBKO /ISl IIPUBE/IEHUsT pa3Mepa
sockaddr_in B coOOTBeTCTBHE € pa3MepoM sockaddr. /[0 HETPOTUBOPEYMBOCTH BCE €T0
9JIEMEHTDI JJOJIKHDI 3alI0HATLCA HYJIAMU.

COBET Co3gaBas ak3eMnisip 060l CTPYKTypbl, MMEIOLLEN OTHOLLEHUE K cokeTaM BSD, Mbl pekoMeH-
[lyeM Ucnonb3oBaTb memset ANs OBHYNEHWst BCEX ee nonei. 3To no3BoiuT usbexaTb kpoccnnaTdop-
MEHHbIX OLIMOOK, BbI3BaHHbIX HEUHMLIMANM3MPOBaHHbIMK MOMSIMM B TOM C/lyyae, ecnv ogHa nnatdopma
MCMONb3YET MO, KOTOPbIE UTHOPUPYIOTCS APYroi nnaTgopMon.

Yeranasausast [P-aapec Kak 4-6aiiTHoe 11€10€ WM HOMED MOPTa, BAKHO YUUTHIBATH,
gyto peanusainusi TCP/IP u anmapaTtHas miraTdopMa MOTYT HCTIOJIH30BaTh Pa3HbIe
CTaHJAPTHI YIIOPsIIOYeHUs OaliTOB B MHOrOGaiTHBIX uncax. B riase 4 «Cepuanusanmst
00BEKTOB> OoJIee TeTAIbHO 00CYKAaeTCs IPpodIeMa YIOPA0UYeH s OaliTOB Ha Pa3HbIX
raTopmax, a moka MpocTo 3alIOMHITE, YTO JTH0ObIe MHOTOOAUTHBIE YHCJIa B CTPYKTYPE,
MIPEICTABJIAIONIEH a/IPEC COKETa, IOJLKHbI TPEOOPA3OBBIBATHCS M3 alIAPATHOTO TOPSI/IKA
cireloBatust 6aiiToB, NCIIOJIb3YEMOr0 Ha JaHHOM KOMIIbIoTepe, B ceTeBoil. C aToi 1esIbio
B ITPOTrpaMMHOM HHTepdeiice COKeToB nMetoTcs pyHKIH htons 1 htonl:

uintl6_t htons( uintl6_t hostshort );
uint32_t htonl( uint32_t hostlong );

Oyukiust htons puHUMaeT IpousBosibHOE 16-6uTHOE 1es10€e 6e3 3HAKA ¢ ATTapaTHBIM
HOPSIIKOM CJle[oBaHust 6aiiToOB, MCIOJIb3YEMbIM Ha JAHHOM KOMITBIOTEPE, U BO3BPAIAeT
TO JK€ YUCJIO C CETEBBIM MOPSAIKOM cile/loBatus GaiitoB. DyHKIMs htonl BBITIOIHSET TY
sKe orepaiuio ¢ 32-0MTHBIMU 11€/IbIMU.

Ha mratdopmax, Tjie anmapaTHbIA U CETEBOM MOPSIIOK cie[oBaHust GAliTOB COBITA/IAIOT,
TN (PyHKIMN HUYero He fesaioT. Ecy BKIIOYeHbI COOTBETCTBYIONINE ONTHUMU3AIUH,
KOMIIUJIATOP OyAeT paclo3HaBaTh 3TOT (DAKT U OIyCKaTh BHI30BBI (DYHKIIMM, HE TeHe-
pupys JmirHero kojaa. Ha rmardopmax, rie anmaparHbiil MOPSIIOK ciieloBaHus GaliTOB
OTJINYAETCST OT CETEBOTO, BO3BPAIaeMble 3HAYECHUS OYIYT COCTOSTH U3 TeX ke GaiiToB,
4YTO U BXOZHbIE ITapaMeTpPbl, HO C U3MEHEHHBIM ITOPAAKOM UX CJIE€NOBaHUA. To ectb eciiu
BBl NCTIOJTb3YETe TAKYIO MIaTGOPMY U IPUMeHsIeTe OTIAAYHK /IS IICCIeI0BAHMS IO
sa_port HHUIHAIN3UPOBAHHON CTPYKTYPLI sockaddr_in, ecaTnyHoe 3Ha4eHueE, [1pej-
CTaBJIIEMOE OTJIAYUKOM, He OYIeT COBIIaZaTh ¢ (DaKTUYECKH MCII0JIb3YEMbIM HOMEPOM
nopTa. BMecTo 9TOT0 BBI YBUAUTE IECATUIHOE 3HAUEHUE BEPCHHU MOPTA, B KOTOPOT GallTh
HepecTaBIeHbl MECTAMU.
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Wnorpa, naripuMep npu pueMe Makera, CTpyKTypa sockaddr_in aBToMaTuyecku 3a-
MOJIHSAETCS TPOrpaMMHBIM HHTepdeiicoM cokeToB. B aTOM ciyvae moss B sockadd_in
GyIyT XPaHWUTH 3HAYEHUS C CETEBBIM TIOPSIIKOM CJIeI0BAmTst OaiiToB. B aToM ciydae, ecm
MOHAOOUTCST M3BJIEYb UX U KaK-TO 06paboTaTh, UCIOAb3yiiTe (hyHKINM ntohs 1 ntohl
IS TIpe0OPa3oBaHust 3HAYEHUIT 13 (hopMaTa ¢ CETEBBIM TTOPSIIKOM CJIe/[0BaHUs HaliTOB
B (hopmar ¢ anmapaTHBIM TTOPSITKOM:

uint16_t ntohs(uintl6_t networkshort);
uint32_t ntohl(uint32_t networklong);

It 1Be PYHKIMU AEHCTBYIOT MOX00HO cBOUM host-to-network (13 armapaTHoro — B ce-
TEBOW ) aHAJIOTaM.

B siuctunre 3.1 remoncTpuUpyercs cosfianue ajgpeca COKeTa, IPeICTaBISIONIero 1opT 80
u [P-aznpec 65.254.248.1860.

JNuctunr 3.1. UHnumnanusaums cTpyktypbl sockaddr_in

sockaddr_in myAddr;

memset (myAddr.sin_zero, 0, sizeof(myAddr.sin_zero));
myAddr.sin_family = AF_INET;

myAddr.sin_port = htons(890);
myAddr.sin_addr.S_un.S_un_b.s_bl = 65;
myAddr.sin_addr.S_un.S_un_b.s_b2 = 254;
myAddr.sin_addr.S_un.S_un_b.s_b3 = 248;
myAddr.sin_addr.S_un.S_un_b.s_b4 = 180;

NMPUMEYAHUE HekoTopble nnaTdopMbl A06aBNSOT B CTPYKTYpy sockaddr AOMOMHWTENbHOE none
[N XpaHEHWsi pa3Mepa UCMob3yeMol CTPYKTYpPbl. 9TO AAeT BO3MOXHOCTb YBENNYUTbL pasMep CTPYKTypbl
sockaddr B 6yaywiem. Ha Takux nnatcdopMax AOCTaTOYHO MPOCTO 3anvcaTtb B Nnose pesynbtaTt hyHKUum
sizeof, BO3BpalLatoLeli pasmMep CTPYKTypbl. Hanpumep, MHULMANM3MpOBaTh 3TO MOSiEe B 3K3EMMspe
CTPYKTYpbl sockaddr_in ¢ uMeHeM myAddr B Mac OS X MOXXHO C MOMOLLbLIO MHCTPYKUMKU myAddr.sa_len
= sizeof(sockaddr_in).

be3onacHOCTb TUMNOB

[MockombKy mpu co3paHuu GUGINOTEKN TOAAEPKKI COKETOB HE30MACHOCTH THTIOB
[OYTH HE Y/EJAI0Ch BHUMAHUS, MOXKET TIPUTOAUTHCS MIPpUeM 00epThiBaHMs 6a30BbIX
THUIOB TAHHBIX COKETOB M (GYHKINH HECTAHAAPTHBIMI 00HEKTHO-OPHEHTHPOBAHHBIMIT
KOHCTPYKIUAMU, PeaJN30BaHHBIMU HA YPOBHE IIPUJIOKEHHUS. ITO TAKKe IIoMoraeT OT-
JIeJINTD TPOrPAMMHBIN HHTepdeiic COKeTOB OT UTPBI U IIPUTONTCS, €CJIU BIPYT MO3/THEe
BBI PEITUTE 3aMEHUTH OMOMMOTEKY COKETOB ATBTEPHATHBHON CETEBON OMOIMOTEKOM.
B aroit kHUTE MBI cO3aUM OOEPTKY JIJIsT MHOTUX CTPYKTYP U (DYHKIIUH, 4TOOBI TT0-
Ka3aTh, KaK IIPABIJIbHO HCIIOJIb30BaTh HU3KOYPoBHeBblii API u obecnieunts GoJee Ha-
JesKHOe TUIIM3UPOBAHHOE OCHOBAHNE, KOTOPOE Bbl CMOJKETE UCIIOIb30BaTh B Ka4ecTBe
(dyHzaMeHTa [T CTPOUTETHCTBA CBOETO Kofia. B muctunre 3.2 mipescTaBieHa obepTia
JUISL CTPYKTYPBL sockaddr.
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Nuctunr 3.2. Knacc SocketAddress
class SocketAddress

{
public:
SocketAddress(uint32_t inAddress, uintl6_t inPort)
{
GetAsSockAddrIn()->sin_family = AF_INET;
GetAsSockAddrIn()->sin_addr.S_un.S_addr = htonl(inAddress);
GetAsSockAddrIn()->sin_port = htons(inPort);

SocketAddress(const sockaddr& inSockAddr)
{

}

memcpy (&nSockAddr, &inSockAddr, sizeof( sockaddr) );

size t GetSize() const {return sizeof( sockaddr );}
private:
sockaddr mSockAddr;

sockaddr_in* GetAsSockAddrIn()
{return reinterpret_cast<sockaddr_in*>( &mSockAddr );}
s
typedef shared_ptr<SocketAddress> SocketAddressPtr;

Kiace SocketAddress umeer 1Ba KOHCTpyKTOpa. [1epBbiil IpuHUMaeT 4-GaliTHBIN ajipec
[Pv4 v mopT u npucBanBaeT UX 3HAYEHUS TTOJISIM BHYTPEHHEN CTPYKTYPHI sockaddr.
KoHeTpyKTop aBTOMaTHyecKy BEIOGUPAET CeMeiicTBO apecoB AF_INET, OTOMY UTO €ro
mapaMeTpbl UMEIOT CMBICJT TOJIBKO /715t anpecoB IPv4. g noaaepskku [IPv6 MoxkHO 10-
HOJIHUTD 9TOT KJIACC €llle OZIHUM KOHCTPYKTOPOM.

Bropoii KOHCTPYKTOP IIPUHUMAET FOTOBYIO CTPYKTYPY sockaddr 1 KOIIUPYeT ee cojiep-
JKUMOE BO BHyTpeHHee 11osie mSockAddr. OH MOXKeT IIPUTOJUTBCS 7S CJIydaeB, KOT/a
CeTeBOI MPOrpaMMHBII MHTepdeiic BO3BpaIaeT CTPYKTypy sockaddr u ee HYKHO 3a-
BEPHYTbH B KJ1acc SocketAddress.

BenomorartenbHbIil MeTo GetSize kiacca SocketAddress obecrieynBaeT YUTAEMOCTh
KOJIa TIPU UCTIOJIb30BaHUK (DYHKIIUH, TPeOYIOIINX pa3Mep CTPYKTYPbI sockaddr.

Haxomern, TUI pasieJi1eMoro yKasaressi Ha a/[pec COKeTa rapaHTUPYeT MPOCTOTY Tiepe-
Jauu ajapeca 6e3 HeoOXoAUMOCTH 3a00TUTBCS 00 0cBOOOKIeHNK TamMsaTh. Ha ganubiil
MOMEHT SocketAddress 06.azaeT HE3HAUMTEILHOM JOIOJIHUTENbHOR (PYHKIMOHAL-
HOCTBIO, HO OH 00€CTIeunBaeT XOPOIIYIO OCHOBY /ISt IA/IbHEHIIETO ee HapalnuBaHus 110
Mepe HOSIBJIEHHsI HOBBIX II0TpeGHOCTEN B OyAyIUX IpUMepax.

NHuumanmnsaums sockaddr ns ctpokm

Yrobsl 3amucarb [P-azpec 1 HOMep IOPTa B aipec COKeTa, TpedyeTcst MIPUI0KUTh He-
KOTOPBIE YCU/IH:L, 0COOeHHO ecin nH(OpMaIs 00 apece epenaeTcs IPOrpaMMe B BUIE
CTPOKH, TPOUYNTAHHON M3 KOH(MUTYPAITMOHHOTO (haiiia, Nan 13 KOMaHHON CTPOKHU.
Ecin umeercst ctpoka, KoTopyio Tpedyercs peobpasoBaTh B CTPYKTYPY sockaddr, aTy
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paboTy MOKHO OPYyYnTh QyHKINU inet_pton B POSIX-coBMECTUMBIX CHCTEMaX MU
InetPton — B Windows.

int inet_pton(int af, const char* src, void* dst);
int InetPton(int af, const PCTSTR src void* dst);

O6e (GyHKIIUN TPUHIMAIOT CEMENCTBO afpecoB — AF_INET miu AF_INET6 — U 1peol-
pasyIoT CTPOKOBOe Tpe/icTaBaeHne [ P-aapeca B ipesicTaBienne in_addr. ITapameTp src
JI0JIKEH yKa3blBaTb Ha CTPOKY, 3aBEPIIAIONIYIOCS HYJIEBBIM CHMBOJIOM, COJEPKAILYIO
aJ[pec B TOYEYHON HOTAIHH, a TTapaMeTp dst — Ha ToJie sin_addr B TpeGyeMoil cTPYKType
sockaddr. B ciyyae ycriexa dyHKIMs Bo3BpalaeT 1; ecyii UCX0/iHas cTpoka oopmiieHa
¢ omOKaMu, BO3BPAIIAETCS @; €CJIM BOSHUKJIA KaKasi-TO JpyTast CUCTEMHas OMmnbKa,
Bo3Bpaiaercs -1. JInctur 3.3 1eMOHCTPUPYET, KAk MHUITMATU3UPOBATH sockaddr ¢ mc-
TOTH30BAHVEM OJTHON U3 9TUX presentation-to-network (13 CTPOKOBOTO TPECTABIEHIS
B ceTeBoe) (OyHKITHT.

JNinctunr 3.3. UHnumanusaumsa sockaddr c nomouybro InetPton

sockaddr_in myAddr;

myAddr.sin_family = AF_INET;

myAddr.sin_port = htons( 80 );

InetPton(AF_INET, "65.254.248.180", &myAddr.sin_addr);

Yrobbl inet_pton mpeobpasoBajia CTPOKOBOE MpejicTaBieHre B iBonuHbIN [P-ajpec,
CTpOKa J0JIKHa cogepsxkarh uMeHHo IP-agpec. CTpoka He MOKeT ObITh JOMEHHBIM UMe-
HeM, Tak Kak (yHKIMs He BbimosHsieT morck B DNS. Eciu moTpebyercst BBIIOJTHUTD
npocroii 3arpoc K DNS, uto6el mpeo6paszoBath goMeHHOe nMs B IP-azpec, ucosbayiire
getaddrinfo:

int getaddrinfo(const char *hostname, const char *servname,
const addrinfo *hints, addrinfo **res);

ITapametp hostname 0/KeH OBITH CTPOKOH, 3aBEPIIAOIIENCS HYJIEBBIM CUMBOJIOM U CO-
nepskarieii mckomoe foMerHoe nMsa. Hampumep, "live-shore-986.herokuapp.com".

ITapameTp servname JOJKEH OBITH CTPOKOM, 3aBEPIIAOIIEHCS HYJIEBBIM CUMBOJIOM
U cojieprKaliieil HoMmep mopTa Wiv uMst ¢y k0bl, oToOpaskaeMoe B Homep ropra. Hanpu-
Mep, B 9TOM IapaMeTpe MOKHO IepeaTh "80" min "http", 4ToObI IIOJYYUTh CTPYKTYPY
sockaddr_in ¢ HOMepOM T10pTa 80.

[Tapametp hints foJKeH SBJISATHCS yKasaTeseM Ha CTPYKTYpy addrinfo ¢ uadopma-
IUeN 0 JKeJaeMoM pedyJbraTe. 371eCh MOKHO YKa3aTh jKeJaeMoe ceMeHCTBO a/ipecoB
wi ipyrue TpebGoBaHus, MOKHO TaKKe mepesaTh nullptr, 4TOObI TIOIYYUTh BCE COOT-
BETCTBYIOIINE PE3YJIbTATHL.

Haxowerr, mapameTp res M0JUKeH OBITH YKa3aTeTeM Ha TIePEMEHHYIO, B KOTOPYTO (YHKITHS
3allAIIeT yKasaTesb Ha Ha4yaJIo CBA3aHHOTO CIIMCKA C BHOBD CO3/[aHHBIMU CTPYKTYPaMU
addrinfo. Kaxkmas crpykrypa addrinfo B 3TOM cIMCKe TTPE/ICTABIISIET Pasjies B OTBETE,
nosrygeHHoM ot cepBepa DNS:
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struct addrinfo {

int ai_flags;
int ai_family;
int ai_socktype;
int ai_protocol;

size_t ai_addrlen;
char  *ai_canonname;
sockaddr *ai_addr;
addrinfo *ai_next;

[Tonst ai_flags, ai_socktype u ai_protocol UCTIONB3YIOTCS 7SI 3aITPOCA OTIPEIeIEHHBIX
pe3yJIbTaToB, Korzia addrinfo nepenaercs B getaddrinfo B mapamerpe hint. B oTBeTax
3TH MOJI MOKHO UTHOPUPOBATD.

IToJie ai_family coobImaeT ceMeiicTBO aapecoB, K KOTOPOMY TIPUHAIJIEKUT AaHHAsT
cTpykTypa addrinfo. 3nauenue AF_INET coorBercTBYeT azpecy IPv4, a 3nauenue
AF_INET6 — azpecy IPv6.

ITosie ai_addrlen coobiaer pasmep CTPYKTYpbl sockaddr, Ha KOTOPYIO yKa3bIBaeT
ai_addr.

[Toste ai_canonname XpaHUT KAaHOHWYECKOE UM OIIO3HAHHOTO y3JIa, €CJIU B 110JIe ai_
flags cTpykTypbl addrinfo, nepeganHoii B mapamerpe hints, ObL1 ycTaHoBeH ¢Jiar
AI_CANONNAME.

[Tose ai_addr xpaHUT yKasaTesb Ha CTPYKTYPY sockaddr A5 3a7laHHOTO ceMeii-
CTBa a/IpecoB, KOTOPas ajJpecyeT y3eJl ¢ IOPTOM, yKa3aHHbIe B IIapaMeTpax hostname
U servname.

[Tone ai_next yka3biBaeT Ha CJeAYIONIYIO CTPYKTYPY addrinfo B CBSI3aHHOM CIIHICKE.
Tax kak ZJOMEHHOEe UM MOKET OTOOPaKaThCs B HECKOJIBKO aapecos IPv4 u IPv6, Hyx-
HO 000HTH CBSI3aHHBII CIIUCOK, YTOOBI HAUTH CTPYKTYPY sockaddr, COOTBETCTBYIONIYIO
BatM norpebHoCcTsIM. Kak BapuaHT, MOKHO YCTAHOBUTH COOTBETCTBYOIIECE 3HAYCHHE B
roJsie ai_family B CTpyKType addrinfo u osry4arhb pe3yabTaThl TOJIBKO I JKeJIaeMOTro
cemelictra anipecos. [Tocaennss crpykrypa addrinfo B crivicke GyieT XxpaHuThb nullptr
B II0J1e ai_next, IIOKa3bIBas, YTO 9TO LIOCJIEIHUN DJIeMEHT CIIMCKA.

[Tockonbky getaddrinfo BeIZeNsET MaMATh [IJIsT OJHON MJIN HECKOJTbKUX CTPYKTYP
addrinfo, I0c/Ie COXpaHEeHUsT KOIIMU BEIOPAHHOI CTPYKTYPhI sockaddr ciienyeT BhI3BaTh
freeaddrinfo /Jist 0CBOOOKIEHYSI TAMSITH:

void freeaddrinfo(addrinfo* ai);

B ai moskeH nepeziaBaThes yKaszaresib Ha caMylo TIepBYIo CTPYKTYpY addrinfo, Bo3Bpa-
maeMbiil pyHKIEH getaddrinfo. MyHKIMSA 000MAET CBI3aHHBIN CITIUCOK U OCBOOOINT
IaMsITh, 3aHUMaeMylo BceMU y3jaMu addrinfo B cliMCKe U COOTBETCTBYIOIMMU UM
Oydepamu.

Yrobsr onpenenntsh [P-aspec mo nuMenu ysia, getaddrinfo cosmaer makeT IPOTOKO-
sa DNS u nocermaer ero o npotokoamy UDP nnu TCP ognomy us cepsepos DNS,
HACTPOEHHBIX B ONEPAIMOHHON cucTeMe. 3aTeM OHA JKIET OTBETA, AaHAJIU3UPYET €ro,
KOHCTPYMPYET CBI3aHHBIN CIIMCOK CTPYKTYP addrinfo 1 BO3BpAIaeT ero BhI3bIBAIOTIEN
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nporpamme. Tak kak B 1poliecce NIPpUCYTCTBYIOT Ollepallii OTHPaBKU MHMOPMALUN
YIQJIEHHOMY y3Jy U IPHeMa OTBETA OT HETO, HA €r0 BBIIIOJHEHHE MOKET HOTPEOOBATHCSI
3HauuTeabHOe BpeMs. MHorna oskujjannue MoKeT UCUUCIATLCS MUJLIUCEKYH/IAaMU, HO
yalie — ceKyHJaMu. getaddrinfo He MeeT BO3MOXKHOCTH UCII0JIb30BAaTh ACUHXPOHHDBIN
peskuM paboThbl, 109TOMY OHa OyaeT OJOKMPOBaTh PabOTy BBI3HIBAIOIIETO [TOTOKA BbI-
TTOJTHEHUS JI0 TTOJTyY€EHUS OTBETA. 3aJIePKKU MOTYT BBI3BIBATH HEYZOBOJIBCTBUE Y TTOJIb-
30BareJieil, moaToMy, eciiu motpebyercst monydath [P-aapeca 1o nmMeHam ysJjioB B CETH,
nonpobyiite BbIHECTU BbI30B getaddrinfo B OT/eJIbHbII IIOTOK BBIIOJIHEHMS, OTJINYHbIN
OT OCHOBHOT'O TIOTOKA BhITIOJTHEHMsI UrPbl. B Windows ecTh BO3BMOKHOCTD UCITOJIB30BAThH
crelMaIn3upoBaHHylo GyHKINIO GetAddrInfoEx, KOTOpas 1103BOJISET OCYIIECTBIIATD
ACUHXPOHHBIE Orepanuu Oe3 CO3AaHusI OTAETBHOTO TTOTOKA BBITOJTHEHHSI.

BosmoskaocTn (hynkiuu getaddrinfo MOKHO MHKAIICYJIMPOBATD B KJ1acce SocketAddress-
Factory, Tpe/CTaBJIEHHBIN B TUCTUHTE 3.4.

JNuctunr 3.4. PaspeweHne nmeH c nomoulbio SocketAddressFactory
class SocketAddressFactory

{
public:
static SocketAddressPtr CreateIPv4FromString(const string& inString)
{
auto pos = inString.find_last_of(':");
string host, service;
if(pos != string::npos)

{ host = inString.substr(@, pos);
service = inString.substr(pos + 1);

}

else

{

host = inString;
// vcnonb3oBaTb MOPT MO YMONMYAHUK. . .
service = "0";
}
addrinfo hint;
memset(&hint, @, sizeof(hint));
hint.ai_family = AF_INET;

addrinfo* result;
int error = getaddrinfo(host.c_str(), service.c_str(),
&hint, &result);
if(error != 0 && result != nullptr)
{
freeaddrinfo(result);
return nullptr;

}
while(!result->ai_addr && result->ai_next)
{
result = result->ai_next;
}

if(!result->ai_addr)
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{

freeaddrinfo(result);
return nullptr;

}

auto toRet = std::make_shared< SocketAddress >(*result->ai_addr);
freeaddrinfo(result);

return toRet;

}
s

Kiace SocketAddressFactory umMeeT €AIMHCTBEHHDIN CTATUYECKUI METO/ JJIS1 CO3/1aHUs
aK3eMILIsIpa SocketAddress 13 CTPOKOBOTO IIPE/ICTABIEHNS UMEHHU y3J1a U mopTa. MeTos
BO3BpaIaeT ykasaresab SocketAddressPtr, TO €CTh IMeeT BO3SMOKHOCTD BEPHYTH nullptr
B CJIyYae HeyJayHON TOTBITKA TPeoOpa3oBaTh UMsL. ITO OTIWIHAS aJIETEPHATHBA WC-
II0JIb30BAHMIO KOHCTPYKTOPa SocketAddress /s peobpasoBaHust, TaK Kak, He Tpebyst
06pabaThIBATh UCKIIOUEHIS, METOJ] TADAHTHPYET, YTO HUKOT/IA HE TIOSIBUTCST HEITPABHUIIb-
HO MHUTINATU3UPOBAHHBIN 9K3eMILTSAP SocketAddress: ecim CreateIPv4FromString
BEPHET HEITYCTOU yKa3aTeJib, 3HAUNT, OH Oy/IeT YKa3bIBATDH HA JIOIYCTUMbII 9K3EMILISIP
SocketAddress.

Metoy cHavasa oT/iesIsIeT TOPT OT UMEHHU, OTBICKIBAS IBOETOUYNE. 3aTeM CO3/IaeT CTPYK-
TYpy-10JACKa3Ky addrinfo, 4To6bl TapaHTUPOBATH MOJYYEHKIE TOJbKO PE3yJIbTaToOB
¢ anpecamu [Pv4. Ilocie aToro on mepenaet BCio nHGOPMAINIO B BEI30B getaddrinfo
U BBITIOJTHSIET 0OXO/I CITUCKA ¢ Pe3yJibraTaMi, TOKa He HaiizeT Heryctoil aapec. HaiineH-
HBIH aJipec KOMUPYeTcs B HOBBIN 9K3eMILISIP SocketAddress ¢ TOMOIIBIO COOTBETCTBYIO-
I1[er0 KOHCTPYKTOPA, U 3aTe€M CBSI3aHHbII CIIMCOK 0CBOOOKAaeTcs. Ecim uto-To noizer
He Tak, Bo3Bpauaerca nullptr.

CBs3biBaHWE COKETa

[Tpoueaypa u3BeIEeHns OMEPANMOHHOI CUCTEMBI O TOM, YTO COKET OYIET UCITOJIh-
30BaThCs C OIPEIEJEHHBIM aPECOM U IIOPTOM TPAHCIOPTHOIO YPOBHSI, HA3bIBAETCS
cestsvieanuem (binding). IToObl BpyUHYIO CBA3AaTh COKET C aJiPECOM U [IOPTOM, MOMKHO
MCIIOTh30BaTh (MYHKITNIO bind:

int bind(SOCKET sock, const sockaddr *address, int address_len);

sock — 3TO CBSI3BIBAEMBII COKET, TIPEsKe CO3/IaHHbIN (PyHKINeH socket.

address — 9TO ajgpec, ¢ KOTOPbIM A0JIKEH ObITh ¢Bsi3aH coker. OOpaTuTe BHUMAHUE,
4TO STOT aJPec He NMeeT OTHOLIEHUS K aZiPeCy, 10 KOTOPOMY COKET OyIeT OTIPABJISATh
nakerol. MakTUyeCcKy 9TOT HapaMeTp OIPEAE/ISeT aAPec OTIPABUTEIS s JTI0ObIX a-
KeTOB, oChLIaeMbIX cokeToM. CaMa HeoOXOAMMOCTh OIIPEJEsITh aPeC OTIPABUTEISI
MOJKeT [TOKa3aThCs CTPAHHOI, IOTOMY YTO BCe IIAKETHI, IIOCHLIAEMBIE Y3JI0M, C OUEBUI-
HOCTBIO UCXOJAT € ajipeca aToro y3ja. Ho He criemuTe ¢ BBIBOJAMH, BCIOMHUTE, YTO
y3€Jl MOJKEeT MMETh HECKOJIbKO CeTeBbIX MHTePMENCOB 1 KasKIblil U3 HUX MOKET UMETh
cobcrBennbiii IP-aznpec.
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[Iepenaua onpenesnennoro ajpeca B (hyHKIIUIO bind 1103BoJIsI€T yKa3aTh, KAKOH MHTEP-
(elic MOKEH UCIIOIB30BATHCST COKETOM. ITO OCOOEHHO TIOJIE3HO JIJIST Y3JI0B, IEUCTBY-
FOIIUX B POJIM MapIIPyTU3aTOPOB MJIM MOCTOB MEKTY CETSIMH, TaK Kak UX WHTepdech
MOTYT GBITh TIOJIKJIIOYEHBI K PA3HBIM TPYIINaM KOMITBIOTEPOB. B MHOTOTIOIb30BaTEIBCKIX
WUTpax peiko MPUXOIUTCA YKA3bIBATH CeTEBOI nHTepdelic 1 HAMHOTO BaKHee ITPUBS3ATh
YKa3aHHBIN MTOPT KO BCEM JIOCTYITHBIM ceTeBbIM nHTepdeticam n [P-aapecam, koTopbre
nuMmeet y3seJ. g 9Toro MoKHO IIPUCBOUTD MaKkpoolpeeseHue INADDR_ANY 110J110 sin_
addr cTpyKTypbl sockaddr_in, repesiaBaemMoii B BbI30B bind.

address_len OJIKEH comep:KaTh pasMmep sockaddr B mapaMmeTpe address.
B caryuae ycemexa bind Bo3Bparmaert 0, B cydae ommoOKy ~1.

OnepauMH CBA3bIBaHUA COKeTa ¢ sockaddr IIpecaenyeT JABE 1eJIN. BO-HepBbIX, OHa CO-
O6I_HaET OC, 4YTO 3TOT COKET [I0JIPKEH MCIIOJIb30BAaTbCA IJIA ITpUEMa JI0OBIX BXOZAIINX
TTaKETOB C aZIPECOM TT0JIydaTeJisd, COBIIQ/IAI0MIUM C a/IPpECOM U ITOPTOM COKeETa. BO-BTOprX,
omnpeaesdgeT aapec U IMOPT OTIIPABUTEJIA, KOTOPbIE 6ubIMoTeKa MMOAJIEPIKKM COKETOB
AOJIKHA UCITOJIb30BaTh IIPU CO3JlaHNN 3alr0JIOBKOB CETEBOI'O M TPAHCIIOPTHOI'O ypOBHef/.I
JUTA TTAaKETOB, IMTOChLTAEMbBIX YE€PE3 COKET.

OOGBIYHO ¢ 33/TaHHBIM AJIPECOM U TIOPTOM MOKHO CBSI3aTh TOJIBKO OJIUH COKET. B 0TBET Ha
TIOTIBITKY CBSI3aTh COKET C aipecOM M IIOPTOM, KOTOPBIE Y3Ke UCITOIb3YIOTCA, bind BepHeT
NpU3HAK OMUOKK. B 9TOM crydae MOSKHO MOBTOPATD MOTIBITKY CBA3ATh COKET € JAPYTUMHE
MOPTaMu, OKa He Oy/eT HalijieH cBOOOIHBIH TTOPT. [IJist aBTOMATH3AINHI 9TOTO TIPOTiecca
B KQueCTBE TIOPTa MOKHO YKa3aTh 4rcyio 0. B aToM cirydae 6ubaoTeka cama HaiiieT He-
HCIIOJIb3YEMBIH ITOPT 1 CBSI)KET COKET C HUM.

CokeT J10JKeH ObITh CBSI3aH MPEK/IE, 4EM €0 MOKHO OYIET UCTIONB30BATD JIJIST TIEPEIad
n ipuema JaHHbIX. [1o 3Tol mpuYmHe, ecyiv MpoIiece MOMbITAETCS MTOCIaTh JaHHbBIE, UC-
MOJTB3YsT HECBA3AHHBIN COKET, GUGIMOTEKa aBTOMATHYECCKHU CBSIKET €T0 CO CBOOOIHBIM
noptoM. To ecTh BBI3BIBATH bind BPYYHYIO UMEET CMbICJI, TOJIBKO €CJIU HEOOXOIMMO
CBA3aTb COKET C Ollpe/leJIeHHLIM a/lpecoM U IIOPTOM. DTO HYKHO cepBepaM, KOTOpble
MOJIKHBI TIPUHUMATH MTAKETHI, TPOCTYIINBAsA 0OIEN3BECTHBIN TTIOPT, HO KJIUEHTaM 9TO
00BIYHO He TpebyeTcst.

KinenT MoKer nernonb3oBath 000 aBTOMATUYECKH CBI3aHHBIN ITIOPT: KOT/1a OH ITOCBI-
JIa€T CEPBEPY HepBbeI ITaKeT, 9TOT IMTaKeT 6yZ[ET CO/ZIEPKATb aBTOMAaTUYECKN BbI6paHHbIﬁ
aJipeC 1 IMOPT OTHPaBUTEJIA, 1 CEPBEP CMOKET MCITOJIb30BATDb 9TOT a/IpeC, 4TOOBI BEPHYTH
ITaKeT C OTBETOM.

Coketbl UDP

Yepes coker UDP MOXHO OTIIPaBIATD JaHHBIE Cpa3dy MocJjie ero co3nanud. Ecau coket
He OBLJI TIPe/IBAPUTEIHHO CBSI3aH, CETEBON MOJYJIb HAleT CBOOOIHBIN MOPT B JNHA-
MUYECKOI 00J1aCTH U aBTOMATUYECKH IPUBSKET ero. LI OTIpaBKU JaHHbIX MOKHO
HCITOJTh30BaTh (DYHKITUIO sendto:

int sendto(SOCKET sock, const char *buf, int len, int flags,
const sockaddr *to, int tolen);
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sock — COKeT, yepe3 KOTOPbIil 0JKHA OBITh OTIpaBieHa gaTarpamma. Ecii coker He
cBsi3aH, OMOJIMOTEKA ABTOMATHYECKH CBSIKET €T0 C JOCTYITHBIM OPTOM. AJIPEC U TIOPT,
CBSI3aHHDIE C COKETOM, OY/IyT MCITOTH30BATLCS KAk a[pec OTIPABUTENS B 3aTOJOBKAX
HCXOJIAIIETO MaKeTa.

buf — ykasaresb Ha Hauaso Oydepa ¢ nannbiMu. Bydep He 06s13aTeIbHO 10JKEH UMETh
tur char*. OH MOJKET MMETh JII0O0H TUTI TPU YCIOBUN BO3MOKHOCTH TIPUBEIEHUST €70
k tuty char*. [To aToit mpuynie ynobHee CYNTATH, YTO ITOT MApaMeTp UMeeT TUTT void*.

len — o6beM (1inHa Oydepa) MochLIaeMbIX JaHHBIX. TEXHIYECKH, pasMep JaTarpaMMbl
UDP, Bxiiiouas 8-GaliTHBIN 3ar0I0BOK, He MOKET IPeBbIaTh 65 535 6aiiT, HoTOMY 4TO
[oJie «pasMep» B 3ar0JIOBKEe MOKET XpaHuTh ToabKo 16 6ut. Ho e 3abbiBaiite, 4TO
HarOOJIBIINI pasMep TaKeTa, KOTOPBIH MOKeT ObITh OTIpaBieH 6e3 pparMeHTaIuu,
ompezesiercs: suaueHrneM MTU kanasnbHoro yposust. J{ust Ethernet Besmunna MTU
coctasasger 1500 6aiit, HO B 9TOT 0OBEM BXOAAT HE TOJIBKO (PaKTHUUECKHUE JaHHbIE, [10-
ChlJIaeMbl€ UTPOIi, HO U HECKOJIBKO 3ar0JIOBKOB U JitoOble 00epTky aketoB. Kak cosza-
TeJIb UTPhI cTapaliTech u3beratsh (pparMeHTan. Xopolee SMINPUIECKOE IIPABUIIO: HE
HCTIONB3YiiTe faTarpaMMbl pasmepoM Oosiee 1300 GaiiT.

flags — GuroBas KoJIeKnus GaaroB, 06HLEANHEHHBIX TOPA3PSIAHO omeparmeit
NJIN (OR), ynpasasiomux epenadeil ganupix. g 00IbUIMHCTBA UTP B 9TOM Iapa-
MeTpe CJIeyeT IepeaaBath o.

to — cTpyKTYypa sockaddr ¢ agpecom nosrydaressi. CeMeiicTBO a[pecoB B 9TOH CTPYKTYpE
sockaddr 10JIZKHO COBIIQ/IATh € CeMEHCTBOM, UCIIOIb30BABIINMCS IIPU CO3/IaHNN COKETA.
Aznpec 1 mopt us mapamerpa to OyayT ckonuposansl B IP- 1 UDP-3aronosku kak I1P-
aJIpec U MOPT ToJIyYaTes.

len — pasMmep CTPYKTyphI sockaddr B mapametpe to. [lns IPv4 moctatouno nepenathb
BbIpaskenue sizeof(sockaddr_in).

B ciyuae yenexa sendto BepHeT 06beM aHHBIX, T00ABICHHBIX B 0U€PEIb IS TIEPeIavn.
B nipotuBHOM ciydae oHa BepHeT —1. OOpaTuTe BHUMAHKE: HEHYJIEBOU MOTOKUTETbHBIN
PE3YJIBTAT BOBCE He 03HAYAET, UTO aTarpaMMa ObljTa OTIpaBJIeHa, OH JIUIIb CBUMETEb-
CTBYET, 4TO OHA JI06aBJIEHa B OUepe/ib IS epeiadn.

Yr06b1 IpounTaTh Aantbie u3 cokera UDP, goctaTouno Bbi3BaTh (QDyHKIMIO recvfrom:

int recvfrom(SOCKET sock, char *buf, int len, int flags,
sockaddr *from, int *fromlen);

sock — CoKer, oTKyia TpeGyeTcs MpounTaTh AanHbie. [lo yMosrdanuio, eciiu Apyras cTo-
pOHA HIUYETO He MOCHLIANA B COKET, TOTOK BBITTOTHEHNST 3a0TOKUPYETCsT, TOKA COKETOM
He Oy/IeT MoTydYeHa mepBast JaTarpamMMa.

buf — 6ydep as mpuema gatarpaMMbr. I10 yMOYaHHUTO, CKOITMPOBAB JaTarpaMMy B Oy-
(dep, ykasaHHbII B BbI30Be recvfrom, OOIMOTEKA COKETOB YHUUTOKUT CBOIO KOTHUIO.

len — JIOJIKEH OIPEIENSATh MAaKCUMATbHOE YHCJI0 OaliTOB, KOTOPOE MOKHO COXPAHUTD
B Oydep, ykasaHHblil B mapamerpe buf. UToObl n3bexkarh OMMOKY TepenoHeHrs Oy-
(bepa, recvfrom HUKOTA He OyIeT KOIIMPOBATH JAHHBIX OOJIbIIE, YEM OTIPEETIEHO ITUM
mapameTpoM. JIo6bre GaliThl, OCTABIINECST BO BXOMSIIEN faTarpaMmme, OYIyT MOTEPSTHBI
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HaBCer/[a, OATOMY BCET/a UCTIOMb3YiiTe mpreMHbie Gydephl J0CTATOUHOTO pa3Mepa,
4TOOBI BMECTUTDH HAMOOJIBIITYO 13 BO3MOKHBIX [[ATATPAMM.

flags — OuroBas kosieknus (Jaros, oObeAMHEHHBIX TOPa3PAAHON onepanuein
NJIN (OR) ¥ yupasJsiiolnux NprUeMoM JaHHbIX. B GOJNBIIHHCTBE UTP HTOT MapaMeTp
IOJKeH ObITh HysieM. MHorma MoxkeT npurogutbes duar MSG_PEEK. IIpu ero nanmunu
HpUHsATas Jatarpamma OyzeT ckorposata B Oydep buf, 1 ee KOIust OCTaHeTCs BO BXOJI-
HOI ouepeau. To ecThb CJAEAYIONIT BEIBOB recvfrom, BO3MOKHO ¢ OGbInM 6ydepom,
CMOJKET TIOBTOPHO U3BJIEYH TY JK€ CAMYIO JlaTarPaMMy.

from — goJ/uKeH OBITh yKasaTesIeM Ha CTPYKTYpy sockaddr, Kyza ¢hyHKIM recvfrom
3amuieT ajgpec u mopt ornpasutesns. O6paTuTe BHUMAHIE, YTO 3TY CTPYKTYPY HE
TpebyeTcs MHUIMAIN3UPOBATh 3apaHee Kakoi-1n6o agpecHoil nugopmMaimeil. Boiryer
omubOYHOE MHEHUE, UTO €€ (CTPYKTYPY ) MOSKHO UCTIOIb30BATh, YUTOOBI 3AITPOCUTDH MAKET
€ YKA3aHHOTO a/ipeca, MHUITHAIN3UPOBAB JJAHHBIN IMapamMeTp, HO B IeHCTBUTETHHOCTH
3TO HEBO3MOKHO. /laTarpammbl Bo3BpaiaioTcs hyHKiuel recvfrom B HOpsIKe UX M0-
JIy4eHUS, U CTPYKTYPa, Ha KOTOPYIO yKa3bIBaeT from, 3a0JHAETCS COOTBETCTBYIOIINM
a/[pecoM OTTIPaBUTEJIS TaTarPaMMBbL.

fromlen — OJKEH YKa3bIBaTh Ha IIEJIOYNCIECHHYIO IIEPEMEHHYIO, COJIEPIKAIIYTO pasMep
CTPYKTYPbI sockaddr, Ha KOTOpPYTO yKasbiBaeT from. DyHKIINS recvfrom MOXKET yMeHb-
AT 3TO 3HAYEHUE, €CJIU el He moTpebyeTcst Bce MPOCTPAHCTBO JJisi KOTTMPOBAHISI
ajipeca OTIIpaBUTEJIS.

B cayuae ycmexa recvfrom BepHeT uncyao 6aiiTOB, CKOMUPOBAHHBIX B buf. B cayuae
omOKM oHa BepHeT -1.

be3zonacHocTb TMNoB cokeToB UDP

B smcrunre 3.5 geMoHCTpUpyeTcst Kiace 0bepTKu UDPSocket, CIIOCOOHBII CBSI3BIBATD
COKET C a/IpeCcOM, a TaKKe OTIIPABJIATH U IPUHUMATD JlaTarpaMMBbI.

JNuctuar 3.5. Knacc UDPSocket

class UDPSocket
{
public:
~UDPSocket();
int Bind(const SocketAddress& inToAddress);
int SendTo(const void* inData, int inLen, const SocketAddress& inTo);
int ReceiveFrom(void* inBuffer, int inLen, SocketAddress& outFrom);
private:
friend class SocketUtil;
UDPSocket (SOCKET inSocket) : mSocket(inSocket) {}
SOCKET mSocket;
s
typedef shared_ptr<UDPSocket> UDPSocketPtr;

int UDPSocket::Bind(const SocketAddress& inBindAddress)
{
int err = bind(mSocket, &inBindAddress.mSockAddr,
inBindAddress.GetSize());
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if(err = 0)

{
SocketUtil: :ReportError(L"UDPSocket: :Bind");
return SocketUtil::GetLastError();

}

return NO_ERROR;

}

int UDPSocket::SendTo(const void* inData, int inLen,
const SocketAddress& inTo)
{
int byteSentCount = sendto( mSocket,
static_cast<const char*>( inData),
inLen,
0, &inTo.mSockAddr, inTo.GetSize());
if(byteSentCount >= 0)

{
return byteSentCount;

¥

else

{
// BepHYTb KOj owuMbKW KaK oTpuuaTesbHOe YUC/O0
SocketUtil: :ReportError(L"UDPSocket: :SendTo");
return -SocketUtil::GetLastError();

¥

¥

int UDPSocket::ReceiveFrom(void* inBuffer, int inLen,
SocketAddress& outFrom)
{
int fromLength = outFromAddress.GetSize();
int readByteCount = recvfrom(mSocket,
static_cast<char*>(inBuffer),

inMaxLength,
0, &outFromAddress.mSockAddr,
&fromLength);
if(readByteCount >= 0)
{
return readByteCount;
¥
else
{
SocketUtil: :ReportError(L"UDPSocket: :ReceiveFrom");
return -SocketUtil::GetLastError();
¥
¥

UDPSocket: :~UDPSocket ()

closesocket(mSocket);

}

Kitacc UDPSocket umeer TPU OCHOBHBIX MeTO/1a: Bind, SendTo 1 ReceiveFrom. Kasxaprit
MCIIOJTh3YeT Kiaacc SocketAddress, KOTOPBII OBLI OIpe/ieJieH BBIIIe. Y1065l TaKOE OBLIO
BO3MOJKHO, KJiacc SocketAddress J1OKEH 00bABUTH UDPSocket IPYy>KeCTBEHHBIM KJlac-
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com (friend class), nHaye mpuBarHas nepemMeHHas-uIeH sockaddr OyzeT HeOCTYMHA
ero MeroziaM. Takoe omnpeziesiennie SocketAddress rapaHTUpyeT, YTO HUKAKOH KOJ| 3a
mpeielaMy MOZTYJIsT 0OEPTKY COKETa He CMOKET M3MEHUTH sockaddr HATIPAMYIO, UTO
CTpaxyeT OT MOTEHIHATBHBIX OMTUOOK.

LleHHOI 0COGEHHOCTHIO 00bEKTHO-OPHEHTUPOBAHHOI 06epTKI/I SIBJISIETCSI BO3MOKHOCTD
3a/IaHUA IeCTPYKTOPOB. B marHOM cirydae ~UDPSocket aBTOMAaTHYECKHU 3aKPOET BHYTPEH-
HUM COKET W TTPEIOTBPATUT YTEUKY TTAMSITH.

Omnpenenenne UDPSocket B icTiHTe 3.5 BBIHOCUT 3aBUCHMOCTD OT MEXaHN3Ma BBIBOJIA
coob1IeHni 06 omMbKax B Kjacce SocketUtil. OTneseHne MexaHn3Ma BbIBOJIa COOOIIIe-
HUIT yIIpolaer u3aMeHeHne 06paboTKu OMMOOK B OYAYIIEM U CKPbIBAeT TOT (hakT, UTO
JUIST TIOJTYYeH ST KOZIa ONMMOKY Ha OJTHUX TIaT(hopMax Hy KHO BHI3BATH WSAGetLastError,
a Ha [PYTUX — [IPOCTO IIPOYUTATD IEPEMEHHYTO errno.

[TporpammubBIil KO/ He TTO3BOJIsIET co37aTh UDPSocket Ha myctoM MmecTe. EquH-
CTBEHHBIN KOHCTPYKTOP UDPSocket 00bsIBJIEH TPUBATHBIM. 110 aHAJIOTHH € KJITacCOM
SocketAddressFactory 3TO pelleHune He II03BOJILET CO3/aTh 9K3eMILIAp UDPSocket
C HEJIOTYCTUMBIM 3HaueHnueM mSocket BHyTpu. BMecTo KOHCTpyKTOpa Ipejaraercs
HCIIOJIb30BaTh METO/T SocketUtil: :CreateUDPSocket, TIpeicTaBaeHHbIN B TUCTHUHTE 3.6,
KOTOPBIH co371acT 9K3eMILIsAp UDPSocket TOJIBKO 1OCJIe YCIIEITHOTO BbI30Ba socket.

Nuctunr 3.6. Cospanune cokera UDP
enum SocketAddressFamily

{
INET = AF_INET,
INET6 = AF_INET6

s

UDPSocketPtr SocketUtil::CreateUDPSocket(SocketAddressFamily inFamily)

{
SOCKET s = socket(inFamily, SOCK_DGRAM, IPPROTO_UDP);

if(s != INVALID_SOCKET)
{

return UDPSocketPtr(new UDPSocket(s));

}

else

{

ReportError(L"SocketUtil: :CreateUDPSocket");
return nullptr;

}
}

Coketbl TCP

[Tporokos UDP me npearmosaraet co3fanusi MOCTOSIHHOTO COEITUHEHUST U XPaHEHUST
nH(GOPMAIIIHU O €r0 COCTOSTHUU. JTO HEHAJIEKHBIH TTPOTOKOJI, U TIOTOMY JIJIsl OTIIPABKU
1 TIpreMa JlaTarpaMM y3JIy JI0OCTaTOYHO MMeTh enHCTBeHHBIHN cokeT. [Iporokon TCP,
HAIIPOTHB, ABJAETCS HAAEKHBIM IIPOTOKOJIOM U TpeOYeT YCTAaHOBKU IOCTOSIHHOTO CO-
eJIMHEHUST MEKLy JIBYMsI y3JIaMU TIepeji HauajioM Tepejayu nanubix. Kpome Toro, on
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MOJIKEH UMETh MHMOPMAIHIO O COCTOSTHUN COCANHEHUS, YTOObI TPU HEOOXOAUMOCTH
MOBTOPATD Tlepejiauy MOTEPSBIINXCS TTAKETOB, U I7le-TO XPAHUTH 3Ty MH(OPMAIIUIO.
B nporpammuom unrepdeiice cokeroB bepkiiu undopmaiiys 0 COCTOSTHUYN COe/IMHEH NS
XPaHUTCS B CAMOM COKeTe. ITO 03HAYAET, UTO JJIsI co3anHus Kaskaoro TCP-coenmnHenns
y3eJ1 JoJKeH co3/laTh CBOH COKeT.

Nuanmmamusanus TCP-coenHeHNsT MKy KITMEHTOM U CEPBEPOM BBITIOTHSIETCS B TPH
srana. YToObI BHIMOIHUTE TIEPBHIIT ATATI, CePBEP A0IKEH CHAYAIA CO3IATh COKET, CBI3aTh
ero ¢ TpebyeMbIM TOPTOM U 3aTeM TIPOCTYIIUBATE COKET B OXKUAAHUN BXOSAIINX 3aITPO-
coB Ha coe/iuHeHue. [Tociie co3anns U CBSA3bIBAHUS COKeTa ¢ TIOMOIIIbIo socket 1 bind
cepBep MOJKET 3aIyCTUTD MPOCIYITUBAHUE BBI30BOM (hyHKITMY listen:

int listen(SOCKET sock, int backlog);

sock — COKET /i TIepeBojia B pekuM mpocyiuBanusd. Kaxapiit pa3, Korjia cokeT, Ha-
XOJISATIUICS B pEKUME TIPOCTYITUBAHUS, TPUHUMAET TTAKeT ITePBOT0 9Tala yCTaHOBJIe-
nus TCP-coemunenus, on coxpanseT 3a1poc /10 MOMEHTa, KOT/1a TIPOIECC, BIAIEIONTUi
COKETOM, IIPUMET 3aIPOC IIyTeM BbI30Ba (PYHKINU accept U MPOJOJIKUT MPOIELYDPY
YCTaHOBJIEHUST COETMHEHNS.

backlog — MaKkcHMaTbHOE YNCJIO BXOSAIINX 3alIPOCOB HA COETNHEHHE, OKMIATOTIIX
06paboTin B ouepen. Kak TOIBKO 9T0 UnCI0 GYET MPEBDITIEHO, JI0ObIE TIOCTEMYIOTIHe
3arpochl HAYHYT UTHOPUPOBATHCS. UTOOBI MCIOIH30BATH 3HAYEHUE TT0 YMOTIAHUIO,
nepejiaiiTe B 3ToM I1apameTpe 3HaueHue SOMAXCONN.

B caryuae yernexa hyHKIus BepHeT 0, B cirydyae ommbku — -1.

Y1066l NPUHATH BXOSAIIMI 3aPOC ¥ MPOAOJIKUTE TIponeaypy ycranosku TCP-
COEIMHEHUS, CJIe/IyeT BbI3BaTh (DYHKIIMIO accept:

SOCKET accept(SOCKET sock, sockaddr* addr, int* addrlen);

sock — COKeT B pesKMMe MPOCTYIINBAHUS, [I7ISI KOTOPOTO TPeOYeTCst TPUHSTH 3aIpoc Ha
coe/IMHEeHuUe.

addr — ykasaTeJib Ha CTPYKTYpY sockaddr, Kyzaa Oy/aeT 3amucan ajjpec yAaJeHHoro y3ia,
3anpocusiinero coeannenue. [1og06HO CTPYKTYpe ajzpeca, nepepaBaeMoil hyHKIMK
recvfrom, cTpykTypa sockaddr B 3TOM mapaMeTpe He TpeOyeT HHUITMATU3AIUN 1 HE
VIIpaBJIsAeT IpUeMoM coeinHeHs. OHa IPOCTO UCHOB3YeTCs /ITIST COXPAHEHS apeca
TIPUHATOTO COENHEHN.

addrlen goJoKeH OBITH YKazaTeJieM Ha TlepeMeHHYIo ¢ padMepoM Oydepa addr B Gaiitax.
ODyHKIMSA accept MOKET UBMEHUTD 3Ty TEPEMEHHYIO, 3aIT1ICaB B Hee (DaKTHIeCKHil pas-
Mep COXPaHEHHOHN CTPYKTYPBI C a[PECOM.

B ciyyae ycriexa accept co31acT 1 BEPHET HOBBII COKET, KOTOPBII MOXKHO UCIIOJIb30BATD
VIS B3aUMOJICHCTBUH € yIAJIEHHBIM Y3JI0M. DTOT HOBBIIT COKET OY/IET CBSA3AH C TEM JKe
MMOPTOM, UTO U COKET, HaxXo/Aluiica B pexxuMe npocaymmuBanusg. Korga OC npumer
HakKerT JI/Is1 JaHHOTO I1I0PTa, TO 110 aJipecy U IIOPTY OTIIPaBUTEJIS OHa OIIPEEIUT, KAKOMY
COKETY TepeaTh MakeT: He 3a0bIBaiite, uto poToko TCP Tpebyer nMeTh YHUKaTbHBII
COKET JUJIs1 K&JK/0T0 YIaJIeHHOI'0 y3J1a, C KOTOPBIM YCTaHOBJIEHO Coe/liuHeHue.
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HoBwrii coket, Bo3BpataeMblii pyHKIMEH accept, CBSI3aH ¢ Y/aJTeHHbIM Y3JI0M, UHUITU-
UpoBaBIIUM coefinHenne. OH XPaHUT a/ipec U MOPT YAAJIEHHOTO Y3714, CJAeUT 32 BCeMU
VCXOSANTUMU TTAaKeTaMU W aBTOMAaTUYECKU MTOBTOPSIET UX Mepe/iady B caydae TOTEPH.
Kpome Toro, 9T0 eTMHCTBEHHBII COKET, KOTOPbII MOKET B3aMMO/IEHICTBOBATD C JIAHHBIM
YIATEHHBIM Y3JIOM: TIPOIIECC HUKOT/IA He I0JIKEH MBITAThCA TTOCBLIATD JIAHHBIE YIaJIeHHO-
MY Y3JIy 4epe3 COKET, MHUITUUPOBABIIHUI MTPOIEyPy COCAMHEHUS U HAXOISTIUICS B pe-
JKUMeE TTPOCJTYITUBAHsE. JTa MOTbITKA 0OpedeHa Ha TIPOBAJ, TAK KAK MPOCIYITBAIOIIHIT
COKET He COEJMHEH HU ¢ KaKuM y370M. OH ITPOCTO BBINOJMHAET (DYHKITUU AUCIIETYEPA,
TTOMOTasI CO3/IaTh HOBBIH COKET B OTBET Ha BXOJSIIIH 3aIpoc.

ITo YMOJ/I9aHWIO, B OTCYTCTBHE OKNIAIOMINX 3alIPOCOB Ha COEANHEHNE (DYHKLII/IH accept
38.6JIOKI/Ipy€T BBI3BIBAIOIIUI ITIOTOK BbIITOJIHEHW S, ITOKa HE ITOCTYIIUT HepBbeI JKe 3allpocC
WJIM II0Ka HE UCTEYET IPeaeIbHOE BPEMA OKUTaHUA.

[Tpotecc, oxugaoIMMi 3aIPOCOB HA COeIUHEHNE U TPUHUMAIOIMNN UX, SBJISETCS
acMMeTpUYHBIM. COKeT B PesKUMe MTPOCTYITHBAHN HYKeH TOJIBKO MTACCUBHOMY Cep-
Bepy. KineHT, jxesalonuii yCTaHOBUTh COe/IUHEHNEe, HATTPOTUB, JI0JKEH CO3/IaTh COKET
1 NCIIOJIb30BaTh (byHK]_[I/IIO connect, I{TO6bI VMHUIUNPOBATDH TIPONEAYPY COCIMHEHUA
C YIAT€HHBIM CEPBEPOM:

int connect(SOCKET sock, const sockaddr *addr, int addrlen);

sock — 3TO COKeT, uepe3 KOTOPbIN yCTaHABJIMBAETCS COeJIMHEHNE.
addr — yKasaTejib Ha CTPYKTYPY € aZ[peCOM YIaJIEHHOIO y3JIa.
addrlen — pasMmep CTPYKTYPBI B ITapaMeTpe addr.

B caryuae ycrexa connect BepHeT 0, B caydae ommOKT — -1.

Br130B connect 3arryckaet nipotieaypy yeranoBku TCP-coeanmHennst OTIIPaBKOM Hauasb-
HOTO TakKeTa ¢ sraroM SYN yKazaHHOMY y3iay. Eciii Ha yaneHHOM y37ie IMeeTcs COKeT
B PEKUME MPOCJIYIINBAHS, CBA3aHHBIN ¢ COOTBETCTBYIONIMM OPTOM, OH 06paboTaet
3ampoc BBI30BOM (hyHKINM accept. [10 yMOTIAHIIO BHI30B (DYHKIINI connect GIOKIPYeT
BBI3BIBAIOTIMH TTOTOK BBITTOJIHEHST /IO TEX TI0P, TIOKA COCANHEHNE He OY/IeT TIPUHATO WITH
MOKA HEe MCTEYET Mpe/ieIbHOE BPEMS O3KUIaHUS.

OTI'IpaBKa N NMPpUEM aHHbIX YEPE3 NOAK/ITHOYEHHbIE COKETbI

[Hogxmouennsiii coket TCP xpanuT azpec ynamennoro yamna. [loaTomy mporeccy He
TpebyeTcs yKasbBaTh apec B KasK[IOM MOINbITKE OTIHPAaBUTD AaHHble. [Ipu UcIosb3o-
Banun coketoB TCP g oTIIpaBKY IaHHBIX CeMyeT BhI3BIBATH He (PYHKITNIO sendto,
a ¢yHKIMIO send:

int send(SOCKET sock, const char *buf, int len, int flags)
sock — COKeT, uepe3 KOTOPBIN OTIIPABJISIIOTCS JaHHBIE.

buf — Oydep ¢ TaHHBIMU jJIst 3amKch B ToTOK. OOpaTUTe BHUMAHUE, YTO B OTJIMYKE
or UDP 31ech buf He sBisieTcs gaTarpaMMOi U ero OTIIpaBKa B BUE €AUHOrO OJI0Ka
He TapaHTHpyeTcs. JJaHHble IIpoCTo H00aBAMIOTCS B KOHEI UCXOAsIero oydepa co-
KeTa U [epealoTcsT B HEKOTOPbI MOMEHT B OYIyIeM, KOTOPBIN OMPEEesIeTCs CaMoil
6ubanoTekoii cokeros. Ecan Briouen anroputM Heiiria, onucanHbiil B riiaBe 2, 9T0T
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MOMEHT HACTYIIUT, TOJIbKO KOT/la HAKOIIUTCsE 00beM JAaHHbIX, PABHbII MaKCUMAJIbHOMY
pasmepy cermerTa (MSS).

len — yucso GaiiToB s nepeadn. B orymmune or UDP Her npuyns crapaThes yaep-
JKUBATh ATO YHMCJIO HIKe Tipeanonaraemoit Besmunnbl MTU kanamsHoTro ypoBHs. [Toka
B HcxosIeM Oydepe coKeTa ecTh MECTO, ceTeBas OuboTeka Oyaet 100aBJIATh TaHHbIE
U TIOCBLJIATD UX, KOT/IA UX 0OBEM JJOCTUTHET MOAXOAAIIEN BETUMYUHEL.

flags — GuroBasg Kosiekiusa (paaros, 06beIMHEHHBIX TOPA3PSIAHON omepalmeil
NJIN (OR), ynpas/siionux OTIPaBKOil JaHHbIX. [ GOJBIIMHCTBA UIP B HTOM Iapa-
MeTpe CJIeyeT epeaaBarh 0.

B ciryuae ycnexa send BepHeT 060beM OTIPABIEHHDIX JAHHBIX. DTO 3HAYCHUE MOKET ObITh
MeHbIIIE TTapaMeTpa len, eci MecTa B McxosiieM Oydepe cokera 6bLI0 HEJOCTATOYHO,
4TOOBI YMECTUTD B HETO Bee copepskumoe buf. Ecm B ncxoasmem 6ydepe Boobie Het
MecCTa, TO BbI3BIBAIOLIMII IIOTOK 110 YMOJIYaHuIo OyaeT 3abJI0KIpoBaH, IIoKa B Oydepe He
0CBOGOANTCA JOCTATOYHO MECTa MJIM [0KA He UCTedeT IPEAeIbHOe BPEeMs OKUIAHMUS.
B ciyuae ommbkn send Beprer -1. HeHy/IeBoi 110/I0KUTENIBHBINA PE3yIBTaT BOBCE HE
O3Ha4acT, 4TO KaKI/Ie—JII/I60 JAaHHbIe 6BUII/I OTIIPABJIEHDBI, OH JIMIIb TOBOPUT O TOM, UTO
naHHbie 106aBICHbBI B 0UePe/b IS TTepe/lavn.

[TonmyuuTh nannbie n3 nojakmoueHHOTO cokeTa TCP MOXHO BBI30BOM recv:

int recv(SOCKET sock, char *buf, int len, int flags);

sock — COKET, OTKYy/la Tp66y6TCH IpoYyunTaThb JJaHHbIE.

buf — Gydep, Ky/Ia J0JKHDBL ObITh CKOTIMPOBAHDI TPUHSTHIE JlaHHbIe. CKOMTUPOBAHHbIE
JaHHbIE YAAJSIOTCS U3 TIPUEMHOT0 Oydepa cokera.

len — MaKCUMaJIbHBII O6'beM JJaHHDbIX, KOTOprﬁ MOJKHO CKOIIMPOBATh B buf.

flags — GuroBas KoJuiekIius (haaros, 00beAMHEHHBIX TOPA3PSIHON onepaiueii
NJIN (OR) 1 yupasJisioux IpueMoM AaHHbIX. JIo6ble (Jiaru, KOTopble MOKHO HCIIOIb-
30BaTh B BHI30BE recvfrom, Takyke MOKHO MCTIOJIH30BATH B BBI30BE recv. 1715t 60MBIITIH-
CTBA UITP B 3TOM TTapaMeTpe CcJIe/lyeT mepeaBaTh 0. B ciydae ycmexa recv BepHET YHUCTIO
NpUHATHIX 6aiiToB. OHO MOXKET GBITH MeHbIIe 3HaYeHUs TTapameTpa len. Hesbss npes-
CKa3aTh, CKOJIBKO GAfTOB Oy/ET TOAYUEHO, OMMPAsiCh Ha YHCJIO BHI3OBOB send: ceTeBast
GubIMoTEKA HA YIATEHHOM y3Jie HAKaITHBaeT MepeiaBaeMble TaHHbIE U OTTIPABJSIET UX,
KaK TOJIbKO 00'beM JIaHHBIX JJOCTUTHET pa3Mepa cerMeHTa. ECJii recv BEPHET HOJb TIPH
HEeHYJIEBOM 3HAYEHUH len, 3TO 03HAYAET, UTO [IPYTasi CTOPOHA COEAUHEHUST TOCIATA TAKeT
FIN M He IMeeT JJAaHHbIX JJIsI Tlepeiaun. Eciu recv BepHET HOJIb TP HYJIEBOM 3HAUEHIH
len, 9TO O3HAYAET, YTO B COKETE €CTh JaHHbIE, TOTOBbIE JIst uTeHUs. [Ipu 06CayKIBaHIH
MHOKECTBA COKETOB 3TO 0OCTOSITETHCTBO MOKHO UCTIOTH30BATD JIJIST TIPOBEPKU HATTINST
NaHHBIX 6e3 HeOOXOAMMOCTH BBIZEIATh Oydep 711 Kakaoro us Hux. Kak Toibko recv
COOOTITHT, YTO B COKETE ECTh JAHHBIE JIJIsT YTEHUS, MOJKHO BBIICJUTH TTAMSATH /st 6yhepa
1 BHOBb BBI3BaTh recv, lepe/as el aToT Oydep U HeHyJIeBoe 3HaYeHne B len.

B cityuae ourbku recv BepHeT -1.

Mo ymogamwio, ecaiv B IprueMHOM Gydepe cokeTa HeT TaHHBIX, recv 3a0JOKUPYET BbI-
3BIBATOIIHIT TOTOK BBITTOTHEHHS, TIOKA He OY/IeT TOTyYeH CAeMYIONNI CeTMEHT WJIH TTOKa
HE UCTeYeT MpeieIbHOE BPEeMS O3KUIaHUS.
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MPUMEYAHMUE [pu xxenaHuv anst paboTbl C NOAKIIOYEHHBIM COKETOM MOXHO MCMONb30BaTh OYHKLIMK
sendto n recvfrom. OgHaKko B 3TOM C/lyyae napaMeTp C agpecoM HyaeT MrHOpMpoBaTbCS, a caM npo-
rpamMMHbIA koA 6yAeT BbIFIsSAETb 3anyTaHHbIM. AHaNOrMUYHO, Ha HEKOTOPbIX MiaTdopMax AonycKaeTcs
BbI30B (PyHKUMM connect ¢ cokeToM UDP, 4Tob6bl COXpaHMTb aZpec v MOpT yAaseHHoro y3na B obnactu
[laHHbIX O COeIMHEHWSIX B COKeTe. HaaexHoe coeaMHeHNe Npu 3TOM He YCTaHaB/IMBAETCsl, HO Takol npu-
€M NO3BOJISIET UCMOb30BaTh send ANs Nepeaayy AaHHbIX MO COXpaHeHHOMY aapecy 6e3 HeobxoanMocTH
KaXxabll pa3 ykasbiBaTb afgpec. Kpome Toro, Takol COKeT He ByaeT MpuHWMMaThb AaTarpamMbl C JH06bIX
[PYrux aapecoB, OT/IMHAOLWMXCS OT COXPAHEHHOTO.

Bbe3onacHocTb TMNoB cokeToB TCP

Kitace TCPSocket HarmomuHaet kiaacc UDPSocket, HO BKJIIOUAET J[OIIOJHUTEIbHbIE METOIbI
MOJJIEP;KKU TIOCTOSTHHOTO COeinHenusl. Peasm3arius kiacca puBOAUTCS B JIMCTUHTE 3.7.

JNiuctmur 3.7. Knacc TCPSocket
class TCPSocket

{
public:
~TCPSocket();
int Connect(const SocketAddress& inAddress);
int Bind(const SocktetAddress& inToAddress);
int Listen(int inBackLog = 32);
shared_ptr<TCPSocket> Accept(SocketAddress& inFromAddress);
int Send(const void* inData, int inLen);
int Receive(void* inBuffer, int inLen);
private:
friend class SocketUtil;
TCPSocket(SOCKET inSocket) : mSocket(inSocket) {}
SOCKET mSocket;
¥

typedef shared_ptr<TCPSocket> TCPSocketPtr;

int TCPSocket::Connect(const SocketAddress& inAddress)

{
int err = connect(mSocket, &inAddress.mSockAddr, inAddress.GetSize());
if(err < 0)
{
SocketUtil: :ReportError(L"TCPSocket: :Connect");
return -SocketUtil::GetLastError();
}
return NO_ERROR;
}
int TCPSocket::Listen(int inBackLog)
{
int err = listen(mSocket, inBackLog);
if(err < 0)
{

SocketUtil: :ReportError(L"TCPSocket::Listen");
return -SocketUtil::GetLastError();

}
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return NO_ERROR;

}
TCPSocketPtr TCPSocket::Accept(SocketAddress& inFromAddress)
{
int length = inFromAddress.GetSize();
SOCKET newSocket = accept(mSocket, &inFromAddress.mSockAddr, &length);
if(newSocket != INVALID_SOCKET)
{
return TCPSocketPtr(new TCPSocket( newSocket));
}
else
{
SocketUtil: :ReportError(L"TCPSocket: :Accept");
return nullptr;
}
¥
int TCPSocket::Send(const void* inData, int inLen)
{
int bytesSentCount = send(mSocket,
static_cast<const char*>(inData ),
inLen, 0);
if(bytesSentCount < 0 )
{
SocketUtil: :ReportError(L"TCPSocket: :Send");
return -SocketUtil::GetLastError();
}
return bytesSentCount;
¥
int TCPSocket::Receive(void* inData, int inLen)
{
int bytesReceivedCount = recv(mSocket,
static_cast<char*>(inData), inLen, 0);
if(bytesReceivedCount < 0)
{
SocketUtil: :ReportError(L"TCPSocket: :Receive");
return -SocketUtil::GetLastError();
}
return bytesReceivedCount;
¥

TCPSocket oGsazaeT MeToAaMU, MOAAEPKUBAOIIMMU cienrduky nmporokosa TCP:
Send, Receive, Connect, Listen u Accept. MeTon Bind 1 1eCTPYKTOp He OTJINYAIOTCS
OT aHAJIOTUYHBIX METO/I0B KJ1acca UDPSocket, TOSTOMY 37iech OHU He TTOKa3aHbl. Accept
Bo3Bpamaet TCPSocketPtr, TapaHTUPYIOIMNWH aBTOMATHYECKOE 3aKPhITHE HOBOTO CO-
KeTa IIPU YHIYTOKEHUY CChLIKM Ha Hero. Send 1 Receive He TpeOyIOT mepenadn aape-
ca, TOTOMY 4YTO aBTOMaTHUYECKH UCTOJb3YIOT aJpec, XPaHSIINICS B TOIKIIOYEHHOM
coKere.

Yro6bl MOTYYUTH BO3MOKHOCTH CO3/IaBaTh 9K3EMILISIPbl TCPSocket, HEOOXOIUMO J10-
GaBuTH (DyHKINIO CreateTCPSocket B SocketUtils.
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Brokupyowmin n HebnokMpyoLWwmii BBOA/BbIBOA,

Omeparnust mprueMa TaHHbIX 13 COKETa 0OBITHO BBITTOTHSIETCS B OJIOKUPYIONIEM PEKIME.
Ecom B cokeTe HET aHHBIX, TOTOBBIX K U3BJIEYEHHIO, TOTOK BHITIOTHEHS GJIOKHUPYETCS
710 UX nogBJeHuA. Takoe moBejieHre HeKelaTeIbHO, KOTa U3BJIeYeHHUE TTaKeTOB OCY-
MIECTBJISETCS B TJIABHOM TTOTOKE BBITTOTHeHUA. Oniepaiinu OTIPaBKU TaHHBIX, TTPHEMa
U YCTAHOBKHU COEMHEHNS TakKe GIOKUPYIOT paboTy TIOTOKA, €CIU COKET HE TOTOB BbI-
MOJIHUTH OTEPAINIO. ITO TPEACTABAAET TPOOIEMY I TIPUTOKEHUT, AeHCTBYIONNX
B PeKMMe peasbHOTO BPEMEHN, TAKUX KaK UTPhI, KOTOPbIE JOJIKHBI UMETh BO3MOKHOCTD
MIPOBEPUTH HAJMYIE BXOSIINX TAHHBIX G€3 CHUKEHUST 4aCcTOThI KaJpoB. [IpencTaBsTe,
4TO UTPOBOH cepBep noiepxkuBaet TCP-coepnnenus ¢ nsaToio kanentamu. Ecom cepsep
BBI30BET recv C OJJHUM U3 COKETOB, YTOObI MPOBEPUTH MOJYUEHUE JAHHBIX OT OJHOTO
13 CBOMX KJIMEHTOB, I0TOK BBIIIOJHEHUS IIPUOCTAHOBUTCS 10 TEX 110D, 110K KJANEHT He
OTIPABUT KaKue-HUOY/Ib JaHHbIe. DTO MOMEIIAET CePBEPY TPOBEPUTH HATUUKE JAHHBIX
B JIPYTUX COKeTaX, MPUHATHh HOBbIE COEIMHEHUS 1 BBIITOJHUTD UTPOBbIE ONEPAITNN.
OueBUIHO, YTO UTPA HE MOKET paboTaTh TakuM obpaszom. K cuacTbio, CyImecTByeT Tpu
YHUBEPCANBHBIX cIIoco6a 060NTH OMUCAHHYIO IPOGIEMY: MHOTOTIOTOYHOCTD, HEOJIOKHU-
PYIOITHI BBOJI/BBIBOJ U (hyHKIIMS select.

MHOronoTO4YHOCTb

OpuH 13 crrocoboB 060iTH TIPoGIEMy OJIOKMPOBAHKS BBO/A/BbIBOJA — IIPOU3BOIUTH
OJIOKMPYIOIIKE BI30BbI B OT/IEJbHBIX TIOTOKAX BHINOJIHEHUS. B nmpumepe, onucaHHoM
BBIIIIE, CEPBEPY TTOHAN0OUIOCH OB 3aITyCTUTH CEMb MOTOKOB BBITIOJHEHUS: 110 OHOMY
JUISL KQKIOTO KJIMEHTa, OIMH 7S COKeTa, MPUHUMAIOIIErO 3apOChl Ha COeMHEHNE,
U elIle O/[MH MJIM HECKOJIBKO IS BBITIOJTHEHNS] UTPOBBIX ortepariuii. OpraHusaiiyst Takoro
mpoliecca mpejictaBieHa Ha puc. 3.1.

Ha 3amycke moToK BBITIOJIHEHUS, IPUHUMAIOIIMI 3a1IPOCHI HA COeJMHEHNE, CO3/IAeT
COKET, CBSI3BIBAET €T0, BhI3bIBAET listen W 3aTeM BBI3bIBAET accept. Bpi3oB accept
GJIOKUpYeTCsl, MOKa KaKOi-HUOy b KJIUEHT He IIOIIbITAETCs YCTAHOBUTD COEAUHEHNE.,
[Tocsie aTOTO BBHI3OB accept BepHET HOBbII cokeT. CepBEPHBIN MPOIIECC 3AMYCTUT JIJIS
HTOr0 COKeTa HOBBI MOTOK BBINOJHEHUS, KOTOPbIi B IMKJI€e OYyIeT BbI3bIBATh recv.
Bbi30B recv GJ0KUpYyeTCs, TIOKA KJIWEHT He MPUIILIET JanHbie. Koraa aTo mponsoier,
recv pa3OJIOKUPYETCsE U TIOTOK BBITIOJIHEHNS, 33IeiCTBOBAB HEKOTOPBIN MEXaHU3M 00-
PaTHBIX BbI30OBOB, TIEPENIACT JIAHHBIE OT KJINEHTA B OCHOBHOI TIOTOK BBITIOJTHEHMSI, TIOCJIE
Yero 3aaMKHeT ITUKJI 1 BHOBD BBISOBET recv. HapaﬂﬂeHbHO C 9TUM IIOTOK, HpI/IHI/IMaIOHlI/Iﬁ
3aIIpOChl Ha COe/IMHEHNE, TTPOJOJIKUT YCTaHABJINBATD HOBbBIE COEIMHEHUSI, a TJIABHBIN
MMOTOK — BBITTOJIHSITH UTPOBBIE OMEPAITUN.

IT0 BHOJIHE pabOTOCIIOCOOHOE PEIEeHne, HO OHO TPeOdyeT CO3IaHus II0TOKA BBIIIOIHE-
HUS JIJISE KasKIOTO KJIMEHTa, M3-3a Yero IJI0X0 MaCIITabupyeTcs ¢ yBeIMueHreM Yncia
KJMeHTOB. KpoMe TOro, 0HO MOJKET BBI3BIBATD CJOKHOCTHU C YIIPABJIECHUEM, TaK KaK BCE
HOTOKU 00C/Iy/KUBAHMS KJIMEHTOB OY/IyT IIPUHUMATD JAHHbIE HapaLIebHO 1 IPUIETCSI
HCII0JIb30BATh KAaKOW-TO MEXaHU3M, TI03BOJISIONINI 06€3011aCHTh BBIIIOJIHEHIE UTPOBBIX
omeparnii. HakoHerlr, eciiy T71aBHBIH MTOTOK TIOMTBITAETCS TTIOCJIATh JaHHBIE B COKET B TO
JKe caMoe BpeMst, KOTr/la JIPYroii IoToK OyeT IpUHUMATh JaHHbIe U3 9TOIO COKETa, OH
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Puc. 3.1. MHOronoTou4HbIV NpoLecc

OKayKeTCsT 3a0JOKUPOBAHHBIM 1 HE CMOKET JTATTBITTE SMYIUPOBATH UTPY. T TTPOOTEMDI
MOJKHO PEIITHTD, HO €CTh H0JIee TTPOCThIE BAPUAHTHI.

Hebnokupytowmii BBoA/BbIBOA

Kak yrmoMuHamoch BbIlle, 110 yMOJTYaHUIO COKETBI IEUCTBYIOT B GJIOKUPYIOIIEM PEKIME.
Ho cokeTs! moiepsKuBaioT Takske Hebaokupytowuil pexxnM pabotsr. Korma coxery, nefi-
CTBYIOIIIEMY B HEOJIOKUPYIOIIEM PEKIME, [IPETIATAETCS BBITOIHUTD OTIEPATINIO, KOTOPAst
B MHOM CJTydae 3a0JJOKMPOBAIACh Obl, OH Cpa3y BO3BPAIIAET yIIPABJIEHIEe C PE3YJIbTa-
ToM -1. TIpr 9TOM ycTaHaBIMBAETCST KO OmnOKN EAGAIN B errno uin WSAGetLastError
B WSAEWOULDBLOCK. DTOT KOl COOOIIAET, YTO MPE/IbILYIIAsi OTEPAIHsi C COKETOM MOTJIa
6bI 320JIOKUPOBATHCST, HO BMECTO 9TOTO ObLIa TIPpepBaHa. BhI3bIBAOIINI [TPOIIECC MOKET
TEIephb CPpearnpoBaTh B COOTBETCTBUU C aJITOPUTMOM.

ITepeBectu cokeT B HeOMOKUPYIONIHii peskuM B Windows MOKHO ¢ TIOMOIIbIO (DYHKIMK
ioctlsocket:

int ioctlsocket(SOCKET sock, long cmd, u_long *argp);

sock — COKeT JIJIst IepPeBoia B HEOIOKUPY IO PEsKIM.

cmd — mMapaMeTp CoKeTa, KOTOPBIY HYKHO U3MEHUTh. B nannoM ciaydae Tpe6yeTCH mmepe-
naTh 3HayeHne FIONBIO.
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argp — 3HaueHue /st mapamerpa. JIroboe HeHyIeBOe 3HAUEHUE BKIIOYUT HEOIOKUPYIO-
LU PEKUM, @ HyJIeBOe — OTKJIIOUUT.

B POSIX-coBMeCTUMbIX OIePAIMOHHBIX CUCTEMAX JIJISI 9TOM 11eJIN UCIIOJIb3yeTCsl (PyHK-
s fentl:

int fcntl(int sock, int cmd, . . .);

sock — coker A ImepeBo/ia B HC6JIOKI/IpyIOHlHI>JI PEKRUM.

cmd — KOMaH/1a, KOTOPYIO HYKHO MPUMEHUTH K cokeTy. B HoBeitmux POSIX-
COBMECTUMDBIX CHUCTEMaX HeO6XO[[I/IMO CHayaJia BBIIIOJIHUTHh KOMaHAy F_GETFL, 4TOOBI
u3BJIeyb (hJIaru, aCCOIMUPOBAHHbIE ¢ COKETOM B HACTOSIIIMI MOMEHT, OOBEIMHNATD X
npu oMot onepannu UJIN (OR) ¢ koHcTanToir O_NONBLOCK 1 3aT€M BBITIOJTHUTD
KOMaH/y F_SETFL, 4T0ObI U3MeHUTDH (hyiaru B cokete. B ymcTunre 3.8 1eMOHCTPUPYETCSE
METOJI IIsT Kyacca UDPSocket, BRITIOYAIOTINT HEGIOKUPYIOTTHH PEKUM.

JNinctuHr 3.8. BkiroueHne He6/I0KMPYHOLLEro peXxuMa B cokeTe

int UDPSocket::SetNonBlockingMode(bool inShouldBeNonBlocking)
{
#if WIN32

u_long arg = inShouldBeNonBlocking ? 1 : ©;

int result = ioctlsocket(mSocket, FIONBIO, &arg);
ttelse

int flags = fcntl(mSocket, F_GETFL, 9);

flags = inShouldBeNonBlocking ?

(flags | O_NONBLOCK):(flags & ~O NONBLOCK);

fcntl(mSocket, F_SETFL, flags);

t#tendif

if(result == SOCKET_ERROR)

{
SocketUtil: :ReportError(L"UDPSocket: :SetNonBlockingMode");

return SocketUtil::GetLastError();
¥

else

{
return NO_ERROR;
¥
}

Ecan coker peficTByeT B HEOIOKUPYIONIEM PEKMME, MOKHO O€3 ONAaCKU BBI3bIBATh
mo6bie GIokupyole GYHKIMKI, KOTOPble HEMEIJIEHHO OYIyT BO3BPAIIATh YIIpaBJie-
HUE TIPU HEBO3MOKHOCTH 3aBEPIIUTH orepainio 6e3 6;10kuposku. C HCIoNb30BaHIEeM
HEeGJOKUPYIOIUX COKETOB TUITMYHBIH UTPOBO# IUKJT MOT Obl BBITJISAETH CJEAYIONINM
obpaszom (suctunr 3.9).

JiInctuHr 3.9. UrpoBoii LMK C UCNOJIb30BaHUEM HEG/IOKUPYIOLNX COKETOB
void DoGameLoop()

{
UDPSocketPtr mySock = SocketUtil::CreateUDPSocket(INET);
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mySock->SetNonBlockingMode(true);

while(gIsGameRunning)

{
char data[1500];

SocketAddress socketAddress;

int bytesReceived = mySock->ReceiveFrom(data, sizeof(data),
socketAddress);
if(bytesReceived> ©0)

{
}

DoGameFrame();

ProcessReceivedData(data, bytesReceived, socketAddress);

ITepeBenst COKEThI B HEOIOKUPYIOIIUI PEKUM, UTPA MOKET BBITIOJIHSTh TIPOBEPKY T10-
ABJIEHNS HOBBIX JIAHHBIX B KaxX/I0M Kajipe. Eciin rnosydennl HOBbIE laHHble, UTPOBOMN
mpoitecc cHayasa 00pabaThiBaeT OKUJAAIOILYIO gaTarpaMMy. Ec/in TaHHBIX HET, Urpa
cpasy TePEXONT K BBITOJHEHHIO oTlepaliuii B kaape. Eciu morpedyercst OpraHu3oBaTh
06paboTKy cpasy HECKOIBKHUX JIaTarpaMM B OJIHOI UTEPaIliK, MOKHO JI0GaBUTH BJIOKEH-
HBIU [IUKJI, KOTOPBII OY/IeT U3BJIEKATh OKUIAIOIIIE aTarPAMMBbI, TIOKA HE TPOYUTAET
VX BCe WJIM HEKOTOPOe Tpeie/IbHOe KOTM4IecTBO. BaskHO OTpaHNYMTh YMCIIO JaTarpamm,
M3BJIEKaeMbIX B OJJHOM Kazpe. Ecim aToro He c/iesath, 3Jl0HaMepeHHbIN KJIUEHT CMOXKET
MOCJIATh OTPOMHOE KOJIMYECTBO OJIHOOAUTHBIX JlaTarpaMM ObICTPee, 4eM UTPa B COCTO-
stHun GyJiet ux 06paboraTh, 4To, (haKTHIECKH, HE MTO3BOJIUT CEPBEPY MTPOAOJIKATH BbI-
MOJIHEHUE UTPOBBIX OTIePaITil.

dyHKuma select

Ormpoc HEGJIOKUPYIOIUX COKETOB B KAKJIOM KaJ[pe — MPOCTON U MPSIMOJUHENHDII
c11oco6 POBEPKU MOSIBICHUST HOBBIX BXOJHBIX JaHHBIX 6€3 OJIOKUPOBKH MTOTOKA BbI-
nostHeHust. OIHAKO KOT/[A YKCJIO OMPANTMBAEMBIX COKETOB CTAHOBHUTCST OUCHB OOJIBIITIM,
TakKoe perieHue mnepecraet ObITh ahbexTuBHBIM. B KauecTBe asmbrepHATHBBI OUGJIHO-
TEKa COKETOB /IAeT BOBMOKHOCTD IIPOBEPHUTD CPA3y MHOKECTBO COKETOB 1 BBIIIOJTHUTD
neficTBIE, KaK TOJBKO OJUH M3 HUX OyJIeT roToB. JIJIs 9TOr0 HCmoab3yeTcst (hyHKITHsE
select:

int select(int nfds, fd_set *readfds, fd_set *writefds, fd_set *exceptfds,
const timeval *timeout);

Ha POSIX-coBmecTnMbix 1atdopmax mapameTp nfds onpeessier MaKCUMaIbHOe
3HaueHUe ACHTUPUKATOPA COKeTa, Toieskaniero mposepke. B POSIX kaxmpiit coker
IPEJICTABJIEH 1IEJIBIM YMCJIOM, IO9TOMY JIAHHBII [TApAMETP IIPOCTO ONPEETISIeT MAKCH-
MaJIbHOE YKCJIO BCEX COKETOB, TiepeaBaeMbix ynkiuu. B Windows, rie cokersl mpe-
CTABJIEHBI YKA3aTeJISIMU, B 3TOM T1apaMeTpe HIUYEro epe/laBaTh He HYsKHO, U €r0 MOYKHO
[IPOCTO UTHOPUPOBATD.
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readfds — ykazareJib Ha KOJUJIEKITMIO COKETOB, MI3BECTHYIO Kak fd_set, KOTOpas J0JK-
Ha COJIEPYKATH COKETBI JIJIsl IPOBEPKU HA HAJIMUME B HUX JAHHBIX, TOTOBBIX K YTEHUIO.
Kak copmuposath fd_set, onucbiBaercs Huke. Korma m060ii cCOKeT U3 MHOXKECTBA
readfds npuMer naket, select BepHET yIIpaBJieHNEe BbI3bIBAIOIIEMY MTOTOKY CPasy, Kak
TOJIbKO cMokeT. Ho 1iepes aTuM oHa cHavyajia UCKJIIOYUT U3 MHOKECTBA BCE COKETHI, He
nMelorre WHhOpMaIun 71t uTeHust. To ecTh Korma select BepHET yrpaBJicHIE, TOTOK
BBIIOJIHEHUS CMOYKET BBIIIOJHUTD YTEHUE U3 JIIOOT0 COKeTa, OCTaBIIerocs B readfds, 6e3
pricka ObITh 3a610KupoBaHHbIM. Eciin B readfds nepegath nullptr, mpoBepKa COKETOB
Ha JIOCTYITHOCTb JIJIST YTEHUS BBIMOJHATHCS He OY/IeT.

writefds — yKaszaTesab Ha KOJJIEKINIO fd_set COKETOB I MPOBEPKU HAa TOTOBHOCTD
k 3anucu. Kora select BepHeT ynpaBJieHre, BCE COKETbI, OCTaBITUECS B KOJJIEKITUN
writefds, rapaHTUPOBAHHO GYIYT TOTOBBI K 3amucu 6e3 OJIOKUPOBKU BHI3BIBAIOIIETO
MTOTOKA BRITIOTHEHWS. Ecau B writefds mepenath nullptr, MpoBepka COKETOB Ha J0-
CTYIHOCTb JIJISI 3alICH BBITOJHATHCS He Oyaer. OGbIUHO ollepalys 3alUch B COKET
GJIOKUPYETCSI, TOJMBKO KOT/Ia MCXOAAIINI Oyhep COKeTa MOJHOCTHIO 3aI0JTHEH.

exceptfds — ykasaTesib Ha KOJJIEKIUIO fd_set COKETOB JI/ist IPOBEPKU Ha OMIMOKM.
Korna select Bepret ympasienue, B Habope exceptfds OCTAHYTCS COKETHI, B KOTOPBIX
BO3HUKJIM onuOKu. Ecaii B exceptfds 1epeaats nullptr, MpoBepKa COKETOB Ha HAJTMYNE
OIMUOOK BHITIOTHATHCS He GyIeT.

timeout — yKasarTesb Ha IIEPEMEHHYIO, OTIPEACIAIONIYIO IIPEIEIbHOE BPEMS OJKITAHNST
00010 13 Tpex cobbITHil. Ecin BpeMs NCTEKJIO 0 TOro, Kak 000l coker us readfds
CTaHeT JOCTYIICH /s YTEeHU, NI 100011 cokeT n3 writefds craner JOCTYIIECH JIJIsI 3allu-
cH, WK B JTIOOOM COKeTe 13 exceptfds oOHapyKuUTCS OmnOKa, Bce TpU Habopa OyayT
OTIYCTOIIIeHbI U select BepHET yIpaBJieHU€e BbI3BABIIEMY TIOTOKY BbIoJgHeHus. Ecian
B timeout mepesarth nullptr, BpeMs OKUAaHUS He OY/IeT OrpaHudeHo.

select BO3BpaIfaeT Ynca0 COKETOB, OCTABINNXCA B readfds, writefds 1 exceptfds.
B caryuae BbIxozia 1o taliM-ayTy OHa BEPHET 0.

Yro6bl MHUTIMATU3UPOBATH TIyCTOI HA6Op fd_set, 0OBABUTE €ro Ha cTeKe ¥ 0OHYIUTE
MaKpocoM FD_ZERO:

fd_set myReadSet;
FD_ZERO(&myReadSet);

Jo6aBuTh coker B HAGOP MOKHO MAKPOCOM FD_SET:

FD_SET(mySocket, &myReadSet);

[Iposeputh IPUCYTCTBHE COKETA B HAGOPE MOc/Ie BO3BpaTa 13 select MOKHO MAKPOCOM
FD_TISSET:

FD_ISSET(mySocket, &myReadSet);

select omepupyeT He eJIMHCTBEHHBIM COKETOM, TIOITOMY €€ HeJIb3sT 00EPHYTh METOIOM
KJacca-06epTrr coketa. [TpaBuibHee ee 06epHYTH METOZOM BO BCITOMOTATETBHOM KJIACCE
SocketUtils. B ymacrunre 3.10 npeacrasiena GyHKIms Select 1jist pabOThI ¢ 9K3EMILIsA-
pamu TCPSocket.
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JNnctunr 3.10. Ucnonb3oBaHue select c aksemnasapamm TCPSocket
fd_set* SocketUtil::FillSetFromVector(fd_set& outSet,

{

const vector<TCPSocketPtr>*
inSockets)

if(inSockets)

{

}

FD_ZERO(&outSet);
for(const TCPSocketPtr& socket : *inSockets)

{
FD_SET(socket->mSocket, &outSet);

}

return &outSet;

else

{

}
}

return nullptr;

void SocketUtil::FillVectorFromSet(vector<TCPSocketPtr>* outSockets,

{

const vector<TCPSocketPtr>* inSockets,
const fd_set& inSet)

if(inSockets && outSockets)

{

}
}

int

outSockets->clear();
for(const TCPSocketPtr& socket : *inSockets)

if(FD_ISSET(socket->mSocket, &inSet))
{
outSockets->push_back(socket);
¥
}

SocketUtil::Select(const vector<TCPSocketPtr>* inReadSet,
vector<TCPSocketPtr>* outReadSet,
const vector<TCPSocketPtr>* inWriteSet,
vector<TCPSocketPtr>* outWriteSet,
const vector<TCPSocketPtr>* inExceptSet,
vector<TCPSocketPtr>* outExceptSet)

// CKOHCTpyupoBaTb MHOXeCTBa W3 BeKTOpPOB
fd_set read, write, except;

fd_set *readPtr = FillSetFromVector(read, inReadSet);
fd_set *writePtr = FillSetFromVector(read, inWriteSet);
fd_set *exceptPtr = FillSetFromVector(read, inExceptSet);

int toRet = select(®, readPtr, writePtr, exceptPtr, nullptr);

if(toRet > 0)

{

111
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FillVectorFromSet(outReadSet, inReadSet, read);
FillVectorFromSet(outWriteSet, inWriteSet, write);
FillVectorFromSet(outExceptSet, inExceptSet, except);

}

return toRet;

}

Bcnomoraresnbrbie yHKIMN FillSetFromVector u FillVectorFromSet mpeoOpasyior
BEKTOD COKETOB B fd_set 1 06paTHO, IO3BOJIAIOT IEpeJaBaTh nullptr BMECTO BEKTOPA,
KOT/Ia T10JIb30BaTe b 3aX04eT 1nepegaTh nullptr BMecro Habopa fd_set. Eciu Takoe
peliieHue 1 cTpaZiaeT HeKOTOPO HeahPeKTUBHOCTDBIO, TO YK TOYHO HE ABJISETCS 11PO-
6J1eMOIi B CPaBHEHUU CO BPeMeHeM, KOTOpPoe OyIeT II0TpadeHo B cydae OJIOKUPOBKI
omepanuii ¢ cokeramut. YToObI TOOUTHCS JTyUTIiei TPOU3BOAUTETBHOCTH, MOKHO 00ep-
HyTb fd_set THITOM JIaHHBIX Ha s13bIKe C++, MOIEPsKUBAIONITM OTMTHMAIBHBIN CIIOCO0
uTepalyii yuepe3 COKeTbI, OCTABIINeCs T10cJie BO3Bparta u3 Bbi3oBa select. CoxpaHuTe Bce
COOTBETCTBYIOIINE COKETHI B 9K3EMILJISIPE 3TOTO THIIA JAHHBIX U He 3a0y/BTe TepeiaTh
KOITHIO B BBI30B (DYHKIINY select, YTOOLI OHA HE M3MEHsLIA HCXOAHBIN Habop.

JInctunr 3.11 reMoHCTPUPYET, KaK € TOMOIIbIO QYHKIINK Select peaTn3oBaTh MPOCTON
ks paborsr TCP-cepBepa, yCTaHABIUBAIOIIETO COEIMHEHUST ¢ HOBBIMU KJINEHTAME
1 O/IHOBPEMEHHO TTPUHUMAIOIIETO JIJAHHBIE OT CTAPBIX KIAUEHTOB. ITY (DYHKIIUIO MOKHO
6BITTO GBI BBI3BIBATH B TJIABHOM WJIH BBIICJICHHOM MTOTOKE BBITIOJHEHMSI.

Jinctunr 3.11. Lukn npocroro TCP-cepBepa

void DoTCPLoop()
{
TCPSocketPtr listenSocket = SocketUtil::CreateTCPSocket(INET);
SocketAddress receivingAddres(INADDR_ANY, 48000);
if( listenSocket->Bind(receivingAddres ) != NO_ERROR)
{
return;
}
vector<TCPSocketPtr> readBlockSockets;
readBlockSockets.push_back(listenSocket);

vector<TCPSocketPtr> readableSockets;

while(gIsGameRunning)
{
if(SocketUtil::Select(&readBlockSockets, &readableSockets,
nullptr, nullptr,
nullptr, nullptr))
{
// nony4eH naket — O6GOWTW COKETHI. ..
for(const TCPSocketPtr& socket : readableSockets)

if(socket == listenSocket)

{
// 3TO COKeT, NPUHUMAKWMIA 3anpocbl Ha COEeAWHEHWue,
// NpPUHATbL HOBOE coeAuHeHue
SocketAddress newClientAddress;
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auto newSocket = listenSocket->Accept(newClientAddress);
readBlockSockets.push_back(newSocket);
ProcessNewClient(newSocket, newClientAddress);

}

else

{

// 3TO Obbl4HbIN COKeT — 06paboTaTb AaHHblE. . .
char segment[GOOD_SEGMENT_SIZE];
int dataReceived =
socket->Receive( segment, GOOD_SEGMENT_SIZE );
if(dataReceived > 0)
{

ProcessDataFromClient( socket, segment,
dataReceived);

[Tporenypa HaunHaeTcs ¢ CO3AHMS COKeTa JIJIs IIpreMa 3alipocoB Ha coeInHeHue U 10-
GaBIEHNUST €70 B CIUCOK COKETOB, TIOJJIEKATINX MTPOBEPKE Ha TOCTYITHOCTD JIJIST UTEHHUS.
3aTeM HAUMHAETCST UK, KOTOPBIH MPOIOJIKAETCS, TIOKA TPIJIOKEHE He TOTPedyeT
npepsath ero. [lukn ucnosbsyer GyHKIHIO Select, KoTopas 6JoOKUpyeT paboTy, TToKa
B OJIUH U3 COKETOB B BeKTOpe readBlockSockets He moctynut maker. Korzga ato mpo-
n3oiizieT, Select rapaHTHpPYeT, 4TO B readableSockets OCTaHYTCS TOJTBKO COKETHI C 10-
CTYTHBIMU JIJIsT YT€HUS JAHHBIMU, Jlajiee BBITOJTHSIETCS TepebOp COKETOB, MACHTH(UIN-
poBaHHBIX (DyHKIIMEH Select KaK TOCTYIHBIE /7T YTeHus. Ecan ouepeiHoii cokeT — aTo
COKeT, IpeJIHa3HAYCHHBIH JIJIS1 TPUeMa 3allPOCOB Ha COeAMHEHNE, 3HAYUT, yIAJCHHBIN
y3es Bbi3Basl Connect. DyHKIMS IPUHUMAET COCAMHEHNE, H06ABJSIET HOBBIH COKET
B readBlockSockets 1 n3BelaeT nNpuyoKeHne BI30BoM ProcessNewClient. Ho ecom
OYEPESHON COKET — 3TO OOBIYHDII COKET, BBI3BIBAETCSI METOJL Receive JIJIst M3BJICUEHUST
BHOBb IIOCTYIMUBIINX JAHHBIX, KOTOPBIE 3aTEM II€ePeJaioTCs IPUI0KEHUIO BBI3OBOM
ProcessDataFromClient.

MPUMEYAHMUE CywectsytoT apyrme cnocobbl 06paboTku AaHHbIX, MNOCTYNAOLMX U3 HECKONIbKUX CO-
KETOB, HO OHW 3aBUCSIT OT TWMa NAATGOPMbl U HE Tak LUMPOKO pPacrnpoCTpaHeHbl. [ns NOAAEPXKM ThICaY
OfHOBPEMEHHbIX COEAMHEHUI OT/IMYHBIM BbI6GopoM B Windows MoryT cTaTb MOpTbl 3aBepLUeHWst BBOAA/
BbiBoAa (I/O completion ports). Ccbinku Ha 6onee noapobHyo MHhOpMaLMIO 0 NOpTax 3aBepLUEHNs BBO-
[ia/BblIBOAA MOXHO HaWTW B paszaene «/[ins AOMNOHUTENBHOMO YTEHUS».

JONONHUTENBbHbIE NMAapaMeTPbl COKETOB

[ToBenernem cokeToB TIPY MpUEMeE U Iepejiade MOXKHO YIIPABJISATH € TIOMOIIBIO Pa3Jiny-
HBIX TTapaMeTpoB. /[y ycTaHOBKY 3HAYEHWH 9TUX MTapaMeTPOB UCTIOJIb3yeTCs (PYyHKITS
setsockopt:
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int setsockopt(SOCKET sock, int level, int optname,
const char *optval, int optlen);

sock — 9TO HaCTpaI/IBaeMbeI COKET.

level u optname ONMMCHIBAIOT YCTAHABJIUBAEMbII TTapaMeTp. level — 3TO 11eJ10€ YUCIIO,
uaeHTuUIMpyoliee YPOBEHb, HA KOTOPOM OTIPe/ieJieH JIaHHbIN apaMeTp, a optname
OIIpE/IEJIAET CaM ImapaMeTp.

optval — YKa3aTeJsib Ha 3Ha4YeHurEe U1 YCTAaHOBKU IlapaMeTpa.

optlen — 06beM TaHHBIX. HaHpI/IMep, ecJn HeKOTOprf/’I napaMeTp HpuHUMAET 1ies0e
4HCJI0, B optlen cienyer nepenarsh 3HaUeHUE 4.

setsockopt Bo3Bpalaer @ B ciyyae ycrexa u -1 B ciaydae OLIMOKH.

B Tab.1. 3.4 nepeunciieHbl HEKOTOPBIE TIOJIE3HbIE TTapaMeTPhl, IOCTYITHbIC Ha YPOBHE
SOL_SOCKET.

Ta6nuua 3.4. MNapameTpbl Ha ypoBHe SOL_SOCKET

Makpoc Tvn 3HayeHus OnucaHue
(Windows/
POSIX)
SO_RCVBUF int Onpezensier pasmep Oydepa, BbIAEASAEMOrO 3TUM COKETOM

JL7TST BXOASTINX TTaKeToB. BXosmiie TaHHbIe HaKarIiBa-
10TCs1 B IIpreMHOM Oydepe, [oKa IPOIecc, BIaAetomuii
COKETOM, He BBI3OBET recv uin recvfrom, 4ToObl U3BJIEYb
ux. He 3a6bIBaiite, uto nporyckHas crioco6Hocts TCP
OrpaHNYNBAETCS PA3MEPOM OKHA ITPUEMa, KOTOPBII He MO-
KeT ObITh GoJIblIe pasMepa TPUeMHOTO 6ydepa B COKeTe.
To ecTn, yTpaBsist 9THM MapaMeTpoM, MOSKHO BIHATD Ha
MIPOIYCKHYIO CIIOCOGHOCTD

SO_REUSEADDR Bool/int YKasbIBaeT, I0JDKEH JI CeTeBOI YPOBEHb I103BOJIATD JIat-
HOMY COKeTy CBs3bIBaTh IP-azipec u mopr, y»ke CBsI3aHHbIE
C IPYTUM COKETOM. DTO MOXKET IPUTOANUTHCS IS OTJIaKI
U B IPUJIOXKEHUAX, llepexBaTbiBaomux Tpaduk. Hexoro-
PbI€ OMEPAIIHOHHbIE CHCTEMBI TPEOYIOT, YTOGBI BHI3BIBAIO-
I TpoIiece 061a/a TOBBIEHHBIMI TTPUBUIETTISIMI

SO_RECVTIMEO DWORD/timeval Onpenessier Bpemst (B MusiicekyHzax 8 Windows), 1o
HCTEYEHNH KOTOPOTO 3a0I0KUPOBAHHAST OTIEPAITHST YTEHUST
JIOJIKHA [IPEPBATh OKH/IaHUE 1 BEPHYTD yIIPaBJICHIE

SO_SNDBUF int Onpenersier pazmep Oydepa, BBIIEIAEMOTO 9TUM COKETOM
JUIST ICXOJISITIUX TTaKeTOB. [IpOoIycKHast CriocoGHOCT JIJist
HUCXOJSIIIEro TpauKa OrpaHUYMBAETCS CETEBbIM YPOBHEM.
Ecin iporiecc mochliaeT JaHHbie ObICTpee, YeM CeTeBOi
YPOBEHb YCIIEBAET VX OTIIPABJISITh, STH JIAHHBIE OY/IyT HAKA-
nmBaThest B ucxogsiem oydepe. COKeTb, HCIIONb3YONINE
HaJIe’KHBIE TIPOTOKOJBI, Takue kak TCP, Xxpauar nanusie

B ucxozsiiem Oydepe, Moka MPUHUMAIONIAS CTOPOHA He
MOATBEPAUT uX noayderne. Korna ucxoasammii 6ydep
sanosHsiercst, hyHkimy send u sendto GJIOKUPYIOTCS 10
0cBOGOKIEHUS HE0OX0AMMOTO 00beMa B Oydepe
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Makpoc Twun 3HauyeHus OnucaHue
(Windows/
POSIX)
SO_SNDTIMEO DWORD/timeval Onpenensier Bpemst (B MusuiincekyHaax B Windows), mo
HCTeYeHUH KOTOPOTro 3a0IOKMPOBAHHASI OIIePAILHS [Iepe-
Jlauyl 10JKHA IIpepBaTh OXKUaHue U BEPHYTh yIIpaBJie-
HUE
SO_KEEPALIVE Bool/int [TpumeHuM TOJIBKO K COKeTaM, UCITOIb3YIOMIUM ITPOTOKO-

JIbI, YCTaHABJIUBAIOIUE TOCTOSIHHOE COEeIITHEHUE, TAKNE
kak TCP; oT0T mapamerp onpeue/sger HeoOXoAUMOCTh
ABTOMATUYECKOI Iepe/lauil COKETOM CHEeINaTbHBIX T1a-
KETOB, TOJ/IEPKUBAIOIIUX COeInHEeHNne OTKPBIThIM. Eciiu
JIpyrasi CTOPOHA MePECTAHET MOATBEPKAATD ITOTydYeHIe
HTHUX MAKETOB, COKET MepeiiieT B COCTOAHIE OINOKH,

U KOT/Ia B CJIENYIOIIUIA Pa3 MPOIECC MOTBITAETCS TIOCTIATh
JIAHHbIE YePe3 ITOT COKET, OH Oy/IeT U3BEIIeH 0 oTepe
coeIMHeNNs. DTO MOXKET MPUTOAUTHCS HE TOJBKO [T
oTIpejieIeHusl Pa3pbiBa COEIMHEHUs], HO TAKIKe JIJIsT
MoJIePKaHst cCoe/inHeH it uepes Gpanvayapbl u NAT,
KOTOPBIE MOTYT Pa3pbIBATLCS 110 UCTEUEHUH OTIPe/IesIeH-
HOTO BPEMEHI

B tabu. 3.5 onmceiBaercst mapametp TCP_NODELAY, IOCTYITHBIH Ha ypoBHE IPPROTO_TCP.
ITOT mapaMeTp MOXKHO YCTAaHOBUTD TOJBKO B coketax TCP.

Ta6nuua 3.5. NapameTpbl Ha ypoHe IPPROTO_TCP

Makpoc Twun 3HaueHus | OnucaHue
(Windows/
POSIX)
TCP_NODELAY Bool/int YkasbIBaeT, 10JKeH JIn UTHOPUPOBAThCs anroput™ Heiirma

71 IAHHOTO coKeTa. VIcTHHHOE 3HAYeHUE B 9TOM IapaMeTpe
YMEHBIIUT 33/IEP>KKU MEKILY 3aIllPOCOM Ha Mepeady JTaHHBIX
1 (hakTHuecKoi nx nepepaveir. OHAKO HTO MOKET TIPUBECTH
K o6paszoBanuio 3aropos B cetu. [loapobuee 06 anropurme
Heiirmra pacckasbiBaercs B riiase 2 «MHrepHeTs

B 3aknoyeHune

Coxkerp! Bepkin ABISIOTCSA CaMbIM PACIIPOCTPAHEHHBIM MEXaHU3MOM I1epeadi JaHHbIX
B NnTeprere. HecMOTpst HA TO YTO MPOTPAMMHBIN uHTepheiic OMOIMOTEKN Ha Pa3HBIX
maTopMax OTJINYAETCS, OCHOBHBIE BO3MOXKHOCTH OCTAIOTCS OJJUHAKOBBIMU.

BazoBbIM THUIIOM JAaHHBIX /715 aJIPecoB gBJsieTcsl sockaddr, M OH MOKET IIPEICTABIIATD
ajipeca JIJIst Pa3HbIX IPOTOKOJIOB CETEBOTO YPOBHsL. VICIOMb3YITE €T0, eCIn MOHA00UTCsT
OTIPEJIeSTUTH a/[Pec OTIIPABUTEIS WJIN TTOJTydaTes.

Coxkersl UDP He moa/iepKUBAIOT TIOCTOSHHOE COEIMHEHNE U He XPaHAT WH(POPMAITIIO
o cBoeM coctossHnU. CO3/1aI0TCsT TaKUe COKETHI ¢ MOMOINbI0 (PYHKIUU socket, a OT-
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MpaBKa JaHHBIX YePe3 HUX OCYIIECTBISIETCS BBI30BOM sendto. UToObI OpraH3oBaTh
npuem UDP-nakeros uepes coker UDP, cnauasa BoizoBuTe (GyHKIMIO bind, 4TOObI
3ape3epBUPOBATDH TIOPT B OTIEPAIIIOHHON CUCTEME, & 3aTeM — recvfrom, 4TOObI U3BJIEYDb
BXO/JISIINE IAHHbBIE.

Coxerst TCP noiepskuBaioT nHMOOPMAIIUIO O CBOEM COCTOSTHUU U TPEOYIOT YCTAHO-
BUTDH COC/ITMHEHUE TIEPE/] Hepez[aqefl JIaHHDbIX. COGI[I/IHGHI/IB YCTaHaBJINBACTCA BHISOBOM
connect. I’ITO6I)I TIpUHATDH BXOIIHH_[I/Iﬁ 3alIpoC Ha COeANHEHNE, BbBI3bIBACTCA (byHKLII/IH
listen. Koria B 03KHM/IAIONMIA COKET MOCTYIIAET 3AIIPOC HA COEITUHEHNE, CJIEyeT BhI3BATD
accept, YTOOBI CO3/1aTh HOBBIN COKET, IIPEJCTABJISIIONIAN JIOKAIBbHYIO KOHEUHYIO TOUKY
9TOro coeannHeHmAg. Hepe/:[aqa JITAHHBIX Yyepe3 COeAMHEHHbIE COKETBI BbIITOJIHAETCA BbI-
30BOM send, a IIprUeM — BBISOBOM recv.

Omneparuu ¢ cOKeTaMu MOTYT OJIOKUPOBATH BBI3BIBAIOIIUET TOTOK BBITIOJHEHUST U CO3-
JaBaTh MPOGJIEMBI JIJIsT TPUJIOKEHII, BBIOJHSIONINXCS B PEKUME PEaIbHOTO BPEMEHTL.
YT06bI IPEAOTBPATUTD UX TOSBJIEHUE, BBI30OBBI, KOTOPbIe MOTYT 3a0JJOKHPOBATHCS,
CJIETYeT BBITIOMHATD B OTAETBHBIX TIOTOKAX BBITTOJIHEHUS, TEPEBOJIUTH COKETH B HEGII0-
KUPYIONHIT peskM pabOoThI WU UCTIOIH30BaTh (DYHKITHIO select.

C nomoribio Gynkimu setsockopt HacTpauBaetcs osezienue coketos. [locse cospanus
U HACTPOIKU COKETHI 00eCIeYnBaOT BO3MOKHOCTh B3AUMOIEHCTBUI MeKLY Y3IaMU
B cereBol urpe. B riase 4 «Cepuasusaiiust 00beKTOB» Mbl HAUHEM 3HAKOMUTBCSI € OCO-
GEHHOCTSIMU U ONITUMAJIbHBIMU [IPUEMAMU MCIIOJIb30BaHUSI 9TOW BO3ZMOKHOCTH.

Bonpochbl Ans noBTOpeHus

1. Hasosure nekoropbie orinunss POSIX-coBMecTUMbIX OMOIMOTEK COKETOB OT pe-
anuzaruu B Windows.

N

Kaxwue gBa yposust TCP/IP orBeualoT 3a ajjpecanuio COKeToB?

O6mbsacuute, kak 1 ouemy cepsep TCP cospaer yHUKaTbHBIN COKET /IS COCMHEHIST
C KQKBIM KJINEHTOM.

OO6bsacHNTE, KaK CBSI3aTh COKET € IOPTOM M YTO 3TO O3HAYAET.
Jo6asbre moaaepKKy anpecos IPv6 B SocketAddress u SocketAddressFactory.
JTo6aBbTe BO3MOKHOCTD co3nanusi coketoB TCP B SocketUtils.

N o ks

Peasusyiite uar-cepsep, ucnosbayiomuii mpotokosn TCP s coentenus ¢ ean-
CTBEHHBIM Y3JIOM U [IEPeJadll COOOIEHNH B 00€ CTOPOHBL.

8. JlobGaBbre MoIePKKY HECKOJIBKUX KJINEHTOB B YaT-cepBep. Vcionbayiite HeOI0KuU-
pyfollirie COKeThbl Ha CTOPOHE KJINEeHTa U select Ha CTOpOHE cepBepa.

9. OO6bsicHUTE, KAK U3MEHUTHh MAKCUMAJIbHDIN pazmep okHa mpuema TCP.

[ns AononNHUTENbHOro YTeHus

«I/0 Completion Ports». loctynno no agpecy: https://msdn.microsoft.com/en-us/
library/windows/desktop/aa365198(v=vs.85).aspx. TIposepero 28 supaps 2016.
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Wesley.!
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Nucruryr nngopmaturu (Information Sciences Institute). (1981, cenrsiops). «Trans-
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Cepuanusaums o6beKkToB

[nsi nepefayn 06bEKTOB MeXay 3K3eMMNNsipaMn CETEBON MHOIOMOJ1b30BaTENIbCKOM
Urpbl KOA Urpbl JO/MKEH Tak npeobpa3oBaTb MHdopMaLumio 06 3Tux obbekTax, UTobsl
€e MOXKHO 6bl10 MocnaTk MO NPOTOKOMY TPaHCMOPTHOrO YPOBHS. B 3Tol rnaee 06-
Cy>XAaeTcs HeobX0AMMOCTb HaZIEXXHON CUCTEMBI cepuanu3ayuu. 34ecb UCCneaytoTcs
nyTn peleHust npobneM, CBA3aHHbIX C AaHHBIMU, CCbIIAOLMMUCA Ha caMux cebs,
CO OKaTMEM M NPOCTOTOM CONPOBOXAEHUSI KOAa NPY HalIMUMK XECTKUX TpeboBaHMi
K NPON3BOANTENBHOCTU, NPEABSBISEMbIX PEXMMOM peanbHOro BpeMEHM.

HeobxoamMMoCTb cepuanusaumm

[Ton cepranuzanueii moHrMMaeTcs peodpazoBaHrie 0ObeKkTa 13 opMaTa XpaHeHWs B T1a-
MSITH C TIPOU3BOJIBHBIM JOCTYIIOM B JINHEHHYIO TIOCJIEI0BATEIBHOCTD OUTOB. DTH OUTHI
MOTYT COXPAHITLCS Ha UCKE WJIH MOCHLIATHCS YePe3 CeTh M 3aTeM MPeoOPa3oBhIBATHCS
B opurnHanbHbIi opmat. [Tpeanoosxm, uto B urpe «Robo Cat» urpok RoboCat mpes-
CTaBJIeH CJIEYIOIIUM KJIACCOM:

class RoboCat: public GameObject

{

public:

RoboCat(): mHealth(10), mMeowCount(3) {}
private:

int32_t mHealth;

int32_t mMeowCount;

s

Kax ynomunasnocs B riaBe 3 «CokeTsl bepkims, mporpaMMHbIil nHTEpGhEHC COKETOB
Bepkimi mpestaraet hyHKINN send 1 sentdo /7St Tepeiadit TaHHBIX MesKy y3aamir. Obe
(yHKIIUU TPUHUMAIOT yKa3aTesb Ha JaHHble s rnepenadr. COOTBETCTBEHHO, CaMbIil
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POCTOit croco6 nepeaaun RoboCat MekTy y3mamu 6Ge3 TPUMEHEHST CTICINATH3NPOBAH-
HOTO MEXaHM3Ma CePUATU3AIII MOT Obl BBITJISIZETD CJAELYIOMIM 00pa3oM:

void NaivelySendRoboCat(int inSocket, const RoboCat* inRoboCat)

send(nSocket,
reinterpret_cast<const char*>(inRoboCat),
sizeof(RoboCat), © );

}

void NaivelyReceiveRoboCat(int inSocket, RoboCat* outRoboCat)

{

recv(inSocket,
reinterpret_cast<char*>(outRoboCat),
sizeof(RoboCat), ©);

NaivelySendRoboCat mpuBoauT 0OBEKT THIIA RoboCat K TUILy char*, 4To0bI I€penaTh
ero ¢yukin send. B kauecTBe padmepa Oyepa ykasniBaeTcst pazmep Kiaacca RoboCat,
KOTODBIH B IaHHOM cylydae paBeH BocbMH. (DyHKIMS Tprema, B CBOIO 09epe/b, CHOBA
NpUBOAUT 0OBEKT THIA RoboCat K TUITY char*, Ha HTOT pa3 — YTOOBI COXPAHUTH MPH-
HATBIE JAaHHBIE CPa3y B CTPYKTYPY. JlomycTrm, 4T0 MeX/Ly y3J1aMu, UCTIOJIb3YIOMIMME CO-
KeTbl, yke ycranossieno TCP-coenunenue, Tora mpoliiecc epeadu cocTosiHus RoboCat
MEK/LY y3JaMu Oy/IeT BBITJISIIETD TaK:

1. OtupaBurenb Bbi30BeT (hyHKIMIO NaivelySendRoboCat u mepenact eit 00beKT
RoboCat /1714 repemgaun.

2. TlosyuaTens CO3/ACT HOBBIHT WIIH HAW/IET CYIIECTBYOMHiT 06BHEKT RoboCat, B KOTO-
POM JIOJIZKHO OBITH COXPAHEHO TIPUHATOE COCTOSTHUE.

3. TMonyuaresns Bbi3oBeT (hyHKIMIO NaivelyReceiveRoboCat 1 1iepejiact eit ykazaTesb
Ha 00beKT RoboCat, BbIOpaHHbII Ha 1iare 2.

B rmase 5 «Pemmmkarms 00beKTOB> HOleO6HO pacckasbIBaeTcs o Tmare 2 u obbacHaeTcs,
KaK 1 Korja cjeflyeT umcKaTb UIn co3JaBaTh HpI/IHI/IMaIOLuI/Iﬁ 0OBEKT RoboCat. A moka
JIOIIyCTUM, YTO CUCTEMaA caMa HaXO/IUT UJIN CO3/1aeT 00beKT RoboCat Ha CTOPOHE II0JIY-
yaTeJid.

ITo 3aBepieHUN TIPOTIEAYPBI TIEPEIAYN, €CITU MTPEATIONOKNTD, 4TO 0062 y371a TeHCTBYIOT
Ha WJIEHTUYHBIX allliapaTHbIX 1atdhopmax, nHhopMaIs U3 UCXOAHOTO 06bheKkTa RoboCat
Gyer 6JaromoyqHO CKOTIMPOBaHa B IleJieBOiT 00bheKT RoboCat. PasmerieHne oObekTa
RoboCat B aMsITH, IPEICTABICHHOE B TaOI. 4.1, IEMOHCTPHUPYET, MTOYeMY TPUMUTHBHbIE
byukuum nepepayn/nprema a(hheKTUBHO CIPABJISIIOTCS CO CBOEN 3ajIayueii.

OO6mbexT RoboCat Ha CTOPOHE TIOJTydYaTeist UMeJl B 110Jie mHealth snauenue 10 u B moJie
mMeowCount 3HaUeHMeE 3, yCTAHOBJIEHHBIE KOHCTPYKTOPOM RoboCat. B xo1e BBITIOTHEHTIST
JIOTUKH WTPBI HA CTOPOHE OTIPABUTENsI RoboCat MOTEPsJT TIOJIOBUHY 3/0POBbBS, 3HA-
yeHue KOTOPOTO Tellepb PABHO 5, U UCIOJIb30BAJ OLHO «Msy». Tak Kak 1moJist mHealth
1 mMeowCount XPaHST 3HAUYCHUS 2JIEMEHTAPHBIX TUITOB, TPUMUTHBHAS PEATUIAITUS TTepe-
naum/mpruema paboTaet MPaBUIbHO U 0OBEKT RoboCat Ha CTOPOHE MOIYYATEIS TOTYIAET
MpaBUJIbHbIE 3HAUEHUS TTOJIE.



120 MaBa 4 e Cepuanusaumsi 06bLEKTOB

Ta6nuua 4.1. PasmelleHne obbekta RoboCat B namatu

Appec Mone 3HaueHue UcxopnHoe 3HaueHne | KoHeuHoe 3HauyeHue
Ha CTOpOHe Ha CTOpOHe Ha CTOpOHe
oTnpasuTens nosyyarens nosyyarens

baiiter 0-3 mHealth 0Xx00000005 OX0000000A 0x00000005

Batiter 4—7 mMeowCount | ©x00000002 0x00000003 0x00000002

OHako 00bEKTDI, SBJIAIONIMECS KIIOYEBbIMU DJIEMEHTaMU UIPbI, PEAKO ObIBAIOT Ta-
KMMH K€ TIPOCTHIMU, Kak RoboCat u3 Tabu1. 4.1. Bosiee peanncTuunas Bepcust RoboCat
BBI3BIBAET CJIOKHOCTH, KOTOPbIE HAPYIIAIOT HOPMAJIbHYIO PabOTYy IIPOCTOI pearsaium
nepeiayr/IpruemMa 1 BbIHYKAAIOT 3ayMaThCst O CO3JaHiK OoJiee HaJlesKHOU CUCTEMbI
cepuaTn3aim:

class RoboCat: public GameObject

{
public:
RoboCat(): mHealth(10), mMeowCount(3),
mHomeBase(9)
{
mName[@] = "\@';
}

virtual void Update();

void Write(OutputMemoryStream& inStream) const;
void Read(InputMemoryStream& inStream);

private:

int32_t mHealth;

int32_t mMeowCount;

GameObject* mHomeBase;

char mName[128];
std::vector<int32_t> mMiceIndices;

3

Paciimpennas Bepcust RoboCat CO3/1aeT CIOKHOCTH, KOTOPbIE HEOOXOMMO Y4YUTBIBATh
npu cepruausaiui. B tabu. 4.2 mokasaHo, Kak PacioiaraeTcst 9T0T 0ObEKT B aMsITHU 10
1 110CJI€e Iepeladyn.

ITepBoie 4 Gaiita B 06beKTe RoboCat TeTeph 3aHNMAET YKa3aTeh Ha TAOIUITY BUPTYaATb-
HBIX METO/IOB. 3/1eCh IIPEIIoaraeTcs, YTo IporpaMma KOMIMIMPOBaIach B 32-paspsil-
HOIT apxuTeKType — B 64-paspsiiHOi cucTeMe aTOT yKasaTesb 3aus Obt 8 Gaiit. Terneps,
Kor/la Kjacc RoboCat IoJy4uns1 BUPTYyasbHbll MeTO/ RoboCat: :Update(), Kaskablil
9K3eMILJISIp RoboCat JIOJIKEH XPaHUTDh YKa3aTelb Ha TabJIHILy ¢ afpecaMil pean3aluii
BUPTYAJIbHBIX METOJIOB JIJid RoboCat. ITO moposkaaeT np06JIeMy JUUIST TPOCTOM TIPOIieLy-
PBI TIEpe/Iavn /TpreMa, TOTOMY YTO B PA3HBIX MTPOIeccax TabJIUIa BUPTYATbHBIX METOIOB
MOJKET UMETh pasHbie ajpeca. B TaHHOM ciiydae TIpy KOMUPOBAHUY MOTYIEHHOTO 00b-
eKxTa RoboCat Ha CTOpOHE IOJIyYaTe st IPaBUJIbHbII yKa3aTesh 0x0B325080 Ha TabJIUILy
BUPTYaJIbHBIX METOJIOB 3aMEHSIETCsT OMMOOUHBIM. TToC/Ie 5TOTO MOMBITKA BBI3BATH METO]
Update npuHsATOI KoUK RoboCat Ha CTOPOHE OJIydaTess B JydlleM cydae BbI30BET
OMmMOKy JIOCTYTIA K TIAMSITH, & B XY/IIIIEM — 3aIlyCTUT HEKUN TPOU3BOIBHBINA KOJI.
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Ta6bnuua 4.2. PasmelleHne yCroXXHeHHON Bepcun RoboCat B namsitin

Appec Mone 3HaueHue UcxopHoe 3Have- KoHeuHoe 3Haue-
Ha CTOpOHe HUe Ha CTOpoHe HUe Ha CTOpoHe
oTnpasutens nonyyarens nonyyarens

BaiiTer vTablePtr Ox0A131400 0x0B325080 Ox0A131400

0-3

Baiiter mHealth 0x00000005 OX00000LLA 0x00000005

4-7

baiiter mMeowCount 0x00000002 0x00000003 0Xx00000002

8-11

baiitor mHomeBase 0x0D124008 0Xx00000000 0x0D124008

12-15

baiiter mName "Fuzzy\o" "\o" "Fuzzy\e"

16—-143

Baiiter mMiceIndices PPPRR? pPPPe? ppPPe?

144-167

Ykasaresib Ha TaOJIMIy BUPTYaJIbHBIX METOIOB — HE €IMHCTBEHHBIN YKa3aTe b, KOTOPbIi
3aTHpaeTcs B TaHHOM dK3eMILisipe. KomnmpoBanue ykasaTeJsisi mHomeBase U3 OIHOTO TIPO-
1ecca B APYroii aet CToJIb ke GeCCMbICJAEHHBII Pe3yJibrar. YKasaTe IH 110 CBOeH IIpUupo/ie
CCHLIAIOTCS HA 00JIACTH MAMATH B OIPEAEJEHHOM aJPeCHOM MPOCTPAHCTBE MPOIIecca.
[ToaTOMy HeJb3st CJIero KOMUPOBATD TI0JIE YKa3aTessl U3 OJHOTO TIPOIecca B IPYToii
U HAJIESATHCA, YTO B TIAMSTH IIPOIlecca TOaydaTeisd, Ha KOTOPYIO CChIJIAETCS CKOMUPO-
BaHHbBIN YKa3aTeJnb, 6yZIyT XpaHUTbCA COOTBETCTBYIONINE /TaHHBIE. HalIe)KHblf/,I MEXaHU3M
PeIIMKALIMY TOJKEeH MO0 CKONMPOBATh JaHHbIE, HA KOTOPbIE CChLIAETCS yKa3aTelb,
U YCTAHABJIMBATD CCHUIKY HA HUX B I0JIe-yKa3aTeie, THO0 HAlTH UMEIOIIYIOCST BEPCHIO
JIAHHBIX B [TPOIIeCcce-ToJIydaTesie i COXPaHUTh B yKasaTeJe ee aapec. O6CyKIeHne aTHX
MIPUEMOB MbI TPOJIOJIKUM B pasjiesie «CChlIOUHbIE JaHHBIEY.

Eie oHoii 1pobieMoil IPOCTON peannsalinu nepeaadu/npuemMa RoboCat siBisieTcst
obstzaTesIbHOE KOIpoBaHue Beex 128 Gaiit B osre mName. HecMOTpst Ha TO 4TO MAcCHB
MOJKeT XpaHUTb 10 128 cuMBOJIOB, MHOT/IA YMCJIO JEeHCTBUTEIbHO XPAHUMbBIX B HEM
CHMBOJIOB HAMHOI'O MeHbIII€, KaK B IIPUMEpPE oObekTa RoboCat ¢ 1osieM mName, XpaHs-
muM cTpoKy «Fuzzy». YToObI BBIIOJIHUTH 3a/[a4y 110 ONTUMHU3AIUU CETEBOTO TpaduKa,
XOPOTITast CHCTEMA CePUATH3ATINY IOJIKHA M36EraTh CePUaTN3aIiii HEHYKHbBIX TAHHbIX.
B nannom ciyuyae cucteMa JI0JIKHA TOHSATD, 4TO 10Jie mName IIpe/iCTaBJsieT CTPOKY,
3aBepLIAIOLLYIOCS HyJIeBbIM CUMBOJIOM, U CEPUATIU30BATh CUMBOJIBL JI0 HYJIEBOIO CUM-
BOJI4, BKJIIOYas U ero. ATO OJIMH U3 MHOXKECTBA IIPUEMOB CXKaTH4 JaHHBIX B IIpoliecce
cepuasM3alum, Kotopbie 6oJee moaApodHO obeykaaloTes B pasaene «CxkaTues pajee
B 9TOH I1aBe.

3akmounTenbHas TPobIeMa CepUATM3aIIT, U3 YUCTA TEX, KOTOPBIME CTPaJaeT HOBASI
Bepcus RoboCat, BOZHUKAET IIPU KOIMMUPOBaHUNU std: :vector<int32_t> mMiceIndices.
BHyTpeHHsIst opraHusanus kiacca vector us 6ubmnoreku STL He persaMeHTHPYeTCsT
crargaprom C++, I0TOMY HEOUEBHIHO, OY/IET JI ITPABIJIBHO KOTIMPOBATHCS 9TOT BEKTOP
IIPOCTON peasnu3zaliueil mepejadn,/IprueMa U3 oJHOro mpoiiecca B Apyroii. Bepogarho,
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HET: B CTPYKTYpPE BEKTOPA, CKOPee BCEro, MMEETCS O/IMH UM HECKOJIbKO yKa3aTeJleH,
CCBLJIAIONUXCA HA 2JIEMEHTBI BEKTOPA, 1 B BEKTOPE MOKET UMETbCS METOJl MHUIIAAJIHU-
3a1U1, KOTOPBIH JTOJKEH BBI3BIBATHCS TSI HACTPONKY 3THX yKasaTesedl. IIpaktnaeckn
HaBEPHSIKA TIPOCTAST PEASTM3AIINST TIePEIadn /TIPreMa He CMOKET CKOITPOBATh BEKTOP 6e3
ormu6oK. MAKTUYECKU MOKHO CMEJIO MIPE/IIOJIOKUTD, 4TO TIPOCTAsT PEATU3AIUS TOTEPITUT
Heyauy py KOMUPOBAHUH JIIOOON CTPYKTYPbI TAHHBIX, HCIIOJIB3YEMON 110 TPUHITUITY
<YEePHOTO SIMKay: IIOCKOJIbKY BHYTPEHHSS OpraHu3aliis CTPYKTYPbI He olpe/esieHa
SIBHO, HEGE30MAaCHO OCYIIECTBISATD ee MOOUTOBOE KonupoBaHue. [I[paBusibHast cepua-
JIN3ATINS CJIOKHBIX CTPYKTYP AAHHBIX PACCMATPUBAETCS HA TPOTSKEHUHT 9TOM TJIABHI.

Tpu ipoGJIeMBl, TepedrCcIeHHbIE BBIIIE, HATJISIHO TTOKa3bIBAIOT, YTO 9K3eMILISIP RoboCat
HE JI0JIKEH TIePe/IaBaThCsl B COKET MOHOJMTHBIM OJI0KOM — KasK/I0€ TI0JIe JI0JEKHO cepra-
JII30BATHCS OTAEIBHO, YTOOBI TADAHTHPOBATH MIPABUIBHOCTD U 3(H(HEKTUBHOCTH PAGOTHI
mporpamMmmbl. J[JIs KasKoro ToJist MOKHO CO3/IaBaTh CBOM MaKeT W OTIPABJISITH 3TH TTAKEThI
PasHbBIMU BbI30BaMU (DYHKIIMK send, HO 3TO BBI30BET Xa0C B CETEBOM COCIMHEHUM U TTPU-
BeJIeT K HAIIPaCHOM TpaTe IOJIOCHI ITPOITYCKaHUs Ha Tepeady HEeHY KHBIX 3aT0JI0BKOB
nakeroB. BmecTo atoro Jiyurie cobparb Bce He0OXOAUMbIE JaHHbIe B Oydep U mociaTh
aToT Gydep Kak npescTapieHre oobekra. UToObl yIIPOCTUTH TPOIIECC, BBEAEM MOHATHE
nomoxa Oannvix (stream).

[TOTOKM AAQHHbIX

B undopmaruke nox nomoxkom dannwvix (Stream) moHUMAETCsI CTPYKTYpPa JaHHBbIX,
MPEJICTABJISIIONIAsT YIOPSIOYEHHbII HaOOP 3JIEMEHTOB JaHHDBIX U MTO3BOJISIIOIIAST YUTATh
JIaHHbIE 13 HTOTO Habopa MJIN 3aITUChIBATD B HETO.

IToTok MoskeT ObITh nOMOKOM 6bi600a (output stream), nomokom géoda (input stream)
win u teM u ApyruM. [1oTok BeIBOAA NENCTBYET KaK «CJIUBY JJIsI TI0Jb30BATENbCKIX
MaHHbBIX, TAIOMNH TOIb30BATENI0 BOSMOKHOCTD MOCTEI0BATENHHO TOOABIITH B HETO
2JIEMEHTBHI, HO He YUTaTh UX U3 Hero. [loTok BBOa, HATIPOTHUB, IEMICTBYET KaK NCTOUHUK
JAHHBIX, TO3BOJISIONIUI TTOCJIE[0BATENbHO U3BJIEKATH 9JIEMEHTHI, HO HE IIPEI0CTABIISIET
CPEJICTB /LIS 3aIIHCH UX B OTOK. KOT/1a TOTOK OJTHOBPEMEHHO SIBJISIETCSI TIOTOKOM BBOJIA
U BBIBOJIA, OH COIEPIKUT METOMIBI KaK JI7IsT T0OABIIEHYSI JIEMEHTOB JIAHHBIX, TaK U JIJIsT X
U3BJIEYEHUST, BO3SMOKHO OJTHOBPEMEHHOTO.

YacTo NOTOK JIAHHBIX ABJIsAETCS MHTEPdEiicoM K HEKOTOPOI JIPYTOi CTPYKTYPE TAaHHBIX.
Hanpumep, nomox svisoda ¢ ¢paiin (file output stream) mMosker GbITh 06EPTKON BOKPYT
(aiina, OTKPHITOrO JIs 3aIMCH, MOAAEePKUBast IIPOCTON METO MOCAeA0BATEIbHON
3aMnCcyu Ha JUCK JaHHBIX pasHbiX TUoB. Cemesoil nomox (network stream) mMosxer
OBITH 0OEPTKOM [UIST COKETa, MPEeJOCTABIISS METOABI-00ePTKN BOKPYT (hyHKIMiT send ()
U recv(), ClielUaIN3MPOBAHHBIE /I pabOThI ¢ OIPEAETeHHBIMU TUIIAME JAHHBIX.

[MOTOKM A@HHLIX B NAaMATH

Iomox dannvix 6 namsmu (memory stream) obeprbiBaeT Oydep B mamsatu. OGbIIHO
Takoii Oydep quHaMUYecku pasmeniaercst B kyue. [lomok evieoda 6 namsms (output
memory stream) MMeeT MeTO/bI JIJIsA IIOCIe0BaTeJbHON 3alUCy JaHHbIX B Oydep,
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a Takyke METOJ[ ZI0CTYTa, 06eCIeynBAIOTIII BO3MOKHOCTh YTEHUSA caMoTo Oydepa.
Boi3BaB MeToj1 ioctyiia Kk Oydepy, oIb30BaATENb MOKET MOJYIUTH CPa3y BCE JIAHHDIE,
3amMCcaHHbIe B TIOTOK, U TTepe/iaTh MX JIPYTOil cCUCcTeMe, TaKOH Kak (PyHKINs send cokeTa.
B suctunre 4.1 npezicTaBieHa peas3alisl IOTOKA BBIBOIA B ITAMSITh.

JiuctuHr 4.1. NoTok BbiIBOAA B NaMATb
class OutputMemoryStream

{

public:

OutputMemoryStream():

mBuffer(nullptr), mHead(®), mCapacity(®@)
{ReallocBuffer(32);}

~OutputMemoryStream() {std::free(mBuffer);}

// BO3BpawaeT yKasaTeNb Ha [aHHble B MOTOKe
const char* GetBufferPtr() const {return mBuffer;}
uint32_t GetLength() const {return mHead;}

void Write(const void* inData, size_t inByteCount);
void Write(uint32_t inData) {Write(&inData, sizeof( inData));}
void Write(int32_t inData) {Write(&inData, sizeof( inData));}

private:
void ReallocBuffer(uint32_t inNewlLength);

char* mBuffer;
uint32_t mHead;
uint32_t mCapacity;
s

void OutputMemoryStream::ReallocBuffer(uint32_t inNewLength)

{

mBuffer = static_cast<char*>(std::realloc( mBuffer, inNewlLength));
// obpaboTaTb ownbky Bbi3oBa realloc
/] ...

mCapacity = inNewlLength;

}

void OutputMemoryStream::Write(const void* inData,
size_t inByteCount)
{
// npoBepuTb Hanu4yne mecTa...
uint32_t resultHead = mHead + static_cast<uint32_t>(inByteCount);
if(resultHead > mCapacity)
{
ReallocBuffer(std::max( mCapacity * 2, resultHead));
}

// ckonupoBaTb B Hayano cBobogHoW obnactu B bydepe
std: :memcpy(mBuffer + mHead, inData, inByteCount);

// NOAroTOBUTb yKa3aTelb Ha Hayano cBobofHoW obnacTwu
// Bna cnepywwein onepauuu 3anucu
mHead = resultHead;
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Merton Write(const void* inData, size_t inByteCount) sBJISI€TCS OCHOBHBIM CIIOCOOOM
3aIUCH JaHHBIX B IIOTOK. Ileperpyskennble Bepcuy MeToa Write IpUHMMAIOT JaHHbIE
OTIpeICIEHHBIX TUIIOB, MOITOMY OHM HE MMEIOT JOTOJHUTENTBHOTO MapaMeTpa st
nepegauyn yrcjiaa 6aiiToB. MoskHO GbLIO ObI ceiaTh METO Write MabJIOHHBIM, YTOObI
00ecneunTs MOAAEPKKY JMIOOBIX TUIIOB JAaHHbIX, HO /I STOTO IIPUILIOCH ObI IPEy-
CMOTPETH CIOCO0, TTPENATCTBYIONNH Tepeiave JaHHBIX CJI0KHBIX TUIIOB: He 3a0bIBaiiTe,
YTO CJIOKHBIE TUIIBI TPEOYIOT IIPUMEHEHUS CIIEIUANbHbIX IOAX0A0B K CepUaTIU3alHL.
VICIIOIb30BaHNE CTATUYECKOTO YTBEPAKIEHNUS ¢ IIPOBEPKOIl TUIIA — OJUH U3 CIOCO6OB
06e30macnuTh MmabJOHHBIN MeTO Write:

template<typename T> void Write(T inData)
{

static_assert(std::is_arithmetic<T>::value ||
std::is_enum<T>::value,
"Generic Write only supports primitive data types");
Write(&inData, sizeof(inData));

}

Wcnonb3oBatue BCIIOMOTATENbHOW (DYHKIIMU aBTOMATUYECKOTO OIpeeIeHns KOJIM-
yecTBa 6AlTOB B CHENMANN3UPOBAHHBIX METOAAX [IOMOTAET IIPEAOTBPATUTD OMIMOKK
U3-3a HEBEPHOTO Yncia 6aiiToB, IepeJanHoro M0JIb30BaTeIeM J1JIsl BBIOPAHHOIO UM THIIA
JIAaHHbBIX.

Bestkmit pas, xorna B Gydepe mBuffer 0Ka3bIBaeTCsl HEOCTATOUHO MECTA TSI 3AMTUCH
HOBBIX JIAHHBIX, pazmep Gyhepa aBTOMATHIECKH YBETUYUBAETCSA MO0 BABOE, TGO 10
pasMepa, I0CTaTOUYHOTO JIJIsi COXPAHEHUS HOBBIX JAHHBIX, B 3aBUCIMOCTH OT TOTO, YTO
GoJtbIIre. ITO TUITHYHBIN MOAXOM K YBETHUEHIIO pasMepa 6ydepa, a MHOKHUTETh MOKHO
CKOPPEKTHPOBATD, IPUBEIST B COOTBETCTBHE C KOHKPETHBIMU MOTPEOHOCTSIMH.

BHUMAHME HecmoTps Ha TO 4YTo GetBufferPtr BO3BpallaeT ykasaTeSlb Ha BHYTpeHHWI 6ydep
noToKa, AOCTYMHbIN TOMbKO ANS YTEHUSI, MOTOK COXPAHSIET MOHOMOJbLHOE BraaeHwe 6ydepoM 3a co-
601. To ecTb ykasaTeslb CTaHET HeAeWUCTBUTENbHbIM, KakK TO/bKO MOTOK OCBO60OAMT MaMsiTb, 3aHu-
Maemyto 6ycdepoM. Ecnm Heobxoammo, 4Tobbl ykasaTenb, BO3BpallaeMblii METOAOM GetBufferPtr,
oCTaBascs AENCTBUTENbHLIM MOCNE YHUUTOXEHMS o6bekTa MoToka, 6ycdep MOXHO 06bsBUTH Kak
std::shared_ptr<std::vector<uint8_t> >, HO OCTaBUM 3Ty peanu3auuio B Ka4yecTBe YynpaxKHe-
HUS Ha KOHeL, rnasbl.

Wcnonp3yst MOTOK BBIBO/IA B TAMSATH, MOKHO Pean30BaTh 6oJee HalesKHbBIE bynxmmn
nepezga4du RoboCat:

void RoboCat: :Write(OutputMemoryStream& inStream) const
{
inStream.Write(mHealth);
inStream.Write(mMeowCount);
// peuwenune pna mHomeBase noka oTcyTcTByeT
inStream.Write(mName, 128);
// pewenne ana mMiceIndices noka oTcyTcTByeT

}

void SendRoboCat(int inSocket, const RoboCat* inRoboCat)

{



OutputMemoryStream stream;

inRoboCat->Write(stream);

send(inSocket, stream.GetBufferPtr(),
stream.GetLength(), 0);
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Jlo6GasieHue MeTo/1a Write B KJ1acc RoboCat OTKPBIBAET JOCTYII K BHYTPEHHUM IIPUBAT-
HBIM IIOJISIM U OTZEJIeT 3a/javy cephualnusalii oT 3a/la4yil OTIIPABKU JaHHBIX 110 CETU.
ITO TaKKe JaeT BbI3bIBAIOIIEN TPOTPAMMe BO3MOXKHOCTH 3alTUcaTh 9K3eMILIsIP RoboCat
B IIOTOK KaK OJMH 13 Habopa 5JIeMeHTOB. DTOT IIPUEM IIPUTOAUTCS TIPU KOIIMPOBAHUI

Ha60pa O6'beKTOB, O YEM PaCCKa3bIBACTCA B I'JIaBE 5.

s mpuema sk3emIIsipa RoboCat Ha CTOpoHE noay4JaTesis Tpe6yeTC$1 peann3oBaTb
COOTBeTCTByIOLqu/’I IIOTOK BBOJIa U3 IMaM4TU U MeTOJl RoboCat: :Read, Kak mMOKa3aHO

B JiucTUHre 4.2.

Jinctuur 4.2, NMotok BBOAA U3 NaMATH
class InputMemoryStream

{
public:

InputMemoryStream(char* inBuffer, uint32_t inByteCount):

mCapacity(inByteCount), mHead(®),
{}

~InputMemoryStream() {std::free( mBuffer);}

uint32_t GetRemainingDataSize() const {return mCapacity — mHead;}

void Read(void* outData, uint32_t inByteCount);

void Read(uint32_t& outData) {Read(&outData, sizeof(outData));}
void Read(int32_t& outData) {Read(&outData, sizeof(outData));}

private:

char* mBuffer;
uint32_t mHead;
uint32_t mCapacity;
¥

void RoboCat::Read(InputMemoryStream& inStream)
{
inStream.Read(mHealth);
inStream.Read(mMeowCount);
// peweHne ans mHomeBase moka oTCyTCTByeT
inStream.Read(mName, 128);
// peweHne ana mMiceIndices noka oTcyTcTByeT

}

const uint32_t kMaxPacketSize = 1470;

void ReceiveRoboCat(int inSocket, RoboCat* outRoboCat)

{
char* temporaryBuffer =
static_cast<char*>(std::malloc(kMaxPacketSize));
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size_t receivedByteCount =
recv(inSocket, temporaryBuffer, kMaxPacketSize, ©0);

if(receivedByteCount > 0)
{

InputMemoryStream stream(temporaryBuffer,
static_cast<uint32_t> (receivedByteCount));
outRoboCat->Read(stream);

}

else

std: :free(temporaryBuffer);
}
}

ITocsie Toro Kak ReceiveRoboCat co3macT BpeMeHHBIN Oydep U 3alOTHUAT €T0 TaHHBIMU
U3 COKETa BBI30BOM recv, 9TOT Oydep OyeT mepesial B MOHOTIOIFHOE BIaIeHNE TIOTOKY
BBoJla 3 namsATu. [locse aToro 1m0b30BaTEb CMOKET U3BJIEKATD 2JIEMEHTBI JAHHBIX
B Hopsijike ux 3anucu. VMimenno ato fesaet Meto/; RoboCat: :Read, ycTanaBinBas COOT-
BETCTBYIOIINE T10JI 9K3eMILIsIpa RoboCat.

COBET [lpu MCMonb30BaHUM 3TOW NapaaurMbl B FOTOBOM MUIpe 3a4acTyto HeXeNaTesbHO BblAeNsTh na-
MSATb A/15 MOTOKa CHOBA M CHOBA, C NOJlyYeHMeM KaXxaoro nakeTa, Tak kak npoLeaypa BblAeneH s namsatu
MOXET noTpeboBaTh AOMOHUTENbHBIX 3aTPaT BpeMeHW. BMeCcTo 3Toro nydlle 3apaHee BbiAEIUTb Mak-
CUMasbHbI 06bEM NMaMsATK NS NOTOKA. B 3TOM clyyae BHOBb MOCTYNUBLLMI NaKeT 6yAeT NPUHSAT NpsiMO
B 6ydep noToka, 3aTeM NpounTaH u3 noToka, obpabotaH, n B none mHead 3anuweTcs 3HadeHue 0, 4Tobbl
NOAroTOBWUTL MOTOK K NPUEMY CieyHOLLEro NakeTa.

Takoke NnosesHo AOMoNHUTL MemoryInputStream BO3MOXHOCTBIO YNpaBieHusi COBCTBEHHOW NaMsTbio.
KOHCTPYKTOp, MPUHMMAIOLWMIA TOMBKO MaKCMMasbHbIM pasMmep, Mor 6bl BbiaensTb namstb ans Gydepa
mBuffer MOTOKa, @ METOA AOCTyna k 6ydepy — Bo3BpaLaTe mBuffer AN nepesaym HENOCPeACTBEHHO
B recv.

JlaHHast peain3ariust MOTOKA PeIiaeT MePBYI0 U3 MPOGJIeM CePUATTM3AIIIN: OHA TIO3BOJISIET
cozath Gydep, 3aMoJHITD €ro 3HAYCHUSIMU U3 OT/EJIBHBIX MOJIEH NCXOAHOTO 00BEKTA,
nocsathk 6ydep yaaaeHHOMY Y31y, U3BJIeUb 3HAYCHIS TOJIEi B OPSIIKE X 3aIMCH U 3a-
ICaTh X B COOTBETCTBYIOILIE I0JIst 00beKTa-IipreMHIKa. KpoMe Toro, JaHHbIi 1poLece
He OKasblBaeT HUKAKOTO BJIMSHUS Ha I0JI B 00beKTe-IIPUEMHUKE, KOTOPBIE He OJIKHbI
N3MEHATDHCA, TaKNE KaK YKa3aTeJb Ha Ta6JII/II_[y BUPTYAJIbHBIX METOOB.

CoBMeCTUMOCTb C nopssaAKoM CneaoBaHuUA 6anToB

He Bce mpotteccopbt XpaHsT 6aiiThl B MHOTOOAUTHBIX YKMCJIAX B OJTHOM F TOM JK€ TIOPSIJIKE.
ITopsiiok, B KOTOPOM Ol Thl XpaHITCS JaHHOM almapaTHO T1aTOPMON, TaK U Ha3bl-
BaeTcs: nopsook 6aimos (endianness). Pazninyaior m1aTdhoOpMbl ¢ #PAMBbIM TTOPSALKOM
6aiitos (big-endian) u o6pamnwvin (little-endian). IlnaTdopmbl ¢ 0GpaTHBIM IOPALKOM
XpaHsT Muaje 6aiiThl B MHOTOOANTHBIX YUCAaX B MJIAANINX ajpecax. Hampumep,
1esioe 3HaYeHNe Ox12345678 TI0 azjpecy 0x01000000 XpaHUTCS B MaMATU HA TaKOU
natdopMe, Kak MOKa3aHo Ha puc. 4.1.
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3HayeHne 0x78 0x56 0x34 0x12
Anpec 0x01000000 0x01000001 0x01000002 0x01000003

Puc. 4.1. Yucrno 0x12345678 Ha nnatdopme ¢ 06paTHbIM NopsakoM baiitos

ITepBbIM B MaMSITU XPAHUTCS CAMBIN MJTajmii 6aiit, 0x78. IIpu uTeHNH cieBa HAITPAaBO
YIUCITO0 OKA3BIBAETCS MEPEBEPHYTHIM, IMEHHO MOITOMY TaKO# MOPSIIOK HA3BIBAIOT 06-
parubiM. K miaardopmam, HCHOJIB3YIOIUM TaKOii MOPALOK, oTHocsaTes: Intel x86, x64
u apxurextypa Apple iOS.

B miatdopmax ¢ IpSMBIM MOPSIZIKOM, HATPOTUB, TIEPBBIM B MAMSTH XPAHUTCST CaMBIii
crapiiuii 6aiit. Ha puc. 4.2 mokasaHo, Kak XpaHUTCS TO e YHUCIIO 110 TOMY Ke aipecy Ha
iaTopme € IPSAMBIM TOPSIIKOM GaiiTOB.

3HayeHne 0x12 0x34 0x56 0x78
Anpec 0x01000000 0x01000001 0x01000002 0x01000003

Puc. 4.2. Yucno 0x12345678 Ha nnaTdopme ¢ NpsiMbiM NopsiAKoM 6aiToB

K mraTdopmam, HCTIOIB3YIOIINM TIPSIMOI TTOPSIZIOK, OTHOCsITCst: Xbox 360, PlayStation 3
n apxurtektypa IBM PowerPC.

COBET [lpu pa3paboTke O[HOMO/b30BATENbCKUX UrP WU UIP ANS OAHOM NNaTdopMbl 06bIYHO He
NpUXoAMTCS 6ECNOKOUTLCS O MOPsAKE CrnefoBaHus 6aiiToB, HO KOrAa BO3HUKAET HEOBXOAMMOCTb opra-
HM30BaTb Nepedady AaHHbIX Mexay nnatdopmMamu C pasHbIMU NopsiakaMu 6aiToB, 3TO NpeBpalLaeTcs
B NpobnieMy, Ha KOTOPYIO Henb3sl 3aKpbiBaTb rnasa. Jlyywasi cTpaTerus peleHust 3Toi npobembl npu
nepesaye AaHHbIX C MCMONb30BaHWEM MOTOKOB — BbIGpaThb OnpeaesieHHbI NopsiAok 6aiToB Afs caMoro
rMoToKa, @ 3aTeM MEHSTb NOPsiAOK 6ANTOB B MHOrO6alTHLIX YMCIaX Ha MPOTUBOMOMIOXHBIM NPY 3anucu
B MOTOK, €C/IN NopsiAoKk 6alToB MOTOKa He COBMajaeT C NopsiakoM 6anToB naaTdhopMbl, U aHaNorMyHO
MEHSTb NOpsAoK 6aiiTOB Ha MPOTUBOMOMOXHLIN MPU YTEHUM U3 NOTOKA, ECM Nopsaok 6aiiTos nnaTdhop-
Mbl HE COBMAZAAET C NOPsIAKOM 6aliToB MOTOKa.

BosbmmHCTBO crcteM mpeiocTaBiseT a(hheKTUBHBIE AJITOPUTMbBI U3MEHEHUS TTOPS/IKA
6aiiToB, a HEKOTOPBIE UMEIOT JAKe BCTPOEHHbIE (DYHKIMN UK acCeMOJIEPHBIE MHCTPYK-
nuu. Ho eciu BaM monazo0uTes co3faTh cOOCTBEHHYIO Pealn3aluio, TO B JIMCTUH-
re 4.3 npuBojsATcs ynoOHble (PYHKIMN U3MEHEHU [TOPsIKa OaiiToB.

JIncTuHr 4.3. ®yHKUUM U3MeHeHus nopsiaka 6aiitos

inline uintl6_t ByteSwap2(uintl6_t inData)
{

return (inData >> 8) | (inData << 8);

}

inline uint32_t ByteSwap4(uint32_t inData)
{
return ((inData >> 24) & 0x000000ff) |
((inData >> 8) & 0x@000Ff00) |
((inData << 8) & Ox@0Ff0000) |
((inData << 24) & 0xff000000);
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inline uint64_t ByteSwap8(uint64_t inData)

{
return ((inData >> 56) & ©x00000000000000ff) |

((inData >> 40) & OxP0PORGAGABAFF0V) |
((inData >> 24) & OxPOPORGRGAFF0E0V) |
((inData >> 8) & 0x0P0POROFFERERE0) |

((inData << 8) & 0x0POPORFFOAERERE0) |

((inData << 24) & Ox0POPOFfEEAEAE0G0V) |
((inData << 40) & Ox0OffEEAEPEAE0G0V) |
((inData << 56) & OxffPOPOPOPORORGRV) ;

I hyHKIHII 06pabaTHIBAIOT OCHOBHBIE TIEIOYHCIEHHbIE 3HAYCHNST Ge3 3HAKA 33/TAHHOTO
pasmMepa, HO OHU He MOJIEPKUBAIOT JAPYTHE TUIIBI TAHHBIX, TAKUE KaK BelleCTBEHHbIE
UICJIa, BEIECTBEHHBIE YNCIa ABOWHON TOYHOCTH, TIEJIbIE CO 3HAKOM, GOJIBIINE TIepe-
YUCTIEHUST U IPYTHE, KOTOPbIE Takke TPeGYIOT 3MEHEH s mopsiika 6aiiToB. UToOb!
peasn3oBaTh TaKyIo MOIEPKKY, BOCIIOIb3yeMCs TPIOKOM € COBMEI[CHUEM THIIOB:

template <typename tFrom, typename tTo>
class TypeAliaser

{

public:

TypeAliaser(tFrom inFromValue):
mAsFromType(inFromvValue) {}
tTo& Get() {return mAsToType;}

union

{

tFrom mAsFromType;
tTo mAsToType;

s
s

ITOT KJIACC UMEET METO/I, TPUHUMAIONINI JIaHHbIEe OJTHOTO THUIIA, TAKOTO Kak float,
U UHTEPIPETUPYIONIUHN UX KaK JaHHBIE IPYTOTO TUIIA, KOTOPBIH MOAePKUBACTCA
yIKe pean30BaHHbIMK (DYHKIMAMU U3MEHEHUs mopsiaka GaiiTos. BeroMorarenbHbre
maboHHble (DYHKIMH, IPEACTABICHHbIE B JIUCTUHTE 4.4, IO3BOJIAT 3aTEM U3MEHUTh
HOPSAJOK 6ARTOB B 3HAYEHUSIX DJIEMEHTAPHBIX TUIIOB C KCIIOJIb30BAHUEM COOTBETCTBY-
0IUX QYHKITNN.

JINCTUHT 4.4. LLIa6noHHble PyHKLMN U3MeHeHusl nopsigka 6aiiToB
template <typename T, size t tSize> class ByteSwapper;

// cneunanusauua AnAa 2-6aWTHbIX 3HAYEHWW. ..
template <typename T>
class ByteSwapper<T, 2>
{
public:
T Swap(T inData) const

{
uintl16_t result =
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ByteSwap2(TypeAliaser<T, uintl6_t>(inData).Get());
return TypeAliaser<uintl6_t, T>(result).Get();

}

¥

// cneumanusauma anAa 4-6allTHbIX 3HAYEHUN. ..
template <typename T>
class ByteSwapper<T, 4>
{
public:
T Swap(T inData) const
{
uint32_t result =
ByteSwap4(TypeAliaser<T, uint32_t>(inData).Get());
return TypeAliaser<uint32_t, T>(result).Get();
}
s

// cneumManusauma OnA 8-6alTHbIX 3HAYEHUN. ..
template <typename T>
class ByteSwapper<T, 8>

{
public:
T Swap(T inData) const

{

uint64_t result =
ByteSwap8(TypeAliaser<T, uint64_t>(inData).Get());
return TypeAliaser<uinté4_t, T>(result).Get();

}
s

template <typename T>
T ByteSwap(T inData)

return ByteSwapper<T, sizeof(T) >().Swap(inData);

}

ITpu BBI30BeE 11a6TOHHOI yHKIMH ByteSwap OHA CO3/aCT 9K3eMILJISIp ByteSwapper C Iia-
GJI0HOM, CTIENATU3UPOBAHHBIM Pa3MEPOM CBOETO apryMeHTa. 3aTeM TOT IKIEMILISIP
BBLI30BET COOTBETCTBYIONIYIO (DYHKITHIO ByteSwap Ipu momomu TypeAliaser. B upeane
KOMITUJISITOP OIITUMU3UPYET IPOMEKYTOUHbIE BbI30BbI, OCTABUB HECKOJIBKO OllepaIUii,
MEHSIIONHX MOPSII0K OAlTOB B PErUCTPaX.

MPUMEYAHME He Bce faHHble TPebYyIOT M3MeHeHUsl nopsiaka 6aiToB 13-3a HECOBMAAEHMs Nopsiaka
6aliToB NnaThopMbl € NOpsiakoM 6aiiToB B MoToke. Hampumep, cTpoka oaHO6alTHbIX CUMBOJIOB HE Tpe-
6yeT U3MeHeHws nopsiaka 6alToB, MOTOMY UTO Kbl OTAENbHbIA CUMBON NPEACTaB/eH €AUHCTBEHHBIM
6aliToM. TONbKO AaHHbIE MPOCTbIX TUMOB AOMKHbI MOABEPraThCs NMpoLelype U3MEHEHVs Nopsiaka 6aiTos,
npuyeM B COOTBETCTBUM C UX pa3Mepamiu.

Terepn, ncmob3yst ByteSwapper, 06061eHHbIe (DYHKINN Write 1 Read CMOTYT KOPPEKT-
HO TIO/ZIEPKUBATH TIOTOKK € TIOPSIIKOM GANTOB, OTIMYAIONIMMCS OT TIopsiika 6aiiToB
1aThOPMBL
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template<typename T> void Write(T inData)

{

static_assert(
std::is_arithmetic<T>::value] |
std::is_enum<T>::value,
"Generic Write only supports primitive data types");

if (STREAM_ENDIANNESS == PLATFORM_ENDIANNESS)
{

Write(&inData, sizeof(inData));

}

else

{

T swappedData = ByteSwap(inData);
Write(&swappedData, sizeof( swappedData));
}
}

MoTokn 6uToB

[Toroku B namsATH, ONIMCAHHBIE B IPEAbIAYIIEM pasjiesie, UMEIOT O/IHO OrpaHUYeHUE: OHU
MIO3BOJISIIOT YUTATH M 3AMUCHIBATD JIAHHBIE, COCTOSIIIIE TOJILKO 13 IEJIOT0 Yrcia GallToB.
B cereBOM KO/ HEPENKO OBIBAET JKeTATETHHO TPEACTABISATh 3HAYEH ST HECKOMBKIMI
GUTAMU, YTO MOXKET MOTPEHGOBATH MHTEPIIPETAIMHU JAHHBIX ¢ TOYHOCTBIO 10 OJJHOTO GUTA.
JLJ1st 3TOTO BOCIIOJIB3YeMCs1 nomoxkom 6umoe ¢ namsimu (memory bit stream), crtocoGHBIM
CEpPUATN30BATD TAHHbIE, COCTOSTINE M3 TPOU3BOIBHOTO urcTa 6utoB. OObsIBIEHE Ta-
KOTO 6Umo80z0 NOMoKa 616004 8 NAMAMs TIPUBOUTCS B JIUCTHHTE 4.5.

JinctmHr 4.5. O6baBneHne 6MTOBOro NOTOKAa BbiBOAA B NaMSATb
class OutputMemoryBitStream

{

public:

OutputMemoryBitStream() {ReallocBuffer(256);}
~OutputMemoryBitStream() {std::free(mBuffer);}

void WriteBits(uint8_t inData, size_t inBitCount);
void WriteBits(const void* inData, size_t inBitCount);

const char* GetBufferPtr() const {return mBuffer;}
uint32_t GetBitLength() const {return mBitHead;}
uint32_t GetByteLength() const {return (mBitHead + 7) >> 3;}

void WriteBytes(const void* inData, size_t inByteCount
{WriteBits(inData, inByteCount << 3);}

private:
void ReallocBuffer(uint32_t inNewBitCapacity);

char* mBuffer;
uint32_t mBitHead;
uint32_t mBitCapacity;
¥
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Nurepdeiic oToKa OUTOB HAllOMUHAET UHTEePdEc T0ToKa 6aliTOB, 32 UCKIIOYEHIEM
TOTO, YTO BMECTO 4ncJia GANTOB MPeyCMaTPUBAET TIEpeady Yncsia OUTOB, TOIEKATIITX
samvcu. Onepanun Co3MaHusI, YHHUTOKEHUS U paciiuperus: Oydepa TakKe CXOKU
¢ mpebymuME peanusarnusMu. HoBast hyHKIIMOHATBHOCTD 06€CTIeYMBAETCS IBYMS
meTo/amu WriteBits, ipe/cTaBJIeHHBIMU B JIUCTUHIE 4.6.

JIncTmHr 4.6. Peanusauusa 6MToBOro noTtoka BbiBoAga B NaMATb

void OutputMemoryBitStream::WriteBits(uint8_t inData,
size_t inBitCount)
{
uint32_t nextBitHead = mBitHead + static_cast<uint32_t>(inBitCount);
if(nextBitHead > mBitCapacity)
{
ReallocBuffer(std::max(mBitCapacity * 2, nextBitHead));
}

// BbMMCNUTBL cMeweHue 6ainTa byteOffset B bydepe,

// paspenus Homep nepsoro 6uta Ha 8,

// n cmeweHune 6uTa bitOffset — B 3 mMnapguux 6uTax Homepa
uint32_t byteOffset = mBitHead >> 3;

uint32_t bitOffset = mBitHead & 0x7;

// BbIMUCNUTbH MacKy A1 COXPaHEHUA HYXHbIX OMTOB B Tekylwem baiTe
uint8_t currentMask = “(Oxff << bitOffset);
mBuffer[byteOffset] = (mBuffer[byteOffset] & currentMask)

| (inData << bitOffset);

// BBIMUCAUTbH YUCNIO HEWUCNONb3OBAHHLIX 6MTOB
// B ueneBom b6aiTe B bydepe
uint32_t bitsFreeThisByte = 8 — bitOffset;

// ecnn HeobxoAMMO, MepeHecTu B cnefywumii 6anT
if(bitsFreeThisByte < inBitCount)
{

// HYXHO nepeHecTu B crepywwmin 6anTt
mBuffer[byteOffset + 1] = inData >> bitsFreeThisByte;

}

mBitHead = nextBitHead;
¥

void OutputMemoryBitStream::WriteBits(const void* inData, size_t inBitCount)

{

const char* srcByte = static_cast<const char*>(inData);

// 3anucatb Bce 6anThl
while(inBitCount > 8)

{

WriteBits(*srcByte, 8);
++srcByte;
inBitCount -= 8;

}

// 3anucaTb BCe, 4YTO OCTaNoChb
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if(inBitCount > @)

{

WriteBits(*srcByte, inBitCount);
}
}

BuyTpenHss 3a1a4a — 3amich OMTOB B IOTOK — PEIIAETCS METOIOM WriteBits(uint8_t
inData, size t inBitCount), KOTODBI HOIy4aeT eAMHCTBEHHbII OAliT 1 3aIIMCHIBAET 3a-
JIAHHOE YK CI0 OUTOB U3 9TOTO OaiiTa B I0TOK. YT0ObI OBLIO MOHATHEE, KaK OH paboTaeT,
paccMoTpuM paboTy CireAyionero (hparMenTa Koja:

OutputMemoryBitStream mbs;

mbs.WriteBits(13, 5);
mbs.WriteBits(52, 6);

On mospkeH 3anucaTh 4yncso 13, Mcrob30Bas 5 OUT, U 3aTeM YHCJI0 52, NCIIOIb30BaAB
caexyioniue 6 6ut. Ha puc. 4.3 nmokasano, Kak BBIIJISIAAT 9TH YUCJIA B IBOMYHOM IIPe/-
CTaBJICHUM.

3HauveHne | 1 0 0 0 1 1 0 1 0 0 0 0 0 1 1 0
but 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
bant 0 1

Puc. 4.3. Yvcna 13 n 52 B ABOMYHOM NpeACTaB/ieHNN

To ecTb mocIe BBITIOTHEHST 3TOTO (DparMeHTa B TTAMSTH, Ha KOTOPYIO YKa3bIBaeT mbs.
mBuffer, IOKHO OBITH COXPAHEHO /[Ba 3HAYCHMSI, KAK TOKA3aHO Ha PUC. 4.4.

13: 3HaueHne | 0 | O[O0 |0 |1 1|01
but 7165|4132 11]0

52: 3Havenwne | 0 | O |1 1.0 1 0 O
but 716|543 [2]1

Puc. 4.4. bBydep notoka ¢ 5-6UTHBIM uncnom 13 n 6-6UTHBIM uncnom 52

Ob6parute BHUMaHue, 4T0 5 6UT yncaa 13 3anuMaioT nepsbie 5 6UT B GaiiTe ¢ MOPsI-
KOoBbIM HOMepoM 0, a 6 6ut ymca 52 sanuMaloT nocjieanue 3 6ura B Gaiire 0 u epsbie
3 6ura B Gaiite 1.

[Ipotingace o peanmusauu MeTo/1a, MOSKHO MOHSATD, KaK JOCTUTAETCS TaKOW pe3yJibTar.
[IpencraBsbTe, YTO MOTOK OBLT TOJBKO UTO CO3/IAH, TO €CTh mBitCapacity umeer 3HadeHue
256, mBitHead nmeer 3HaueHue @, 1 B Oydepe I0cTaTouHO MecTa, YTOObl N30eKaTh €ro
nepepacripeziesienus B mamsatu. CHavyasa 3HaueHue B moJie mBitHead, ipeictaBiisioniee
WHJIEKC TTEPBOTO OUTA B MOTOKE, JOCTYITHOTO JIJIST 3alIUCH, PACKJIAIBIBACTCS HA UHIEKC
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OaiiTa 1 mHIeKC 6uTa B 3ToM Gaiite. Tak kak 6aiiT cocTonuT us 8 6UT, MHEKC OaiiTa MOKHO
HaANTH JeJieHneM Ha 8, MJIu, 4TO TO JKe caMoe, CIBUTOM BIIpaBo Ha 3 6ura. AHAJIOIMYHO,
nHIEKC OUTa B 9TOM OaiiTe MOJKHO TIOTYYTh, B3sIB MITAJIIINE TP GUTA, KOTOPBIE OBLIN
C/IBUHYTBI 32 IPAHUIIBI YUCJIA HA TIPEBIAYIEeM Tare. Tak Kak ynucjio 0x7 B IBONYHOM
opmare mmeet Buz 111, nopaspsannas onepanusi I (AND) 3nauennst mBitHead ¢ unc-
JIOM @x7 BePHET Kak pa3 Te camble 3 Outa. B nmepBoM BbI30Be, 3alIMCHIBAIONIEM YK CJIO
13, nojie mBitHead MMeeT 3HaU€eHMe @, COOTBETCTBEHHO, 00€e IepeMeHHbIe, byteOffset
u bitOffset, momy4aior 3Hadenue 0.

Borunciius byteOffset u bitOffset, MeTos ucno/b3yer byteOffset kak uHiekc B Oy-
dbepe mBuffer, yToObl HailTH 1eaeBON OaliT. 3aTeM OH CABUTAET JAaHHbIEC BJIEBO Ha
3HavyeHue bitOffset u BoInosHseT opa3psanyio oneparuio NJIN (OR) c neneBbim
GaiitoM. B ciryuae ¢ 3amuchio yncsa 13 Bee BBITJISIIUT JJOBOJBHO MPOCTO, TOTOMY YTO
006a cMerennst pasHbl 0. A Terepb B3IJISTHUTE, KaK BHITJISUT [TOTOK B Hauajie BbI30Ba
WriteBits(52, 6) (puc. 4.5).

3Havenne |0 |O|0/ 0 1/1/0|1/0/0/0/0|0O|O0|O0]|O
But 716(5|4(|3|2|1|0|7|6|5|4]|3[2|1]0
bant 0 1

Puc. 4.5. bydep noToka HeNnocpeaCTBEHHO nepes BTOpbiM Bbi3oBoM WriteBits

B ator MmomeHT mBitHead umeet 3HaueHue 5. To ecTb byteOffset mosyuyur 3Have-
Hue @ u bitOffset — 3navyenue 5.

Ormepanust caBUTa YUCaa 52 BJIE€BO HA 5 OWT BepHET PE3yIbTaT, M300paKeHHbIH Ha
puc. 4.6.

3Havenne |1 0 O | O |0 |00
But 716|514 (|3[2]1

Puc. 4.6. Yucno 52 B ABOMYHOM NpeACTaBNEHNM NOCSE CABUra BIEBO Ha 5 6uT

OG6paruTe BHUMaHUE, YTO CTAPLIe OUTHI BBIILIN 32 TPAHUIIBI OaliTa, a MIaAIne OUThL
peBpaTuinch B crapiiue. Ha puc. 4.7 nusobpaskeH pes3ysibraT MOPaspsiIHON oleparnn
NJIN (OR) stux 6uTos ¢ 6aiitom 0 B Oydepe.

3HayeHne 1 0 0 0 1|1 0/1|/0/0|0|O|O0O|0]0O
but 7(6(54|3|2(1|(0|7|6|5|4]|3|2]|1]0
bant 0 1

Puc. 4.7. Bydep notoka nocne capura yicnia 52 BneBo Ha 5 6UT v BbinonHeHust onepauuy UIIN (OR)
C nepBbIM HaliToM B bydepe

Baiit 0 3amosinen, HO U3-3a TIePEIOAHEHMS, CIYYUBIIETOCS [IPU CABUTE BJIEBO, B IIOTOK
OBITO 3aTMCaHO TOTBKO Tpu GuTa u3 mectr. Ciienyionine CTPOKY B WriteBits oOHApy:KH-
BAIOT W UCTIPABJISIOT ATy CUTYAINIO. MeTOI BBIUKCIISET, CKOJIBKO OUTOB GBITIO CBOGOIHO
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B I[eJIeBOM Gaiite, BoIunTast bitOffset us 8. B maHHOM cirydae pesysibrar paBeH 3 — 9To
4ucsI0 GUTOB, KOTOPBIE YAANOCh YMECTUTh B OailT. Eciu uncio cBo6oAHBIX GUTOB OKa-
3aJ10Ch MEHDIIE Yrcaa OUTOB, MOJTEKATIIX 3ATTUCH, BBITTOTHSIETCS BETKA 06PabOTKI
TIEPETIOTHEHYIS.

B 57011 BeTKe 11e/1eBbIM BbIOMpaeTCs caeaytonmii 6aitT. YToObl BHIAEIUTh OUTHI I
3alUCU B CJIeAYIOIMii 6aiiT, MeTo]| caBUraer inData BIIPaBO HA YKUCJIO CBOOOIHBIX
6UTOB, UMEBIINXCS B mpeabiayieM Gaiite. Ha puc. 4.8 nusobpaskeH pesysbraT CBUTA
yicsa 52 BIpaBo Ha 3 GuTa.

3HayeHne | 0 [ O | O | O | O |1 1 0
But 71654 (|3]|2]|1

Puc. 4.8. Yucno 52 nocne casura BnpaBo Ha 3 buta

Crapiue OUTBI, BBITECHEHHBIE TIPH CJIBUTE BJIEBO, TEIEPD CABUTAIOTCS BIIPABO U TIPe-
BpAIAoTCsa B Mafmme OUThI crapiiero Gaiita. Korma MeTo/ BBHIMTOTHUT OPa3psiiHOe
NJIN (OR) pesyabrata casura Bupaso ¢ Gaiitom mBuffer[byteOffset + 1], IIOTOK
OKakeTcd B (GUHAIBLHOM COCTOIHUY (puc. 4.9).

3Havewe |1 'O O O|(1/1, 010/ 0|00 |O0O|1T/|1 0
Bur 7165|4132 [1|0|7|6|5|4|3(2[1]0
Bant 0 1

Puc. 4.9. Bydep notoka B hMHaNbHOM COCTOSIHUM

Bcest ocHoBHas paboTa BBIIOJIHSETCSI METOLOM WriteBits(uint8_t inData, uint32_t
inBitCount), a Ha o110 WriteBits(const void* inData, uint32_t inBitCount) ocTa-
€TCH JINIIb p8.36I/ITb JTaHHbIE Ha 6aiiThl U BbI3BATh Hpe/:[bmymlxlf/’l MeTo WriteBits oaun
pas I KasKaoro baiiTa.

JlaHHbIIT GUTOBBII MOTOK BBIBOJIA B TAMSITH PEAU3YeT BCE, UTO HEOOXOMMO, HO OH JIaJieK
OT Heala, IIOCKOJIbKY TpedyeT yKasblBaTh YNCIO OMTOB JjIsl KasKA0ro hparMenTa, 3a-
[IMCBHIBAEMOTO B 1I0TOK. OIHAKO YacTO BEPXHsIs IPaHUIlA YKCIa OMTOB 3aBUCUT OT THUIIA
3aMUChIBAEMBIX JaHHBIX. JIUIIb WHOT/IA TPEOYETCs 3aIcaTh YUCI0 OUTOB, MEHbIIIEE
3HAUYEeHUsT BepXHel TpaHullbl. [loaTomy juig yrydiieHus 4uTaeMoCTH KOjia U yIpolie-
HUS €r0 COIPOBOKIEHUST MOKHO JOOABUTD elle HECKOJIbKO MEeTOI0B, 00pabaThiBAIOIIIX
OCHOBHBIE TUTIBI JAHHDIX:

void WriteBytes(const void* inData, size_t inByteCount)
{WriteBits(inData, inByteCount << 3);}

void Write(uint32_t inData, size_t inBitCount = sizeof(uint32_t) * 8)
{WriteBits(&inData, inBitCount);}

void Write(int inData, size_t inBitCount = sizeof(int) * 8)
{WriteBits(&inData, inBitCount);}

void Write(float inData)
{WriteBits(&inData, sizeof(float) * 8);}
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void Write(uintl6_t inData, size_t inBitCount = sizeof(uintl6_t) * 8)
{WriteBits(&inData, inBitCount);}

void Write(int16_t inData, size_t inBitCount = sizeof(intl6_t) * 8)
{WriteBits(&inData, inBitCount);}

void Write(uint8_t inData, size_t inBitCount = sizeof(uint8_t) * 8)
{WriteBits(&inData, inBitCount);}

void Write(bool inData)
{WriteBits(&inData, 1);}

Baiarogiapst 9TM MeTO/IaM TIOSIBJISIETCS] BO3BMOKHOCTD 3allUChIBATH 3HAYECHHUSI TPOCTHIX
TUIIOB, TIPOCTO TIEepe/iaBas UX MeTo/y Write, a 0 repejiaue COOTBETCTBYIOIIETO YUCIIA
OUTOB 1103a00TUTCS apaMeTp 110 yMoadanuio. Ha ToT cayyaii, eciiv BbI3bIBatoIIeit
nporpamme 1oTpedyeTcst yKkazaTh MEHbIIee YUCJI0 GUTOB, METO/bI TOTOBbI IPUHSITH
3HaYeHMe, Mepeonpeaeissiolee 3HadeHre napamerpa no ymoadanuio. [labaonuast
(YHKIIMS ¢ TPOBEPKOH THIIA TO3BOJISET JOOUTHCsT GOJIBIIEN 0000IIEHHOCTH, YeM HAbOP
IeperpysKeHHbIX METO/IOB:

template<typename T>
void Write(T inData, size_t inBitCount = sizeof(T) * 8)

{

static_assert(std::is_arithmetic<T>::value| |
std::is_enum<T>::value,
"Generic Write only supports primitive data types");
WriteBits(&inData, inBitCount);

}

Ho maske mpu ncmonb30BaHNH MMTAGIOHHOTO MeTOA Write MOTE3HO PeaTn30BaTh CIIeli-
ANM3UPOBAHHBIN METO/I LIS TIOJIEPIKKY TUTIA bool, TOTOMY UTO YHCIIO GUTOB JIJIsSt HETO
JIOJKHO OBITH PaBHO 1, a He pe3yJsibraTy BhipakeHus sizeof (bool) * 8, paBHOMY 8.

BHUMAHME [aHHasa peanu3aums mMeToga Write MOXET WMCMOMb30BaTbCA TOMbKO Ha niatdopmax
C 06paTHbIM MOPSIAKOM ClefjoBaHMs 6aiToB M3-3a 0COBEHHOCTEN aapecaumn oTaenbHbiX 6aliToB. Ecnm
rnoHagobuTcs MeToa ANst paboTbl Ha MnaThopMe C NpsMbIM NOpSAKOM 6aNTOB, B MporpaMMy creayet
[06aBUTb NepeynopsifoyeHne BbI30BOM LWabnoHHOro Metoga Write nepes BblI30BOM WriteBits wnwm
peanv30BaTh aZpecaLmio, COBMECTMMYLO C MPSMbIM MOPSAKOM CieaoBaHUs 6aiiToB.

Bumoswiii nomox 6600a u3 namsmu, YATAOINN 6UThl 13 Oydepa, AelcTBYeT aHaI0-
IUYHO GUTOBOMY MOTOKY BBIBOJIA B MAMsITh. ET0 peaynsanuio MoKHO HalTH Ha caiiTe
KHUTH, HO TIPEKIE YeM 3arJgHYTh B Hee, TOTPoOyiTe peanin3oBaTh 9TOT OTOK CaMO-
CTOSITEJBHO.

CcbinoyHble aaHHble

Kon cepuanmmszanuu temephb crocober o6pabarbiBaTh JaHHbIE 2JIEMEHTAPHBIX THIIOB
U [IPOCTBIE CTPYKTYPBI, HO IIACYET TE€Pel KOCBEHHBIMY CChLIIKAMU HA JIAHHbIE, IOCTYIIHbIE
Jepes3 yKasaTeJan WIN IpyTHe KOHTeiHepsl. BemoMHNTe ompeniesieHne kaacca RoboCat
(TIpUBOJIUTCS HUIKE):
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class RoboCat: public GameObject

{

public:

RoboCat() mHealth(10), mMeowCount(3),
mHomeBase (0)

mName[@] = '"\0';

}
virtual void Update();

void Write(OutputMemoryStream& inStream) const;
void Read(InputMemoryStream& inStream);

private:

int32_t mHealth;

int32_t mMeowCount;

GameObject*  mHomeBase;

char mName[128];
std::vector<int32_t> mMiceIndices;
Vector3 mPosition;

Quaternion mRotation;

s

31ech ecTb JIBe CJIOKHbIE TIepeMeHHble, KOTOPbIe He TO/IEP;KUBAIOTCS TeKyIIel peasiu-
3aIueii MoToka B maMsaT, — mHomeBase 1 mMiceIndices. Kaxmas us nux tpebyer cBoeit
CTPATETUH CEPUATHIAINY, OHI OGCYKAAIOTCS B CJACAYIONNX PasieiaX.

BCTpaVIBaHVIe Win BHEAPEHNE

MHorza TpeGyeTcst BHITIOJHUTD CEPUAU3AINI0 TTEPEMEHHBIX-WICHOB, CChITAIONINXCS Ha
JIaHHbIE, He UCIIOJIb3yeMble HUKAKUMU IPYTUME 00beKTamu, O TIINIHBIM TIPUMEPOM MOKET
CIIY’KUTb mMiceIndices B RoboCat. DTO BEKTOP IEJBIX YMCEN, XPAHAIIUN WHIEKCDI pa3-
JIMYHBIX MBIIIIEK, KOTOPBIMU 3aMHTepecoBasIcs Halll RoboCat. Tak kak std: :vector<int> —
3TO «YePHBII SAUK», HeJIb3s [IPOCTO CKOIIMPOBATH JaHHbIe 110 aJipecy std: :vector<int>
B IIOTOK, UCIOJIb3Yys CTaHAAPTHYIO (DYHKIIMIO OutputMemoryStream: :Write, moTOMy 4TO
JIeJI0 3aKOHYNTCS cepuansaliueil ykasaTeseil B BeKTope std: :vector, KOTOpbIE TOCTe
Jleceprau3aliy Ha YAAJIEHHOM y3Jie OY/IyT YKa3bIBaTh HA <MYCOP>.

BMmecTo cepuanusanuu caMoro BeKTopa (GpyHKIMS JOJKHA 3allUCaTh B IIOTOK TOJILKO
JAaHHBIE, XPAHSIINECS B BEKTOpe. DTU JJaHHbIe MOTYT HaxoauThest B O3Y odeHb ja-
JIEKO OT caMoro 06bekTa RoboCat. OnHako (hyHKIHS cepHaTn3anui 00beKTa T0JKHA
3amncaTth 3T JIaHHbIe B TOTOK, BHEJIPUB MX HEMIOCPE/ICTBEHHO B /laHHbIe RoboCat. Ilo
9TON IpUYMHE JaHHBII IpoLece HasbiBaloT scmpausanuem (inlining) nau enedpenuem
(embedding). Hanpumep, hyHKINS cepranusaiyu std: : vector<int32_t> morsa Ob
BBITJISIZICTD CJCYIONUM 00Pa3oM:

void Write(const std::vector<int32_t>& inIntVector)

{

size_t elementCount = inIntVector.size();
Write(elementCount);

Write(inIntVector.data(), elementCount * sizeof(int32_t));

}
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CHavasa (hyHKIMS CepHaN3yeT pasMep BEKTOPa, a 3aTeM JaHHbie u3 Hero. Obparute
BHUMaHUE, 4TO METOJ Write OJUKEH CEpUAIM30BATH Pa3Mep BEKTOPA MEPBLIM, YTOOBI
COOTBETCTBYIOUUI MeTO/[ Read CMOTI UCIIOJIb30BATD €T0 /LIS CO3/IaHUs BEKTOPa COOT-
BETCTBYIOIIETO pa3Mepa Iiepejl Jecepuaansaleil cogep:kuMoro. Tak Kak BEKTOp Xpa-
HUT TIPOCTDIE TeJIble YMCJIA, METOJL CEPUATTU3YET UX BCe CPa3y eIMHCTBEHHBIM BLI30BOM
memcpy. /{7t moamepskkn 6oree CIOKHBIX THIIOB TAHHBIX TMTAOJOHHAS BEPCHS METO/A
std: :vector Write cepuayusyer 3JeMEHTBI 110 OJTHOMY:

template<typename T>
void Write(const std::vector<T>& inVector)

{

size_t elementCount = inVector.size();
Write(elementCount);
for(const T& element: inVector)

{

Write(element);

}
}

311ech Mocse ceprau3aiii pasMepa BeKTopa METO/I 10 OT/AEIbHOCTH BHEPSIET BCE
aJIeMEeHThI BekTopa. Takoe pelenue obecriednBaeT HOIJIEPKKY BEKTOPOB 13 BEKTOPOB
WJTH BEKTOPOB KJIACCOB, COJIEPIKAIINX BEKTOPDI, U T. 1. [lJist lecepuanusariu Tpebyercst
peanu30BaTh aHATOTUYHYIO (DYHKITHIO Read:

template<typename T>
void Read(std::vector<T>& outVector)

{

size_t elementCount;
Read(elementCount);
outVector.resize(elementCount);
for(const T& element: outVector)

Read(element);
}
¥

JLiist HOIepsKKU KOHTEHHEPOB APYTHX TUITOB U JIOOBIX JaHHBIX, IOCTYITHBIX 10 yKa3a-
TeJIIM, MO’KHO Peajin30BaTh JIOTOJHUTEbHbIE CIEINaJIN3nPOBaHHble (DyHKIUY Read
1 Write, €CJIM 9TU JaHHbIE HAXOAATCSA B MOHOIIOIBHOM BJIaJeHIH CEPUATU3YEMOTO 00b-
exta. Ec/ii JaHHBIE COBMECTHO HUCTIOJIB3YIOTCS IPYTUMU 00bEKTaMU I YKA3bIBAIOT Ha
Apyrue 00beKThl, He0OX0AUMO GoJiee CI0KHOE PelleHne, U3BECTHOE KaK CBA3bleaANUe

(linking).

CBsa3biBaHue

WNnorpa Ha cepuanusyemble JaHHBIE TOJKHBI CCBLIIATHCSI CPa3y HECKOJBKO YKa3aTeJel.
[l mprMepa paccMOTPUM TIoJie GameObject* mHomeBase B RoboCat. Eciu 1Ba ak3em-
msipa RoboCat KMBYT B OJTHOM JIOM€, HET HUKAKOI BO3MOKHOCTH OTPa3UTh 9TOT (hakT
TeKyIMM HaOOpPOM UHCTPYMEHTOB. IIpremM BHeAPeHUs IIPOCTO BHEAPUT KOIHUIO OHOTO
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1 TOTO JKe JIoOMa B KaK/IbII 9K3eMILIsIp RoboCat B Irpoliecce cepuasiusanuiu. B pesysrare
[IpuU Jlecepuainsaruu OyIeT CO31aHo [Ba Pa3HbIX [oMal

B HEKOTOPBIX CJIyUasix gaHHbIE OBIBAIOT CTPYKTYPUPOBAHBI TAKUM CIIOCOOOM, UTO BHE-
Jpenue pocTo HeBO3MOXKHO. B3ryignure Ha onpezesienue kiacca HomeBase:

class HomeBase: public GameObject

{

std: :vector<RoboCat*> mRoboCats;

}s

IK3eMILTSIP HomeBase CO/IEP:KUT CITNCOK BCEX aKTHBHBIX 9K3eMILTISIPOB RoboCat. A Teriepb
npescTaBbre (QYHKIUIO cepuagn3anu 00bekTa RoboCat, KOTOPas UCIOMb3YET TOIBKO
npueM BHejpeHus. [Ipu cepranusanun o6bekra RoboCat dyukimu norpedyercst BHe-
JIPUTD €r0 CCHIIIKY Ha HomeBase 1 3aTeM, 110 IIETIOYKE, BHEIPUTD BCE aKTUBHbBIC 9K3CMILIS-
pbI RoboCat, BKJIoUast 06beKT RoboCat, Cepruasi3aIiiist KOTOPOTO BBITIOIHIETCS B IAHHBIIT
MOMEHT. DTO HAJIEKHBII PEIENT OPraHu3aIlui MEPETOTHEHUS CTeKa U3-3a OECKOHEeUHON
pekypcur. OUeBUIHO, YTO HEOOXOAMM KAKOH-TO IPYTOil HHCTPYMEHT.

PeltieHue 3aKII04a€TCS B TOM, YTOOBI IPUCBOUTH YHUKAIBHBIN HIEHTU(DUKATOD KaKIOMY
06BEKTY, IOCTYITHOMY IO CChLIKE, U 3aTE€M CEPUATM30BATH CCHIIIKK HA 9TH 0OBEKTHI KaK
npocTbie uaeHTnhuKaTopsl. Tocie gecepraansanui BceX 00beKTOB Ha IPYTOM KOHIIE
CeTH CIIelHaIbHast TIOAIPOrpaMMa MOTJIa Obl OTBICKUBATh OOBEKTHI 110 UACHTH(HUKATO-
paM M COXPaHATb yKa3aTeJnd Ha HUX B COOTBETCTBYIOIINE IlepeMeHHble-4yseHbl. 113-3a
3TOI 0COGEHHOCTH JIAHHDIN TTPOIIECC HA3BIBAIOT CEA3bIGAHUECM.

Kak nmpucBouTh YHUKAJIBHbIE HACHTH(HUKATOPBI BCeM 00bEKTaM, TIOCHIJIAEMbBIM 110 CETH,
U KaK peajin3oBaTh 0TOOpasKeHUE 9THX MAEHTH(MHUKATOPOB B 0OBEKTHI, Mbl Y3HAEM B TJIa-
Be 5, a moka MIPEATIOIOKUM, YTO KaK/IbIH MOTOK UMeeT TOCTYII K 061>e1<Ty LinkingContext
(smucTuHT 4.7), conmepsKanieMy KapTy COOTBETCTBHI MEKIY CeTeBBIMU UIEHTU(DUKATO-
paMU U UTPOBBIME OOBEKTAMUL.

JNuctunr 4.7. Knacc LinkingContext
class LinkingContext

{
public:

uint32_t GetNetworkId(GameObject* inGameObject)

{
auto it = mGameObjectToNetworkIdMap.find(inGameObject);

if(it != mGameObjectToNetworkIdMap.end())
{

return it->second;

}

else

{

return 0;

}
}

GameObject* GetGameObject(uint32_t inNetworkId)
{
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auto it = mNetworkIdToGameObjectMap.find(inNetworkId);
if(it != mNetworkIdToGameObjectMap.end())
{return it->second;
}
else
{
return nullptr;
}
}

private:
std::unordered_map<uint32_t, GameObject*>
mNetworkIdToGameObjectMap;
std::unordered_map<GameObject*, uint32_t>
mGameObjectToNetworkIdMap;
¥
Kiace LinkingContext peasmayeT MPOCTYIO CUCTEMY CBSI3BIBAaHUS JIJIST TOTOKOB B Ta-
MATH:
void Write(const GameObject* inGameObject)

{
uint32_t networkId =
mLinkingContext->GetNetworkId(inGameObject);
Write(networkId);
¥

void Read(GameObject*& outGameObject)

{

uint32_t networkId;

Read(networkId);

outGameObject = mLinkingContext->GetGameObject(networkId);
¥

MPUMEYAHME [10fHOCTbIO peanu30BaHHasi CUCTEMA CBS3bIBAHWS M UIPOBOM KOZ, MUCTONb3YIOLLMiA ee,
[OMKHbI ObITb FOTOBbLI NPUHATL CETEBbIE NAEHTUPUKATOPbI, KOTOPbLIM B KApTe HE COOTBETCTBYET HU OAUH
06bekT. Tak Kak NaKeTbl UMEIOT CBOWCTBO TEPSITLCS, UrPa MOXET MONTyYnTb OGBEKT C NepeMeHHo-une-
HOM, CCbINaKoLLelicsl Ha 06BEKT, KOTOPbIN elle He 6bii nomnyyeH. CyllecTByeT MHOXECTBO pasHbIX Croco-
60B peLleHus 3Tol NpobieMbl — MUrpa MOXET MOJIHOCTbIO UTHOPMPOBATb Takne 06bEKTLI UK Aecepua-
JIM30BaTb UX, CBA3bIBAS AOCTYMHbIE CCbINIKKU, @ HEAOCTAOLWME MHULMANIM3MPOBATL MYCTbIMU YKa3aTeNlsaMu.
Bonee cnoxHas cuctema morna 6bl CneanTb 3a NEpeMEHHbIMU-YIEHaMM C NYCTbIMU CCbINIKaMK, YTOObI Npu
nosnyyeHun o6bekTa C COOTBETCTBYIOLMM CETEBbIM UAEHTUGHUKATOPOM CBSA3aTh €ro. KOHKpeTHbIV BbIGOP
BO MHOMOM 3aBUCUT OT CreUmduKN Urpbl.

CxaTue

VMmest iHCTPYMEHTDI CEPUATU3AIMY BCEX THITOB JAHHBIX, MOKHO IPUCTYIATD K CO3/a-
HUIO KOJIQ, TOCBITAIONIETO UTPOBBIE 00BEKTH 0 ceTi. OHAKO Takoit KOfI He Beera OymeT
abdexTBHO paboTaTh B YCIOBUAX OTPAHNYEHHON TPOMYCKHON CTOCOOHOCTH caMoit
ceru. PanbIiie MHOrOMOJIb30BATENBCKIE UTPBI OBLIM BBIHYKAEHBI JOBOJBCTBOBATHCS
COEIMHEHUSIMU CO CKOPOCTHIO miepenaun 2400 6ut/c uim naxe MeHblie. B Hatiie BpeMst
CO3/IaTEJIN UTP MOJIB3YIOTCS COEAMHEHUSIMU, CKOPOCTH TIE€Pe/laui B KOTOPBIX BbIIIIE HA
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TIOPAJZIOK, TEM HE MEHEE OHU BCE €I1E TOJIPKHBI 3a00TUTHCA O MAKCUMaJILHO E)q)q)eKTI/IBHOM
HCIIOJIb30OBAHWU TTIOJIOCHI ITPOITYy CKaHUA.

BoJibIoit HTpoBoil MUP MOJKET HACUUTHIBATH COTHH [BIZKYIIUXCSI OOBEKTOB, U TIEpeada
TTOTHOM MH(MOPMAIINK 0 HUX B PEKMME PeaJbHOTO BpDEMEHH COTHSIM UTPOKOB JIETKO MO-
JKeT 3a01Th COeIMHEHsI JasKe ¢ BBICOYAIIeli IPOIYCKHOI clI0cOOHOCTHIO. B 9TOI KHIre
UCCJIEYeTCS MHOKECTBO CIIOCOO0B M3BJIeYb MAaKCUMAJIbHYIO [10JIb3Y U3 UMeoLeiics
HOJIOCHI TIpomycKanus. B rmase 9 «MacmrabupyeMocTb» pacCMaTPUBAIOTCS BBICOKO-
YPOBHEBBIE AJITOPUTMBI, OIIPEJIEJIIONINe, KTO U KaKWe JJAHHbIe JI0JIKEH TI0JIy4aTh U Ka-
K€ CBOMCTBA 0ObEKTOB HYKHO OOHOBJISITH Y TOI'O I MHOTO KJneHTa. B aToM paspee,
OJTHAKO, Mbl HAUHEM C CAMBIX OCHOB U MCCJIe/lyeM PaclpoCcTPaHEeHHbIE TPUEMBI C3KaTHs
JaHHBIX HA YPOBHE OMTOB U 6aiiTOB, YTOObI IOC/IE BHIOOPA JAHHBIX /IS IIepefadyn urpa
MOIJIa OTIPABUTD MX, UCIOJIb3Ys KaK MOKHO MEHbILee YNCI0 OUTOB.

CxaTne paspeXxeHHOro MaccmBa

CyTb CKaTUsL COCTOMUT B TOM, YTOOBI yAQIUTh BCIO MH(MOPMALIIO, KOTOPask He HOJKHA
repelaBaThCs 10 ceTU. Takyio HeHYKHYIO MH(OPMAIIUIO YacTO JIETKO HAWTU B pa3-
PEKEHHBIX WM He TIOJHOCTBIO 3aIIOJTHEHHBIX CTPYKTYPax JaHHbIX. PaccMoTpuM moJie
mName B RoboCat. Ilo kakoii-To mpuymHe co3zaresib Kjaacca RoboCat pemnui, 4To uMs
9K3eMILIsIpa RoboCat Jrydiire XpaHuth B 128-6aliTHOM CUMBOJLHOM MacCHBe, B Cepe-
JIMHE CTPYKTYPBHI JaHHBIX. MeTon moToka WriteBytes(const void* inData, uint32_t
inByteCount) yiKe crioco6eH BHEAPITh CUMBOJIbHBIE MACCUBBI, HO €CJIH 3ayMaThCs, OH
BIIOJIHE MOT Obl CepHaIN30BaTh JaHHbIE, He 3alIMChIBast B TOTOK Bee 128 GaiiT.

OcHOBHas CTpaTerust CKATUSL CBOANTCS K AHAJIMU3Y TUITMYHOTO CIydas U Peajusainn
AJITOPUTMOB, ITOMOTAIONINX U3BJICYDb 13 HETO JIOTTOTHUTETbHBIC BBITO/IbI. I/IMeHHO 9TOT
HO/AXO/ MBI U IPEAIPUMEM. YUUThIBas TUIIMYHbIE UMEHA, BhIOMPaeMble I10J1b30BaTe-
JIAMU, U apXUTeKTypy urpbl «Robo Cat», Becbma BesTMKa BEPOATHOCTD, 4TO MOJIb30Ba-
Teso He moHago0aTces Bee 128 CMMBOJIOB /11 MMEHOBAHUST 9K3EMILIAPOB RoboCat. To
e MOKHO CKasaTh O JII060M MacCHUBE, HE3aBMCUMO OT €r0 pa3Mepa: TOJbKO IIOTOMY,
4TO MECTO B TIAMATH BBIIEJISETCS JIJISE CAMOTO XY/IIIEro Cydast, KOJ CepUuaJu3aliuu He
JOJIKEH TPEJIIOIaraTh, YTO KayKAbIN cirydaii Oyaer xyamum. B cuay atoro npouemypa
cepuaNn3aluy MOKET COKOHOMUTD IaMSITh, IIPOCMOTPEB COAEPKUMOE 1101 mName
" I1oACYnuTaB 4YMCJIO CUMBOJIOB, (l)aKTI/I‘IeCKI/I NCIIOJb3YEMbBIX B UMEHU. ECJH/I CTpOKa
B mName 3aBepUIaeTCsT HyJIEBBIM CUMBOJIOM, 3a/a4a CTAaHOBUTCS TPUBHUATIBHON GJ1aro-
naps Haauuuio GyHKuuu std: :strlen. HanpuMep, Huske oKasaH OITHMAJIbHbLA
crocob ceprann3aiii UMeHU:

void RoboCat::Write(OutputMemoryStream& inStream) const

{

...// BO 3TOro MOMEHTa BHIMOJHAETCA Cepuanusauns Apyrux nonei

uint8_t namelLength =
static_cast<uint8_t>(strlen(mName));
inStream.Write(namelLength);
inStream.Write(mName, namelength);
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O6paTuTe BHUMAHWE, YTO IPU CEPUATTM3AIIMN BEKTOPA METO/[ CHaYasIa 3aIiChIBaeT 00b-
€M CepPUATM30BAHHBIX JAHHDBIX U TOJBKO IOTOM CAMU JaHHbIE. JTO JIEIAETCS /IS TOTO,
9TOGBT TPUHIMAIOTIAST CTOPOHA 3HAJA, KAKOH 00heM TAHHBIX YUTATh M3 MOTOKA. JlmuHa
CTPOKY CEPUATUIYETCS ITUM METOJIOM B CJIMHCTBEHHBIH GaiiT. ITo BIIOIHE 6e30MaCHO,
MIOTOMY YTO MAaCCUB MOKET XpaHuTh He Oosiee 128 cuMBOJIOB.

B nmeticTBUTEIBHOCTH, €CJIN UCXOAUTD M3 MPEATOJOKEHNA, UTO JOCTYI K UMEHU OCY-
MECTBJISIETCST He TaK YyacTo, KaK K OCTaJbHON MH(MOPMAINU B 9K3eMILIsIpe RoboCat,
ropaszio a(pdeKTuBHEE ¢ TOUKU 3PEHUS KIITUPOBAHUS TIPEJICTABUTDH UMST 00beKTa B BUJIE
std: :string, 9TO IIO3BOJIUT YMECTUTH BECh TUII RobotCat B MeHbIIIee YMCJIO CTPOK KIIIIa.
B namHOM ciryuae /71 cepuanin3anui UMeHU MOXKHO OBLIO OBI UCITOIB30BaTh METOJI,
HAIOMUHAIOIUI METO/I CepUaIn3alii BEKTOPOB, PEaTU30BaHHbIN B IIPEIBIYIIIEM Pa3-
Jiesie. JTO JieiaeT pUMep ¢ KOHKPETHBIM 110JieM mName HECKOJIbKO UCKYCCTBEHHBIM, HO
CYTh OT ATOTO HE MEHSIETCS, M pa3pesKeHHbIe KOHTEHePbI BCe ellle OCTAIOTCS OTITMIHON
TAaKTUYECKOU 11eJIbI0 C3KaTHSI.

DHTPONUMHOE KOAMPOBAHME

Aumponuiinoe xoouposanue (Entropy encoding) — ato moHsiTie U3 Teopuu nHbopma-
IIUH, OTHOCSIIEECsT K PobJieMe CHKATHsl TaHHBIX, OCHOBAHHOW Ha HENPeICKa3yeMOCTH
IIOABJICHUA OTACJIbHBIX 3JIEMEHTOB TaHHbIX. COFJIHCHO TEOpUH, B IMaKeTe C OKUIa€MbIMU
3HAUCHUSMU MeHbIIle WHGOPMAIINU, YeM B TTakeTe ¢ HeoxkugaeMbiMu. [ToaTomy niis
nepelautl OKUIAeMbIX 3HAYCHUI J0J5KHO TpehOBaThCS MeHbIe OUTOB, YeM JIJIsl He-
0KUTAEMBbIX.

Yacro BakHEe MOTPATUTH TaKTHI poiteccopa CPU Ha BbITIOTHEHNE UTPOBBIX IEHCTBUH,
YeM Ha BbIYMCJIEHNE TOYHOHN BeJIMUNHBI 9HTPOTINHN TIAaKeTa /I IOCTHKEHUST OTTUMAJTh-
HOTO ypoBHA cxkaTud. OHAKO CyIeCTBYyeT o4eHb rnpoctas u adgdexktuBnas dhopma
SHTPONUNHOTO KoAupoBaHusa. OHAa MOXKeT IPUTOAUTECS IS CepPUAI3aAIN ITepeMeH-
HBIX-YJIEHOB, TTOJIYYAlONINX HEKOTOPbIE OTIpe/ieIeHHble 3HAYeHUS Yallle IPyThX.

Hamnpumep, paccMoTpuM 1osie mPosition kiacca RoboCat. ITo 3Hayenue Tura Vectors
¢ xomnoHentamu X, Y u Z. X u Z npeJcTaBagi0T KOOPAUHATHI KOTA HA TTOBEPXHOCTU
3eMJiH, a Y — BBICOTY KOTa Hajl ypoBHeM 3emun. [Ipocreiinias gopma cepranmsannu
TIO3UIINU MOTJIA GBI BBITJISANETH KaK-TO TaK:

void OutputMemoryBitStream::Write(const Vector3& inVector)

{

Write(inVector.mX);
Write(inVector.mY);
Write(inVector.mz);

}

B aToM cayuae asisg mepepadyu mPosition mo cetu morpebyeTcs OTNPABUTH
3 x 4 = 12 Gaiit. OgHaKo 5Ta peaausalis He YUUTBIBAET, YTO KOThI YaCTO HAXOLSATCSI
TOYHO Ha OBEPXHOCTH 3eMJid. To ecTh B 6OJIBIHIMHCTBE BEKTOPOB mPosition Koopuau-
Hara Y Gyzer pasHa 0. MeTtoz MOT ObI HCITOJIB30BATH BCETO OAUH OUT, YTOOBI TOKA3aTh,
UMeeT JI KOMITOHEHT Y B mPosition Tunnunoe 3nadenue ) MM Kakoe-To IPyroe, MeHee
TUIUYHOE 3HAUCHUE:
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void OutputMemoryBitStream::WritePos(const Vector3& inVector)

{

Write(inVector.mX);
Write(inVector.mz);
if(inVector.mY == @)

{

Write(true);

}

else

{

Write(false);
Write(inVector.mY);

}
}

[Tocre 3ammcy koMmoHeHTOB X U Y MeTO/ TIPOBEPSIET, PaABHA JIM HYJIIO BBICOTA HAJ TO-
BepxHOCTHIO 3eMiin. Eciin ona pasha 0, 3anmcbiBaeTest OIMH OUT ¢ UCTUHHBIM 3HAUCHUEM,
COOOMAOIINM: /14, OOBEKT HAXOAUTCA HAa TUITMYHON BbicoTe 0». Ecan kommnonent Y
He paBeH 0, METO/ 3aTIMCHIBAET OJIMH GUT C JIOKHBIM 3HAYCHUEM, COOOIATOIINM: «BbI-
cora He paBHa 0, MOTOMY B caeaylomux 32 6uTax HaXOAUTCA (HaKTUUECKast BHICOTa».
OG6paruTe BHUMaHNUE, YTO B Xy/IIIEM CJIYYaE JJIS TPEACTABICHUS BBICOTHI HOTPEOYETCsT
33 6ura — omuH st hrara, MOMOTAIONIET0 OTIUYUTH THITHYHOE 3HAYEHUE OT HEeTH-
HUYHOTO, 1 32 GuTa [IJisi HETUITMYHOTO 3HaueH sl Ha mepBbiii B3TJIsiL TaKOe pelieHne
MOKET MOKa3aThCst Hea(D(MEKTUBHBIM, TAK KAK CEPUATN30BAHHOE TTPEICTABIEHIE TEMEPD
3aHMMaeT 6oJIbIie GUTOB, YeM Tpeskie. Ho /st mojicyera HCTHHHOTO Yrcia GUTOB, ¥C-
HOJIb3YEMbIX B CPEJIHEM, TPEOYETCSI TOYHO OTIPEAETUTD, HACKOIBKO TUITMYHBIM SIBJISIETCST
cirydai, Koraa KOT HAXOJAUTCST Ha TIOBEPXHOCTHU 3EMJIN.

BHezpeHne B Urpy MexaHU3Ma TeJIeMETPUH TOMOKET TOUHO Y3HATh, KaK 4acTO KOT Ha-
XOJIUTCS Ha 3eMJie, — NGO ¢ TIPUBJICYCHUEM TECTHPOBIIMKOB, OMPOOYIONUX UTPY Ha
caiite, 6O OT OGBIYHBIX TI0JI30BATEIEH, OIIPOOYIONIUX MPEIBAPUTETLHYIO BEPCUIO UTPDI
U TPUCHLIAIONINX aHATUTHYECKYI0 nHpopMalnio yepes HTepHet. JlonmycTuM, B Xo/1e
TaKOTO KCIIEPHMEHTA BBIIBUJIOCH, UTO B 90 % cirydaeB KOT HaX0aAuTCsI Ha 3emJie. Toraa
OKM/IAeMOE YMCJI0 OUTOB JIIST TPEICTABIECHUST BBICOTBI MOKHO TIOJYYUTH C TIOMOIIBIO
TIPOCTOTO YPABHEHMS:

P X Bits + P X Bits

Ha3emne Ha3emne HaBovicome

asmeome = 0,9%1 +0,1x33 = 4,2,
Oxugaemoe yncyIo 6UTOB, HEOOXOAUMBIX IJISI CEPUATU3ALNN KOMIIOHEHTa Y, YMEHb-
maercs ¢ 32 10 4,2: 9koHOMu cocTasiger Oojee 3 GaiiT Ha mosunumio. Ilpu Hamuuum
32 urpokoB, oOMeHuBaromuxcs nosuiamu 30 pas B CEKYHLY, 9TO PellleHHe MOKET JaTh
CYIIECTBEHHYIO 9KOHOMUIO TOJIBKO Ha OJTHOH 9TO 1mepeMeHHOH.

Cokarue moset ObIThH erie GoJiee ahdeKTuBHBIM. [[OMycTUM, aHAINTHYECKUE JTaHHbIE
MOKa3BIBAIOT, YTO KOT/[A KOT He HAXO[UTCS Ha YPOBHE I0JIa, OH YaCTO OKa3bIBAETCS Ha
ypoBHe moTosika, Ha Beicote 100. B takom caryuae Koz MOT ObI 06€CIEUNTh TIOIEPIKKY
BTOPOTO TUITUYHOTO 3HAYCHUST — BBICOTHI HA YPOBHE TTOTOJIKA:

void OutputMemoryBitStream::WritePos(const Vector3& inVector)

{

Write(inVector.mX);
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Write(inVector.mz);
if(inVector.my == @)

{

Write(true);
Write(true);

}

else if(inVector.myY == 100)

{

Write(true);
Write(false);

}

else

{

Write(false);
Write(inVector.mY);

}
}

MeTo1 Bee Tak ke CIOAb3YeT OfNH OUT, 4TOOBI II0Ka3aTh, YTO BLICOTA UMEET TUIIMYHOE
I HETUIIMYHOE 3HaYeHue, HO 100aBIseT BTOPOi OUT, COOOMIAIONINIL, KaKoe U3 ABYX
TUITUYHBIX 3HAYECHNH MCTIOIB30BATh. 3€Ch TUIIMYHBIE 3HAYCHUST <3alUThI» B KO (DYHK-
IIY, HO NIPU HaJIWYMH GOJIBIIEro YNCIa TUITMYHBIX 3HaYeHUH T0100Has peantn3alns
OyJIeT BLIMJISAAETH 3ally TAHHOM. B TakuX cuTyalusax MOKHO MCII0Ib30BaTh YIIPOLIEHHYIO
pean3anuio aaropuTMa Koguposanus XaddMana, BEITOIHAIONIETO TOUCK M0 TaOIu-
1le TUITMYHBIX 3HAaYCHUI ¥ 3aMellalollero TUIINYHbIe 3HAYeHNs HEeCKOIbKIUMU OUTaMu
¢ UH7IeKCaMU 3HaYeHuil B TabuIe.

OnHako BHOBB BCTAEeT BOIIPOC OlpejieJieHns KauecTBa TaKOW ONTUMU3AIUU: caM (haKT,
YTO BHICOTA TIOTOJIKA SIBJISIETCSI BTOPBIM TUITNYHBIM 3HAYE€HUEM KOOPUHATHI Y KOTa, elile
He 03HAYAET, YTO JaHHas ONTUMU3AII OKaKeTCst 9(DPEKTUBHOIL, TI09TOMY HEOOXOANMO
BHOBb 00paTUTHCS K MareMaTUYecKuM pacyeram. JJomycTiM, aHaIuTHYeCKUE JaHHble
MTOKA3bIBAIOT, YTO KOT HAXOAMTCS HA YPOBHE MOTOJKA B 7 % ciaydaes. Torma HOBoe
OKHIaeMOE YUCJIO0 OUTOB IS TIPEACTABIEHUS BHICOTHI MOKHO HOJIYYUTh ¢ MOMOIIBIO
CJIE/IYIONIEr0 YPAaBHEHUS:
P X Bits +P X Bits +P X Bits =

Ha3emne Ha3emne HaBovicome HaBvicome Hallomoaxe Hallomoaxe

=09%x2+0,07x2+0,03x33 =293

Oskumaemoe uncyio 6uToB renepb cocrassger 2,93, uro Ha 1,3 6ura MeHblle, yeM 1pu
WCIIOJIb30BAHUU OJIHO TOJIBKO 1ePBOIl ONTUMM3AIMU. TO ecTh ONTUMU3AIUS UMEET
CMBICII.

Cy1iecTByeT MHOKECTBO (DOPM SHTPOIHITHOTO KOAUPOBAHIS — OT MPOCTHIX, KaK B IIPHU-
Mepe, IPUBEIEHHOM BBIIINE, 10 CIOKHBIX W MOMYJISIPHBIX, TAKUX KaK KOJIWPOBaHUE
Xaddmana, apudmMernueckoe KOIUPOBaHNE, FAMMAa-KOJUPOBaHNEe, KOJIUPOBAHUE JIJTUH
cepuii (run length encoding) u ap. Tak ke Kak u Bes/e B pa3pabOTKe UTP, Tlepepacipeie-
JIeHV€ BBIYUCIUTETBHON MOIITHOCTH MEK/TY 9HTPOTIMITHBIM KOANPOBAHUEM U UTPOBBIMU
OTIePAIUSIMU BO MHOTOM SIBJISIETCST ADXUTEKTYPHBIM petiienreM. CChlIKM HA HICTOYHUKHI
nHGOPMAITIHT O IPYTUX METO/IaX KOJAUPOBAHUS MOKHO HAlTH B paszese «/lis nomos-
HUTEJIBHOTO UTEHIS».
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Yncna ¢ pUKCMpOBaAHHOWN TOUKOM

MoJIHUEHOCHAsI CKOPOCTh BBIYUCAEHUN ¢ 32-pa3psAAHbIMU BEIeCTBEHHBIMU YUCIAMU
SIBJISIETCST OOJIBIIMM (JIATOM U TIOKa3aTesieM ObICTPOIECTBUS B COBPEMEHHYIO MOXY
KOMITBIOTEPHBIX BI)I‘{I/ICJIEHI/II;,I. OZIHaKO HEO6XOZII/IMOCTB BBITIOJIHEHWA B UTPE Onepauﬂﬁ
C BEIECTBEHHBIMY YHCIAMHU ellle He 03HAYaeT, YTo JJIs [epefadll TAKIX YKUCe [10 CeTH
Tpebyercs uciosb3oBath Bee 32 6ura. Hacto ObIBaeT 1OJIE3HO OLPeLeJUTh AUala30oH
U3MEHEHHUsI Yrcesl 1 TpeGyeMyIo TOUHOCTD TIPeICTaBIeHUsI 3HAUCHUH 1 TpeodpasoBaTh
ux B popmaT ¢ GUKCUPOBAHHOI TOUKOIL, YTOOBI P OTIIPABKE JAHHBIX MOKHO OBLIO
MCIIOJB30BATh KaK MOYKHO MEHBIIee Yucao OGuToB. [[J1st 9TOTO CaIelyeT cecThb 3a OJUH
CTOJI C ZII/ISafIHepaMI/I 1 IIPOEKTUPOBIIMKAMU I/II‘pOBOﬁ MO/I€JIN 1 TOYHO OIIPpEAEC/TIUTD I10-
TpebHOCTH UrphL. [ToyunB HEOOXOAUMBbIE CBEIEHN, MOKHO HAUUHATH CTPOUTD CHCTEMY,
0becreynBaoIyio MaKCUMaIbHYIO 59(DMEKTUBHOCTD.

[lns mpuMepa BepHeMcst BHOBB K T10JII0 mLocation. IIporeaypa cepuanusaium, C:Ku-
MaloIast KOMIIOHEHT Y, yiKe JlaeT TPUJIMYHYI0 9KOHOMUIO, O/IHAKO OHA He 3aTParuBaeT
KOMIIOHEeHTB! X U Z: JIJIs [lepeiadyn KaKI0ro U3 HKX Bee elle ucrobsyercst 32 bura. Ho
B XOjie HAlllero pa3roBopa ¢ MPOEKTUPOBIIMKAMYU BbISICHUJIOCH, YTO Pa3MepP UIPOBOIrO
mupa B urpe «Robo Cat» cocrasister 4000 x 4000 eguHUIL ¥ [IEHTP UTPOBOIO MUPa CO-
BIIQJIAET C HAYAJIOM CHCTEMbI KOOPAUHAT. TO ecTh MUHUMAJIbHOE 3HAYEHE KOMIIOHEH-
ToB X 1 Z paBHo —2000, a makcumasibroe pasHo 2000. B xojie gaqbHEHINUX IUCKYCCUN
1 TECTUPOBAHUST UTPOBOU MOJIENN BBISICHUJIOCH, YTO JIJISI TIPEICTABIEHUS TTO3UITNHN HA
CTOPOHE KJIMEHTA I0CTaTOYHO TOUHOCTY 10 0,1 eluHUIlbI. DTO HE TOBOPUT O TOM, UTO Ha
CTOPOHE CepBepa MO3ULK He J0JIXKHA BIYUCIATHC ¢ 00J1ee BBICOKOI TOYHOCTBIO, IIPO-
CTO 1715 TIepeiauy 3HAUEeHU KJIIMEHTY IOCTaTOUHO YKa3bIBATh KOOPAMHATHI C TOUHOCTHIO
10 0,1 eqHNUIIBL.

ITH IPEIEBI TAI0T BCIO HEOOXOMMYI0 HH(DOPMAITIIO, YTOOBI OIPEIETUTD YUCI0 OUTOB,
MOCTATOYHOE JIJIsT CepUaTn3aIiy 9TuxX 3Havenunit. Ciaemnyiomniast GopMysia BHIYUCIIET
o6I1ee YKUCI0 BO3MOKHBIX 3HAYEHUH KOMIOHEHTa X:

(Maxcumanvruoe3nauenue — Munumanronoe3navenue),/ Tounocms + 1 =
= (2000 — (—2000))/0.1 + 1 = 40001.

To ecTh cepmanmayemMblii KOMITOHEHT TeopeTndeckn MoskeT uMeTh 40001 pasnmunoe
sHauenue. Eciau peannsosarth npeobpasoBanue Leabix ynces, Meabunx 40001, B coor-
BETCTBYIOIIIME BEllleCTBEHHbIE 3HAUEH NS, METO/I CMOKET CEPUATU30BATH KOMITOHEHTbI X
U Z, TPOCTO 3aMeIasi UX COOTBETCTBYIOIIUMU TI€TOYNCTIEHHBIMI 3HAUCHUSIMU.

K cuactbio, aT0 04eHb TpoCTas 3aj1a4a, KOTOPYIO HHOT/[A Ha3bIBAIOT MPeoOpaszoBaHueM
B hopMar uuces ¢ Qpuxcuposannoi moukou. Yucia ¢ GUKCUPOBAHHON TOYKOU — ITO
YUCJIa, KOTOPBIE BBITJISIAT KaK IeJible, HO B IEUCTBUTENHHOCTH MPEACTABIISIOT CO-
6oit yrcsa, paBHbIE OTHONIEHHUTO T[EJIOTO YHCIA W HEKOTOPOil KOHCTAHThL. B ramHoM
cJlydae KOHCTaHTa paBHa TPeOYeMOMY YPOBHIO TOUHOCTH. Ha JaHHBIH MOMEHT JIJIst
cepuaM3aIi MeToy TpedyeTcst Yicjao OUTOB, ClIOCOGHOE BMECTHUTD JII060E 1eJI0e
gncsio, menpiree 40001. Tak kak Berpaxkenwe log,40001 maer 15,3, s cepranusannm
Kax10ro KoMnonenta X u Z 1ocTaTo4Ho Beero 16 6ur. O6beuHUB Bee 9T0, IPUXOAUM
K CJIeyIoIeMy KOy:
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inline uint32_t ConvertToFixed(
float inNumber, float inMin, float inPrecision)

{

return static_cast<uint32_t> (
(inNumber — inMin)/inPrecision);

}

inline float ConvertFromFixed(
uint32_t inNumber, float inMin, float inPrecision )

{

return static_cast<float>(inNumber) * inPrecision + inMin;

}

void OutputMemoryBitStream::WritePosF(const Vector3& inVector)

{

Write(ConvertToFixed(inVector.mX, -2000.f, 0.1f), 16);
Write(ConvertToFixed(inVector.mz, -2000.f, 0.1f), 16);
... // 30ecb BbIMNOJHAETCA 3anucb KOMMOHeHTa Y ...

}

Wrpa XpaHUT KOMIIOHEHTBI BEKTOPA KaK TOJHOIIEHHbIE BENECTBEHHbIE YNCJIA, a TIPH
nepejiaye UX B CETh IPOIEAypa cepualusainy npeodpasyeT ux B uncia ¢ GUKCHPO-
BaHHOH TouKoii B quanasone ot 0 1o 40 000, sanumaromniye auiib 16 6ut. ITo penienne
9KOHOMUT HaM 32 GuTa Ha BEKTOP, COKpaIasl ero oKuaeMblii pasmep ¢ 96 10 35.

NMPUMEYAHME Ha HekoTopbix mpoueccopax, Takux kak PowerPC B Xbox 360 n PS3, npeobpasosa-
HWE BELLECTBEHHbIX YMCeN B Liesible M 06paTHO MOXKET OKa3aTbCs OBObHO AOPOrOCTOsILLEN Ornepaument.
OpaHako 3TV 3aTpaTbl OKYMaAKTCS SKOHOMMUEW MPOMYCKHOW Cnoco6HOCTU. Kak 3To YacTo 6biBaeT, OnTu-
MU3aLUmMs — 3TO KOMMPOMMUCC, Ha KOTOPbIN CNeAYET UATY C YYETOM Crieumndukn paspabaTbiBaeMoii Urpbl.

CxaTue reoMeTpmyeckon MHdopMaumm

CskaTre Ha OCHOBE TIPUMEHEHUS Ynces ¢ (PUKCUPOBAHHOM TOUKON IaeT TOTIOTHUTEIb-
HbIE TIPEUMYIIIECTBA TPU CEPUATTUBATTNN HEKOTOPBIX XapaKTEPHBIX UTPOBBIX JIAHHbIX.
WurepecHo oTMETUTD, UTO 3TO BCETo JHIIb dheKT IpuMeHeHns Teopruu nH(popMaluu:
IPY HAIMYUY OTPAHUIEHUH HA BO3MOKHBIE 3HAYEHUS TIEPEMEHHBIX JIJIS1 TePEaur TaKON
uHbopMalu TpedyeTcst MeHbIee YucI0 GUTOB. DTOT MPUEM MOKHO HCIIOIb30BaTh
Be3/Ie, T/IE BBITIOIHSIETCS CePUATU3AIKs JTIOOBIX CTPYKTYP JAHHBIX C H3BECTHBIME OTPa-
HUYEHUSMU Ha UX COJIEPKIMOe.

MHorue reoMmeTpuiecKre TUIIBI JAHHBIX KaK pa3 MO/IaaloT Mo/l 3TO TTpaBuiio. B atom
paszesie 06CYKAAOTCSA KBATEPHUOHBI ¥ MATPUIIB TipeobpasoBannii. Keamepnuon
(quaternion) — 9T0 CTPYKTYpa JAAHHBIX, COIEPKAIIAs YeThIPE BEIIECTBEHHBIX YUCTA
U MICTIOMTB3YeMast JIJIsT TIPEICTABIEHNST BPAIEHU T B TpeXMePHOM mpocTpancTBe. O6Cy K-
ZieHVe Ha3HAYEeH W KBATEPHUOHOB BBIXOIUT JAJIEKO 332 PAMKH HaIllell KHUTH, HO B pasfiesie
«I[.}IH JOITOJIHUTEJIbHOT'O UTEHNWA» Bbl Haﬁ[[eTe CCDBIJIKM Ha AOIIOJIHUTEJIbHbIE NCTOYHUKN
uHbopMaIy 1o 9Toi Teme. st gajbHeiinero o0CyKICHUS BaKHO 3HATH, YTO JJIST
MIPEICTABIEHNUS BPAIIIEHUST BBITIOTHSIETCST HOPMAJTI3AIsI KBATEDHUOHOB, B PE3YJIBTaTe
KOTOPOU KayK[[blii KOMIIOHEHT [IPUHUMAaeT 3HaYyeHue B auanazone ot —1 1o 1, a cym-
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Ma KBa/IpaToOB BceX KOMIIOHEHTOB paBHa 1. Tak kak cyMMbl KBaj[paTOB KOMIIOHEHTOB
UMeIoT (PUKCUPOBAHHYIO BEJMUMHY, B CEPUAIN30BAHHOE TTPE/ICTABICHIE KBATEPHUOHA
JIOCTATOYHO BKJIIOYUTD JUITH TP KOMIIOHEHTA U3 YeThIpeX, a TakyKe eIMHCTBEHHBIN
6UT, MPEICTABISIONNI 3HAK YeTBEPTOTO KOMIOHEHTa. Ko/l leceprainsanui cCMOKeT
BOCCTAHOBUTD TIOCTIE/IHUI KOMIIOHEHT, BBIYMTAS KBA/[PATDI [PYTUX KOMIIOHEHTOB U3 1.

Kpowme Toro, yauTsiBagd, 4T0 3HAYCHUS BCEX KOMIIOHEHTOB JieskaT Mexxy —1 u 1, cxxatue
KOMITOHEHTOB C TIPUMEHEHHEM drces1 ¢ GUKCUPOBAHHOU TOYKOH MOKET JatTh etie 60JIb-
muii 9 deKT, ecau OrpaHnYeHe TOYHOCTH OKAXKETCsT IIPUEMJIEMBIM U He TIOBJIUSIET HA
paboty urpoBoit Mmogenn. Yacto TounocTr 16-6UTHOTO 1E0TO YT, TPUHIMATOIIETO
65 535 BO3MOKHBIX 3HAYEHUH, BIIOJIHE [OCTATOUHO JIJIST [TPECTABJICHUST YHCE B JiUa-
naszone oT —1 110 1. ITo 03HAYAET, UTO 4-KOMIIOHEHTHBIN KBATEPHUOH, 3AHUMAIOTIUIT
128 6uT mamsITH, MOKHO CepUATN30BaTh B 49-OUTHOE ITpeICTaBIeHNUE:

void OutputMemoryBitStream::Write(const Quaternion& inQuat)
{

float precision = (2.f / 65535.f);
Write(ConvertToFixed(inQuat.mX, -1.f, precision), 16);
Write(ConvertToFixed(inQuat.my, -1.f, precision), 16);
Write(ConvertToFixed(inQuat.mz, -1.f, precision), 16);
Write(inQuat.mW < 0);

¥
void InputMemoryBitStream::Read(Quaternion& outQuat)

{

float precision = (2.f / 65535.f);

uint32_t f

0;

Read(f, 16)
outQuat.mX = ConvertFromFixed(f, -1.f, precision);
Read( f, 16 );

outQuat.mY = ConvertFromFixed(f, -1.f, precision);
Read(f, 16);

outQuat.mZ = ConvertFromFixed(f, -1.f, precision);

[

outQuat.mW = sqrtf(1.f -
outQuat.mX * outQuat.mX +
outQuat.mY * outQuat.mYy +
outQuat.mzZ * outQuat.mz );

bool isNegative;
Read(isNegative);

if(isNegative)

{
outQuat.mW *= -1;

}
}

[Ipuem cxxatrst reoMeTpruIecKOil HGOPMAIIUN MOKHO TaKsKe MCITOIb30BATh JIJISI CEPH-
AIM3aALUN MAaTPULL apunnvix npeobpasosanuii. MaTpuiia mpeobpasoBaHuil COCTOUT U3
16 BeleCTBEHHBIX YKCEJI, HO YTOObI ee MOKHO ObLIO HasBaTh a(UHHOIL, OHA JAOJKHA
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pasJjiaraTbCd Ha lepeMellleHNe B TPeX KOOpJMHaTaX, KBATePHUOH BpallleHUs U MacliTa-
OupoBaHue B TPeX KoopauHarax, Bcero rpebdyercs 10 BernecrBenHbix uynces. [Tpumene-
HUE SHTPOIMITHOTO KOAUPOBAHUS TOMOKET elile OOJIbIIe COKOHOMUTH Ha TPOITYCKHON
CIIOCOOHOCTH TIPU HAJIMYUH JOTIOJTHUTEIbHBIX OTPAHMYCHII Ha TUITHYHBIC MATPHIIBL.
Harpumep, eciu TUIMYHas MaTpUIA He COAEPKUT MH(POPMAIUK 0 MaCIITaOUPOBAHIH,
MIPOIIEyPa CePUATM3AIINI OTMETUT ATOT (DAKT eIMHCTBEHHBIM OuToM. Ecstn Macirabu-
pOBaHKe HOCUT OAHOPOAHBII XapaKkTep', Iporeaypa coOOIIUT 00 9TOM €llie OJHUM OUTOM
1 100aBUT TOJIBKO OAMH KOMIIOHEHT MacCIITaOHOIO MHOKHITEJISI BMECTO TPEX.

[lpocTOTa COnpoBOXAEHMUSA

KonrenTpaius BHUMAHWS UCKIIOYUTETBHO Ha 9KOHOMHUY MPOTYCKHON COCOGHOCTH
MOJKET IMPUBECTH K CO3/IAHUIO KpaifHe 3aITyTAaHHOTO ITPOTPAMMHOTO KOZIa. B HeKOTOPBIX
CITy4Yasix TIPeINOYTUTEIbHEE UMETH SICHBIN U TOHSTHBIHN KO/, TPOCTOH B COMPOBOKICHIH,
IIyCTb U 3a cyeT 11oTepu apheKTUBHOCTH.

O606LueHne HanpasneHus cepuannsaumm

Kaskast HOBast CTPYKTypa JAaHHBIX WM [IPUEM CKaTUsI U3 00CYKAABIIMXCS B IIPE/Ibl-
AYIIUX pasjesax TpeboBasi pearsaud 000UX METON0B — YTEHUS ¥ 3allUCH. DTO
03HaYaeT HeOOXOAMMOCTD He TOJBKO Pealnusaliyl ABYX METOLOB [l KasKIOrO HOBOIO
(dbparmenTa HyHKIIMOHAILHOCTH, HO U MOJIEPKAHKII COOTBETCTBUS UX APYT APYTY: U3ME-
HSISL TIOPSIIOK 3AIIMCH [IePeMEHHOM-4IeHa, HeOOXOAMMO U3MEHUTD 1 IIOPSIIOK €€ YTCHMUSL.
IToTpe6GHOCTD B HAJIMYUH ABYX TAKUX TECHO CBSI3AHHBIX METOIOB /IS KAasKIOU CTPYKTYPBI
JIAHHBIX SIBJISIETCS HAAEKHBIM PELENTOM co31aHust 00Jbinoil myTanuibl. Ko Obir 6b1
HAMHOT'O YHIIle, eCIi Obl MOKHO OBLJIO OCTaBUTh OJUH METOJ ISl KaXKIOH CTPYKTYPbI
JaHHbBIX, 0OCIYKUBAIOIIUI cpasy ABe Ollepalii — YTEHUS U 3aINCH.

K cuactbio, MexaHu3M HaCJIeI0BAHUST U TIOJJIEPIKKA BUPTYaJIbHBIX METOIOB ITPEIOCTaBIISA-
10T HaM TaKyo BOBMOKHOCTH. OJIUH U3 C110c000B 3aKJII0YAETCS B TOM, YTOObI OIIPELEIUTh
KJacchl OutputMemoryStream u InputMemoryStream, Haceaylone o6l 6a30BbIi
KJ1acc MemoryStream ¢ MeTO/IOM Serialize:

class MemoryStream

{

virtual void Serialize(void* ioData,
uint32_t inByteCount) = 0;

virtual bool IsInput() const = 0;

¥

class InputMemoryStream: public MemoryStream

{
...// Bbllle HaxoAATCA Apyrue MeTozpl
virtual void Serialize(void* ioData, uint32_t inByteCount)

{
Read(ioData, inByteCount);

C O/IMHAKOBbIM MHOJKUTEJIEM 110 BCEM TPEM NU3MEPEHUAM. — HpuM@u nep.



148 MaBa 4 e Cepuanusaumsi 06bLEKTOB

}

C

{

}

}

virtual bool IsInput() const {return true;}
5

lass OutputMemoryStream: public MemoryStream

...// Bbllle HaxoAATCA Apyrue MeTOnbl
virtual void Serialize(void* ioData, uint32_t inByteCount)

{
Write(ioData, inByteCount);

}

virtual bool IsInput() const {return false;}

Mertonbt Serialize B BYX JIOYEPHUX KJIACCAX MOTJIM ObI IPUHUMATH YKA3aTeJab Ha
MaHHbIe U UX 00BEM ¥ BBITIOIHATH COOTBETCTBYIOIIYIO OMEPAIMIO: YTCHUE UITH 3ATINCH.
Wcnionbayst Metos IsInput, GyHKIHS MOTIa OBl PA3IMyaTh MOTOKU BBOJIA U BBIBOJIA.
bBazosbrii kiacc MemoryStream Mor GBI peann3oBarh MabIOHHbIT MeTO/ Serialize,
IpeIoaras HaJmyre HelrabJOHHBIX BEPCUIT B MOKIACCaX:

t
{

emplate<typename T> void Serialize(T& ioData)

static_assert(std::is_arithmetic<T>::value]|
std::is_enum<T>::value,
"Generic Serialize only supports primitive data types");

if (STREAM_ENDIANNESS == PLATFORM_ENDIANNESS)

{
Serialize(&ioData, sizeof(ioData) );
}
else
if(IsInput())
{
T data;
Serialize(&data, sizeof(T));
ioData = ByteSwap(data);
}
else
{
T swappedData = ByteSwap(ioData);
Serialize(&swappedData, sizeof(swappedData));
}
}
}

[MTabmoHubI MeTO/ Serialize mpuHUMaET 0GOGIIEHHBII MTApAMETp ¢ TAHHBIME U BbI-
TOJTHSET OTEPAINIO YTEHUS WU 3ATTUCH B 3aBUCUMOCTHU OT TOTO, UTO JIeJIaeT HelabI0H-
HbII MeTOZ Serialize jouyepHero kiacca. Takol 10AX07 yIIPoOIIAeT 3aMeHy Kax /101 [1apbl
MeTO/I0B Read 1 Write COOTBETCTBYIOIIMM MeTO/IOM Serialize. HectanzapTHblit MeTO]
Serialize [OJDKEH IIPUHUMATDH TOJIBKO IIapaMeTp TUIIA MemoryStream 1 BBITIOJIHATD YTe-
HI€ WJIH 3aTIHCh, UCTIOMBb3YsT BUPTYATbHBIN MeTON Serialize moToka. Takum o6pasom,
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eI[I/IHCTBE‘HHI)II;'I METO/l MOJKET 06CJIy>KI/IBaTI) 4YTEeHUE U 3allMChb HECTAaH/IaPTHBIX KJ/IaCCOB,
rapaHTUPY:, 4YTO p€ajin3allin BBO/Ia U BbIBO/la BCET/la 6y,7_IyT OCTaBaTbCA B ITOJTHOM CO-
OTBETCTBUM /IPYT C IPYTOM.

BHUMAHME Takas peanusauns MeHee achdekTMBHA, YeM npeablayLume, NOTOMy YTO BbIMOSHAET Bbl-
30Bbl BUPTYasibHbIX OYHKLUMIA. [JaHHYO CUCTEMY MOXHO peann3oBaTh C NpUMeHeHWeM LWabrioHOB BMECTO
BUPTYasbHbIX (YHKUWI, 4TOGbl BEPHYTb YacTb yTpayeHHOW 3 EKTUBHOCTM, HO Mbl OCTaBUM ee BaM
B KQ4YeCTBe CaMOCTOATENBbHOrO YrpaXKHEHNS.

Cepman n3auunsd, ynpasndemaa JaHHbIMU

Boblias 4acTh 00bEKTHOTO KO, OCYILECTBIISIONIETO CePUaIU3aIIUIO, CJEAYET OQHOMY
U TOMY sKe abJIoHY: cepraln3alns BbIIOJHSIETCS sl Kax [0l epeMeHHOoi-uieHa
KJjacca 06beKTa B OTAEIbHOCTH. VIHOrIa MOIyT BCTPEYaThCsl Kakie-TO ONTUMU3AIIH,
HO 001I1ast CTPYKTYpPa Kozia 00bIYHO cOXpaHsieTcst 6e3 naMeHeHuil. B geficTBUTeIbHOCTH
CTPYKTYpPa HACTOJIBKO YHIU(DHUIIMPOBAHA, YTO eCJii ObI BO BPEMsI BHITOJHEHUST UMEJIACh
uH(OPMAIIHS O TEPEMEHHBIX-UJIeHaX B 00bEKTaX, GOJIBIIYIO YaCTh HOTPEOHOCTEN cepu-
aJIM3AIUU MOKHO OBLTIO ObI YIOBIECTBOPUTH €IMHCTBEHHBIM METOIOM.

B nexortopsix si3bikax, Takux Kak C# u Java, MMeIOTCs BCTPOEHHbIe CUCTEMbBI pedJiek-
cun (reflection), uau orpaxenus:, MO3BOJAAIONINE BO BPEMs BBITIOJIHEHMS MOJIYYaTh
uHbOPMAIIHUIO 0 CTPYKTYpe Kiacca. B C++, ofiHAKO, JIJIsT BBISIBJIEHMS YWIEHOB KJIACCOB BO
BPeMsI BBITIOJIHEHUsST TpeOyeTCst co3iaBath coOCTBEHHYIO cucteMy. K cyactbio, co3nath
npocreiinyio cuctemMy pedJieKCuu He 04eHb CJI0KHO (JIMCTUHT 4.8).

JinctuHr 4.8. NMpocras cuctema pediekcumn
enum EPrimitiveType

{
EPT_Int,
EPT_String,
EPT_Float
¥

class MemberVariable
{
public:
MemberVariable(const char* inName,
EPrimitiveType inPrimitiveType, uint32_t inOffset):
mName (inName),
mPrimitiveType(inPrimitiveType),
mOffset(inOffset) {}

EPrimitiveType GetPrimitiveType() const {return mPrimitiveType;}
uint32_t GetOffset() const {return mOffset;}

private:

std::string mName;
EPrimitiveType mPrimitiveType;
uint32_t mOffset;

¥
class DataType
{
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public:
DataType(std::initializer_list<const MemberVariable& > inMVs):
mMemberVariables(inMVs)

{}

const std::vector<MemberVariable>& GetMemberVariables() const

{

return mMemberVariables;

}

private:
std::vector< MemberVariable > mMemberVariables;

3

EPrimitiveType mpe/icTaBJseT 2JieMEeHTAPHBIN TUIT IepeMeHHOl-uiena. [lannag cucrema
HOJ/IEPAKUBAET TOJbKO THUIIBI int, float 1 string, HO ee JIErKO pacIIMPUTH Ha JIOObIE
ZIpyrue 3j1eMeHTapHbIC THUIIbL.

Kiacc MemberVariable mpezicTaBisieT eIMHCTBEHHYIO TEPEMEHHYIO-UJIEH B COCTABHOM
turie janubix. OH XpaHUT UMST TIepeMeHHO-uieHa (JJis1 HY>K/] OTJIA/IKH ), €€ TUII U CMellle-
HUE B IIaMsITH OTHOCUTEIBHO HavaJia POAUTENbCKOTO TUIIa AaHHbIX. VHbOopMaIius o cme-
MIEHUH UTPAET BAJKHYIO POJIb: KOJI CEPUAIM3AIIIN CMOKET HAXO/IUTh B TIAMSITH 3HAYEHUEe
HepeMeHHOIi-4jieHa, CKJIaibiBas cMelleHrne ¢ 6a30BbIM aJPecoOM YKa3aHHOI'O OObeKTa.
VIMeHHO TakK BBITIOTHSIOTCS OTIepaIliy YTEHWS U 3alTUCH JaHHBIX B IepEMEHHBIX-UTeHAaX.

Haxkowerr, kiracc DataType XpaHWUT BCe TiepeMeHHbIe-uJIeHbl OTIpeiesIeHHOTo Kiaacca. Jlist
KasK/[0r0 KJIacca, TOIEPKIMBAIOIIET0 CEPUATU3AIIIIO, YIPABJISIEMYIO TaHHBIMHE, CO3/1aeT-
cs1 cBOH aK3eMILsip DataType. Oniupasich Ha UH(GPACTPYKTYPY MOAJEPKKU pedhieKCHn,
CJIe YOIl KO/l 3arpyskaeT HHMOPMAIIUIO 00 OpraHi3aluy Kiacca IpuMepa:

#tdefine OffsetOf(c, mv) ((size_t) & (static_cast<c*>(nullptr)->mv)))

class MouseStatus

{

public:

std::string mName;

int mLegCount, mHeadCount;
float mHealth;

static DataType* sDataType;
static void InitDataType()
{
sDataType = new DataType(
{
MemberVariable("mName",
EPT_String, OffsetOf(MouseStatus,mName)),
MemberVariable("mLegCount",
EPT_Int, OffsetOf(MouseStatus, mLegCount)),
MemberVariable("mHeadCount",
EPT_Int, OffsetOf(MouseStatus, mHeadCount)),
MemberVariable("mHealth",
EPT_Float, OffsetOf(MouseStatus, mHealth))
3
}
¥
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3/1ech B KauecTBe MpUMepa MCIOJIb3yeTest KJIace, XpaHsiuii wadopmarmio 06 06b-
exTe RoboMouse. B Kakoii-To MOMEHT JI0JIsKHA OBITH BbI3BaHA cTaTUYecKas (QyHKIIUS
InitDataType, 4TOOBI HHUIIUATU3UPOBATH IIEPEMEHHYO-UJIeH sDataType. Jta (DyHKIIUS
co3/aeT aK3eMILIap DataType, IPEACTABASIONINN KIace MouseStatus, U 3aTIOTHSAET €T0
BEKTOP mMemberVariables. OOparnTe BHIMaHUE HA HCIIOJIb30BAHIE HECTAaHIAPTHOTO Ma-
Kpoca OffsetOf /g BbIUNC/IEHN CMellleHUs Kask/I0l lepeMeHHoli-usena. Berpoenublit
B C++ Makpoc offsetof He MpeHAZHAYECH /ISt PaBGOTHI C KJIACCAMHU, HE SIBJISTIOTMMIICST
[POCTBIMU CTPYKTYPaMU JaHHBIX. M13-32 9TOTO HEKOTOPBIE KOMITHJIATOPBI COOOTIAIOT 06
ormbKe, BCTPETUB TIOTIBITKY IPUMEHUTH of fsetof K KJaccaM ¢ BUPTYaJIbHBIME (DYHK-
USAMI WM K IPYTUM THIIaM, He SIBJISIONMMCS CTPYKTYPaMU JIaHHbIX. Eciin Kiacc He
TepeoTpeiesisieT YHAPHBIH onepaTop & He UMeeT BUPTYaJIbHBIX (DYHKIMH B MepapXun
U JTIOOBIX CCHITOYHBIX TTePEMEHHBIX-UIEHOB, HECTAHIAPTHBII MaKpoc OyaeT paboTarh.
B ujeane BMecTo 3am0HEH ST TAHHBIX ¢ MH(MOPMAIIHEH 0 THTIE BPYYHYIO XOPOIIO ObLIO
Gbl UMETh HHCTPYMEHT, aHAJIM3UPYIOTIHIA 3ar0I0BOYHBIE (hailsbl C++ 1 aBTOMATHYECKH
TeHePUPYIONINii 9Ty UH(GOPMAITHIO.

ITocie aTOTO peanusarust IPOCTON (GYHKIMH CEPUATTM3ANNN CBOIUTCS K 0OXO/Y Tepe-
MEHHBIX-YJIEHOB B TUIIE JAHHbBIX:

void Serialize(MemoryStream* inMemoryStream,
const DataType* inDataType, uint8_t* inData)

{
for(auto& mv: inDataType->GetMemberVariables())

{

void* mvData = inData + mv.GetOffset();
switch(mv.GetPrimitiveType())

{

EPT_Int:
inMemoryStream->Serialize(*(int*) mvData);
break;

EPT_String:
inMemoryStream->Serialize(*(std::string*) mvData);
break;

EPT_Float:
inMemoryStream->Serialize(*(float*) mvData);
break;

}
3
}

Meton GetOffset ka0l IepeMeHHON-UJeHa BO3BpalllaeT yKa3aTesab Ha JaHHbIe
3TOTO YJeHa B AK3EMILIsIpe. 3aTeM WHCTPYKIMS switch aHann3upyeT pe3yabTat
GetPrimitiveType 1 BBI3bIBAET TUTTU3NPOBAHHYTO (DYHKITHIO Serialize, BBITTOTHSIONIYIO
(baxTHyeckyio cepranusaImio.

ITOT MpUeM MOYKHO clieiath eie 6osiee 3(hHEKTUBHBIM, COXPAHUB JAOTOJHUTEIBHYIO
unrdopmaIuio B kjaacce MemberVariable. Hanpumep, s Kaxa0ii nepeMeHHol MOKHO
OBLIO OBl COXPAHSATD YKCJI0 OMTOB B CEPUATTM30BAHHOM TIPE/ICTABIEHIUHN JIJIST aBTOMATH-
YECKOTo CKaThst. TaksKe MOKHO OBLITO OBl XPaHUTh TUITHYHbBIE 3HAUYCHUST IS TOIEPIKKI
TIPOTIEIYPHON peasTi3alliil SHTPOMUITHOTO KON POBAHIL.



152 MaBa 4 e Cepuanusaumsi 06bLEKTOB

B 1iesiom aTOT MOAXO/ KEPTBYET IIPOU3BOAUTEIBHOCTBIO P IIPOCTOTHI: peau3alus
UMeeT MHOKECTBO BETBJIEHUI, KOTOPbIE MOTYT BbI3BaTh cOPOC KOHBellepa!, Ho Tpebyer
MUcaTh MEHBINE KO/a, @ 3HAUUT, HUKE BEPOSITHOCTH omubku. Kpome Toro, cucrema
pediiekcun MOKET IPUTOAUTHCS ISl PEHIEHUS CAMbIX Pa3HbIX 3aj1a4, He TOJbKO IS
cepuaan3aliy JIaHHbIX C 11eJIbIo TIepe/jauu uX 1o ceTu. Ee MOKHO MCI0Ib30BaTh /1JIs1
cepuajiM3allii Ha JIUCK, COOPKI MyCOpa, CO3/IaHsI PeIakTopa 0OBEKTOB ¢ TpahUIECKUM
uHTephERcOM 1 perieHnst MHOJKECTBA IPYTUX MTPOOJIEM.

B 3akntoueHune

Cepuanmsanus — 9T0 TPOIECC MPEOOPA3OBAHUS CJIOKHBIX CTPYKTYP JAAHHBIX B TUHEH-
HYIO [0CJIEZI0BATEIBHOCTD GATOB, KOTOPYIO MOKHO OTIPABUTH JAPYTOMY Y3/1y B CETH.
Camoe mpocToe pemenne — KOIUpOBaHue CTPYKTYPHL B Oydep 6aiiToB ¢ MOMOLIBIO
memcpy — YacTO OKa3bIBaeTCs HePaOOTOCIIOCOOHBIM. ITOTOK JaHHbIX, OCHOBHAS pabouast
JIOIIA/lb CEPUAIM3ALIMH, IO3BOJISET CEPUATU30BATD CJIOKHDIE CTPYKTYPbI IAHHBIX, KOTO-
Pble MOTYT BKJIIOUATh CChIIKU HA JPYTHUE CTPYKTYPbI IAHHBIX, & 3aTEM BOCCTAHABIUBATD
CCBIJIKH TTOCJTE IeCEePUATH3AIIH.

CymrecTByeT HECKOIBKO MTPUEeMOB TOBBITIIeHNST 3 heKTUBHOCTH cepraiusaiuu. Pas-
PesKEHHbIE CTPYKTYPbI JaHHBIX MOKHO IIpeo6pasoBaTh B 60Jiee KOMIIAKTHYIO (GOPMY.
TuroBble 3HAUEHUS B IIEPEMEHHBIX-UJIEHAX MOKHO CKaTh 0€3 II0TePU TOYHOCTH, UCIIOJIb-
3ysl 9HTpoNMiiHOe KojmpoBaHne. CTPYKTYPbI JaHHBIX C TEOMETPUYECKON WJIH JAPYTON
10100H0I nHGOPMaIeN TaKKe MOMKHO CKaTh 0e3 OTEpU TOYHOCTH 3a CUET BbIABJIE-
HUST OpaHUYEHMIT U TIepeady TOJbKO KOMIOHEHTOB, HEOOXOIUMbIX JIJISI BOCCO3JaHI
CTPYKTYyphL. Ecm fomycTiMa HekoTopast TToTepst TOYHOCTH, BETeCTBEHHbIE YNCTa MOKHO
peoOpPasoBbIBaTh B UKC/Ia ¢ (PUKCUPOBAHHON TOYKOI MCXO/Is M3 U3BECTHOTO AUAlla30Ha
3HAYCHUH 1 HEOOXOIUMON TOUHOCTH.

IbPEKTUBHOCTD YACTO IOCTUTAETCS 32 CUET IIPOCTOTHI COMIPOBOKAEHMS, M MHOT/IA UMEET
CMBICJI TOCTYIIUTHCS HEKOTOPOH 0JIeil TPOU3BOAUTEIbHOCTH, YTOOBI YIIPOCTUTD COIPO-
BOXIEHHE CUCTeMBI cepranunsaii. MeTonbl Read 1 Write 1711 CTPYKTYP IaHHBIX MOKHO
CBEPHYTH B e/IMHCTBEHHBIN MeTO/ Serialize, BRIMOMHSIIONNI YTEHNE WU 3AIT1Ch B 3a-
BUCHUMOCTH OT HAIIPaBJIEHUsI TIOTOKA, KOTOPBIM OH OTIEPUPYET. A cepruaM3anio MOKHO
caesiaTb praBJIHeMOfI JaHHbIMU, UCITOJIb3Y 4 U1 9TOTO ME€Ta/laHHbIE, CTeHEPUPOBAHHbIE
BPYYHYIO NI aBTOMATUYECKH, 663 HeO6XOI_II/IMOCTI/I mrcaThb CIIeNUaJIN3NPOBaHHbBIC q)yHK-
I[UU YTE€HUS ¥ 3aIUCH JIJIST Ka)KIOH CTPYKTYPBI.

Tenepsb y Bac ecThb BCe, 4TO HEOOXOAUMO JIJIS YIIAKOBKU M OTTIPABKU OOBEKTOB y/IaICH-
HoMy yauty. Cie[yiotiasi rjiaBa moBeCTBYET O TOM, KaK KOHCTPYHPOBATb JAHHBIE, YTOObI
VIQJIEHHBIN y3€J CMOT CO3/1aTh MJIM HAUTH COOTBETCTBYIOIINE OOBEKT JIst TIpHeMa JlaH-
HBIX, 1 KaK 9(p(HEeKTUBHO OCYIIECTBIATD YACTUYHYIO CEPUATTM3AIIIIO B TOM CJIydae, KOT/ia
JIOCTATOYHO TIePEIaTh TOJIBKO YacTh JIAHHBIX U3 0OBEKTA.

' MmeeTcs B BULy KOHBeliep KOMaHI B MUKpoTIpotieccope. — [pumeu. nep.
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Bonpockl Ana noBTOpEeHUS

1.

10.

11.

12.

[Touemy HeGE30MACHO IIPOCTO CKOIMPOBATh OOBEKT B Oydep 1 110CIaTh €ro yaaieH-
HOMY y3Jy?

. Ur0 TaKoe «IOpIAOK cienoBaHus 6ailToB»? [ToueMy ero He0OXOAUMO YUUTHIBATH

[IPU CePUATM3AINH IAHHBIX ? PacCKaKuTe, KaK PEIIaoTes POOJIEMBI MOPSI/IKA Cie-
JOBaHUsI GANTOB TIPU CepUATM3AINN JTaHHbBIX.

Onumure, kak 9G@EKTUBHO CXKATb PA3PEKEHHYIO CTPYKTYPY JaHHBIX.

Omnwurmire /IBa crocoba cepuaamn3aliun 00BEKTOB C YKasaTreysaMn B HUX. HpI/IBe]_II/ITe
IIpUMeEDPDbI, KOr'Zla 3TN CII0COOBI MOKHO UCIIOIb30BATh.

Yro Takoe «dHTpONUiTHOE KojupoBanues? [IpuBennuTe mpocToil mpumMep ero mc-
[10JIb30BAHUSL.

Pacckasknre, Kak COKOHOMUTB TIPOTTYCKHYIO CITOCOOHOCTD, CEPUATH3YST BEIECTBEH-
HbIE YUCJIa B yucia ¢ GUKCUPOBAHHON TOYKOM.

O6mbsicauTe OAPOOHO, TIOUEMY peasin3aiius (GyHKIMK WriteBits, mpeacTaBieHHAs
B 9TOI TUIaBe, MPABIJIBHO PabOTAET TOMHKO Ha TIAThOpPMax ¢ 0OPATHBIM MOPSIKOM
6aittoB. Peanusyiite pemenue, kotropoe 6yneT paboraTh Takke Ha miaarthopmax
C IPSIMBIM TTOPSIZIKOM OaiiToB.

Peanmusyiite meTon MemoryOutputStream: :Write(const unordered_map<int,
int>&), 3aNMCHIBAIOIINI B TOTOK 3HAYEHUS U3 KaPThl COOTBETCTBUN MEKJLY T1€JThI-
MU YUCJIAMU.

Hanummre napusiii emy MeTo/ MemoryOutputStream: :Read(unordered_map<int,
int>&).

Coszpnaiite mabJOHHYO peau3alliio MeTo/ia MemoryOutputStream: :Read U3 TIpeIbl-
AYILEro 3aJiaHus, Tak 4ToObI OH IPaBUIbHO oOpabaThiBa mabaoH <tKey, tValue>
unordered_map<tKey, tValue>.

Peanusyiite achdhextuBHbIe DyHKINN Read U Write ast maTputl adGUHHBIX TIpe-
obpasoBaHMii, UCIIOJIB3Y TOT (DaKT, uTo MaciITad 0OBIUHO PaBeH 1, a Korga OH He
pasen 1, MaciiTabupoBaHie BbIITIOJHSIETCS OJHOPOLHO.

PeanugyiiTe MOAYJIb CEPHATM3ANNHT ¢ 0OOOTIEHHBIM METOIOM, OMTHPAIOITUMCST Ha
abIOHBI BMECTO BUPTYATLHBIX (DYHKITHIA.
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Pennunkauma obbekToB

Cepvianu3aumsi AaHHbIX B 06bekTax — 3TO JMLb NepBbIA LWar B nepegaye UHGop-
Mauum Mexay yanamu. 3Ta rnasa nocesieHa 0606LeHHON cxeMe pensimkaumm, uc-
Nob3yeMon Ans NOAAEPXKKW CUHXPOHU3aUUU MUpPO8 N O6BbEKTOB MeXay yAaneHHbIMI
npotieccamu.

CocTosiHMe Mupa

YernenHast MHOTOIOJIb30BaTEIbCKAs UTPa J0JKHA [IaBaTh UTPOKAM OIILYIIEHUE, YTO OHU
NEHCTBYIOT B OJIHOM MTPOBOM Mupe. Korza ofut Urpok OTKpbIBAeT ABEPh UM YHUUTO-
JKaeT 30MOU, BCe UTPOKH MOOJIU30CTH JIOJKHBI YBUIETh OTKPBITYIO JBEPH HJIH YOUTOTO
30MO1. MHOTOII0JIb30BATEILCKUE UTPBI TIO3BOJISIIOT OILY TUTH OOLIHOCTD 3a CYET OTpe/e-
JIEHUST COCIMOSHUSA MUPA HA BCEX y3J1aX u oOMeHa 060l nndopmaieii, Heo6XoanMoii
JUISE TIOJIJIEPIKAHUS COOTBETCTBHSI 3TOTO COCTOSTHYST MEK/LY Y3JIaMU.

Cy1iecTByeT HECKOJIBKO CITOCOO0B CO3MAHNUS U MOJIEPKAHNS eNHCTBA COCTOSTHUT
MUPOB MEK/LY YAATCHHBIME Y3JIaMH, 9TH CIIOCOOBI 3aBUCST OT TOMOJIOTHU CETH, O YeM
nojpodHee pacckasbiBaercs B Tiase 6 «Tomosoruu cereit u npumepst urp». Oaun us
HUX 3aKJII04aeTcs B OpraHu3aluu l1epejadld CepBepoM COCTOSIHUS MUPA BCEM I0/KJIIO-
YeHHDBIM KyreHTaM. KimeHTbl IPUHUMAIOT 9Ty MH(OPMAIMIO 1 U3MEHSIOT COCTOSIHHE
CBOETO MUPa, TPUBO/ISL €T0 B COOTBETCTBHE € TOJydeHHOI nHpopmarei. To ecTh Bce
UTPOKY Ha KIMEHTCKUX y3JIaX B KOHEYHOM CUeTe HabIIOAI0T OJIHO 1 TO K€ COCTOSTHIE
UIPOBOIO MUpA.

JlomycTiM, 4TO HEKas 06BEKTHO-OPUEHTHPOBAHHAS UTPa UMeeT 0OBEKTHYIO UTPOBYIO
MOJI€Jh, TOT/Ia COCTOSTHIE UTPOBOTO MUPA MOKHO OIIPEAETUTD KaK COBOKYITHOCTD COCTO-
STHUM BCEX UTPOBBIX 00bEKTOB B aTOM Mupe. To ecThb 3aj1auy Hepeaun COCTOSTHIS MUpa
MOJKHO Pas3JIoKHUTh Ha MHOKECTBO 33Jla4 Mepeadrl COCTOSHUIT BceX 0O beKTOB MUPA.

B 9r0ii riiaBe paccMaTpUBaeTCs 3ajiava mepeadi COCTOSTHUST 00bEKTa MEKIY Y3JIaMu
C TIeJTHIO OOECTIEUEH ST COTTTACOBAHMST COCTOSTHUS MDA Ha MHOKECTBE Y/IATeHHBIX Y37I0B.
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Pennukauusg obbekTa

AKT mepeiaun cOCTOSTHUST 0OBEKTA OT OHOTO y371a K APYTOMY Ha3bIBAIOT Peniukaued
(replication). Perumikanust BKIrOUaeT B cedsl He TOJIBKO CepUaIu3alinio, 00CY K IaBIIYIOCsT
B riase 4 «Cepuasnmsaiyst 06beKTOB>. /151 yCenHol permKau 00beKTa y3e 10J1-
JKEH BBITIOJTHUTH TPU TIOJATOTOBUTEIBHBIX II1aTa Mepell Cepruain3alneil ero BHyTPEHHETO
COCTOSTHUST:

1. OTMmeTuTh MaKeT KaK IMaKeT, COAEePKAIINil COCTOsIHIE OObEKTA.
2. YHukaibHO HIeHTU(DUIIUPOBATD PEILTUIIUPYEMBIN 0OBEKT.
3. VYkasaTb KJIacC PEIIUIUPYEMOro 0ObeKTa.

CHavaJia y3ej-oTIIpaBUTEIb OTMEYAeT MMaKeT Kak CoJepsKalluil COCTOsHIE 0ObeKTa.
V37161 MOTYT O6MEHUBAThCS MHMOPMAIIUEH He TOJBKO € IIEJIbI0 PEIIMKAIUN 00bEKTOB,
109TOMY OBLIIO ObI HEGE30MACHO IIPEAIOJIAraTh, YTO KaKIast BXOIAIIA JaTarpaMMa CO-
JIEP/KUT JIaHHbBIE /I PEIIMKany 00bekTa. TakiKe [0JIe3HO OIPee/IUTh epedncieHe
PacketType A7 neHTUUKAIIUYA TUTIOB TakeToB. [IprMep TakoTo mepevyncieHus Mpu-
BOAMTCA B ucTuHre 5.1.

Jinctunr 5.1. Nepeuncnenne PacketType
enum PacketType

{

PT_Hello,
PT_ReplicationData,
PT_Disconnect,
PT_MAX

s

JL1s kaxk10To OTIIPABJIAEMOro lIaKkeTa y3eJI IOJIKEH cHavajla Cepuain3oBaTh COOTBET-
CTByIOIIlee 3HaueHne TUIa PacketType B TOTOK MemoryStream makera. B atom ciyuae
MIPUHUMAIONTIH y3€JI CMOJKET Cpasy sKe TPOYMTATh TUII [TaKeTa U3 BXOIIEH JaTarpaMMbl
1 OTIPEJIENTUTD, KK OHa TOJUKHA 00pabaThiBaThest. TpaUIIMOHHO MEPBLIH MAKEeT B ceaHce
B3aNMO/IEICTBUI MEXK/Y y3JIaMHi OTMeUYeH KakK MaKeT «IIPUBETCTBUS» U UCIOJb3YeTCs
JJI1 MHUIMAIUY B3aUMOAEUCTBUS, paclpe/iesleHUs IaMATU JI/I1 COCTOSIHUSA U, BO3MOK-
HO, HAuMHAeT IIPOoLeypy ayTeHTUGUKaUU. ITU [TaKeTbl OTJIMYAIOTCS 3HayeHueM PT_
Hello B mepBOM Gaiite BXOsIIEH JatarpaMMbl. AHAJIOTHYHO, 3HaYeHKe PT_Disconnect
B TIEPBOM 0aiiTe YKa3bIBAET, UTO MAKET SIBJISIETCS 3ATIPOCOM, HAYNHAIONINM TTPOTIENYPY
OTKJTIOUeHMsI. 3HaueHne PT_MAX MCIOIb3YeTcsT KOJOM, YTOOBI Y3HATh MaKCUMATbHOE
YUCIIO AJIEMEHTOB B Tiepednciennn PacketType. [luist permiikanuu o6beKTa y3ea-0T-
IIPaBUTENb Cepruann3yeT 3HadeHne PT_ReplicationData.

Ianee, y3eq-0TIpaBUTENb MOJIKEH HACHTU(DUITNPOBATD CEPUATN30BAHHDII 0OBHEKT.
Braromapst aToMy NpUHUMAIOMINI y3€J CMOKET ONPeeTUTh, IMEETCs JIN Yy Hero Ko-
U TIOJIy9eHHOTO 00bekTa. Eciiu MMeeTCst, OH CMOJKET 3allicaTh CEPUATN30BaHHOE
COCTOsTHIIE B TOTOBLIH 0ODHEKT, He co3faBas HOBGIN. Kak BbI HaBepHsKa MTOMHUTE,
KJace LinkingContext, OMMMCAHHBIN B TJIaBe 4, yKe OMMPAETCst Ha HAIMYKe B 0ObhEKTaxX
YHUKJIBHOTO UAeHTUu(GUKATOpa. ITH UAEHTUHUKATOPBI MOKHO UCIIOJIb30BATH IS
MONCKa 0OBEKTOB C METBI0 PETIUKATNN cOCTOsTHUsA. ClrelyeT OTMETHTD, UTO KITACC
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LinkingContext MOKHO PACIIUPUTH, KAK [TOKA3aHO B JINCTUHTE 5.2, PEATN30BAB M1PH-
CBOEHIE YHUKATbHBIX CETEBBIX UIEHTU(DUKATOPOB OOBEKTAM, KOTOPbIE EIlle He UMEIOT HX.

JiucTuHr 5.2. PaclumpeHHbiii knacc LinkingContext
class LinkingContext

{

public:
LinkingContext():
mNextNetworkId(1)
{1

uint32_t GetNetworkId(const GameObject* inGameObject,
bool inShouldCreateIfNotFound)

{
auto it = mGameObjectToNetworkIdMap.find(inGameObject);
if(it != mGameObjectToNetworkIdMap.end())
{
return it->second;
else if(inShouldCreateIfNotFound)
{
uint32_t newNetworkId = mNextNetworkId++;
AddGameObject(inGameObject, newNetworkId);
return newNetworkId;
}
else
{
return 0;
}
¥

void AddGameObject(GameObject* inGameObject, uint32_t inNetworkId)
{
mNetworkIdToGameObjectMap[inNetworkId] = inGameObject;
mGameObjectToNetworkIdMap[inGameObject] = inNetworkId;

}

void RemoveGameObject(GameObject *inGameObject)

{
uint32_t networkId = mGameObjectToNetworkIdMap[inGameObject];
mGameObjectToNetworkIdMap.erase(inGameObject);
mNetworkIdToGameObjectMap.erase(networkId);

¥

// ocTanca 6e3 U3MeHeHuh ...
GameObject* GetGameObject(uint32_t inNetworkId);

private:
std::unordered_map<uint32_t, GameObject*> mNetworkIdToGameObjectMap;
std:: unordered_map<const GameObject*, uint32_t>
mGameObjectToNetworkIdMap;

uint32_t mNextNetworkId;
}
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Hosast iepementasi-usieH mNextNetworkId XpaHUT CJIe/lyIONIiT HEUCIIOIb3YEMBbIN ceTe-
BOH MIEHTU(PUKATOP U YBEJIMYUBAETCSA BCAKUH Pa3, Korja oH 3ajeiicTByercs. Tak kak
TepeMeHHast XPaHuT 4-6aiiTHoe 11eroe 9rcsio 6e3 3HaKa, MOKHO TIPEAMONOKNUTD, YTO OHA
HUKOT/[a HE TIEPEMOTHUTCS: B CTy4astX, KOTIA B MPOIIECCE UTPhI MOYKET MOHATOOUThCST
perIIupoBarh 6oJee 4 MULIAPAOB 00bEKTOB, HEOOXOAUMO peaiu30BaTh O0JIee CI0K-
HYIO cuCTeMY. A TIOKa TIPETTOIOKIIM, YTO MTPOCTON HAPAIIMBAEMBIN CUCTUNK HAEKHO
rapaHTUPYeT YHUKAJIbHOCTD CETEBBIX UAEHTU(DUKATOPOB.

Korma ysen 6yzer rotos 3anucath uaeHTH(GHUKATOP U3 inGameObject B maker ¢ co-
crosgHueM oObeKTa, OH BbI30BeT mLinkingContext->GetNetworkId(inGameObject,
true), cOOOMIMB 9K3eMILIAPY LinkingContext, 4TO TOT JOJIKEH CreHEPUPOBATh CETEBOI
UAeHTU(UKATOP, ECIU 9TO HEOOXOAMMO. 3aTeM OH 3allilieT UAeHTU(UKATOP B IIAKET
BeJtent 3a OaiitoMm PacketType. Korjia yiaieHHbBIIH y3€J1 TOMYYUT TAKET, OH MPOYUTAET
UIEeHTU(GUKATOP U € TIOMOIITBIO CBOETO 9K3eMTIIsIpa LinkingContext TombITaeTCs HAlTH
TpebyeMblii 00beKT. Ecii 00bekT OyaeT HalileH, y3e CMOKET IeCePUaTN30BaTh JaHHbIE
HEIOCPE/ICTBEHHO B HETO. B IPOTUBHOM ciiydae OyeT CO3/[aH HOBbIIT OOBEKT.

Yro06bI cO3/1aTh HOBBIN OOBEKT, YAATECHHBIN y3eJ T0JKEH UMETh MH(MOPMAIIUIO O KJIacce
00bEKTa. Y3eM-0TIPABUTEIb TIPEOCTABIISIET ATy WHHOPMAITHIO, CEPUATTI3YST HEKOTOPBIi
uaeHTIUKATOP KIacca Beyiesl 3a MaeHTHhUKATOpoM obbekta. OHO U3 peleHuii «B 106>
COCTOHUT B TOM, YTOOBI BBIOPATh UACHTU(DUKATOP KIAcCa U3 MHOKECTBA, UCIIOJIB3YS Me-
XaHu3M JAUHAMUYECKO# naenTuduKaium Tua, Kak mokasano B jucrunre 5.3. [Tocie
ATOTO MPUHUMAIONINI y3es MOT Obl UCIIOJIb30BATh WHCTPYKIIMIO switch, Kak moka3aHo
B JIUCTUHTE 5.4, 4TOOBI CO3/IaTh 9K3EMILISIP HY/KHOTO KJIacca 10 WAEHTH(UKATOPY KJIacca.

Jnctunr 5.3. XXecTko onpeaeneHHas, TECHO CBAi3aHHas uaeHTUdUKauma knacca

void WriteClassType(OutputMemoryBitStream& inStream,
const GameObject* inGameObject)

if(dynamic_cast<const RoboCat*>(inGameObject))

{
inStream.Write(static_cast<uint32_t>('RBCT'));

}

else if(dynamic_cast<const RoboMouse*>(inGameObject))

{
inStream.Write(static_cast<uint32_t>('RBMS'));

else if(dynamic_cast<const RoboCheese*>(inGameObject))
{
inStream.Write(static_cast<uint32_t>('RBCH'));
¥
¥

JinctuHr 5.4. XKectko onpefeneHHoe, TECHO CBA3aHHOE CO3laHue dK3eMIJIApPoB
GameObject* CreateGameObjectFromStream(InputMemoryBitStream& inStream)

{
uint32_t classIdentifier;
inStream.Read(classIdentifier);
switch(classIdentifier)

{

case 'RBCT':
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return new RoboCat();
break;

case 'RBMS':
return new RoboMouse();
break;

case 'RBCH':
return new RoboCheese();
break;

}

return nullptr;

}

Hecmotpst Ha paboTOCTTIOCOGHOCTD, ATO PEIIEHUE SABJSIETCST OY€HD HECOBEPIIEHHBIM 10
HECKOJIbKUM Npu4YnHaM. Bo-1iepBbIX, 3/1eCh UCII0Jb3yeTcsd onepaTop dynamic_cast,
Tpebyomuii BKaUeHust BcTpoeHHoi nomaepsxkkn RTTI' 8 C++. Mexanuam RTTI
YACTO OTKIIOYACTCS B UTPaX, TaK Kak TPEGYeT JOTIOMHUTETBHON MaMSITH JIJIST XPAHEHVIST
nuopmaIuu 0 KaK/JI0M Kiacce nojgumopduoro Tumna. Kpome toro, gantoe peiietue
06pasyeT TECHYTO CBA3b MEKIY CHCTEMON UTPOBBIX OOBEKTOB M CHCTEMON PETIITNKATIH.
Kaskpiit pas, Koria BOSHUKHET HEOOXOANMOCTD TOGABUTH B UTPOBYIO MOJIETh HOBBII
KJjlacC 1 O6eCHe‘{I/ITb BO3MOJKHOCTD €TI0 pelJInKaliuu, BaM IIPpUAETCA BHECTU U3MEHEHU A
B 00e hyHKIINN — WriteClassType 1 CreateGameObjectFromStream — B CETEBOM KOJIE.
O6 9TOM J1eTKO 3a0BITH U B PE3yIBTaTe MOTYINTh HECOTTACOBAHHBII TIPOTPAMMHBIH KOJI.
KpOMe TOrO, €CJIN TOABUTCA KeJaHWe ITOBTOPHO UCIIOJIb30BaThb CUCTEMY PEIVINKAIlNN
B HOBOI WTPe, /75T 9TOTO TIOHAMOOUTCST TOJTHOCTDHIO TTEPETTHCATD ATH (DYHKITHH, KOTOPBIE
CCBLJIAIOTCS Ha UTPOBOM KOJ| B IpeskHel urpe. Hakower, TecHasg B3auMO3aBUCUMOCTD
IIpOrpaMMHbIX KOMITIOHEHTOB CYHIECTBEHHO YCJ/IOXKHAET MO/IyJIbHOE€ TECTUPOBaHUE, TaK
KaK TeCTbl He CMOTYT 3arpy3UTh CeTeBOI MOy /b, He 3arpy3UB UTPoBoil. B ToM, uTo urpo-
BOH KOJI 3aBUCUT OT CETEBOI0, HET HUYero KPUMMHAJIBLHOTO, HO CETEBO KOJ/L HUKOT/Ia He
JIOJIKEH 3aBUCETh OT UTPOBOTO.

Oc1abuTh CBA3b MEXK/LY UTPOBBIM U CETEBBIM KOJIOM MOKHO, 0600IIUB NAECHTU(DUKALINIO
0OBEKTOB U CO3/IaB B CUCTEME ITPOLIELYPHI, HCIIONb3YOIINE PEECTP CO3/IaBAEMBIX 00b-
€KTOB.

PeecTp co3aaBaeMbix 06bEKTOB

Peecmp cozdasaemvix 06pexmos oTobpaskaet upaeHTUGUKATOp Kiacca B (PyHKIIUIO, CO3-
JAIOLLYI0 00beKT JaHHOro Kaacca. C OMOIIBIO PeecTpa CEeTeBOil KO MOKET OTHICKUBATh
dyHKIUIO 110 UAeHTI(GUKATOPY U BBI3BIBATH €€ JIs CO3Aanus TpebyeMoro oObeKra.
Eciin urpa Briogaet cucremy pedJieKCHI, BEPOSITHO, Y BAC YiKe Peai30BaHa CUCTEMA
UeHTU(DUKAIIMN, €CTTH HET — €€ HECJIOKHO CO3/IaTh.

Kaskipiil permunupyemMbiil KJIace J0JKeH GbITh MOATOTOBJICH K COXPAHEHUIO B PEECTPE.
Jliist Havasma KasIoMy KJiaccy JOJUKEH OBITh MPUCBOEH YHUKAJIBHBIN UeHTU()UKATOD
7 COXpaHeH B CTAaTHUECKOI KOHCTaHTe ¢ MMeHeM kClassId. [l naeHTnUKAImm Kiac-

! RTTI (Run-Time Type Identification — urdopmarins o TIe BpeMeH! BbINOJTHEHKs ) — MeXa-

HU3M, HOSBO]ISHOIJ_[I/II\/)I OIIpe/ieJIATb TUIIbL 00BEKTOB BO BpeM: BbITIOJIHEHUA. — Hpufvteu nep.
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COB MOKHO ObLJIO ObI HCII0JIb30BATh TJI00a/bHO YHUKaJIbHbIE uaeHTndukatopst GUID,
4yTOOBI MCKJIIOYUTh BOSMOKHOE UX COBIajeHKe, ogHako 128-6urHble niaeHTuduKaTopb
MOTYT OKa3aThCsI CIMIITKOM 00PEMEHUTETbHBIMU JIJIsT HEOOJIBIIIOTO MOIMHOKECTBA
KJIACCOB, MOJITIEKAIUX PerInKaiuu. Hermoxoil aqsrepHaTHBON MOTYT OKa3aThCs ye-
TBIPEXCUMBOJIbHbIE JINTEPAJIBI HA OCHOBE UMEHU KJIACCA C MOCJAeAYIONIell ITPOBEPKO
KOH(DJIUKTOB TIPH 3aITMCH KJIacCOB B peecTp. Ilocieanss aqbrepHaTUBAa — CO3/IaBaTh
UIEeHTUDUKATOPHI KJIACCOB BO BPeMs KOMITHJISAIINY C UCIIOTh30BAHIEM UHCTPYMEHTA
cOOPKH, ABTOMATHYECKU TEHEPUPYIOIIETO YHUKAIBHDIE KOJIBL.

BHUMAHME [logaepxka YeTbIpeXCUMBOMbHBIX SIMTEpanoB 3aBUCUT OT peanusaumun. OnpepeneHve
32-paspsiAHbIX 3HAYEHUI B BUAE YETbIPEXCUMBOJIbHBIX NIMTEPANOB, Takvx kak 'DXTS’ wunu 'GOBJ’, paeT
NPOCTYIO U MOHSATHYIO CUCTEMY UAeHTUdUKALMK. Takol crnocob XopoLl eLle TeM, YTO MAEHTUPUKATOPLI
SICHO pa3NNYUMbl B jaMre naMmsTy nakeTa. Mo 3Tol NpuuMHe MHOTME CTOPOHHWE ABWMXKM, OT «Unreal»
[0 «C4», UCMONb3YIOT Takue 3HaueHusl, Kak Mapkepbl U uaeHTUdUKaTOpbl. K coxaneHuto, nofo6Hbii
noaxoA onpefensieTcs ctaHaapToM C++ Kak 3aBUCSILLMIA OT peanus3aumu, TO eCTb He BCe KOMMUISTO-
pbl OAMHAKOBO NpeobpasyloT CTPOKOBbIE NMTepasbl B LENOYUCIEHHOe npeacTaBneHne. bonblnHCTBO
koMnunsTopos, Bkatovas GCC u Visual Studio, MCnonb3ytoT OAVMHAKOBbIE COrMALLIEHUS, HO €C/U Bbl CO-
61paeTech UCMOob30BaTb MHOrOCMMBOJIbHbIE SIUTEPasbl NS B3aMOAEUCTBUN MeXAY NpoLeccamMu, CKOM-
NWAMPOBaHHBIMX pa3HbIMK KOMNUNSTopamu, ybeanTech cHayvana, 4to oba komnunaTopa npeobpasyoT
nmTeparsbl OAMHAKOBO.

[MocJie MPUCBOEHMST KAXKIOMY KJIACCY YHUKATBHOTO HeHTH(GUKaTOpa Jo6aBbre B Game -
Object BupTYyanbHyIo hyHKIMIO GetClassId. [lepeonpenennre aTy (HyHKIUIO B KAXKIOM
TOoYepHEM KJTacce, HacIeayromeM GameObject, 4ToOBI OHa BO3BpaIiaia WIeHTH(HUKATOP
cBoero kiacca. Hakonerr, 106aBbTe B KasKAbIH TOYEPHUN KJIACC CTATHYECKYIO (DYHK-
I[UI0, CO3/IAIONIYIO U BO3BPAIIAIONIYIO IK3EMILISP Kiacca. B juctunre 5.5 mokasamb
GameObject 1 /iBa JOYEPHUX KJIacca, IOATOTOBICHHbBIE K 3aIICH B PEECTP.

JinctuHr 5.5. Knaccbl, noarotoBsieHHbIE K 3aNUCy B peecTp co3faBaeMbiX 06beKTOB
class GameObject

{

public:
//...
enum{kClassId = 'GOBJ'};
virtual uint32_t GetClassId() const {return kClassId;}
static GameObject* CreateInstance() {return new GameObject();}
//...

s

class RoboCat: public GameObject

{

public:
//...
enum{kClassId = 'RBCT'};
virtual uint32_t GetClassId() const {return kClassId;}
static GameObject* CreateInstance() {return new RoboCat();}
//...

s

class RoboMouse: public GameObject

{
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//...

enum{kClassId = ‘RBMS’};
virtual uint32_t GetClassId() const {return kClassId;}
static GameObject* CreateInstance() {return new RoboMouse();}
//...

¥

OO6paruTte BHUMaHUE, 4TO KayK/bIi J0YEPHUIT KJIACC JOJIKEH PEaln30BbIBATh BUPTYaJib-
HYIO (byHKuI/HO GetClassId. /laxe IIpX TOM, YTO KO/l BBIIVIAANT UAEeHTUIHBIM, BO3Bpallia-
eMble 3HaYeHus OT/IMYAIOTCs, IOTOMY UTO OTJIMYalOTCA KOHCTaHThl kClassId. Tak kak Bo
BCEX KJIAaCCaX MUCIIOJIb3YETCs OJIUH U TOT K€ KOJI, HEKOTOPbIE PaspabOTYUKK TIPE/IIOUNTA-
0T TEHEPUPOBATH €0 C IIOMOIIBIO MAaKpOca IIperpoleccopa. Boobue roBOps, CJIOKHbBIE
MaKpOChI IIPENpoIleccopa Jiyullle He NCII0JIb30BaTh, TaK KaK COBPEMEHHbBIE OTIQJIYNKN He
0YeHb XOPOIIO paboTaAIOT ¢ HUMU, HO OHU ITOMOTalOT YMEHBIINUTH BEPOSITHOCTD omunooK,
KOTOPbIe MOT'YT BO3HUKATb IIPU MHOTOKPATHOM KONTMPOBaHuM (pparMeHToB koja. Kpome
TOTO, €CJIU CKOMMMPOBAHHBINA KO BIOCTIEICTBUN HOTpe6yeTC$I U3MEHUTH, IIPU UCIOJIb-
30BaHUM MaKpoca JOCTaTOYHO 6y11eT U3MEHUTD CaM MaKpPOC, 4YTOObI PACIIPOCTPAHUTD
M3MeHeHUsl Ha Bce Kiaacchl. JIMCTUHT 5.6 1eMOHCTPUPYET, KaK UCIIOIb30BATh MAKPOCHI
B TaKUX CJIydasx.

JInctuHr 5.6. Knaccbl, NoarotToB/ieHHbIE K 3aMUCy B peecTp co3faBaeMbiX 06beKToB
C UCNONIb30BaHUEM MaKpoca

#tdefine CLASS_IDENTIFICATION(inCode, inClass)\
enum{kClassId = inCode}; \

virtual uint32_t GetClassId() const {return kClassId;} \
static GameObject* CreateInstance() {return new inClass();}

class GameObject

{
public:
//...
CLASS_IDENTIFICATION('GOBJ', GameObject)
//...
¥

class RoboCat: public GameObject

{
/...
CLASS_IDENTIFICATION('RBCT', RoboCat)

/]
}s

class RoboMouse: public GameObject

{
/...
CLASS_IDENTIFICATION('RBMS', RoboMouse)

/...
}s

CumMBoJIBI \ B KOHIIE KayKI0Mi CTPOKH B OIIpEAECJICHNN MaKpoca COO6H.[EIIOT KOMIWJIATOPY,
4TO ollpeeJieHrE ITPO/JOJIZKACTCA Ha CJIelIYIOIHefI CTPOKE.
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[TokoH4uB ¢ cucremMoil neHTU(GUKAINN KJIACCOB, CO3/1a/luM ObjectCreationRegistry
JUIST XpAaHEHUS KaPThl COOTBETCTBUHN MIeHTU(UKATOPOB U (DYHKIIUI CO3IAHUST KJIACCOB.
UrpoBoii Ko, TOTHOCTHIO HE3ABUCUMBIN OT CUCTEMBI PEIJIUKAIINT, MOKET 3aII0JTHUTD
3Ty KapTy uH(popMaIue o Kiaaccax, MoIEPKUBAIONINX PEIJIMKAIMIO, KaK TOKa3aHO
B suctunre 5.7. C TeXHUUECKON TOUKK 3peHrs Kacc ObjectCreationRegistry He 006s3a-
TEJIbHO JI0JIKeH ObITh cunzmonom (singleton), Kak IoKasaHo B JIMCTUHTE 5.7, JOCTATOYHO
c/eJIaTh ero JOCTYITHBIM JIJI UTPOBOIO U CETEBOTO KOJIA.

Jinctunr 5.7. Knacc ObjectCreationRegistry, cMHrnTOH 1 kapTa
typedef GameObject* (*GameObjectCreationFunc)();

class ObjectCreationRegistry

{
public:
static ObjectCreationRegistry& Get()
{
static ObjectCreationRegistry sInstance;
return sInstance;
}
template<class T>
void RegisterCreationFunction()
{
// npoBepuTb OTCyTCcTBMe aybnukaTa uaeHTudukaTopa kniacca
assert(mNameToGameObjectCreationFunctionMap.find(T::kClassId) ==
mNameToGameObjectCreationFunctionMap.end());
mNameToGameObjectCreationFunctionMap[T: :kClassId] =
T::Createlnstance;
}
GameObject* CreateGameObject(uint32_t inClassId)
{
// BobaBbTe MpoBepKy Ha Ha/luyne owubKM — B HAcToAwee Bpems
// NpOUCXOAWT aBapuitHoe 3aBeplweHue, ecnu (YHKUMS He HalgeHa
GameObjectCreationFunc creationFunc =
mNameToGameObjectCreationFunctionMap[inClassId];
GameObject* gameObject = creationFunc();
return gameObject;
}
private:
ObjectCreationRegistry() {}
unordered_map<uint32_t, GameObjectCreationFunc>
mNameToGameObjectCreationFunctionMap;
¥

void RegisterObjectCreation()

{
ObjectCreationRegistry::Get().RegisterCreationFunction<GameObject>();
ObjectCreationRegistry::Get().RegisterCreationFunction<RoboCat>();
ObjectCreationRegistry: :Get().RegisterCreationFunction<RoboMouse>();

}
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Tumn GameObjectCreationFunc — aTO ykasaTesib Ha (DYyHKIMIO C CUTHATYPOH, COOT-
BeTCTByIOLuef/’I CUTHAType CTaTUIECKOTO MeTo/la CreateInstance B KaK/OM KJIacCe.
RegisterCreationFunction — 3T0 MIA0JIOH, UCIOMB3YEMbIH JJIST TIPEIOTBPAIICHUST
HeCOBIIa/leHns njeHTrudrKaTopa Kiacca ¢ (pyHKIMel co3aanus ak3emiisgpa. B ko,
OCYIITECTBISIONNH MTHUTINATN3AIIAIO UTPHI, 100aBbTE BHI3OBDI RegisterObjectCreation
LTS 3aMTOJTHEHUS peecTpa UACHTU(HUKATOPAMT KJIACCOB M CChLIKAaMH Ha (DYHKITUHU CO3-
JIAHUA 9K3EMILIAPOB.

Tenepnb, Korjia y3J1y-oTIIPaBUTEIIO oHazo0uUTCA 3a11caTh B IIaKeT uneHTudUKaTOp
KJIacca, HacJIeyroIero GameObject, OH CMOKET IIPOCTO BbI3BATH €70 MeTO/[ GetClassId.
Korpa mpuanmaroniemy y3iry MOHAZO00UTCS CO3/aTh IK3EMILISIP YKa3aHHOro Kjacca, OH
IIPOCTO BBI3OBET MeTO]| CreateGameObject 0ObeKTa peecTpa U MepesacT eMy MAeHTH-
(ukarop knacca.

B neficTBuTesbHOCTN MaHHASA CUCTEMA SIBJSETCS HeCTAaHAAPTHON Bepcueil CUCTeMBbl
RTTI, Bcrpoetnoii B a3bik C++. Byyun HarmcaHHOl BpyUYHYyo, OHa JaeT OoJiee TOIHbII
KOHTPOJIb HAJl PeCypCaMu MaMsITH, pa3MepOM TUTIA UACHTU(PUKATOPA U COBMECTUMOCTBIO
C Pa3HBIMH KOMITUJIATOPAMU, YeM CTAHAPTHBIN oriepatop typeid B C++.

COBET Ecnvm Bawa urpa ucnonb3yeT cucteMy pecdnekcun, nogobHyo TOW, YTO onucaHa B pasgene
«Cepuvanusauusl, ynpaenseMasi AaHHbIMU» B TaBe 4, MOXETe BOCMOMb30BaTbCs 3TOM CUCTEMOI BMe-
CTO OnMCaHHoOW 3aeck. MpoCTo B KaXAblM Knacc, Hacnegytowmii GameObject, A06aBbTe BUPTyasbHYIO
dyHKUMIO GetDataType, KOTOpas Bo3Bpalyana 6ol DataType obbekTa BMECTO naeHTUdmMKaTopa Knacca.
3aTeM fgobaBbTe YHVKambHbIM MaeHTUdMKATOp B Kaxablli DataType M hyHKLMIO CO34aHUS SK3EMMIspa.
Mpu Takoii opraHm3aumm peecTtp 6ynet otobpaxaTb He MAEHTUDMKATOPLI KMaccoB B PYHKLMM, a UAeH-
TUbMKaTOpbl TUMOB AaHHbIX B DataType. YTO6bl BLINOMHWUTL PeENINKaLMIO B 3TOM Ciyyae, Mnonyuute
DataType BbI30BOM MeTofa GetDataType U cepuanusyite ugeHTudmkatop DataType. YTobbl co3aaTh
3K3eMMnIsp, HanauTe B peectpe DataType MO MAEHTUMMKATOPY M UCTONb3YTE PYHKLMIO CO34aHUSs 3K-
3emnnisipa U3 DataType. ITO peLleHue NOMOXET caenaTb DataType AOCTYNHbIM Ast 0606LEHHOW cepu-
anMsaumnm ¢ NpUHUMatoLEN CTOPOHbI PenIMKaLum.

Heckonbko 06BHEKTOB B NakeTe

Kak y:xe ormeuasioch panee, apeKTUBHOCTD UCITOJIb30BAHMS [TOJIOCHI IIPOITYCKAHUS TEM
BbIIIIE, YeM OJirske pasmep naketa K Bennanae MTU. Ho He Bce 00bEKTBI UMEIOT TaKOii
GOJIBINTON pasMep, MOAITOMY /TSI TIOBBITEHNsT 3(DPEKTUBHOCTH MOKHO OPTaHU30BaTh
OTIIPABKY B OJJHOM ITAKeTe CPa3y HECKOJIbKUX 00bEKTOB. JIJIs1 3TOT0 y3€es, OTMEeTHBIIHUL
IMaKeT MPU3HAKOM PT_ReplicationData, IpOCTO MOJKEH MOBTOPUTDH CJAEAYIONINE OTle-
paIy ¢ KaKIbIM 00HEKTOM:

1. 3amucarb cereBoil upeHTUGUKATOP 0OBEKTA.
2. 3ammcarb uaeHTH(GUKATOP Kaacca 0ObeKTa.
3. 3amucarh cepraTM30BaHHOE MPEACTaBIEHUE OOBEKTA.

Korma npuHUMAIonuii y3es 3aBepIinT Jeceprain3anuio 00bheKTa, BCe HEUCIOTb30BAH-
HbIC TaHHBbIEC B ITAKETE TOJIKHBI MHTEPIIPETUPOBATHCA UM KaK €IIe OJITMH O6'BEKT. To ectn
y3eJl I0JIKEH MOBTOPSTH MPOIE/y Py U3BJIeUeHMs 0OBEKTa U3 MaKeTa, TIOKa B HEM He
OCTAHETCST HENCITOIB30BAHHBIX GANTOB.
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MpocTas pennukauusi COCTOSAHUS MUpa

VMest 3aKOHUEHHYIO CUCTEMY PEIITMKAIIMN 00bEKTOB, HECJOKHO OPTraHU30BaTh pe-
TTHKAIIIO COCTOSTHUSI BCETO MUPA TYTEM PETJIKAIUN BCeX OOBEKTOB B TOM MUPE.
Ecstit urpoBoii MUpP OTHOCUTEIHO HEBEJIHK, KaK B OPUTHMHAIBHOU urpe «Quakes, Toraa
COCTOSTHIIE BCETO MUPA MOKHO YMECTUTD B OUH MaKeT. B suctunre 5.8 npuBogutcs
MCXOMHBIH KOJ AMCIIeTYePa PEITIKAIINN, KOTOPHII MepefiaeT COCTOSTHUE BCETO MUpa
UMEHHO TAKUM CIIOCOOOM.

Jinctunr 5.8. Pennukauumsa cocTosHUsA Mupa
class ReplicationManager

{
public:
void ReplicateWorldState(OutputMemoryBitStream& inStream,
const vector<GameObject*>& inAllObjects);

private:
void ReplicateIntoStream(OutputMemoryBitStream& inStream,
GameObject* inGameObject);

LinkingContext* mLinkingContext;

s

void ReplicationManager::ReplicateIntoStream(
OutputMemoryBitStream& inStream,
GameObject* inGameObject)

// 3anucaTb UAeHTUPMKATOp UrpoBOoro obbekTa
inStream.Write(mLinkingContext->GetNetworkId(inGameObject, true));

// 3anucaTb uAeHTUPMKATOp Kiacca UrpoBoro obbekTa
inStream.Write(inGameObject->GetClassId());

// 3anucaTb [AaHHble U3 UrpoBOro obbekTa
inGameObject->Write(inStream);

}

void ReplicationManager::ReplicateWorldState(
OutputMemoryBitStream& inStream,
const vector<GameObject*>& inAllObjects)
{
// OTMeTUTb NaKeT KaK COAEepXaWwuii LaHHble ANA pernimkauuu
inStream.WriteBits(PT_ReplicationData, GetRequiredBits<PT_MAX>::Value );

// 3anucaTtb BCe 06bEKTHI
for(GameObject* go: inAllObjects)
{

ReplicateIntoStream(inStream, go);
¥
¥

ReplicateWorldState — a10 obmenocrynnas (public) GyHKIMS, KOTOPYIO BHI3BIBAIOIIMIL
KOJI MOJKET MICTIOT30BATD [I7TsT 3aTIMCH JAHHBIX M3 KOJJIEKITIN OOBEKTOB B MCXOSTIITI



164 FnaBa 5 e Pennukauus o6beKToB

noTok. CHavasia oHa 3aMMChIBAET METKY, c006111a101uy10, 4TO JIaHHbIE IIPe/lHa3HAYEHbI
JUIS pellInKalny, U 3aTeM C IIOMOIIBIO IPUBATHOIO MeToa ReplicateIntoStream
3alnuCBIBaeT Bee 0O0BeKTH 1o oTaeabHoctn. C momompio o0bekTa LinkingContext
ReplicateIntoStream 3aMCHIBAETCS CETEBON UEHTU(MUKATOP KAXKIOTO 00BEKTA U C 110~
MOII[bIO BUPTYAJIbHOTO MeTO/[a GetClassId — upeHTU(dUKATOP KiIacca 00beKTa. 3aTeM
BBI3BIBACTCS BUPTyaIbHast (DYHKITUS Write UTPOBOTO oObeKTa J1Is cepuanusannm gax-
TUYECKUX JJAHHBIX.

MOJIYYEHUE YUCJIA BUTOB, HEOBXOAUMBbIX
Aansi CEPMAJIN3ALINN 3HAYEHUA

Kak Bbl HaBEPHSIKa NMOMHUTE, GUTOBbIN NOTOK MO3BOMSIET CEPUANIM30BaTb 3HAYEHUS MONEN B Npo-
M3BOJIbHOE 4YMCNo 6uToB. Yncno 6UTOB AO/MKHO ObITb AOCTAaTOYHO 60MbLIMM, YTOObI BMECTUTH
MaKCUMasibHO BO3MOXHOE 3HauyeHue nossi. Mpy cepuanusaumm nepeduncieHnin KOMIUIsTop Mo-
XET BblUMCUTL Hambosiee Noaxoasiiee Yncno bUToB Ha 3Tane KOMMUASUMK, YCTPaHsis BEPOST-
HOCTb OLIMOKM NpU A06ABNEHUN UMW YOQANIEHUN SIEMEHTOB MEPEUYUCIEHNn. XUTPOCTb 3aKitoya-
€TCs B TOM, YTOObl CHAbAUTb NMOCNEAHUN SNIEMEHT NEPEUNCIEHNS OKOHYaHWeM _MAX. Hanpumep,
B nepeyncneHun PacketType mocneiHuin aN1eMeHT HasbiBaeTca PT_MAX. B aToM cnyyae nopsia-
KOBbI HOMEP 3/1EMEHTa _MAX aBTOMaTUYecku ByaeT YBeNMUMBATLCA UM YMEHbLLATLCS NpU A0-
6aBneHnn U yaaneHum 351IEMEHTOB, U Bbl JIEFKO CMOXETE OMpeaesiMTb MaKCMMasibHOe 3HaYeHne
B MEpPEYNCIEHUN.

[anee Metoa ReplicateWorldState CMOXET nepeaaTb 3HaYEHWE 3TOr0 NOCNEAHErO 31IEMEH-
Ta B WAbNOHHOM aprymeHTe MeToay GetRequiredBits (cM. ganee) Ans BbIYMCIEHUS YmMC-
na 6uToB, HeObX0AMMBIX AN MPEeACTaBleHUS MaKCMManbHOro 3HadeHus Tuna naketa. Ans
6onbluein 3hhEKTUBHOCTM, YTOObI BCE BbIYMCIEHUS BbIMOJHANUCL HA 3Tamne KOMMUASUMM,
3/eCb MUCMOJb3yeTCs NPUEM, U3BECTHbIV Kak wabrioHHoe MemarpoepammuposaHue (template
metaprogramming), KOTOpPbI1 MHOIME CYMTAIOT TEMHOW CTOPOHOM WMCKYCCTBa MporpamMMmnpoBa-
HMS Ha C++. S3bIK WabnoHoB C++ HACTOMBKO CMOXEH, YTO (PaKTUYECKN peann3yeT BCeNIEHHYIO
TblOpUHra 1 MNO3BOJIET KOMMUASTOPY BbIYUCIUTL Pe3yfbTaT NMPOW3BOIbHOM DYHKLUMUM — Mpu
YC/I0BUM, YTO BXOAHble €e MapaMeTpbl U3BECTHbl Ha 3Tane KoMnunsuuMu. B gaHHOM cnydae
KOZA BbIYMCNIEHUS YMCia 6UTOB, HEOOXOAMMBIX ANS MPEACTABEHNS MAaKCUMAJIbHOMO 3HAYEHUS,
VUMEET Crieayowmin Bua:

template<int tValue, int tBits>

struct GetRequiredBitsHelper

{

enum {Value = GetRequiredBitsHelper<(tValue >> 1),
tBits + 1>::Value};

s

template<int tBits>

struct GetRequiredBitsHelper<®, tBits>
{

enum {Value = tBits};

s

template<int tValue>

struct GetRequiredBits

{

enum {Value = GetRequiredBitsHelper<tValue, ©>::Value};
s
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LLlabnoHHOE MeTanporpaMMMpOBaHUE He MMEET aHasloroB OMepaTopaM LMKIIOB, MO3TOMY BMe-
CTO WTepaumii AO/HKHA MCMOMb30BaThCs pekypcus. To ecTb GetRequiredBits nosaraercs Ha
PEKYpPCHBHbIN BbI30B GetRequiredBitsHelper, BbIMOMHAOLWMIA MOUCK HANBOSbLIEr0 YCTAHOB-
JIEHHOrO 6MTa B 3HAYEHUM apryMeHTa U TEM CaMbIM BbIYMCISAIOLWMNIA YMCIO BUTOB, HEOBXOANMBIX
NSl NpeACTaBeHns 3HayYeHns. OTO AeNaeTcs NyTeM yBennyeHns apryMmeHTa tBits Ha eauHuly
C KakablM CABUrOM aprymeHTa tValue Ha oguH 6wt BnpaBo. Koraa 3HaueHue tValue pgocTur-
HeT 0, byaeT Bbi3BaHa creumanu3aums 6a3oBoro ciyyas, KoTopas NpocTo BEPHET HAKOMIEHHOe
3HayeHue tBits.

C BbIxogoM craHgapta C++11 nosiBunacb BO3MOXHOCTb MWCMONb30BaTb K/OYEBOE C/I0BO
constexpr, NPeAOCTaBNAIOLIEE TE XKE BO3MOXHOCTU, YTO M LWabnoHHOE MeTanporpaMMUpoBa-
HUE, HO C MEHBLLMMM CITIOXXHOCTAMM. OIHAaKO K MOMEHTY HarnmcaHusi STUX CTPOK AaHHbIN CTaHAApT
noAAep>KMBancs He BCEMU COBPEMEHHBIMU kKoMnunaTopamu (Hanpumep, Visual Studio 2013), no-
3TOMY A1 COBMECTMMOCTM 6e30macHee noka Ucrnonb3oBaTb NPUEM Ha OCHOBE LWAb/IOHHOrO MeTa-

NporpaMM1MpoBaHusi.

[Momyuns maket ¢ wHbOPMAIIUEH TS PETTUKATINT COCTOSTHUS, TPUHUMAIOIIHIT y3eJT TIe-
PEIACT €0 IUCIIETYEPY PEIIMKAIMN, KOTOPBIN BBITOJHUT 00XO0/] BCEX CEPUATU30BAHHBIX
00beKTOB B Takete. Ecan TpeGyeMbIii ITPOBOiT 00HEKT OTCYTCTBYET, KITHEHT CO3/IACT €70
U JIECEPUATTM3YET COCTOSAHNE B HEro. EC/In UrpoBoil 06BEKT CYIECTBYET, KIUEHT OOHAPY-
JKUT €r0 U JIECEPUATU3YET COCTOSIHIE B CYIIECTBYIONIUI 00bEKT. 3aKOHUUB 00paboTKy
[aKera, OH YHUYTOKUT BCE JIOKATbHBIE UTPOBBIE OOBEKTHI, 1T KOTOPBIX HE HAILIOCh
MaHHBIX B MTAKETE, TaK KaK OTCYTCTBUE JAHHBIX TOBOPUT O TOM, YTO COOTBETCTBYIOIIUIL
UTPOBO#T 0OBEKT OTCYTCTBYET B UTPOBOM MUPE y3Jia-0TiipaButelist. B sucrunre 5.9 npu-
BOZIUTCST IOTIOTHUTETHHAS YaCTh UCTIETYePa PETLTHKAIINH, OTBEYAIONTast 3a 00paboTKy

BXO/ANIETO TMMaKeTa, OTMEYEHHOI'O KaK IMaKeT C JJAaHHBIMU [IJIS PEIVIMKAIUH.

Jinctuur 5.9. Pennukauumsa cOCTOSHUSA MUpa
class ReplicationManager

{
public:
void ReceiveReplicatedObjects(InputMemoryBitStream& inStream);

private:
GameObject* ReceiveReplicatedObject(InputMemoryBitStream& inStream);

unordered_set<GameObject*> mObjectsReplicatedToMe;

s

void ReplicationManager: :ReceiveReplicatedObjects(
InputMemoryBitStream& inStream)
{

unordered_set<GameObject*> receivedObjects;

while(inStream.GetRemainingBitCount() > 0)

{
GameObject* receivedGameObject = ReceiveReplicatedObject(inStream);
receivedObjects.insert(receivedGameObject);

}

// Tenepb BbINONHUTL 06Xx0n mObjectsReplicatedToMe.
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// ecnn B naketTe OTCYTCTByeT MHbopmauua ansa obbvekTa,
// YHUHTOXWUTb ero
for(GameObject* go: mObjectsReplicatedToMe)

{
if(receivedObjects.find(go)!= receivedObjects.end())
{
mLinkingContext->Remove(go);
go->Destroy();
}
}

mObjectsReplicatedToMe = receivedObjects;

}

GameObject* ReplicationManager::ReceiveReplicatedObject(
InputMemoryBitStream& inStream)

{
uint32_t networkId;
uint32_t classId;
inStream.Read(networkId);
inStream.Read(classId);

GameObject* go = mLinkingContext->GetGameObject(networkId);
if(!go)
{
go = ObjectCreationRegistry::Get().CreateGameObject(classId);
mLinkingContext->AddGameObject(go, networkId);
¥

// NpoYnTaTb W3MeHeHus
go->Read(inStream);

// BepHYTb UrpoBOW O6BEKT, YTOObI 3aMOMHUTbL €ro
// Kak NpuHATbLIA B nakeTe
return go;

Korma xop, mpuHUMAIONINI MTAKET, TPOYUTAET €ro TUII U OIIPE/IEUT, YTO MaKeT Cojiep-
SKAT JIAaHHBIE 7151 PeTTNKAIY, OH CMOSKeT Tlepe/iaTh MOTOK B ReceiveWorld. Meton
ReceiveWorld BbI3bIBaeT ReceiveReplicatedObject, 4ToOBI U3BIEYL OOBEKT, U 3aII0-
MUHAET KaKIblii II0Iy4eHHbII 00beKT B Habope. I1oc/ie n3piedeHns BeeX 00bEKTOB OH
MIPOBEPSIET, UMEIOTCS T 00BEKTHI, IPUHSITHIE B MTPOTILIBINA Pa3 U OTCYTCTBYIOIIHE B 9TOT,
U YHUYTOKAET WX, YTOOBI TOOUTHCS TIOMHOM CHHXpOoHU3aIi MUpoB. [lepefava u mprem
COCTOSIHUS MUPA TAKUM CIIOCOOOM PEAT3YIOTCS IPOCTO, HO TIPU HTOM TpedyeTcst, 4ToOb!
BCE COCTOSTHIE MUPA YMEIIAI0Ch B OHOM makete. st moaepKKu 6ojiee 0OIMMPHBIX
MUPOB HEOOXO/IMM aTBTEPHATUBHBIH CMIOCOO PETITMKAIINH COCTOSTHUS.

N3MeHeHna B COCTOAHUMU MUPa

TTockoJIbKY KasKIblil y3eJ XpaHUT COOCTBEHHYIO KOTIMIO COCTOSTHUSI MUPa, HET He0OX0-
JIIMOCTH TIBITATHCSI YMECTHTD €T0 IEJIMKOM B OIMH MakeT. BMecTo 9Toro oTIpaBuTeb
MOJKET CO3/IaBaTh MAKEThI, IPEACTABJIAIONINE U3MEHEHUsI B COCTOSTHUM MUPa, a [oJIyda-
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T€JIb — NPUMEHATDH 9T U3BMEHEHUS K cobcTBeHHO konuu. B aTom cJIydae OTIIpaBUTEJIb
MOJKET UCITOJIb30BaTh MHOKECTBO IMAKETOB JIJISI CUHXPOHU3alIUN COCTOAHNA OTPOMHOTO
MUpa C yIaJIEHHBIM Y3JIOM.

Korma perimkanus BLIMOTHAETCS TAKMM CTOCOHOM, KayKIbIH MaKeT A0JKEH COOOIATD,
4TO OH COAEPIKUT pasauuue 6 cocmosnuu mupa (world state delta). Tax kak cocrostHue
MUPa CKJIAIBIBAETCS U3 COCTOSTHUN 00BEKTOB, PA3IITINe B COCTOSTHUM MUPA CKIIAIIbIBa-
eTcst U3 pasnuyuil 6 cocmosnusax o6sexmos (object state delta), mo ogroMy 1711 Kaskmoro
u3MeHuBIerocst oobekTa. Kaxmoe pasimdne B COCTOSHUN 00BEKTA TIPEACTABISAET OJIHO
13 Tpex JIeUCTBUIN PerINKAIlIN:

1. Cospanue urpoBoro oObeKTa.
2. V3meHeHue UrpoBOro 00beKTa.
3. YHuuTOXEHHE UTPOBOTO 0OBEKTA.

Peruinkarus pasjanyus B COCTOSTHUN 00bEKTA MOX0sKa Ha PEIIUKAIIIO TOJTHOTO CO-
CTOSTHUSI OOBEKTA, 32 UCKIIOUEHIEM TOTO, YTO OTIIPABUTED JOJIKEH YKA3aTh B ITAKETE,
KaKoe JIeficTBIe Hal 00beKTOM TpebyeTcst BLmoHuTh. Ha mantnom artare nabop daaros
U [IPU3HAKOB, MPEIIECTBYIONINX CEPUAIN30BAHHBIM JIaHHBIM, CTAHOBUTCS HACTOJIb-
KO CJIOJKHBIM, YTO UMEET CMBICJI CO3/aTh 3201080k penaukayuu (replication header),
BKJTIOYATONTHH CeTeBOH MAEHTU(HUKATOP OOBEKTA, TEHCTBIE PETTHKAIINI 1 KTACC, €CITH
Heobxoanumo. B smctunre 5.10 mokazaHa BO3MOYKHAST PEaM3alNs TAKOTO 3ar0J0BKa.

Jinctunr 5.10. 3aronoBoK penivkauum
enum ReplicationAction

{
RA_Create,
RA_Update,
RA_Destroy,
RA_MAX

s

class ReplicationHeader

{

public:
ReplicationHeader() {}

ReplicationHeader(ReplicationAction inRA, uint32_t inNetworkId,
uint32_t inClassId = 0):

mReplicationAction(inRA),

mNetworkId(inNetworkId),

mClassId(inClassId)

{}

ReplicationAction mReplicationAction;
uint32_t mNetworkId;
uint32_t mClassId;

void Write(OutputMemoryBitStream& inStream);
void Read(InputMemoryBitStream& inStream);

s

void ReplicationHeader::Write(OutputMemoryBitStream& inStream)
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inStream.WriteBits(mReplicationAction, GetRequiredBits<RA_MAX>::Value );
inStream.Write(mNetworkId);
if( mReplicationAction!= RA_Destroy)

{

inStream.Write(mClassId);

}
}

void ReplicationHeader::Read(InputMemoryBitStream& inStream)

{

inStream.Read(mReplicationAction, GetRequiredBits<RA_MAX>::Value);
inStream.Read(mNetworkId);
if(mReplicationAction!= RA_Destroy)

{

inStream.Read(mClassId);

}
3

MeTtonab! Read 1 Write TOMOraioT OPTaHW30BaTh CEPUATU3AIIAIO 3aT0JIOBKA B IMMOTOK
nakera mnepej ganubiMu oObekta. OOpaTuTe BHUMAHKE, YTO HET HEOOXOAUMOCTH Ce-
PHAT30BaTh UACHTU(UKATOP Kacca 00bEKTa B CIydae YHUUTOKEHUS 3TOTO OOBEKTA.

Korza ornpaButesiio morpedyeTcst BBIIIOJHUTD PEIIMKaI[ii0 Habopa pasandunii
B COCTOSTHUSIX 00BEKTOB, OH CO3/IACT MOTOK B MAMATH, OTMETHUT €ro Kak maKeT PT_
ReplicationData, a 3aTem /I Kask/0ro M3MEHEHUA cepuanui3yer ReplicationHeader
U cooTBeTCTBYIOMIMIT 00beKT. Kitacec ReplicationManager MOJKEH UMETh TPHU JOIOJI-
HUTEJIBHBIX METO/IA /7SI CO3/IAHYST, U3MEHEHUSI M YIAJICHVST PETTHITUPYEMBIX 00BEKTOB,
Kak 1oKasaHo B jiuctunre 5.11. Ouu GepyT Ha cebst 00sI3aHHOCTD CO3/[AHUST IK3EMILIISI-
pa ReplicationHeader, Giarojapst YeMy OH OCTAeTCsT HEOCTYITHBIM 3a MpeeiaMu
ReplicationManager.

JiuctuHr 5.11. Pennukaums passiMumMii B COCTOSIHUS 06beKTOB

ReplicationManager::ReplicateCreate(OutputMemoryBitStream& inStream,
GameObject* inGameObject)
{
ReplicationHeader rh(RA_Create,
mLinkingContext->GetNetworkId(inGameObject,
true),
inGameObject->GetClassId());
rh.Write(inStream);
inGameObject->Write(inStream);

}

void ReplicationManager: :ReplicateUpdate(OutputMemoryBitStream& inStream,
GameObject* inGameObject)
{
ReplicationHeader rh(RA_Update,
mLinkingContext->GetNetworkId(inGameObject,
false),
inGameObject->GetClassId());
rh.Write(inStream);
inGameObject->Write(inStream);



}

void ReplicationManager: :ReplicateDestroy(OutputMemoryBitStream&inStream,

{

M3MeHeHns B COCTOSAHMM MUpa

GameObject* inGameObject)

ReplicationHeader rh(RA_Destroy,

mLinkingContext->GetNetworkId(inGameObject,
false));
rh.Write(inStream);
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Teneps, 06pabaThiBas IAKET, TOJYYaTeb JOKEH YMETh IIPUMEHITh BCE TPH OIIE€PAIIHUL.
B suctunre 5.12 1eMOHCTPUPYETCS, KaK 9TO PEATN30BAHO.

JinctuHr 5.12. O6pa6oTka AeiCcTBUI pensinKkauum

void ReplicationManager::ProcessReplicationAction(
InputMemoryBitStream& inStream)

{

ReplicationHeader rh;
rh.Read(inStream);

switch(rh.mReplicationAction)

{

case RA_Create:

{

}

GameObject* go =
ObjectCreationRegistry::Get().CreateGameObject(rh.mClassId);
mLinkingContext->AddGameObject(go, rh.mNetworkId);
go->Read(inStream);

break;

case RA_Update:

{

GameObject* go =
mLinkingContext->GetGameObject(rh.mNetworkId);

// MOXeT TaK CNOXMTbCA, YTO NakeT C onepauuei
// co3paHuA ewe He 6blA MPUHAT, MO3TOMY CO34aThb
// 3aroToBKy W cepuvanu3oBaTb B Hee, 4TOObl MPOAO/MXUTb YTeHue

if(go)
{

go->Read(inStream);
}

else

{
uint32_t classId = rh.mClassId;

go =
ObjectCreationRegistry::Get().CreateGameObject(classId);
go->Read(inStream);
delete go;

}

break;
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}

case RA_Destroy:

{

GameObject* go = mLinkingContext->GetGameObject(rh.mNetworkId);
mLinkingContext->RemoveGameObject(go);

go->Destroy();

break;

}
default:

// B BAHHOM Clly4ae HU4Yero He penaetcsa
break;

[TocJte npeHTHhUKAIMI TAKeTa KAK COEPIKAIIEr0 COCTOSTHIE OOBEKTA [OJTyYaTelb [epe-
OMpaeT 3aroJIOBKU U M3BJEKAET CePUaIn30BaHHble Janubie. Eciim 3arosoBok TpeGyer
€O3IMaTh 0OBEKT, MOTyIATENh YOEKIAETCST, UTO TAKOTO OOBEKTA ETIle He CYIecTBYyeT. Ecm
00BEKT JIEHCTBUTEBHO OTCYTCTBYET, OH CO3/IAET €T0, 3aIOJIHSIS €10 CePHATU30BAHHBIMI
JTaHHbIMU.

Eciiu 3arosioBok Tpebyer u3aMeHUTh 00bEKT, oJydaTe/lb HAXOAUT TPeOyeMblil 00BEKT
U U3BJIEKaeT JaHHble B Hero. [0 pasHbIM MPUYMHAM, B TOM YHCJIE U W3-32 HEHAJIEK-
HOU paBGOThI CETH, MOJKET TaK CJAOKHUTHCS, YTO MOJIYYATEeqb He OOHAPYKUT 1ETEBOI
UrpoBoit 06beKT. B 3TOM ciiydae OH BCce PaBHO JOJKEeH 00paboTaTh OCTalbHbIE 00D-
€KTBI B [TAKETE, TO €CTh MPOJABUHYTHCS BIIEPE/ B MOTOKE MAHHBIX, IPOYNTAB JaHHbIE,
COOTBETCTBYIONIME 3aT0JOBKY. JIJIsT 9TOTO cO3/1aeTCst BPEMEHHBIN 06BEKT, TaHHbIE
U3 MOTOKA U3BJEKAIOTCS B 9TOT 0OBEKT, M 3aTeM OH yjansercs. Ecau Takoil moaxos
OKaXKeTCsT CIAUMIKOM Hed(DMEKTUBHBIM MM HEBO3ZMOKHBIM M3-32 0COOEHHOCTEH KOH-
CTPYUPOBaHUS 00BEKTA, B 3aTOJOBOK CEPUATU3AIIE 0OBEKTa MOXKHO 06aBUTH TIOJIE,
onpesensoee 00beM CePUATM30BAHHbBIX JJAHHBIX. B 9TOM cirydae mosyuaresb cMoKeT
OIPE/IENTUTh 0OBEM JIAHHBIX JIJIsI OTCYTCTBYIOIIETO 0OBEKTA ¥ TIPOIYCTUTD UX, IPOYNTAB
U3 TI0TOKa TpedyeMbIil 00beM.

BHUMAHME Pennukaums 4acTv COCTOSIHUSI MMpa MM 06bekTa BO3MOXHA, TOMbKO eC/in OTrpaBuTesb
MMeeT TOYHY MH(MOPMaLMIO O TeKYLLEM COCTOSIHUM Mupa nonydyatens. O6bnagas 1ol MHbopMaumel,
OTNpaBuTENlb CMOXET OMNpeaennTb, Kakne U3MeHeHus ceayeT pennuumupoBaTh. Tak Kak MHTepHeT no
CBOell NpupoAe HeHaAEXeH, Hemnb3si MPOCTO NPeArnonoXuTb, YTO COCTOSIHUE MMPa Ha CTOPOHE Mosyya-
Tens COOTBETCTBYET MOCNEAHWM MakeTaM, nepefaHHbIM oTrnpaBuTeneM. JInbo y3nbl AOMKHBI NOCHINATH
nakeTbl C Ucrosnb3oBaHneM npotokona TCP, rapaHTUpYIOLWEro HaaexHoCTb, MMbo, Ans obecneyeHns Ha-
[EXKHOCTW, OHU AOMKHbI UCMOMb30BaTh NPOTOKOS NMPUKNAAHOMO YPOBHSI, OCHOBaHHbIM Ha UDP. 3Ta TeMa
obcyxxaaeTcs B rnase 7 «3aaepxikun, GayKTyauum u HaaeXHOCTb».

Pennukaums 4acTu COCTOSIHUS 06beKTa

[Tpu mepenavye U3MeHEeHUH He Beeria TpebyeTcst OTIPABISTh BCE CBOWCTBAa 00BEKTA.
JLiist OTIIpaBUTEIIST MOXKET OBITh JKeJATENHbHO CEPUATM30BATD TOJBKO YaCTh CBOUCTB, U3-
MEHUBIIIHXCST ¢ MOMEHTA TTOCJETHETO OOHOBIEH L. JIJIsT TIOIEPAKKI 9TOH BO3MOKHOCTH
MO’KHO HCITIOJThb30BaTh GUTOBOE MOJIE, MPEACTABIISIONIEE CEPUATM30BAHHbBIE CBOWCTBA.
Kaxpiit 6uT MOKET TIPeICTaBIISATh CBOMCTBO WK TPyIIy cBoiicTB. Hampumep, Kiracce
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MouseStatus U3 IJIaBbl 4 MOT ObI HCIIOJIB30BATH TIEPEYHCICHUE U3 IUCTHHTA 5.13, 4TOObI
CBSI3aTh CBOICTBA C ONPE/IeIEHHBIMU OUTAMHU.

JNuctuHr 5.13. NMepeuncneHue cBocTB MouseStatus
enum MouseStatusProperties

{
MSP_Name =1<«< 0,
MSP_LegCount = 1 << 1,
MSP_HeadCount = 1 << 2,
MSP_Health =1 << 3,
MSP_MAX

¥

3HAYEHMs HTOrO IEPEUNCIEHIS MOKHO O0bEAUHATD € IIOMOILBIO IIOPA3PAAHOIL OnepaIim
NJIN (OR), uToGBI TIPECTABUTH HECKOJIBKO CBOMCTB. Hampumep, pasiudne B COCTOSI-
HUU 00bEKTa, COLEpIKalIee 3HAUCHUS JIJIs CBOICTB mHealth 1 mLegCount, MOIJIO COZEP-
’KaTh B OMTOBOM I10JIe 3HaYeHe MSP_Health | MSP_LegCount. OGparuTe BHUMAHUE, YTO
OGUTOBOE TIOJIE C eMHUIIAMU BO BCex OMTaX yKasblBaeT Ha HeOOXOAMMOCTD CepUaIi3aliun
BCEX CBOICTB.

Metoa Write kmacca JOTKEH M3BJIEKATh GUTOBOE MOJIE U HA €TO OCHOBE OTPEIETST,
KaKue CBOiCcTBa TpeOyeTest cepuain30Barh B MOTOK. B yctunre 5.14 npuBoautest npu-
Mep peasusalyy 9Toro MeTojia AJid Kjaacca MouseStatus.

JiuctuHr 5.14. OnpepeneHue CBOMCTB AJisl 3aMUCU C NOMOLLbIO 6UTOBOIrO Nnons

void MouseStatus::Write(OutputMemoryBitStream& inStream,
uint32_t inProperties)

{
inStream.Write(inProperties, GetRequiredBits<MSP_MAX >::Value);

if((inProperties & MSP_Name) != 0)
inStream.Write(mName);

if((inProperties & MSP_LegCount)!= 0)
inStream.Write(mLegCount);

if((inProperties & MSP_HeadCount) != @)
{

inStream.Write(mHeadCount);

¥
if((inProperties & MSP_Health)!= 9)

inStream.Write(mHealth);
¥
¥

ITepen 3ammchi0 CBOMCTB METOJL 3AMMUCHIBAET B TIOTOK 3HAUYEHKE inProperties, 4TOObI
IIPOIE/Iypa ECEPUATTMBAIIH CMOTJIA TPOYUTATH TOJBKO 3aITUCAHHBIE CBONCTBA. 3aTeM OH
IPOBEpPsIET OT/ETbHbIE GUTHI B TIOJIE U 3aIMChIBacT HeoOXoAuMbIe cBoficTBa. [Tporenypa
Jlecepuas3aiy 1eMOHCTPUPYyeTcs B auctumre 5.15.
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Jinctunr 5.15. [lecepuanmsaumns 4actm COCTOiHMA 06beKkTa
void MouseStatus::Read(InputMemoryBitStream& instream)

{
uint32_t writtenProperties;
inStream.Read(writtenProperties, GetRequiredBits<MSP_MAX>::Value);
if((writtenProperties & MSP_Name) != 0)
{

¥
if((writtenProperties & MSP_LegCount) != 0)

{

inStream.Read(mName );

inStream.Read(mLegCount);

if((writtenProperties & MSP_HeadCount) != 0)
{

inStream.Read(mHeadCount);

if((writtenProperties & MSP_Health) != @)
{

}
}

inStream.Read(mHealth);

Mertoz Read cHauasia YuTaet moJjie writtenProperties, 4T00ObI TOTOM, PYKOBOJICTBYSICh
MOJTyYeHHOU nH(pOPMaITel, BBITIOJHATD JeCeprnayn3alnio Hy>KHBIX CBOHCTB.

ITepenauy yacTu cocTOAHUSA 00BEKTA Ha OCHOBE OMTOBOTO MOJIS MOMKHO TAKIKE UCIIOJIb-
30BaTh B 601 000ONIEHHBIX, JBYHAIIPABIEHHBIX 1 YIIPAB/ISEMbIX JAHHBIME IPOLELYPAX
cepuau3aIliy, PacCMaTPUBABINNXC B T7aBe 4. B muctunre 5.16 mpuBoanTest peasmsa-
11 Serialize, I0MOMHEHHAS TTOAAEPIKKOI OMTOBOTO TOJIS C LEJIbIO PEIJIMKAIUT YaCTH
COCTOSIHUA 0ODBEKTA.

Jiuctmur 5.16. [ByHanpaBsieHHas, ynpasnsieMasi AaHHbIMU cepuanmsauums
4acTu COCTOSIHMA 06beKTa
void Serialize(MemoryStream* inStream, const DataType* inDataType,
uint8 t* inData, uint32_t inProperties)

{

inStream->Serialize(inProperties);

const auto& mvs = inDataType->GetMemberVariables();
for(int mvIndex = @, ¢ = mvs.size(); mvIndex < c; ++mvIndex)

if(((1 << mvIndex) & inProperties) != @)

const auto& mv = mvs[mvIndex];
void* mvData = inData + mv.GetOffset();
switch(mv.GetPrimitiveType())
{
case EPT_Int:
inStream->Serialize(*reinterpret_cast<int*>(mvData));
break;
case EPT_String:
inStream->Serialize(
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*reinterpret_cast<string*>(mvData));
break;
case EPT_Float:
inStream->Serialize(
*reinterpret_cast<float*>(mvData));
break;

BwmecTo onpeesieHnst 3SHaueHUH OUTOB ¢ MCIIOJIb30BAHUEM TIEPEUNCIEHHUS], CO3AaHHOTO
BPYYHYIO, peajn3alisi, yipaspjsieMas JaHHbIMI, HHTEePIIPETUPYET HHAEKChl OUTOB Kak
WH/ICKCHI TIepeMeHHBbIX-u/ieHOB. OOparuTe BHIMAHIE, YTO 3/IECh CPA3y JKE BbI3HIBACTCSI
MeToj Serialize co 3HadeHueM inProperties. IIpu pabore ¢ IOTOKOM BbIBOJA 9TOT
BBI30OB 3aluiieT OUTOBOE I10JIE B IIOTOK, a 1P paboTe ¢ MOTOKOM BBOJA IIPOYNUTAET
WH/ICKCHI CBOICTB B MEPEMEHHYT0, 3aTEPEB BCE, UTO OBLIO MEPEAHO B HEH MTPU BBI3OBE.
ITO BIIOJIHE HOPMAJIbHOE TIOBE/IeHNE, TaK KaK Ollepalius BBOIA /IOJKHA MCTI0JIb30BaTh
cepuan30BaHHOE GUTOBOE 110J1€, eIMHUYHbIE Pa3Psiibl B KOTOPOM COOTBETCTBYIOT Ce-
pUAIN30BaHHBIM cBoficTBaM. Eciiit moTpebyercst opraHu3oBaTh cepuainsaiuio dosee
32 cBoiicTB, onpegeuTe OUTOBOE MOJIE C TUIIOM uint64_t. Ecsiu 4yncio ¢cBONCTB MOXKET
IPEBBICUTD 64, OLyMaliTe 0 TOM, YTOOBI IIOCTABUTD B COOTBETCTBUE OT/E/IbHBIM OUTaM
cpasy HEeCKOJIbKO CBOUCTB, Ui pasbeiire Kiacc.

YaaneHHbIN BbI30B NpoLeayp B BUAE
cepnann3oBaHHbIX 06BEKTOB

B ¢J10:KHOI MHOTOIIOJIB30BATENBCKOI UTPE Y3JIY MOKET MOHAOOUTLCS TIEPEIATh KAKyI0-
TO IPYTYI0 MHMOPMAIINIO, HE SBJISIONIYI0cs 00beKTOM. TIpeicTaBsre CUTYAIII, KOT/Ia
OJIMH y3eJI JOJIKEH NepeJarh APYroMy Y3y 3BYK B3PbIBa WM OTOOPA3UTh BCIBIIIKY Ha
9KpaHe JApyroro yaia. JleiicTBus, mooOHbIe 9TUM, JIy4llle IePeAaBaTh C UCII0Jb30BaHM-
eM ydanennvix 6130608 npouedyp (Remote Procedure Call, RPC). YaaneHHbII BBI30B
MPOIELyPhI — 3TO TaKOe JEWCTBUE HA OJHOM y3Jie, KOTOPO€e BBIHYKIAeT OJIUH WA He-
CKOJIBKO JIPYTHX y/IaJIEHHBIX Y3JIOB BBITIOJIHUTH HEKOTOPYIO 1potieaypy. C aToii 11ebio
6bLJI0 Pa3pabOTaHO MHOKECTBO ITPOTOKOJIOB IPUKJIAJHOTO YPOBHSI, OT TEKCTOBBIX, TAKUX
kak XML-RPC, no nBonunsrx, Taknx kak ONC-RPC. Onnako ecsi urpa yske BKJIOYaeT
CHCTEMY PeIIMKAIMK OOBEKTOB, OIMCAHHYIO B 9TOM IJIaBe, YAaJeHHbIN BbI3OB IIPOLIELYD
MOKHO Peajii30BaTh IIOBEPX Hee.

Kaskplil BBI30B IIPOLIELYPHI MOKHO IIPEACTABUTh KAK YHUKAJIbHBINA OOBEKT ¢ IepeMeH-
HBIMM-YJIeHaAMU IS TIepefadn mapaMeTpoB. UToObI BEI3BATh IPOLIEAYPY HA YAATEHHOM
y3Ji€, BBI3BIBAIOIINH Y3€JT IOJIKEH TTOCTaTh 0OBEKT COOTBETCTBYIOIIETO THIIA C 3AIT0THEH-
HBIMU TlepeMeHHbIMU-4sieHamMn. Harmpumep, a5t dynkimu PlaySound,

void PlaySound(const string& inSoundName, const Vector3& inLocation,
float inVolume);

MO>KHO OIPE/IEJIUTH CTPYKTYPY PlaySoundRPCParams ¢ TpeMsi TlepeMeHHbIMU-YJIeHAMM:
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struct PlaySoundRPCParams

{

string mSoundName;
Vector3 mLocation;
float mVolume;

3

Yrob6bl BbI3BATH PlaySound Ha yIaJeHHOM Y3Jie, BHI3BIBAIOIINI Y3€J1 IOJKEH CO3/1aTh
00bekT PlayerSoundRPCParams, IPUCBOUTH 3HAYEHUSI [I€PEMEHHBIM-YJIeHAM 1 cepra-
JIM30BATh OOBEKT B MAKET C COCTOSTHIEM 00berTa. OHAKO TAKOH MOAXOM MOJKET CTATh
MPUYUHON CIAareTTU-mo06HOTO KOJIa TIPH UCTIOIb30BAHNHT OOTBIITOTO YHCITA YAATECHHBIX
BBI30BOB, & TAKKe HEOOXOAUMOCTH TIPOCMOTPA OOJIBIIIOTO YHCJIa CETEBBIX IeHTH(HUKA-
TOPOB 0OBEKTOB, UTO B JICHCTBUTEIBHOCTH SIBJISIETCST UBJTUIITHUM, TOTOMY UTO O0BEKTHI
V/IaJIeHHBIX BLI30BOB IIPOLEIyP He HYKAAIOTCS B YHUKAIBHON njieHTUhUKAIIIH.

Bosiee mpocroe pelenne 3aKII09aeTcs B CO3MaHNN MOLYIbHON 00ePTKH BOKPYT CUCTEMbI
RPC u ee unrerpaiuu ¢ cucteMoil permkanuu. st 9Toro cHadasia 106aBsTe JOIOJIHN-
TEeJIbHBIN THUII IeHCTBUSI permnkanum — RA_RPC. JTOT IIpU3HaK TO3BOJIUT I/IlIeHTI/I(l)I/IL[I/I-
pOBaTh CEpPUATM30BAHHBIE JJAHHBIE KAK y/IaJIEHHbIN BBI30B TIPOIEAYPHI M MPEIOCTABUT
yIaJeHHOMY Y3JIy BO3MOKHOCTH Cpa3y TepelaTh JaHHbIE B CIIEITNAJIU3UPOBAHHBIN MO-
nysib o6pabotki RPC. OH Takske cooOImuT GyHKIMU cepuaisaliiy ReplicationHeader,
4TO AeliCTBIE He HYKIAeTCsI B CETeBOM UAeHTU(DUKATOPE U ero He TpebyeTcs cepualm-
3oBatb. Korma meTos ProcessReplicationAction B Kitacce ReplicationManager uzeH-
TU(UIPYET OepaInio Kak RA_RPC, OH J0JIKEH OyeT mepenaTh naket B Moaysib RPC
IS anbHeleil o6paboTKy.

Moguysb RPC pozken XpaHuTh CTPYKTYPY JaHHBIX, 0TOOPAsKAIOILYIO KasK /bl HICHTH -
(ukarop RPC B (hyHKII1I0, KOTOPAsi BHIIOJHUT JIECEPUATTU3AIINIO [TAPAMETPOB U BbI30BET
COOTBETCTBYIOIILYIO MTporeAypy. B muctunre 5.17 mokazan nmpumMep pear3aiy TaKOro
KJj1acca RPCManager.

Jiuctunr 5.17. NMpumep peanusaumn RPCManager
typedef void (*RPCUnwrapFunc)(InputMemoryBitStream&)

class RPCManager
{
public:
void RegisterUnwrapFunction(uint32_t inName, RPCUnwrapFunc inFunc)
{
assert(mNameToRPCTable.find(inName) == mNameToRPCTable.end());
mNameToRPCTable[inName] = inFunc;

}

void ProcessRPC(InputMemoryBitStream& inStream)
{
uint32_t name;
inStream.Read(name);
mNameToRPCTable[name](inStream);
¥

unordered_map<uint32_t, RPCUnwrapFunc> mNameToRPCTable;

s
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B aToM 1prMepe KasKAblil yAaleHHbII BbI30B HAEHTU(DUIIMPYETCs YEThIPEXCUMBOIbHBIM
KOZIOM B Bujie 1eJioro yrca 6e3 3Haka. IIpu HeobxoaumocTu RPCManager MO Obl MC-
0JIb30BATh MOJTHOIIEHHbBIE CTPOKHU: XOTSI CTPOKU JOMYCKAIT OOJIbIIEe YHCTO0 BO3MOJK-
HBIX KOMOMHAIMIi, OHM 3aHUMAIOT OOJIBILIYIO IOJIIO IOJIOCHI IPOILYCKAHUSI, YEM LieJIble
ycsra. O6parnTe BHUMaHKUe Ha CXOACTBO ¢ peecTpoM 00beKToB. Perucrpanus ¢hyHKIni
B aCCOIMATUBHOM MaCCHUBE — PACIPOCTPAHEHHBIH cTOCO6 OCJIA0UTD CBSI3b MEIK/LY B3au-
MO3aBUCHUMBIMH CUCTEMaMU.

Korma ReplicationManager HaeHTM(pHuMpyeT JeiicTBrue Kak RA_RPC, OH 1mepesact
MoJIy4eHHbIi 110ToK Moy 1I0 RPC, KOTOpBIi 3aTeM pa3BepHET ero U BbI30BET HYKHYIO
ynxmio. /I moaneps;KK 3TOl BO3MOKHOCTH UTPOBOI KO IOJKEH 3aPETUCTPUPOBATh
DYHKIMIO IS KasKI0T0 YIaJeHHOrO BbI3oBa. B jmctunre 5.18 nokasano, Kak perucTpu-
pyercst hyHKIms PlaySound.

Jinctuur 5.18. Perucrpaums yaasneHHOro Bbi3oBa npoueaypbl

void UnwrapPlaySound(InputMemoryBitStream& inStream)
{

string soundName;

Vector3 location;

float volume;

inStream.Read(soundName);
inStream.Read(location);
inStream.Read(volume);
PlaySound(soundName, location, volume);

}

void RegisterRPCs(RPCManager* inRPCManager)

{
}

inRPCManager->RegisterUnwrapFunction( “PSND’, UnwrapPlaySound);

UnwrapPlaySound — 3T0 cBs3bIBaloas GyHKIMS, BHIIONIHAONAS [ecepraln3aliiio
apaMeTpoB U Iiepeziaioliasgd uxX B BbI30B PlaySound. IrpoBoii Koz 10JI5KeH BbI3BATh
bynkImio RegisterRPCs U TepeiaTh €l COOTBETCTBYIOMNI 9K3eMILIAp RPCManager.
C nmomormnipio RegisterRPCs MOKHO TaKsKe 3apETUCTPUPOBATH JIPyTHE Y/aJeHHbIE BbI-
30BBI IIPOIIEYP. 3/eCh IpejroaraeTcs, yTo GyHKIMs PlaySound peajan3oBaHa Iie-To
B JIPYTOM MECTE.

HaxkoHertr, 4T00bI Y1aJIEHHO BBI3BATD IIPOLIEYPY, B BBI3BIBAIOIIEM KOJIE IOJKHA HMEThCST
(yHKITMS, KOTOPAs 3aIUIIET COOTBETCTBYIOMINIT 3aT0JIOBOK ObjectReplicationHeader
C TIapaMeTpaMu B UCXO[ISIINIT TTaKkeT. B 3aBucrMOCTH OT peanusaiuy OHa MOJKET CO3-
ZIaBaTh MaKeT U OTIIPABJIATD €T0 € IOMOIIBIO0 UTPOBOTO KOJA MJIN CETEBOTO MOJTYJIS TIPO-
BEPSTH, HE CYIIECTBYET JIH YK€ TOTOBOTO MTAKeTa, O’KUAAIONIETO OTIPABKY YIATEHHOMY
y3ay. B suctunre 5.19 npuBoaurcst mpumep QyHKIIMY, 3aIIUCHIBAIONIEN BbI30B YIaJIeH-
HOM TIPOTIeLyPHI B UCXOMSIINH TTAKeT.

JNuctuHr 5.19. 3anuck PlaySoundRPC B nakeT, oXxuaaloLwmii oTnpaBKu

void PlaySoundRPC(OutputMemoryBitStream& inStream,
const string&inSoundName,
const Vector3& inLocation, float inVolume)
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ReplicationHeader rh(RA_RPC);
rh.Write(inStream);
inStream.Write( inSoundName);
inStream.Write(inLocation);
inStream.Write(inVolume);

Cosmanue HyHKIUH-06€PTOK, OCYIECTBISIONNX CEPUATU3AIIIO W IECEPUATU3ATIITIO
BBI3OBOB yJa/IEHHBIX IIPOIeAYyp BPYUYHYIO, perucrpamnusa ux B RPCManager 1 10/1-
JiepsKafre COOTBETCTBUS MEXKIY UX MapaMeTpaMu W (DYHKIIMSMY, BBITIOJHSIONTUMA
(hakTHUECKWE OTepaIni, MOKeT ToTpeboBaTh HeMato ycunuii. [To aToil mpudnie Bo
MHOTUX ABUIKKaAX, noaaepxuBaomux RPC, ucrosnb3yores crenuajin3npoBaiuble
UHCTPYMEHTBI COOPKHU JIJIST aBTOMATUYECKOTO CO3/IaHust (DYHKITUI-00EPTOK U UX PETH-
crparnuu B moayie RPC.

MPUMEYAHME VHorga y3ny MOXET NMOHaaobuTbCs Bbi3BaTb HE MPOCTYHO (yHKUMIO, @ MeToA ornpe-
[leneHHoro obbekTa. HecMoTps Ha BHELUHEE CXOACTBO C YyAaneHHbIM BbI30OBOM Mpoueayp, ANs 3TOoM
uenu paspaboTaH Apyron npueM, W3BECTHbIN KakK 8bi308 ydaneHHbix Memodoe (Remote Method
Invocation, RMI). Urpa, noaaepxwuBatowas RMI, mMorna 6bl MCNoMb30BaTh CETEBOW WMAEHTUdUKATOP
B ObjectReplicationHeader ans vaeHTudvKaumn ueneBoro obbekTa. MaeHTUdMKATOp C HyneBbIM
3HaYyeHWeM Mor 6bl COOTBETCTBOBATL MPOCTOM (hyHKUMM RPC, @ ¢ HeHyneBbIM — MEeToAy OnpeaeneHHo-
ro urpoBoro obbekTa. Kak BapuaHT 4151 3KOHOMUM MONMOChl MPOMYCKaHUs 3a CYET yBennyeHust obbema
NpOrpaMMHOr0 KoZa MOXHO OMpeaenuTb HOBOE AENCTBME pennnkaumn — RA_RMI, noapasymesatollee
Hanunyme Mnossi CETEBOro MAEHTUGMKATOPa, a peanunsaumns AencTeus RA_RPC Moria 6bl Mpofo/mkaTh uUr-
HOpUpOBaTb ero.

HecTtaHaapTHble pelleHus

HeBaskHO, CKOJIBKO YHUBEPCATBHBIX HHCTPYMEHTOB PEILTMKAIINN OOHEKTOB UITH CPEJICTB
YAQJIEHHOIO BbI30Ba IIPOLEAYD BKJIIOYAIOT ABUKKY, — HEKOTOPbIE UTPbL BCE €Lle Tpe-
OYIOT HeCTaHIAPTHHIX PETEHNH PerTUKanuy u oOMeHa coobmennsiMiu. Bo3amMoskHo,
B MMEIONIEHCS Peau3al[ii OTCYTCTBYIOT HEOOXOIUMbIE BO3MOKHOCTH WJIH JIJIST TIepe-
Jiaun ObICTPO M3MEHSIOIUXCS 3HaYeHUI nMelolasics 06o01enHas nHGPacTpyKTypa
PETTMKATINT 00HEKTOB OKA3bIBAETCST CITUIITKOM TPOMO3IKO#T 11 HeahHEKTUBHO pacxXomyeT
MPOIYCKHYIO CIOCOOHOCTH. B TaKMX CUTYyaIsIX BCETIa MOJKHO 106aBUTh COGCTBEHHBIE
JIeMICTBUS PeIINKAIINY, PACIIUPUB Mepevynciennie ReplicationAction u 10MOTHUB WH-
CTPYKINIO switch B ProcessReplicationFunction HOBBIMI BapuaHTaMU. B oT/eTbHBIX
CJIydasx TPY CepUanu3aliii 3aroJoBKa ReplicationHeader /it HEKOTOPBIX OOBEKTOB
MOZKHO BKJIIOYATH WJIM OIYCKATh COOTBETCTBYIONINI CeTeBON MAeHTU(UKATOP WIn
ueHTH(UKATOP Kacca.

Ecsu TpeGyemble n3MEHEHNS HaXOASATCS MOJTHOCTDIO 3a IpeetaMu ReplicationManager,
norpobyiiTe pacMpuTh nepeyncaeHue PacketType u OIpeie/IMTh COBEPIIEHHO HOBbIE
THUIIBI IAKETOB U JcreTdepsl 1 ux oopadorku. Cruenys mabaoHy NPOeKTUPOBAHKS
Ha OCHOBE peecTpa, NCIIOIb30BaHHOMY JJISI peaausanun ObjectCreationRegistry
1 RPCManager, JIETKO MOKHO BHEAPUTH BLICOKOYPOBHEBBIN KOJI 111 00pabOTKM TaKKX
HECTAHAPTHBIX TAKETOB, HE 3arPOMOK/Iast HUZKOYPOBHEBYIO CETEBYIO CHCTEMY.
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B 3akntoueHune

[Tox permMkanmeii 06bEKTOB MOAPA3yMEBAETCS HE TOJNBKO Mepeiada Cepuantn30BaHHbIX
JaHHBIX MEKAY y3aaMu. IIpeskzie Bcero, poOTOKOJI IIPUKIAAHOTO YPOBHS T0JIKEH OIpe-
JIEJIATh BCE BO3MOZKHDBIE THIIBI IIAKETOB, 8 CETEBOI MOAYJIb J0JKEH COOTBETCTBYIOUIAM
00pa3oM MapKUPOBATh MAKETHI, COAEpIKalKe JaHHble U3 00beKTOB. Kax bl 00beKT
JOJIKEH UMETDh YHUKAIbHBIA MAeHTU(DHUKATOP, YTOOBI I0JIyYaTelb CMOT COXPAHUTD TIPH-
HATBIE JAHHbIE B COOTBETCTBYIOEM 00bekTe. Hakomner, Kaxablil Kaace 00bEKTOB TaKKe
JOJIKEH UMETh YHUKAIbHbI NAeHTH(PUKATOP, YTOObI IIOIyYaTeNb CMOT CO31aTh OOBEKT
TpebyeMOoro Kacca, eciim OH elne He GbLT cosaan 1o atoro. CeTeBoii Kog He J0JKeH 3a-
BUCETH OT KJIACCOB UTPOBBIX 00BEKTOB, II09TOMY UCHOIL3YITE B HEM KapTy KaKOro-a160
BU/IA JIJTSE PETHCTPAIME PEILTUIMPYEMBIX KJAACCOB U (DYHKIMH CO3MaHIs OK3EMILISIPOB.

He6oJblmiie Urpbl MOTYT CO3IaBaTh 0OIIE MUPI MEK/LY Y3JaMu, Tiepechliast Bce 00b-
eKTbl B OJIHOM nlakeTe. BoJbiine urpsl, cocTosgnue Mupa B KOTOPBIX He yMelllaeTcs
B OJIMH TIAKET, TOJIKHBI UCIOJIb30BATh MTPOTOKOJI, MOJIEP;KUBAIONINI TIepeady pasJiu-
quii B cocTostHuM Mupa. Kaskoe pasiamane MOKET BKIIOUATH ACHCTBUS PETJIUKAINN TI0
CO3JIAHIIO, U3BMEHEHUTO U yaaneHuio obbexTa. st ahdexTnBHOCTY n3MeHeH st 00 beKTa
MOJKHO TIEPECHIIATH TOJBKO YaCTh CBOUCTB 00beKTa. BBIGOD TOIMHOKECTBA 3aBUCKUT OT
TOTIOJIOTUW CETU W HAJIE)KHOCTN TTPOTOKOJIA TPUKIAJHOTO YPOBHSI.

Wuorma urpam TpebyeTcs mepeiaBaTh MY Y3IaMU He TOJTbKO JAHHBIE O COCTOSTHUN
06beKTOB. HacTo BO3HUKaeT HeOOXOAMMOCTD Y/IaJIEHHOTO BbI30Ba IpotteAypol. [IpocToii
crocob pean3oBaTh BOBMOKHOCTD YIAJEHHOTO BHI30BA — BBECTH €IIle OJIHO IeHCTBHe
peruKanun u oOpMIISATh JaHHbIE, HEOOXOMUMbIE I BHI30Ba MPOIIEAYPbI, B BUJIE
naketoB pensukanuu. Mojgyap RPC MosxeT ocyniecTBasATh PETUCTPAIMIO TIPOIEAYP,
OCYIIECTBIISIONNX 00EPThIBAHUE YAAJECHHBIX BBI30BOB, UX MHTEPIPETAINIO U BBI30B
TpebyeMbIX PYHKI[HIL, a AUCIeTYep PEIIMKAIIMI MOKET TIepelaBaTh Bee BXOJSIIINE 3a-
npocbl RPC aTomy Mozy.rio.

Perutukaiiust 00beKTOB — 3TO OJIMH M3 KJIIOUEBBIX HHCTPYMEHTOB HU3KOYPOBHEBOTO
MIPOTPAaMMHUPOBAHNST MHOTOIIOTH30BATEIbCKUX UTP M KPUTUYECKU BaKHBIN MHTPETNEHT
HOJI/IEP>KKU HEKOTOPBIX BLICOKOYPOBHEBBIX TOIIOJIOTHH ceTeld, OliChIBaeMbIX B IJ1aBe 6.

Bonpockl Ana noBTOpEHUS

1. Kaxkue TPU KIIOYEBLIX 3HAYECHMA JTOJIJKHDI TIDUCYTCTBOBATDH B TAKETE PETJIMKAITUN
O6'I)€KT3., KpoOMe CaMOro COAEPKHUMOTI0O 3TOIo obbexTa?

2. Hoquy HeKeslaTeJibHa 3aBUCUMOCTD CETEBOTO KO/Ia OT peasn3alinn I/II‘pr?

3. O6mbsacHMTE, KaK pean30BaTh MOAAEPKKY CO3MAHNS PEILIUIAPYEMbIX 00bEKTOB Ha
CTOPOHE TIOJIyYaTesist 0e3 CO3/IaHUsT CETEBOTO KO/IA, 3ABUCKMOTO OT UTPOBBIX KJIACCOB.

4. PeausyiiTe TPOCTYIO UTPY € TISTHIO ABIKYITUMICS 00bekTaMu B Hell. OcytiecTBuTe
PEILIMKALUIO 9TUX OOBEKTOB Ha yIaJeHHBIN Y3€JI, IOChLIask IIAKEThI ¢ COCTOSTHUEM
Mmupa 15 pas B cexyH/Iy.

5. B nponospkenue Boipoca 4: kakue 1pobieMbl BOSHUKHYT € YBEJUYEHUEM Yncia
UrpoBbIx 00bekToB? Kak pemaiorces atu mpodiembl?
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6. Peanmsyiite cucreMy, MOIEPKUBAIOILYIO OTIPABKY OOHOBICHHUH TOJIBKO HECKOJIb-
KX CBOMCTB OOBEKTOB.

7. Yro takoe RPC? Yto takoe RMI? YUem onn orsimvaiorcs?

8. Hcnonbayst mHGPACTPYKTYPy, pa3paboTaHHYO B 9TOM TJIaBe, pealusyiite yaaneH-
HBII BBI30B IpoLeAypsl SetPlayerName(const string& inName), coobmiatommuii
JIPYTUM y3JIaM UMs1 JIOKaJIbHOTO UTPOKA.

9. PeanmsyiiTe HeCTaHAAPTHBIN TUTI TAKETOB JIJIS TIepe/jaun H(POPMAIIUY O KJIABUTIIAX
Ha KJIaBUATYPE, YAEPKIUBAEMbBIX ITPOKOM B HAKATOM COCTOSTHUH, 9 (MEKTUBHO HC-
[OJIb3Yst 1oJI0Cy Tiporyckanust. OObsACHNUTE, KAK HHTEIPUPOBATH ATy PEATUIAIIUIO
¢ nH(PPACTPYKTYPOI PEITUKAII, Pa3pabOTaHHON B 9TOH TJiaBe.
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Tononorvn ceten
N MPUMEPDI UIP

B nepBoi YacTu 3TO rnaBbl pacCMaTpyBaAIOTCS ABE OCHOBHbIE KOHMUrypaLmm opra-
HM3aLMWN B3aMMOAENCTBUS MHOXECTBA KOMMbIOTEPOB: «K/IMEHT-CEPBEP» M «TOYKa-
TOuYKa». Bo BTOpPOM YacTu rnaBbl Mbl MPUCTYNUM K CO3AaHMIO ABYX MPUMEPOB MUIp,
06beIMHAIOLLMX BCE pacCMaTpUBABLUMECS A0 CUMX MOP TEMbI.

Tononorun ceteun

ITo GosrbiIOMY cUeTy, B IJIaBaX € TEPBOH 10 MATYIO B OCHOBHOM PACCMATPUBAJIICH TIPO-
6J1eMbl, Kacaloluecs B3auMOAeCTBUN Mex Ly ABYMs KOMIIbIoTepaMu yepes Hreprer
u oOMeHa mHopMaIreil cocoboM, XapaKTEePHBIM JIJIsST CETEBBIX UTP. XOTS UTPHI, pac-
CUMUTAHHBIE TOJBKO Ha JIBYX UTPOKOB, U CYIECTBYIOT, BCE K€ T1OABJIAIONIEe YUCIIO T10-
IYJISIPHBIX WP TOJIEPKUBAIOT GOJIbIIIEE YUCI0 UTPOKOB. OIHAKO JIasKe B CJIyYae C JIBYMsI
UTPOKAMU BO3HUKAET MHOKECTBO BOMTPOCOB. Kak UTpoku 6yIyT MOCHIIATH APYT APYTY
OGHOBJICHVST B UTPOBOM MUPe? ByieT i BBIOMHSTBCS PEIIMKAINsT 0OBEKTOB, KaK OTH-
CaHO B IJIaBe 5, WJIU PEILUTUIIUPOBATHCS OY/IYT TOJIBKO IeUCTBUSI UTPOKOB? UTO CorydnTest,
€CJIM KOMITBIOTEPhI OGHAPY KAT HepaspelrMble TIPOTHBOPEYNST B COCTOSTHUSAX UTPhI? Bee
HTO — BayKHbBIE BOMPOCHI, OTBETHI Ha KOTOPBIE IOJKHBI GBITH C(hOPMYTUPOBAHBI B OO0
CeTeBO MHOTOI0JIb30BATEIbCKON UTPe.

Tononozust cemu (network topology) — aro kondurypaius rpada, BepimHaM KOTOPOro
COOTBETCTBYIOT KOHEUHBIE Y3JIbl CETH, a peGpaM — CBSI3U MeXKAy HUMU. B KoHTekcTe
UTPBI TOIOJIOTHSI OIIPEAEIIET CIIOCO0 OPraHU3aluy YYACTBYIOMINX B UTPe KOMIIBIOTEPOB,
rapaHTUPYIOLIHIL, YTO Y BCeX UTPOKOB OyzeT nHdopMalus 00 akTyaJlbHOM COCTOSAHUN
urpbr. Tak jke Kak BIGOP CETEBBIX IPOTOKOJIOB, BEIOOD TOIOJIOIUHU COTIPSIKEH C TOUCKOM
KOMITPOMHUCCA MEK/TY IOCTOMHCTBAMHU U HeJoCTaTKaMU. B aToM pasziesie uccaenyioTest
JIBE OCHOBHBIE TOTIOJIOTUH, CIIOJIb3YEMbIE B UTPAX: <KAUCHIM-CEPBEP > U <MOUKA-MOYUKA>,
a TakKe HEKOTOPbhIE X PA3HOBU/IHOCTH.
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«KnuneHT-cepsep»

B romonoruu <«kauenm-cepsep» ONMH IK3EMILISIP UTPBI IEHCTBYET KaK BbII€JIEHHbII
cepBep, a BCe OCTATbHbIE 3K3eMIISIPBI — KaK KIMEeHThl. Kakblil KIMeHT B3anMojieii-
CTBYET TOJIBKO C CEPBEPOM, TOT/Ia KaK CepBepP B3aMMO/IEHICTBYET CO BCEMU KJINEHTaMH.
Ira Tononorus usobpakena Ha puc. 6.1.

KnueHnt A

KnueHt b

P -y E

KnuenTt B
b

L E
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Knuent I

B rorosiornn «kueHT-cepBepy ¢ n KineHTaMu nMeetcst Bcero O(n) coenunenuit. Ona-
KO YHUCJIO COETUHEHUI MEK/TY CEPBEPOM U KJIMEHTAME PACIIPEIEISIETCS] HECUMMETPIYHO:
cepsep Oyzner umerTh O(n) coearnermii (10 OHOMY C KasKAbIM KJIHEHTOM), TOT/Ia Kak
KasKAblil KIMEHT OyIeT UMEeTh TOJbKO OJHO COeJUHEeHNe — COeAUHEHMEe C CEPBEPOM.
B oTHOMIIEHNN TTOTIOCHT TTPOITYCKAHMST: €CTM UMEETCST 7 KITMEHTOB, KasKIABII M3 KOTOPBIX
nochliaet b GaiiToB JAaHHBIX B CEKYH/LY, CEPBEP M0JIKeH 06J1a1aTh IPOITYCKHON CIIoco0-
HOCTBIO, TI03BOJIAIONIEN 06padaThiBaTh b X 7 BXOAAIINX OalTOB B CEKyH/Y. AHATOTMYHO,
€CJI CcepBep JIOJIKEH TTOCHLIATh KaykKOMY KJIMEHTY ¢ GallTOB JAaHHBIX B CEKYH/LY, OH
JIOJIZKEH UMETh BO3MOKHOCTH 06pabaThiBaTh ¢ X 71 MCXOAAMIMX 0aiiToB B cekyHay. Ho
KayK/Iblil KJIMEHT J0JIKeH UMETh BXOASILYIO IIPOIYCKHYIO CIIOCOOHOCTD TOJIBKO ¢ GaliTOB
B CEKYH/IY U UCXOJIAILYIO IIPOIYCKHYIO CHOCOOHOCTD b GaliTOB B CEKYH/LY. DTO O3HAYAET,
YTO ¢ YBEJTUYEHIEM YHCIa KIMEHTOB JIMHEIHO BO3PACTAIOT TPeOOBAHMS K IIPOITYCKHOMI
c11ocobHOCTH cepBepa. B Teopun TpeGoBaHus K IPOIYCKHON CIIOCOOHOCTU KIUEHTOB
HE 3aBUCST OT MX KOJUYECTBA, HO HA MPAKTHUKE YBEINUEHNE YICIa MOMIEPKNBAEMBIX
KJIMEHTOB BeJIET K YBEINYEHIIO KOJTMYeCTBA 0OBEKTOB, MOJIEKAIINX PEIJIMKAIIUH, YTO,
B CBOIO OY€pe/lb, BJIeUeT HEKOTOPOe yBeuueHne Tpahrka KasK/I0ro KJIueHTa.

XOTs 9TO He eMHCTBEHHBII MTOJIX0/] K PeATH3AINH TOIOJOTHH «KJINEHT-CePBEP»>, TEM
He MeHee B OOJIBIINHCTBE UTP, IIOCTPOECHHBIX Ha ATO TOMOJIOTHH, UCTIOIb3YeTCsI YNol-
nomouennwiil (authoritative) cepsep. To ecTb cunTaercst, uTo J110ObBIE UTPOBBIE ACHCTBIS,
BBIMIOJIHSIEMbIE CEPBEPOM, SABJISIOTCS MPABUILHBIMU. Eciii KaueHT 00HAPYKUT y cebst
DACXOK/IEHHS C CEPBEPOM, OH IOKEH OGHOBUTH COCTOSTHUE UTPDI, OTTHPASICh Ha WHMDOP-
manuio cepsepa. Hanpumep, B urpe «Robo Cat Action», o6¢cyxaaeMoil gajiee B 9TOii
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rJ1aBe, KaKIbIH KOT, YIIPaBJISIeMbIil KTPOKOM, MOJKET OpocuTh KIy6oK mpstkit. Ho B Mo-
JIeJIN € YTIOJTHOMOYEHHBIM CEPBEPOM KJIMEHTY He MO3BOJIEHO OTIPENIesIATh, OPA3UJT JIM OH
KJIYOKOM JIPYTOTO UTPOKA. BMECTO 9TOTO KIAMEHT MOJKEH NHGMOPMUPOBATEH CEPBEP, UTO
XOYET BBHITOJHUTL GPOCOK. A yiKe cepBep pelraeT, MOJKeT Jii KJIMEHT METHYTh KIyOoK,
U eCJIM MOJKET, — TIOPA3WJI JIK OH JIPYTOTO UTPOKA.

Wcnionp3zoBanue cXembl ¢ YIIOTHOMOYEHHBIM CEPBEPOM O3HAYAET HAJTUYKe HEKOTOPOii
3aJIeP/KKY B OTBETHON PeaKIIny Ha JeiicTBIs KineHTa. Tema 3aiepskek moApoOHO 06Cy K-
JlaeTcs B raBe 7 «3a/iepKKu, PIAYKTyalluu U HAaJIe)KHOCThY, OJIHAKO OHA 3aCJIyKUBAeT
TOr0, 4TOOBI KPATKO PACCMOTPETH ee 31ech. Korma mpoucxoaut 6pocok KiyOKa, TOJIbKO
cepBep MOKET IPUHSTH PEIEHIe, YTO JIOJKHO TPOM30UTH. PazymMeercst, Kakoe-TO BpeMst
noTpebyeTcst, 4ToObI OTIIPABUTh CEPBEPY 3aIPOC Ha BHINOJIHEHNE OPOCKa, CEPBEP, B CBOIO
ouepe/ib, ITOTPATUT KAKOE-TO BPEeMs Ha MPUHATHE PEIIEHUS U PACCBIIKY OTBETA BCEM
kierTaMm. OHUM U3 (HaKTOPOB, BHOCSIIUX BKJIAJ] B 9Ty 3a/I€PKKY, SBJISIETCS 8peMs
nepedauu,/noomeepicdenus (Round Trip Time, RTT) — Bpems (00bIYHO U3MepsIETCS
B MUJUTHCEKYH/IAX ), HEOOXOAUMOE JIJISI TIEPE/Iauil MAKeTOB 3a11poca 1 OTBETA JIJIst OIIpe-
JIeJIEHHOTO KOMIThioTepa B ceTh. B mpeambHoM caryuae Besmunnaa RTT cocrasmster 100 mc
MJIU MEHbIIle, OJTHAKO Jla)kKe B cCOBpeMeHHOM VIHTepHeTe cyliecTByeT MHOXKECTBO (hak-
TOPOB, MPENATCTBYIOMNX yMeHbIeHno BeanunHbl RTT 10 Takoro HU3KOTo 3HAaYeHUSI.

[TpencraBore urpy c cepsepom u asyms kiamentamu — A u b. Tak kak cepsep mocbuia-
€T BCE WTPOBBIE JTAHHbBIE KayKAOMY KJIUEHTY, 9TO O3HAYAET, UTO eCIU KIeHT A GpocuT
KJIyOOK, IAKeT ¢ 3aIiPOCOM Ha GPOCOK JI0JIKEH CHauYasa JI0HTH /10 cepBepa. 3ateM cepBep
obpaboTaeT pakT GPOCKa U OTIIPABUT Pe3yJibTat 0OpaTHo KineHtam A u b. B atowm ciie-
HapWU XY/IIIast ceTeBas 3ajlePykka, UCTIBIThIBaeMast KITHEHTOM B, Moria 6bI cOCTaBUTH
1/2 sesmunnabt RTT st kimenTa A munioc Bpemst, HeoOX0IMMoe cepsepy Ha 00paboTKy,
witoc 1/2 sesmunnbt RTT s kiveHTa B. B GBICTPOIT CeTH 3TO MOKET He OIIYIIAThCS,
HO B PEalbHOCTH OOJBITIMHCTBO UTP BBIHY/KACHBI NCTIOIB30BATH PAa3HOOOPA3HbIe TPH-
eMbI COKPBITHSI 3a7iepikeK. O6 3TOM MoIPOOHO PACCKA3BIBAETCS B TJIaBe 8 « YirydliieHHast
00paboTKa 3a1€PIKEK>.

Cy1iecTByeT 0MOMHUTEIbHAS KJIacCupUKaIus TUIIOB cepsepoB. HekoTopsie cepBepbl
apasiores goioenennvimu (dedicated) B Tom eMmbiciie, 4TO UX HYHKIUA 3aKIT0OYAETCS
TOJIBKO B OOCJYKMBAHUK COCTOSTHUST UTPBI M B3AUMO/ICHCTBUN CO BCEMU KJIMEHTAM.
[Ipottece BbIIENIEHHOTO cepBepa MOJHOCTBIO OTAENEH OT JHOOBIX KIUEHTCKUX MPOIeC-
COB, BBINOJTHAOIMX UIPY. OOBIYHO BbIIEJIEHHBIN CEPBEP HE MMeeT MOHUTOPA U HE OTO-
Opaskaer rpaduky. CepBepbl TAKOTO TUITA YACTO UCIOIB3YIOTCS B BBICOKOOIOKETHBIX
urpax, Takux kak «Battlefield», uro mosBoJisieT paspaboTurKkam 3amycKaTh MHOKECTBO
IIPOTIECCOB BbIJIEJIEHHbIX CEPBEPOB HA OIHOI MOIIHON MallliHe.

AJTbTepHATUBON BBIZIEJIEHHOMY CEPBEPY SBJISETCS NPOCAYUUBAIOUSUIL, NIV JIOKALLHDLLL,
cepeep (listen server). B aToii cxeMe cepBep caM sIBJISIETCSI aKTUBHBIM YYACTHUKOM
urpol. OJIHO U3 IPEUMYIIECTB CXEMBbI C JIOKAJIbHBIM CEPBEPOM — BO3MOKHOCTD YMEHbB-
IIUTh CTOUMOCTD Pa3BEPTBHIBAHUS, TOTOMY YTO HET HEOOXOAMMOCTHU apeHI0BaTh CEPBEP
B BBIUNCJIUTEIBHOM IIEHTPE: BMECTO 3TOTO O/INH U3 UTPOKOB MO>KET MCI0JIb30BaTh CBON
KOMIIBIOTEP OJIHOBPEMEHHO B POJIM cepBepa U kiaueHTa. O7HaKO cXxema C JOKaJIbHBIM
cepBepoM UMeeT GOJIBIINOI HEOCTATOK — KOMIIBIOTED C JIOKAJIBHBIM CEPBEPOM JOJIKEH
OBITH JIOCTATOYHO MOIIHBIM U UMETh BBICOKOCKOPOCTHOE TO/IKIIOUeHYE K VIHTEpHeTY,
9TOOBI CTIPABJISATHCS € TIOBBINIEHHOT HATPY3KOi. [T0X0/ ¢ NCTOMB30BAHNEM JIOKATD-
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HOTO cepBepa WHOT/A OMUGOYHO HA3BIBAIOT COCIMHEHNEM «TOYKA-TOUKA», OJHAKO €ro
paBUibHee OBLIO OBl HA3BIBATH CXeMOIT ¢ 8edyuyum yanom (peer hosted). B urpe Bee erte
MIPUCYTCTBYET CEPBEP, HO OH, TI0 CTEYEHIIO 0OCTOSTETHCTB, BLITTOTHIETCS HA KOMITHIO-
Tepe UTPOKA, YUACTBYIOIIETO B UTPE.

BaskHO OTMETHTD, UTO €CJIN JIOKATBHBIH cepBEp HAETUTh (DYHKITUSIMHU YIIOJTHOMOUEHHO-
ro cepsepa, OH OyIeT UMETD [I0JIHYIO KapTHHY COCTOSIHUS UIPbL. To eCTh UIPOK, Ha YbeM
KOMITBIOTEPE BBITIOJTHSIETCST JIOKATBHBIN CEPBEP, TEOPETUIECKUM TIOTyYaeT BO3MOKHOCTD
UCIIOJIB30BaTh 9TO 0OCTOATEIBCTBO A oOMaHa Apyrux. Kpome Toro, B MogeIn «Kiu-
€HT-cepBeP» 00BIYHO TOJBKO CEPBEP 3HAET CETEBBIE A[PECa BCEX aKTUBHBIX KJIUEHTOB.
ITO MOXKET CTaTh GOJIBIIOI POOJIEMOIl B CJlydyae OTKIHOUYEHHUS cepBepa 3-3a repeboes
CBSI3W WJIM U3-32 TOTO, YTO PACCEPAUBIINIICS UTPOK PEIIUAT IIOKMHYTh UTpy. HekoTopbie
JIOKaJIbHBIE CEPBEPDI PEANU3YIOT IOHSITHE nepedaul ynpasienusl, KOra, B Crydae yrpa-
TBI COEZINHEHUS C JIOKAJTHHBIM CEPBEPOM, CEPBEPOM aBTOMATUYECKU CTAHOBUTCS OJUH
u3 kaneHToB. OIHAKO A1 5TOTO TPeOYeTC s IepPechLIaTh HEKOTOPYIO AONOJHITENbHYIO
uHGOPMAIHNIO MEKIY KJIUEHTAMU. DTO O3HAYAET, YTO JIJIS [IEPeladn YIIPABJIEHUs TPe-
Gyercst peanusaius FTHOPUAHON MOZIEN, B KOTOPOH OJJHOBPEMEHHO HCIIOJIB3YIOTCST IBE
TOTIOJIOTHH: <KJINEHT-CEPBEP» U «TOUKA-TOUKA».

«TOUKa-TOYKa»

B Tononornn «mouxa-mouxa» (peer-to-peer) Kakblil y9aCTHUK CBSI3aH CO BCEMU
ocTaJbHBIMK yyacTHUKaMu. Kak rnmokasano Ha puc. 6.2, 9T0 IPUBOJIUT K YBEJTUUEHUIO
TpaduKa MeKIY KaneHTaMu. YNCI0 coemmHeHniT eCTh KBaJpaTuaHast (DYHKITHST OT YHCIa
KJIMEHTOB, MHAYE TOBOPS, /IS CETU U3 71 Y3JIOB, T/I€ KKBIH y3eJ1 JoJKeH umMeTh O(7) co-
e[IMHeHuii, o01ee Yrcio coeuHenmii coctaBut O(77). DTo TaksKe O3HAYAET YKECTOUEHUE
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Puc. 6.2. Tononoruns Toyka-Touka
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TpebOBaHUIT K MPOITYCKHO CIIOCOGHOCTH KaXK/IOTO Y3J1a C YBEIMICHUEM YHCJIa Y3JI0B,
yuacTBytormux B urpe. O[HAKO, B OTJIIHYHE OT TOIOJOTUU «KJIUEHT-CEPBEP», TPEOOBAHIS
K MPOITYCKHOM CIIOCOOHOCTH SIBJISTIOTCST CAMMETPUYHBIMU, TO €CTh BCEM Y3JI1aM TIPE/Ib-
SIBJIIOTCS OJIMHAKOBBIEC TPEOOBAHUS K TIPOTYCKHON CIIOCOGHOCTH.

B urpe, 0CHOBaHHOM Ha TOTIOJIOTHHU «TOUKA-TOYKA», TIOHSTHE YIIOJTHOMOYEHHOCTH HAMHO-
ro 6osiee pa3mbiTo. OIHO 13 BO3MOKHBIX PENIEHUIT — PACIIPEIETUTh OTBETCTBEHHOCTD
MESK/LY Y3/IaMHF 32 PasHble YaCTH UTPbI, HO HA TIPAKTUKE TAKKME CHCTEMbI CJIOJKHBI B Peasii-
3aruu. Yarie B UTpax ¢ TONOJIOTHEl «TOYKa-TOYKa» UCIIOIb3YeTCsI IPHEM PACCBHLIKH BCEX
JIeNCTBUM KasKIOMY y3JIy, M KaK/IbIi y3eJl BBITTOTHSIEeT 3Th JelficTBus. /J[anHyio Moziesb
WHOT/Ia HAa3bIBAIOT MoOebio pasdeisemozo ésoda (input sharing model).

OHUM 13 aCIeKTOB TOMOJOTHH «TOYKa-TOYKa», KOTOPBIN JeJIaeT MOJEIb pasjieJsie-
MOro BBOjIa 6oJiee JKU3HECIIOCOOHOI, ABJIsIeTCst TOT GaKT, YTO 3aePKKU UIPAIOT MEeHee
BaKHYIO POJIb. B IMPOTUBOMOMIOKHOCTD MOJIEJN «KJIMEHT-CEPBEPS> C TPOMEKYTOUHBIM
3BEHOM MESKY KIMEHTaMU B MOJIEJM «TOYKa-TOYKa» BCE Y3JIbl UMEIOT HEMOCPEACTBEH-
HbIE COEIMHEHUS JIPYT C APYTOM. TO O3HAYAET, UTO B XY/IIIIEM CIIydae 3a/1ePsKKa MEKILY
yasamu coctaBut 1/2 RTT. OmHako B UTpe ¢ TOTMOJIOTHENH «TOUKA-TOUKA» UMEETCS €eIlle
OJIMH UCTOYHUK 3a/I€PKEK, CBA3AHHBII CO CIOKHOCTBIO 00eCcIieueH s CHHXPOHU3AI[IH
BCEX Y3JI0B JIPYT C JPYTOM.

BeromunM 06¢y K IEHTE MOJIENN IETEPMUHIPOBAHHOTO COOTBETCTBUS B TiaBe 1. B urpe
«Age of Empires» Bce UrpoBbie ACHCTBUS PasieJieHbl Ha «XO/bl», BBIMOJHSIONIHECST
B 200-MusmcekyHiable nHTEpBasbl. B Teuenne 200 Mc Bce KOMaH bl IOMENAIOTCS
B OY€epe/ib, a KOT/IA BPeMSI UCTEKAET, KOMAH/Ibl PACCHLIAIOTCS BCeM y3aaM. Kpome Toro,
BBITIOJTHSETCSI 3ajlepsKKa Ha OJIMH IIar, TO eCTh KOT/a KayKIbIi y3es oToOpakaeT pe-
3yJIBTATBI XO/[a C MOPSIKOBBIM HOMEPOM 1, OH HaKaIIMBaeT KOMaH/Ibl, KOTOPbIE Oy Ay T
BBITIOJTHEHBI BO BPEMsT OTOOPaKEHUsI X0/Ia ¢ MOPSIAKOBBIM HOMepoM 3. HecmoTpst Ha
Ka)KyIIYIOCS TTPOCTOTY TaKOW MOIIArOBOM CHHXPOHU3AINH, (DAKTUIECKAS] PeaTU3aIivs
MOKeT 0KasaTbesl BechbMa CJI0:kHOM. [Tpumep urpsl «Robo Cat RTS», o6cysknaembrii
Jlajiee B 9TOM TJIaBe, peajn3yeT caMyto TPOCTYIO BEPCUIO TAKOH MOJIETH.

He Menee BaKHO rapaHTHPOBATh COTJIACOBAHHOCTD COCTOSIHYSI UTPbI MEKY BCEMU
y3JaMu. DTO 03HAYAET, YTO PeaU3alust UTPbI J0JKHA ObITh MOJTHOCTBIO IETePMUHUPO-
BanHOM. To eCTh 3aaHHbIA HAOOD BXOIHBIX KOMAH/ BCEr/a H0IKeH IIPUBOIUTD K OLHIM
M TeM JKe pe3yJsibraTaM. B uncsio BaKHBIX aCIIEKTOB, CB3aHHbBIX C TAKUMHU FapaHTUSAMM,
BXO/ISIT MICTIOJIb30BaHNE KOHTPOJIBHBIX CYMM JIJIsl IPOBEPKHU COTJIACOBAHHOCTH COCTOSTHUST
WUTPBI MEXKJLY Y3JIaMU U CUHXPOHU3AIUS TEHEPATOPOB CJYUYANHBIX YUCEJ MEK/Y BCEMU
y3Jaamu, — 06e TeMbI TOJPOOHO OYIYT PACCMATPUBATHCS JIAjiee B ATOI TJIaBe.,

Erte orra mpo6reMa MOIENN «TOYKA-TOUKa» CBsI3aHa ¢ MOIKIIOUEHITEM HOBBIX UTPOKOB.
Tak Kak Kax[plil y3eJ1 10J5KeH 3HATh a/lpeca BCeX OCTAIbHBIX Y3JI0B, TEOPETUYECKN HO-
BBII UTPOK MOT ObI MOAKJIIOUUTHCS K JTH060MY y3ury. OJTHAKO KOOPAMHAIIUOHHDIE CJIYKOBI
CO CIIMCKAaMH JIOCTYITHBIX UT'P IPUHUMAIOT TOJBKO OJIMH aJ[PeC — B JAHHOM CJIydae OJIUH
y3eJI BBIOUPACTCsT KaK «TJIABHBIN y3eJd» — eAMHCTBEHHBIH TIPUHUMATOIIUE COCANHEHVST
OT HOBBIX UTPOKOB.

Haxkowrert, po6JieMa OTKJIIOUEHUST CePBEPA, SBJISTIONIASICST HACYIITHOM JIJIst MOJIEJTH <KJIH-
eHT-cepBep», (PaKTUUECKU OTCYTCTBYET B MOJEIH «TOUKa-Touka». OGBIYHO B c/Iydae Mo-
TEPU COEIMHEHUSI C Y3JIOM UTPA MOKET TIPUOCTAHOBUTHCS HA HECKOJIBKO CEKYH/I, TTOCJIe
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4ero ysea 6y,I[ET MCKJIIOYEH W3 UTPbI. ITocne oTkmoueHMs O/THOT'O y3Jla BC€ OCTaJIbHbIC
MOTYT HPOAOJIKATD JIeICTBOBATh B COOTBETCTBHUU C I/II‘DOBOﬁ MO/1€JIbIO.

Peanusaumna Moaenum «KineHT-cepeep»

OO6beuHUB BCe UeH, KOTOPbIE Mbl PACCMOTPENN B HTOH KHUTE K JaHHOMY MOMEHTY,
MOJKHO TIPUCTYTIATh K CO3/[aHUI0 HAYa bHON BepCUY ceTeBoit urpbl. B aToM paszene 06-
cyxmaaercst onHa us Takux urp. Mrpa «Robo Cat Actions — 910 urpa ¢ «<BUIOM CBEPXY>»,
B KOTOPOH KOThI CTapaioTcs coOparh Kak MOXKHO GOJIbINE MbIIIE 1 [P 9TOM MOIYT
KHUaTh APYT B Apyra kayoku npsuku. Ha puc. 6.3 nokaszana criena us atoit urpsl. V-
XOHBIN KOJI TIePBOH BEPCUM UTPHI MOKHO HAWITU B KaTtasnore Chapter6/RoboCatAction
PETO3UTOPHUSL.

RTT 216 ms
SENEVAS]

Josh 3

Puc. 6.3. HauanbHasi Bepcus urpbl «Robo Cat Action»

Yupasiarh urpoit «Robo Cat Action» Hecaosxuo. Knasuii D 1 A yripaBs/siioT IOBO-
POTOM KOTa I10 4aCOBOI 1 IIPOTUB YacOBOU CTPEJIKU cOOTBeTcTBeHHO. KnaBumm W
u S — mBIKeHneM Briepen n Hazaz. Kmasuira K BRITOMHSET GPOCOK KIYyOKA, KOTOPHIiT
MOJKET MOTACTb B IPYTOro Kota. KoT Takske MoXKeT coOMpaTh MbITel, Hae3kas Ha HUX.

ITa 1iepBasd Bepcus UTPbl ONUPAETCS HA CYIIECTBEHHbBIE TOTYIIEHU: 33JICPKKU B CETH
OTCYTCTBYIOT WJIM HE3HAYNTEIBHBI M BCE MAKETBI JOCTUTAIOT CBOUX ajipecaToB. CoBep-
IIEHHO SICHO, YTO TH JAOTYIIEHIS TATEKN OT PEATbHOCTH s I000# CeTeBON UTPHI,
MOTOMY B TTOCJIE/IYIONIUX TJIaBaX, U 0COOEHHO B riaBe 7 «3aepskKKu, (hIyKTyaIuu U Ha-
JIEKHOCTD», MBI OOCY/IUM BapUAHTBI JIUKBUAIUE OTUX JOTYHIEHUH. A MOKa 3aiimemcst
06CyRIeHIEM OCHOB Pa3pabOTKI UTPBI B MOJIETH «KJIMEHT-CEPBEP», He OTBIEKASICH HA
NOTIOJTHUTEJTbHbIE CJIOKHOCTH, CBSI3AHHBIE C 33IEP’KKAMU ¥ TIOTEPSIMU TTAKETOB.
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Pa3neneHue cepBepHOro 1 KIMEHTCKOro Koaa

O/HOIT 13 KITFOYeBBIX XapaKTePUCTUK MOJIEN «KJTMEeHT-CepBepP» C YIOJTHOMOUYEHHBIM Cep-
BEPOM SIBJISIETCS OTJIIMUNE KO/IA, BBITTOTHSIEMOTO CEPBEPOM U KaKIBIM KIneHTOM. Bo3bMmeM
JUIS TIPYMepa TIaBHbIN repconasxk, pobokora (Robo Cat). OxHo us ¢BoiicTB KoTa — Iepe-
MeHHast mHealth — XpaHUT ypoBeHb ero 3/10poBbsi. CepBep 0JKeH 3HATh O COCTOSTHUN
3/10POBbsI KOTa, IIOTOMY UTO KOT/IA €70 YPOBEHb JIOCTUTAET HYJIs, KOT JIOJIKEH TIEPETH B CO-
CTOSTHUE TIepeEPOKIeH NS (B KOHIIE KOHIIOB, KOIITKM UMETOT JIEBATH sku3neit ). /st kienrta
TakyKe BayKHA MHMOPMAIIHS O COCTOSIHUU 3/I0POBbSI KOTA, TIO9TOMY €TI0 YPOBEHbD JIOJIKEH
0TOGPAKATHCS B IIPABOM BEPXHEM YIUIy 9KpaHa. [laxe IpU yCI0BUM, YTO HCTUHHBIM CUU-
TaeTcst 3HaYeHue CEPBEPHOTO HK3eMILJIsIpa TiepeMeHHOM mHealth, KJIMEHT JI0JKEeH KAITUPO-
BaTh 9Ty IIEPEMEHHYIO y cebst, UT0OBI 0TOOPaKaTh €ro B I10JIb30BATENbCKOM HHTEpdeiice.

To sxe MOKHO cKa3athb o (pyHKIMX. Kitace RoboCat MOXKET MMeTh HECKOIBKO (hyHKITHT -
WIEHOB, HEOOXOMMBIX TOJIBKO CEPBEPY, TOIBKO KIUEHTY 1 060uM. J[JIst peliieHus aToi
npobiiembl B «Robo Cat Action» HCIOIB3YIOTCS MEXaHU3MbI HACJIEOBAHUSI U BUP-
TyanbHbIx GyHKuii. To ecth cymecTByeT 6a30BbIil Kiacc RoboCat U JBa H0YEpPHUX
KJlacca — RoboCatServer u RoboCatClient, — KaXKIbIll U3 KOTOPBIX IlepeoripeiesigeT
UMeIoIrecs 1 peaausdyeTt HOBble (PyHKIMU-4sieHbl. C TOYKU 3PEHUS IPOU3BOAUTEIb-
HOCTH MCIIOJIb30BaHUE BUPTYATbHBIX (DYHKIMI HEe MO3BOJISAET JOCTUYD HAUBBICIICH
BO3MOKHOW CKOPOCTH, HO C TOYKU 3PEHUS IIPOCTOTHI OPraHU3aIMH KO/Ia MepapXudecKas
MO/1eJIb BBLITJISUT IIPOLIIE.

Nnelo nenennsa Koja Ha pa3Hble KJIacChl MOYKHO Pa3BUTD ellle Jlasblile: UCCIe0BaB 1C-
XOJHBII KOJI, JIETKO 3aMeTUTD, YTO OH JIeJIUTCS Ha TPU OTAe/bHble 1esu. IlepBas mesab —
6ubsmorexa RoboCat, comepskariast 001l KOJI, UCIIOJIb3YEMBbIil CEPBEPOM U KIHEHTOM.
OHa BKJIIOYaeT TaKue KJIACCH, Kak UDPSocket, peaJn3oBaHHBIN B IJ1aBe 3, U KJIacc
OutputMemoryBitSteam, peasn3oBaHHBIN B IJ1aBe 4. /[pyrre /iBe 11eJ111 — UCIIOJHseMble
baitbl RoboCatServer /i1 cepBepa 1 RoboCatClient g KJIMeHTa.

MPUMEYAHUE IN3-3a2 Hanuums ABYyX pasHbIX UCMOMHSAEMbIX halinoB Ans cepBepa U KIMEHTA, YTObbI
onpobosaTtb urpy «Robo Cat Action», Hy»HO 3anycTutb nx oba. Cepeep NpUHNUMAET OAWH MapaMeTp Ko-
MaHAHOW CTPOKMW, ONpeaenstowmii HoMep nopTa Ans NpueMa CoeanHeHnin. Hanpumep:

RoboCatServer 45000

[aHHas KoMaHAa yKasbIBAET, YTO cepBep AO/MKEH NMPUHUMATb COEANHEHUSI OT KIIMEHTOB Ha MOPTY C HO-
Mepom 45000.

KNMeHT npuHMMaeT [ABa NapaMeTpa KOMaHAHOW CTPOKW: NMOJHbIA aapec cepeepa (Bk/oYasi MopT) U UMsI
KneHTa. Hanpumep:
RoboCatClient 127.0.0.1:45000 John

[aHHasi KoMaHAa yKa3blBaeT, YTO K/IMEHT AOSKEH MOAKIIOUNTLCS K CEpBEpY, NMPUHUMALOLLEMY CoeanHe-
Hue Ha nopTy 45000, no agpecy localhost, c umeHeM urpoka «John». EcTtecTBeHHO, K OAHOMY cepBepy
MOFYT MOAKMOUNTBCS HECKONTbKO K/IMEHTOB, @ Tak Kak urpa noTpebnsieT He 04eHb MHOrO pecypcoB, Ans
TECTUPOBaHUS Ha OAHOM KOMMbIOTEPE MOXHO 3amnyCTUTb HECKO/IbKO K3EMM/ISIPOB Urpbl.

WNepapxns kaacca RoboCat B JaHHOM IprUMepe BKJIOYAeT TPU Pa3HBIX Kjacca B TPex
pasHbIX HeJgX: 6a30Bblil Kacc RoboCat HAXOAUTCS B pasze/isieMoil Oubinorexe, a Kjiac-
cbl RoboCatServer u RoboCatClient, 4TO HEYAUBUTEIBHO, — B COOTBETCTBYIOIINX
ucroyinsieMbix (aitax. Takoil oAX0/1 AaeT sicHoe pasjiesieHre IPOrpaMMHOTO KOJa
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1 IIOMOTraeT pa3jim4yaTb cepBeprIfI U KJIUEHTCKUH KoL YToObI MOJIyYUTD 6oJree MoJIHOe
IIpeCTaBIeHNE O JaHHOM I10/IX0/le, B3IJIAHUTE Ha HepapXuio Kjaacca GameObject B urpe
«Robo Cat Action» (puc. 6.4).

GameObject

Yarn RoboCat Mouse

RoboCat
Client

Puc. 6.4. Nepapxusa knacca GameObject B urpe «Robo Cat Action» (anemeHTbl CBETNO-CEpOro LBeTa
npuHaganexat pasaensieMon 6ubnuoTeke, YepHOro — BbIMOMHAEMOMY daiinly KIIMeHTa U TEMHO-
ceporo — BblIrnonHsieMoMy chaliny cepeepa)

[vcneTtyep cetn 1 NPUBETCTBUE HOBbLIX KIIMEHTOB

Kiacc NetworkManager 1 HacsieiyIotue ero Kiaacchl NetworkManagerClient u Network-
ManagerServer peaJn3ylOT OCHOBHBIE OTIEPAITNH, CBSI3aHHBIE CO B3AMMO/IEHICTBUEM TI0
cetu. Harrpumep, Bech KOJI, IPUHUMAIOIINI TTAKETHI ¥ TOMEIIAIONNI UX B 04epeb I
nocJeayionieit oopaborku, HaxoauTcest B 6azo0BoM Kiacce NetworkManager. Peassanist
06pabOTKHU MAKETOB OYEHB MIOX0Ka Ha TO, UTO pasdupasiock B riase 3 «Cokersl Bepkim»,
[0TOMY OHa He OYIET OTUCHIBATHCSA TOBTOPHO.

Kracc NetworkManager oTBeuaeT Takke 3a MPUCOEJMHEHNE HOBBIX KIMEHTOB K UTPE.
Nrpa «Robo Cat Actions poryckaer cBOOOIHBII BXO/ B UTPY W BBIXOJL U3 HEE, TOITOMY
HOBBIH KIMEHT MOXKET B JI0O0H MOMEHT TIPUCOEMHNUTRLCS K Hell. Kak MoKHO mora-
IaThCs, IPUBETCTBHE HOBBIX KJIMEHTOB II0-PAa3HOMY peain30BaHoO Ha cepBepe U K-
€HTe, I0ATOMY JlaHHasg (DYHKIIMOHATHHOCTH pasziesicHa Mexay NetworkManagerClient
n NetworkManagerServer.

[Ipesk/ie YeM MOrpy3uThCs B TIPOTPAMMHBIET KOJI, CTOUT PACCMOTPETDh B OGIIUX YyepTax
cam 1poriecc nojikiaodenud. [Iporeaypy moaKIIOuUeHUS MOKHO YCJIOBHO Pa3/ieTuTh Ha
YyeThIpe Tara:

1. Yro6bI MOAKIIOYATHCS K UTPE, KIMEHT OTIIPABJISIET CEPBEPY TAKET «ITPUBETCTBHUS».
ITOT MaKeT COAEPAKUT TONBKO JUTepas "HELO" (4TOOBI MACHTU(DHUIIMPOBATH THII
IakeTa) ¥ CePHAIN30BAHHYIO CTPOKY ¢ NMeHeM UTpoka. KiImeHT mpoorkaeT 1mo-
CBIJIATh TaKWe MaKeTHI 0 TeX MOp, MOKa He MOJTYYUT TTOATBEPKAEHNE OT cepBepa.
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2. Ilosy4yuB naxkeT IPUBETCTBUS, CEPBEP IIPUCBAMBAET HOBOMY UIPOKY UleHTH(hHKa-
LIMOHHBIN HOMEP 1 BBITIOJIHAET HEKOTOPbIE OIlepaliiy [0 MHUITMAIU3AIH, TAK1e KakK
CBSI3BIBAHME a/Ipeca OTTIPaBUTENST SocketAddress ¢ naeHTH(UKAITMOHHBIM HOMEPOM
UIPOKa. 3aTeM cepBep IOChIIAET KIMEHTY CBOM IaKeT IIPUBETCTBUA. JTOT IaKeT
CONIEPIKUT JiuTepa "WLCM" 1 uieHTU(UKAITMOHHBII HOMEP, IPUCBOEHHDII UTPOKY.

3. TlosyuyuB makeT MPUBETCTBUS OT CEPBEPA, KJIUEHT COXPAHSeT CBOI naeHTudmKaIm-
OHHBII HOMEpP U HAuMHAET OTIPABJISATH U IPUHUMATH HHGOPMAINIo 00 00bEKTaX.

4. B HEKOTOPBINT MOMEHT BPEMEHH CepBep OTIPABUT HHMOPMAITHIO 060 BCeX 00heK-
TaX, HOPOKJACHHBIX /1711 HOBOTO KJIMEHTA, KAaK CAMOMY HOBOMY KJIMEHTY, TaK U BCEM
OCTAJIbHBIM KJIMEHTAM.

B saHHOM KOHKPETHOM IIPUMEpPE MOTEPsI MAKETOB IPOCTO KOMIEHCUPYETCS X M30bI-
TOYHOCTBIO. EcJi KJTMeHT He moyuuT makeT "WLCM", OH IPOIOJIKUT MOCHLIIATh CEPBEPY
makeTsl "HELO". Ecyiu cepBep mOMy4yuT makeT "HELO" OT KJIMEHTA C YsKe 3aPETUCTPUPO-
BaHHBIM a/IpecoM SocketAddress, OH IIPOCTO ITOBTOPUT OTIIPABKY MmakeTa "WLCM".

3aryIsiHyB B KOJI, MO’KHO YBU/IETD /IBA JIMTEPAJIa, UCIOJIb3yeMble i naeHTu(uKauu
akeToB, 0(DOpMJIEHHbIE KaK KOHCTaHTbI B 6a30BOM KJiacce NetworkManager:

static const uint32_t kHelloCC = 'HELO';
static const uint32_t kWelcomeCC = 'WLCM';

Ha cropone knunenta kiacc NetworkManagerClient orpeesisieT nepevucjieHue ¢ Bo3-
MOKHBIMU COCTOSTHUSIMU KJTMEHTA!

enum NetworkClientState

{
NCS_Uninitialized,
NCS_SayingHello,
NCS_Welcomed

¥

[Tocse nnnnmanusanum ax3eMIigap NetworkManagerClient mpucBauBaeT CBOel 1epe-
MEeHHO-usieHy mState 3HaueHmne NCS_SayingHello. [loka KJIMeHT HAXOAUTCS B 3TOM
COCTOSTHWM, OH OY/IET MPOJIOJIKATH TIOCKLIATH TTAKeThl "HELO" cepBepy. [Tomy4yuB maker
"WLCM", KIMEeHT JOJUKEH HayaTh IepeaaBaTh ceppepy 00HoBIeHM. B aTOM ciydae 06-
HOBJIEHUS ABJIAIOTCS BXOIANNME MTaKeTaMU, O KOTOPBIX PACCKA3BIBAETCS AJIEE.

Kpome ToTo, KJTMEeHT pacto3HaeT MaKeThl IO TIPUCBOCHHBIM UM YEThIPEXCUMBOJIBHBIM JIN-
tepasaM. B uactrocty, B urpe «Robo Cat Action» cyiecTByer BCero JBa TuIia IIaKeTOB,
KOTOpbIe MOKET IPUHUMATD KJIMEHT: IIAKeT MPUBETCTBUSA "WLCM" 1 makeT ¢ nHdopma-
nuelt o coctosTHUU. Peanm3anust OTIIPaBKY W MMPUEMa MMaKeTOB HATOMUHAET KOHEYHBIN
aBTOMAT U IIpeJicTaBiieHa B uctunre 6.1.

Jiuctuer 6.1. OTnpaBka M NpMeM NakeToB Ha CTOPOHE K/IeHTa
void NetworkManagerClient::SendOutgoingPackets()

{

switch(mState)

case NCS_SayingHello:
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UpdateSayingHello();
break;

case NCS_Welcomed:
UpdateSendingInputPacket();

break;
}
}
void NetworkManagerClient: :ProcessPacket
(
InputMemoryBitStream& inInputStream,
const SocketAddress& inFromAddress
)
{
uint32_t packetType;
inInputStream.Read(packetType);
switch(packetType)
{
case kWelcomeCC:
HandleWelcomePacket(inInputStream);
break;
case kStateCC:
HandleStatePacket(inInputStream);
break;
}
}
Eanncrsennas Hp06JIeMa, CBsI3aHHAasI C OTITPAaBKOM MmakeToB "HELO", — KJIMEHT He

JIOJIDKEH TOChLIATh UX cJUIIKOM Yyacto. OH jiesiaeT 3To, IPpOBepsst BPeMsi, IIPOIIe/Iliee
€ MOMEHTa OTTIPABKH TTOCJEHETO TaKoro makeTa. CaM TakeT yCTPOeH 04eHb TIPOCTO,
TaK KakK KJIWEHTY HYKHO JIMIIb 3aM1CaTh B HETO JinTepas "HELO" 1 cBoe nMs. AHA/IOTHY-
HO, akeT "WLCM" COZIEPIKUT TOJIBKO MAeHTU(PUKAIIMOHHbIN HOMED KJIMEHTa, KOTOPbIN
KJIMEHT JIOJKEH COXPaHuTh. Peasnusariiist 06pabOTKY 9THX MAKETOB MTOKa3aHa B JIMCTUH-
re 6.2. O6parure BHUMaHNE, uTO HandleWelcomePacket IPOBEPIET COCTOSIHUE KIUEHTA
IOCJIe MOMydYeHns HaKeTa "WLCM". DTa npoBepKa moMoraer nsbexarb OMMOOK, eciu
naxker "WLCM" GyeT IPUHST KJIUEHTOM TTOBTOPHO. [T0X0sKast TPOBEPKa BBITIOJTHSIETCSI
B HandleStatePacket.

JNuctuir 6.2. Nepepnaya nakeros "HELO" u npuem nakeroB "WLCM" Ha cTopoHe KineHTa

void NetworkManagerClient::UpdateSayingHello()
{

float time = Timing::sInstance.GetTimef();
if(time > mTimeOfLastHello + kTimeBetweenHellos)

SendHelloPacket();
mTimeOfLastHello = time;
}
}

void NetworkManagerClient::SendHelloPacket()
{
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OutputMemoryBitStream helloPacket;

helloPacket.Write(kHelloCC);
helloPacket.Write(mName);

SendPacket(helloPacket, mServerAddress);

}

void NetworkManagerClient::HandleWelcomePacket(InputMemoryBitStream&
inInputStream)

{
if(mState == NCS_SayingHello)

{

// ecnn NpUHAT UAEHTUOUKALMOHHBIN HOMep, cepBep OTBETUA Ha npuseTcTBue!
int playerId;
inInputStream.Read(playerId);
mPlayerId = playerId;
mState = NCS_Welcomed;
LOG("'%s"' was welcomed on client as player %d",
mName.c_str(), mPlayerId);

Ha cropone cepsepa mpolietypa BbIIVISAUT HEMHOTO cioxkHee. g Havyasa, Ha cepsepe
HMMeeTCsl aCCOIMAaTUBHBIN MacCUB aJipecoB ¢ uMeHeM mAddressToClientMap, B KOTOPOM
PETUCTPUPYIOTCS BCE U3BECTHBIE KJINEHTBI. KII0OYOM B 9TOM acCOIMATHBHOM MaCcCHBE
CITy>KUT SocketAddress, a 3HaueHNEM — yKa3aTeJib Ha 9Kk3eMILIsap ClientProxy. [Ipokcn-
0OBEKTBI, IPEJCTABJISIIONINE KJIMEHTOB, MbI 00CY/INM JIaJIee B ATOI TJIaBe, a TIOKA IIPOCTO
curTaiite ux 0ObEKTaMH, IIPU MTOMOIIH KOTOPBIX CEPBEP MOKET CJIEAUTH 32 COCTOSTHUEM
kaueHToB. VIMeliTe B BUy: U3-3a TOTO, YTO 3/1eCh HEIIOCPEACTBEHHO UCIIOIb3YIOTCS
ajipeca COKETOB, MOT'YT BO3HUKHYTH 1Ipo0JieMbl ¢ riepegadeil maketoB yepe3d NAT, kak
yoKe 00cyskmanoch B riiase 2. B urpe «Robo Cats mMbl He Oy/1eM 3aHUMATHCST PElleHHEM
9TON IPOOIEMBI.

Korza cepsep BIepBbIe TIOJYYUT MAKET, OH BBIMTOJIHUT MOUCK B KAPTE afPECoOB, YTOOBI
OTIPe/leJINTh, 3aPETrUCTPUPOBAH JIM yiKe OTIpaBUTesb. Eciu oTripaBuTe/b He 3apern-
CTPUPOBaH, cepBep LIpoBepsieT TUll makeTa. Eciu oJyden nakeT, OTJIMYHLIH OT lTakeTa
"HELO", OH IIPOCTO UTHOPUPYETCSI.

B npoTuBHOM cityyae cepBep co3MaeT MPOKCU-00BEKT JJist HOBOTO KJIMEHTA 1 TIOChLIaeT
naker "WLCM". Peasinsaiiusi aToro rpoiiecca rpejcTaBiena B jiuctunre 6.3, rie, BIpoyeM,
OTCYTCTBYET KOJ[ OTIIPABKHU MaKkeTa "WLCM", TaK KaK OH TaK JKe IIPOCT, KaK KO OTIIPABKN
nakera "HELO".

JinctuHr 6.3. O6pa6oTka HOBbIX KJIMEHTOB Ha cepBepe
void NetworkManagerServer::ProcessPacket

(
InputMemoryBitStream& inInputStream,
const SocketAddress& inFromAddress

)

{

// KNVMEHT 3aperucTpupoBaH?
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auto it = mAddressToClientMap.find(inFromAddress);
if(it == mAddressToClientMap.end())

{

HandlePacketFromNewClient(inInputStream, inFromAddress);

}

else

{

ProcessPacket((*it).second, inInputStream);

}
}

void NetworkManagerServer::HandlePacketFromNewClient

(

InputMemoryBitStream& inInputStream,
const SocketAddress& inFromAddress

uint32_t packetType;
inInputStream.Read(packetType);
if(packetType == kHelloCC)

string name;
inInputStream.Read(name);

// co3paTb MpPOKCU-06bLEKT

//
// v nonpuBeTCTBOBaTb €ro KJMEHTa...
SendWelcomePacket(newClientProxy);

// VHUUManM3upoBaTb AuCMeTYepa penavkauuu Aas AaHHOrO KJIMeHTa
//

else

LOG("Bad incoming packet from unknown client at socket %s",
inFromAddress.ToString().c_str());

PazaensiemMblil BBOA U NPOKCU-06bEKTHI

Peanmszarius perimkau urposeix 00bektos B «Robo Cat Action» oyenb HallOMUHAET
nozaxoz, obcyxaasinuiica B riuase 5 «Pemmkaiysa o0beKkToB>. B Urpe ncmosbsyercs
TPU KOMaH/Ibl PEIIMKAIIUK; CO3/1aTh, UBMEHUTD U YAIUTh. KpoMme Toro, st yMeHblie-
HUs 00beMa MH(DOPMAIINH, TTepelaBaeMOIl B TTaKeTax, UCIIOJIb3YeTCsI IPUEM YaCTHYHOI
pernkaiuu 06b6eKToB. [T0CKOIbKY B MIPe HCIOJIB3YETCs MOAEb C YIIOJHOMOYEHHbIM
CEePBEPOM, PEILIMKAINS OOBEKTOB OCYIIECTBIISIETCS TOIBKO B OJIHOM HAIIPABJIEHUH — OT
cepBepa K KJIMEHTY, TO €CTh 3a OTIPaBKy WHPOPMAIUU 00 U3MEHUBIINXCST 0OBEKTaxX
oTBevaeT cepBep (B BUJle TTAKETOB C JIUTEPAJIOM 'STAT'), a KJIMEHT, B CBOIO OUYEPE]Ib,
oTBevaeT 3a 06paboTKy KoMaH perinkai. CepBep M0JKEH BBITIOJHUTD HEKOTOPYIO
paboTy, 4TOOBI OTIPABUTH COOTBETCTBYIONIE KOMAH/IbI KaKJIOMY KJIHEHTY, O YeM MBI
MIOTOBOPUM Jlajiee B 9TOM pasjieJie.
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A II0Ka paccMOTPUM Te MaKeThl, KOTOPbIE KIUEHT J0JKEH OTIIPABJIATh cepBepy. Tak Kak
cepBep SABJIAETCS YIOIHOMOYEHHBIM, KJIMEHT He JOJUKEH IOChLIATh €My HUKAKIX KOMAHI,
CBSI3AHHBIX € permKalueil 0obexktoB. OQHaKo 4TOObI TOUHO UMUTUPOBATH AeiCTBHS
Ka’KJI0r0 KJIMEHTa, OH Z0JKEH 3HaTh, YTO UMEHHO KasK/blil KIIMEHT IIbITAeTCS CAeIaTh.
ITO MOABOAMT HAC K HJiee nakema 6600a. B kax oM kajape kaneHt o6pabarbiBaeT cOObI-
T BBoA. Ecim kakoe-1mb0 U3 9TuX coOObITHI CONPOBOsKAaeTC MH(POPMAIUEii, KoTopast
JOJIKHA 00pabaThIBaThCS Ha CepBepe, HalpUMeD liepeMelleHne KoTa Wi 6POCOK KayOKa,
KJIMEHT HOChLIAeT Takue coObiTust cepsepy. CepBep IPUHUMAET IIAKET BBOZA U COXPaHSAET
€T0 B NPOKCU-00beKme, KOTOPBII CIIOTb3YeTCs JITISI CIICKEHUST 32 COCTOSTHIEM KOHKPET-
Horo kjneHTa. HakoHelr, Korja cepsep IPUCTYIIUT K 00paboTKe UIPOBOM MOZEIH, OH
yuTeT Bce COOBITUS BBOJIA, XPAHIIUECs B IIPOKCH-00bEKTEe KIMEHTa.

Kiace InputState XpaHUT MTHOBEHHBIN CHUMOK COCTOSIHIS BBOJIA KJIMEHTA B onpezne-
JIEHHOM Kafpe. B kaskmom Kazape 00BeKT InputManager oGHOBJIAET InputState, OIIUpPaAsICh
Ha COOBITHA BBOJA KJIMEHTA. Wndopmarmst, xpanumast B InputState, 6yaeT pasnnyarbes
JIIS Pa3HBIX UTP. B JaHHOM KOHKPETHOM CJIydae XPaHUTCS TOJBKO CMENeHUEe B KaXKIOM
13 YeThIPEX HAIMpaBJIEeHUI, OTMMCHIBAIONIEe TIepeMeTieHre KOTa, 1 MPU3HaK HasKaTHsI Kia-
BUIIIM, OTBEYAIoIei 3a 6p0c01< KJIy6Ka npsa:ku. B pesysibraTe rnosyyaercs KJacc ¢ OYeHb
HeGOJIBIINM YMCIOM YIEHOB, KaK ITOKA3aHO B JTUCTUHTE 6.4.

JiuctuHr 6.4. O6bsBneHue kiacca InputState

class InputState

{

public:
InputState():
mDesiredRightAmount(0),
mDesiredLeftAmount (@),
mDesiredForwardAmount (@),
mDesiredBackAmount (@),
mIsShooting(false)
{}

float GetDesiredHorizontalDelta() const

{return mDesiredRightAmount — mDesiredLeftAmount;}
float GetDesiredVerticalDelta() const

{return mDesiredForwardAmount — mDesiredBackAmount;}
bool IsShooting() const

{return mIsShooting;}

bool Write(OutputMemoryBitStream& inOutputStream) const;
bool Read(InputMemoryBitStream& inInputStream);

private:
friend class InputManager;
float mDesiredRightAmount, mDesiredLeftAmount;
float mDesiredForwardAmount, mDesiredBackAmount;
bool mIsShooting;

}s

GetDesiredHorizontalDelta u GetDesiredVerticalDelta — 3TO BcmoMOraTeJibHbIEC
byukun, onpenensiomnue obIree CMeIeHne 1Mo KaxmIol OCH. Hampuwmep, ecaim urpox
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VAEPKUBACT HAKATHIME 00¢ KJaBuiiu, A u D, 061iiee cMelteHue Mo TOPU30HTAIH JI0JIKHO
6bITh paBHO HyJ0. Peanusaiust ¢hyHKiuil Read 1 Write He BKJIIOUEHA B JIMCTUHT 6.4 —
3TN (PYHKITUU ITPOCTO YUTAIOT U 3aMMMCBIBAIOT 3HAYECHUS TIEPEMEHHBIX-UJICHOB B YKa3aH-
HBII OGUTOBBIN MOTOK.

O6paTuTe BHUMaHUe, 4TO InputState OOHOBIISIETCS IUCTIETYEPOM InputManager B Kask-
noM Kajzipe. JIyist GOTbIINHCTBA UTP HE MMEeT CMBIC/IA TaK YacTo MepeaBaTh Ha CEPBEP
InputState. B uzease ciemnoBaio 6bl 00bEANHUTD B OHOM MakeTe 00beKThl InputState
13 HECKOJIBKUX Ka/[POB, ULYIIUX HO/IPSI/L, U IepeaTh ux Bee cpasy. Ho 4ToObl He yCox-
HATH peayu3anuio, B «<Robo Cat Actions takoe 0ObeIMHEHNE He BBITTOJIHSETCS. BMecTo
ATOTO TeKyIee COCTOsSTHNE InputState M3BJIEKAETCS KaKABIE X CEKYH/ M COXPAHSeTCs
B BUjle 0ObeKTa Move.

Krnacc Move daktruecku siBjisieTcs 06epTKOI>’1 BOKPYT InputState ¢ AByMs AOIIOJIHU-
TEJIbHBIMU BEIECTBEHHBIMU 3HAYECHUAMN: OTHO XPAHUT OTMETKY BPEMEHU CO3aHUsI
06beKTa Move, a IPyroe — PA3HUILY BO BPEMEHHU MESK/TY TEKYIIUM ¥ TTPEBIYIIIAM ITaTOM.
OrnpeniesieHre aTOTO KJacca MPUBOIUTCS B IUCTHHTE 6.5.

Jiuctuur 6.5. Knacc Move
class Move

{
public:
Move() {}
Move(const InputState& inInputState, float inTimestamp,
float inDeltaTime):
mInputState(inInputState),
mTimestamp(inTimestamp),
mDeltaTime(inDeltaTime)
{1

const InputState& GetInputState() const {return mInputState;}
float GetTimestamp() const {return mTimestamp;}

float GetDeltaTime() const {return mDeltaTime;}

bool Write(OutputMemoryBitStream& inOutputStream) const;

bool Read(InputMemoryBitStream& inInputStream);

private:
InputState mInputState;
float mTimestamp;
float mDeltaTime;

3

ODyukinu Read 1 Write YUTAIOT U 3aMIUCHIBAIOT COCTOSTHUE BBOJA M OTMETKY BPEMEHU
13/B yKa3aHHBII TTOTOK.

MPUMEYAHME HecMOTps Ha TO 4YTO KnacCc Move SIBMSETCA BCEro /UL TOHKOM O6EPTKOW BOKpYr
InputState C ABYMS AOMOMHUTENbHBIMU MEPEMEHHBIMM, XPAHSLLMMM 3HAYEHUS BPEMEHU, OH Obin co3aaH
C Uesiblo NoAYepKHYTb OPUEHTUPOBAHHOCTb KOAA Ha NMokaapoByto 06paboTky. [Aucnetyep InputManager
OnpaLLnBaAET COCTOSIHNE KNTaBMaTypbl B KaXAOM KaZipe 1 COXpaHSeT AaHHble B InputState. TonbKo Korga
KJIMEHTY AEACTBUTENbHO MOHAA0BUTCA CO3AaTh IK3EMMNAP Move, OTMETKA BPEMEHW HauMHAET npuob-
peTaTb CMbICA.
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[lasiee nocsies10BaTEIBHOCTD MIATOB COXPaHSIETCS B CIIMCKe Movelist. ITOT Kirace Xpa-
HUT, KAK MOXKHO JIOTAJIaThCs, CIIUCOK IIaT0OB, & TaAK)Ke OTMETKY BPeMeEHU T10CJIe/[HErO
nrara B crincke. Korma KimeHT 0OHApy KUBAET, UTO JOJKEH COXPAHUTh OUEPEIHON I1ar,
OH 100aBJISIET €ro B CIIMCOK. 3aTeM, Korja nojoiiger cpok, NetworkManagerClient 3a-
[IUCBIBAET MOCJIe0BATENbHOCTD 11aros B naker. O6parure BHUMaHUeE, YTO IIPU 3AICH
MTOCJIEIOBATEIbHOCTH MIATOB BBITOTHACTCS ONTUMA3AINS YNCIA 3aIIICHIBACMBIX OUTOB
CUETYMKA, OCHOBAHHAs Ha IIPE/IIOJIOKEHIH, YTO B OJUH IIaKeT HUKOrAa He OyzaeT 3a-
[UCBIBAThC OOJIbIIE TPEX IIAroB. ITO MPEAI0J0KEHNE ONUPAETCS Ha KOHCTAHTHbIE
MHOKHTEJTH, OTIPEIETISIONINE YacTOTY MIaroB U Mepeaun akeToB BBoga. KineHTeknii
KOJI, UMEIOIIII OTHOIIIEHNE K CITUCKY TI1aroB, MOKa3aH B JJUcTUHTE 6.6.

JIncTuHr 6.6. KnueHTckunii koA 06cny)xMBaHusA CNMCKa LWIaros

const Move& MovelList::AddMove(const InputState& inInputState,
float inTimestamp)
{

// nepBbli wWar umeeT Pa3HOCTb BO BpeMeHU 0O
float deltaTime = mLastMoveTimestamp >= 0.f ?
inTimestamp — mLastMoveTimestamp: 0.f;

mMoves.emplace_back(inInputState, inTimestamp, deltaTime);
mLastMoveTimestamp = inTimestamp;
return mMoves.back();

}

void NetworkManagerClient::SendInputPacket()

{
// nocbinaTb, TONbKO €C/W ecTb nakeT BBoAA ANA OTnpaBKku!
MovelList& movelList = InputManager::sInstance->GetMovelList();

if(moveList.HasMoves())

{
OutputMemoryBitStream inputPacket;
inputPacket.Write(kInputCC);

// nocnaTb TONbKO MoOC/AefHUe Tpu wara

int moveCount = movelist.GetMoveCount();

int startIndex = moveCount > 3 ? moveCount — 3 — 1: 9;
inputPacket.Write(moveCount — startIndex, 2);

for(int i = startIndex; i < moveCount; ++i)

{
}

SendPacket(inputPacket, mServerAddress);
moveList.Clear();

movelList[i].Write(inputPacket);

O6paTI/ITe BHUMaHUeE, 4TO B SendInputPacket a1 JoCTyma K 9jeMeHTaM Movelist
HCIIOJIB3YETCS OIepaTop WH/EKCUPOBAHUS MaccuBa. BHyTpu Movelist ucnosib3yer
CTPYKTYPY JIAaHHBIX deque, TO3TOMY JAHHBIM OTIEPATOP MMeET TTOCTOSTHHOE BPEMS BBI-
nosHenus. B mrane n3bpiTouHOCTH peanusanus SendInputPacket He oTimyaercs
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BBICOKOI HaJIE)KHOCTHI0. KITMeHT 1mocklIaeT maru ToabKo ojiuH pas. [loaromy, Haipumep,
ecJIU TIaKeT ¢ KOMaH[0i BBoJa «GPOCOK» He JIOCTUTHET cepBepa, OyAeT CYNTaThCst, YTO
KJIMEHT He BBITIOJIHSIT HUKAKOro 6pocka. OUeBUIHO, YTO 3TO HEXKeIaTeIbHast CUTY Il
B MHOTOTIOJI30BATETBCKON UTPE.

B riase 7 «3amepxku, GIyKTyaluu U HAZEKHOCTb» Bbl y3HaeTe, Kak H00aBUTh He-
KOTOPYIO U30bITOYHOCTD B IIAKETHI BBOZA. B 4acTHOCTH, KasKIblil IIar MOKHO ObLIO Obl
OTIIPABJISATH TPUIKIBI, UTOOBI TPEAOCTABUTDH CEPBEPY TPH BO3MOKHOCTH 06paboTaTh Iar.
ITO HECKOJIBKO YCIOKHUT Pealn3alliio, IOTOMY YTO CEPBEPY IIPUAETCS OIIPEIesTh,
00pabaTbhIBaJIC JIM TOT UM UHOI THAT.

Kak ymomuHasoch BbIllle, 1 XpaHeHus UHGOPMAIUHT O KaKJIOM KJIMEHTE cepBep
HCMOJB3YET TTPOKCU-00BEKTHI. Cpe/in TPoYnX, OMHON M3 BaKHEHINX 06s3aHHOCTEl
MPOKCH-00BEKTA SIBJISIETCST XPAHEHHUE OT/IEJIBHOTO [IUCTIETYEPA PEILIMKAIIUH JIJIST KK IOTO
KJIMEHTA. JTO TI03BOJISIET CEPBEPY UMETD MTOJIHOE TIPEICTABJIEHUE O TOM, KaKyio nH(Op-
Mal1Io OH IOCBLIAJ WJIM He MOCBhLIAM KakA0MY KJIMeHTY. Tak Kak /g cepBepa BaskKHO,
4TOOBI KaK/[BII MTAKET PETINKAIIMN HE MOCBLIAJCS B KAKIOM Ka/[Pe KaKIOMY KIIMEHTY,
TS KUKZIOTO KJTMEHTa He0OXOAMMO UMETh OTAEIbHBIN AUCIETYEP PEITUKAINN. ITO
cTaHeT 0cOGEHHO BaKHO MOCIE J06aBIEHUS N3OBITOYHOCTH, TOTOMY YTO TOMOSKET Cep-
BEpY Y3HATh, KaKie UMEHHO [lepeMeHHbBIE TPeOYETCsI TIePecsiaTh KOHKPETHOMY KJIUEHTY.

Kax/1p1ii TpOKCH-00BEKT XPAHUT TAKKE aJIPeC COKeTa, UMST U UIeHTU(HUKATNOHH DI
HoMep urpoka. Kpome Toro, IMEHHO B IIPOKCU-00BEKTE coXpaHsercss nHbopMalus
0 miarax Kaskjoro kiauetrta. Korma cepsep npuHUMAaeT 1akeT BBOJA, OH J100aBJIsieT Bce
1rary, BBIMOJIHEHHbIE KJINEHTOM, B 9K3eMILIAp ClientProxy, Hpe/:LCTaBJIﬁIOLquI 9TOTO
ksnenTa. Yacts oObaBiaeHns kaacca ClientProxy HaxoquTcs B auctunre 6.7.

JinctuHr 6.7. HenonHoe o6bsiBneHune knacca ClientProxy
class ClientProxy

{
public:
ClientProxy(const SocketAddress& inSocketAddress, const string& inName,
int inPlayerld);
// OyHKUMM onyueHsl
/! ...
MovelList& GetUnprocessedMovelist() {return mUnprocessedMovelList;}
private:
ReplicationManagerServer mReplicationManagerServer;
// TepemeHHble onyueHsbl
//
MovelList mUnprocessedMovelist;
bool mIsLastMoveTimestampDirty;

s

Haxomerr, kacc RoboCatServer BBITIOMHsIET 00pabOTKY MIATOB B CBOeH dyHKImn Update,
npezicTaBieHHON B incTuHre 6.8. BaXkHO OTMETHTD, 4TO pa3HOCTb BO BpEMEHH, I1epejiaBa-
eMas B KaXK/IbIl BBI3OB ProcessInput u SimulateMovement, — 3TO Pa3HOCTb BO BpeMeEHU
MeKy 1lIaraMu, a He pa3HOCTb BO BpeMeHM MeXK1y Kajpamu Ha cepsepe. Vmenno tax
cepBep CTapaeTcs TapaHTUPOBATh MAKCUMATBHYTO 6IM30CTh UTPOBBIX COOBITHH K JIeii-
CTBHUAM KJIMEHTA, Ja’Ke €CJIN B OJHOM IIaKeTe IIPUHUMAIOTCS HECKOJIBKO IIaroB Cpaasy.
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Takoii 1101X0/1 IO3BOJISAET TAK:KEe UMETh PA3HYIO YaCTOTY Ka/lpOB Ha CTOPOHE cepBepa
U KJIMEHTA. ITO MOKET HECKOJDBKO YCJIOKHUTH MOJeIUpOoBaHue (husuku 06bEKTOB,
KOTOPOE JI0JIZKHO BBITIOJTHATHCS Ha MPOTSIKEHNN HECKOJIBKUX MTaroB. Ecm 1o BaskHO
714 Balllell UTPpbl, OPraHu3yiTe XpaHeHue 4acTOThl KaJ[pOB MO/IEIUPOBAHUS (DU3UYECKIX
MIPOIIECCOB OT/IEIbHO OT JIPYTUX YacTOT.

JinctuHr 6.8. O6HoBNneHuMe B kiacce RoboCatServer
void RoboCatServer::Update()

{
RoboCat: :Update();
// YacTb kopa onyueHa
/! ...
ClientProxyPtr client = NetworkManagerServer::sInstance->
GetClientProxy(GetPlayerId());
if( client )
{
MovelList& movelist = client->GetUnprocessedMovelist();
for( const Move& unprocessedMove: movelist)
{
const InputState& currentState = unprocessedMove.GetInputState();
float deltaTime = unprocessedMove.GetDeltaTime();
ProcessInput(deltaTime, currentState);
SimulateMovement(deltaTime);
}
movelList.Clear();
¥
HandleShooting();
// YacTb Kopa onyuweHa
/] ...
¥

Peanusaumsa Mogenn «Todka-To4vka»

Nrpa «Robo Cat RTS» — aro cTpaTerus B peajbHOM Maciitabe BPeMeHH, TI0IEPIKI-
BaIoIas JI0 YEThIPEX UTPOKOB. KaxKi0My UTPOKY ZAI0TCST TPU KOTA. YIIPaBJIeHUEe OCy-
IECTBJISIETCST TaK: CHAYajla Hy’KHO BBIOPATh KOTa IEJYKOM MBIIIH, & 3aT€M IIEJTKHYTh
MPaBOM KHOTIKOH Ha 11esin. Eciin 11esibio SIBJIsieTCst MPOCTO HEKOTOpast TOUYKa Ha UTPOBOM
10Jie, KOT TIEPEMECTUTCS B ATY TOUKY. Eciiu 11eJ1b1o SIBJIsIeTCs KOT TPOTUBHUKA, BAIl KOT
cHauasia MpUOJIM3UTCS K TIEJIH, a 3aTeM aTakyeT ee. Tak ke Kak B CloyKeTHOU urpe «Robo
Cat Action», KOTBI aTaKyIOT ApyT Apyra, Gpocas kiayOku npsiku. Ha puc. 6.5 nokasaHa
urpa «Robo Cat RTS» B neiictBun. Peannsaiiust HayaibHON BEPCUI UTPbl HAXOAUTCS
B KaraJiore Chapter6/RoboCatRTS.

XoTs B 06eMX BEPCUSIX UTPhI HCToab3yercst mpoTokoa UDP, cereBast Mmosiess B «Robo
Cat RTS» cyuiecTBeHHO oT/Indaercs oT ceTeBoil Mozesn B «Robo Cat Action». Taxk xe
KaK CIOJKEeTHast Urpa, HavaabHast Bepcust RTS, obcy:knaemast HUKe, MPEIOIAraet, 4To
maxkeTsl He OyayT TepsiThbest. OHAKO 13-3a 0COOEHHOCTEH MOIEIN IETEPMUHUPOBAHHOTO
COOTBETCTBHUSA UTpa GyIeT PYHKIIMOHUPOBATH ¢ HEKOTOPHIM 3aIIa3/IbIBAHIEM, TIPU HTOM,
yeM GoJIbIiie OY/IyT 3a/IEPKKH, TEM XyKe OYIEeT KaueCTBO BOCIIPUSITUST UTPBI.
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Sanjay 3

Josh 3

Zach 3

Puc. 6.5. Urpa «Robo Cat RTS» B aeiictaum

Tax kak B «<Robo Cat RTS» ucIonb3yercst MoIesIb «TOYKa-TOUKa», HET HE0OXOAUMOCTH
JEINTH KOJI HA HECKOJIBKO MPOEKTOB. Bee yaabl Oy T BBITIOJHATH OJUH U TOT 5Ke KOJI.
ITO HECKOJIBKO YMEHbIIAET Yncio (ailjioB, a TaKKe 03HAYAET, YTO BCE MIPOKH OYAyT
3aIyCKaTh OJIMH U TOT JK€ UCTIOJHIeMbIi (paii.

NMPUMEYAHMUE CywecTByeT ABa pasnnuHbix cnocoba 3anycka urpbl «Robo Cat RTS», npu 3Tom B 060-
UX CIly4yasix 3anyckaeTcsl OAMH U TOT XKe UCMONHsEMbIV daiin. YTobbl 3amyCTUTb SK3eMMNsip Urpbl B posu
BeAYLLEro y3na, yKaxvTe HoMep nopTa v uMs urpoka:

RoboCatRTS 45000 John

YT06bI 3aMyCTUTb 06bIYHBIN SK3EMMISP UrPbl, YKaXWTe MOJHbIA agpec Beaywlero y3na (Bkiodasi HoMep
nopTa), a Takxe UMs Urpoka:

RoboCatRTS 127.0.0.1:45000 Jane

O6paTtuTe BHUMaHWE, YTO, EC/IN YKa3aTb aapec 06bI4HOM0, PSAOBOrO Y3/1a, UPOK BCe paBHO ByaeT roa-
K/IO4EH K Urpe, HO npoLeaypa MoAKoveHns B6yAeT BbinosHeHa 6bICTpee, eciv yKasaTb aapec BeayLlero
y3na.

[Tpu atom B urpe «Robo Cat RTS» ucnosnbsyercst uues sedywiezo ysaa (master peer).
OcHoBHAST POJTH BEAYINETO Y371a 3aKTI0YAETCS B TOM, YT0OBT coob1nTh [P-anpeca y3moB,
y4acTByIONmux B urpe. Takasg opranusarust 0cOGEHHO XOPOIIO COTIACYETCSI TIPU UCTIOTb-
30BAHUY KOOPMHAIMOHHOMN CJIy/KOBI, OUIEPKUBAIONIEH CIIUCOK U3BECTHBIX OCTYTHBIX
urp. Kpome Toro, Beaymuuii yses — eiHCTBEHHBIN, KOMY MO3BOJIEHO TIPUCBANBATH
nieHTUGUKAIIMOHHbIE HOMePa HOBbIM UTpoKaM. CJie/laHo 9TO B TIEPBYIO OYepe/lb JJIst
TOr0, YTOOBI U36EKATH KOHKYPEHIUH, KOTOPas MOXKET BOSHUKHYTh, €CJIH /{BA HOBBIX
MUTPOKA OTHOBPEMEHHO TIONIBITAIOTCS CBS3AThCS ¢ PasHbIMU y3iaamu. Kpome atoro oco-
60ro0 cIrydast, BeYIIHil y3es IeHCTBYET TOYHO TaK JKe, KaK BCEe OCTAIbHbIE Y3ubl. Tak Kak
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Ka)K,ZIbeI y3eg nmoAZiep;KuBaeT CO6CTB€HHO€, HE3aBHCHMOE€ COCTOAHNE UTPbI, UTPA MOJKET
NIPOAOJIZKATHCA ITOCJIE OTKJJIIOYEHMA BEAYIEero y3Jaa.

MoakntoYeHe HOBbIX Y3/10B U 3amnycK Urpbl

ITponecc noaxoYeHNs K UTpe B MOJIEJIN «TOYKA-TOYKAy BBITJISIZIUT HECKOJIBKO CJIOKHEE,
YyeM B MOJIEJIN «KJIMeHT-cepBep». Tak ske kak B urpe «Robo Cat Action», HOBBII y3es
CHauaJja 1mochlyiaeT maket "HELO" ¢ mmeneM urpoka. Ho Ha aTOT pa3 B OTBET Ha 3TOT IaKeT
MOZKET OBbITh MOJIYYEH ONH U3 TPEX PA3HBIX TAKETOB:

1. Iaker «/[oOpo moskanoBath»> ("WLCM") — 03HAUYaeT, YTO HaKeT "HELO" GbLI MOJIy-
YeH BeLyIIMM y3JI0M U HOBBIH y3eJs mpurJaniaercs K yyactuio B urpe. [Taket "WLCM"
COMIEPKUT UIEHTU(DUKAITMOHHBINT HOMEP HOBOTO UTPOKA, UICHTU(MUKAITUOHHBIT
HOMEP UTPOKA VIS BELYILIETO Y3J1a U YUCJIO0 YHaCTHUKOB B Urpe (He BKJIoYask HOBOIO
urpoka). Kpome toro, B makete nepemaiorcs umena u [P-ajgpeca Bcex ysmos.

2. TMaker «B mogkmouyennn oTkazano» ("NOIN") — o3HAUAET, UYTO UTPA YrKe HAYATACH
WJIA 9UCJI0 YIACTHUKOB IOCTUTJIO MakcuMyMa. [loryans Takoii maxkeT, HOBBIN y3e
3aBepIlaeT Urpy.

3. Tlaker «¥Y3ex He siBAsieTcs BeaymuMs> ("NOMP") — Takoil IakeT BO3Bpalllaercs,
€CJTM TIAKeT MPUBETCTBYST "HELO" GBI OTIIPABJIEH Y3TY, He SBISTIOMEMYCST BETYIITHM.
B atom ciryuae B makete Gy/eT BO3BPAIIEH aIpec BEAYIIETO Y371a, YTOOBI HOBBIHT y3es
MOT II0CJIaTh eMy ImakeT "HELO".

OpHako ¢ moryyeHreM maketa "WLCM" mpolieypa MoAKII0YeHUS He 3aKaHIMBACTCSI.
Hosblit y3eu Teniepb 0JKeH 110C1aTh BCeM y3JlaM I1akeT BKJIIoYeHus B urpy ' INTR’. DTOT
HaKeT I0JUKEH coiepsKaTh NeHTU(UKAIIMOHHBIN HOMep UTpoKa 1 ero M. biarogaps ato-
MY KK/l y3eJI, YIaCTBYIONIUI B UTPe, TAPAHTUPOBAHHO TIOJIYYUT UH(HOPMAIINIO O HOBOM
y3Jle 1 COXPAHUT ee B CBOMX CTPYKTYPax JaHHbIX [ JaJbHeHIIero claekeHns 3a HUM.

[TockonbKy Kask/bIi y3es coXpaHsieT ajipeca, oJydeHHbIe BO BXOIIIINX TTaKeTax, Teo-
PETUYECKN MOKET BOSHUKHYTH ITPO6G/IeMa TP TOAKIIOUEHIH OJHOTO UJIK HECKOJIbKUX
Y3JI0B, HAXOJSANUXCSA B JIOKATBHOU ceTu. Hampumep, mycThb y3en A — Beaymuii y3edn,
a ysen b HaxonuTes B TOI JKe JTOKATBHOM CETH, YTO U y3ea A. ITO 0O3HAYAET, YTO KapTa
y3J10B Ha yaie A Oyzer BKIo4YaTh aapec yaia b B mokasnpnoi ceru. Teneps mpencrasbre,
YTO HOBBIN y3eJs1 B mnorbItajcst coeimHUThCS ¢ y3J10M A depes ero BHemnuii [P-aapec.
¥3esr A npurnacut y3sen B B urpy u nepezact emy azpec yaia b. Ho ysen b okaxxercs ne-
JIOCTUKUMBIM /11 y3ia B, moromy uto y3es B naxonures 3a npesiesiaMu JJOKaJIbHOM CETH
c yanamu A u B. CooTBeTCTBEHHO, y3es B moTepnuT Heymauy mpu MOMbBITKE CBS3aThCS
¢ ysoM b 11 He cMOKeT IpaBUJIbHO BCTYIIMTh B UTPY. ITa MPpobjieMa AeMOHCTPUPYeTCsI
Ha puc. 6.6, a.

B riase 2 «VIHTEpHET» OMUCHIBAJIOCH OHO U3 PELIEHUI HTOI IPOGIEMbI, IOMOTAOIIee
mpeoposieth 6apbep NAT. Bo3aMOKHBI TaksKe APYTHE PEIIeHs, BOBJIEKAIOIIIE BHEITHUN
cepBep. B offHOM 13 TakuX pelnieHuii yCTaHOBUTh HAaYaJIbHOE COeJIMHEHNE MESK/LY y3JIa-
MU [TOMOTAeT BHEITHUI cepBeP, KOTOPbI NHOI/IA HA3BIBAIOT KOHMAKMHBIM CEPEEPOM
(rendezvous server). Takoii MOAX0/] TapaHTUPYET, 4TO JHOOON Y3€T CMOKET COSTMHUTHCS
¢ Jiro0bIM y3710M Yepes BHemnHuii [P-azpec. Vcionb30Banue KOHTAKTHOTO cepBepa M-
JirocTpupyercst Ha puc. 6.6, 6.
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JlokanbHas ceTb JlokanbHas ceTb

Yaen A Yzen B Yaen A Y3en B
JloKanbHbIit: 192.X.X.X JlokanbHbii: ?? JloKanbHbIit: 192.X.X.X JloKanbHbIit: 2?
Tno6anbHbii: 128.5.3.2 InoGanbHsin: 231.3.2.1 no6anbHbii: 128.5.3.2 \\\\ Ino6anbHbiii: 231.3.2.1
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/// =
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TNokanbHbIn: 192.x.x.x ~ JokanbHbIA: 192.X.X.X == —=—- cepBsep
Fno6anbHbiii: 2? Fno6aneHbii: 128.5.4.4 no6anbHbiii: 8.3.2.1

\
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Puc. 6.6. Y3en B He MOXET MoaKIoumMTbCS K Y31y b (a); KOHTaKTHbIN cepBep NOMOraeT yCTaHOBUTb
HayanbHoe coeAnHeHve Mexay y3namm (6)

JIpyToii OIXO]T, NCTIOTB3YEMBIiT HEKOTOPBIMU UTPOBBIMHU CJTY;KOGAMI, 3aKITIOYAETCSI B Pa3-
BEPTHIBAHUY IIEHTPAJIBLHOTO CepPBepa, OCYIIECTBIIAIONIETO MAaPIIPYTU3AINIO BCEX ITAKETOB
MEesKIY y3TaMi. JTO O3HAYAeT, 9TO BeCh CeTeBOi TpahMK B UTPe CHauaTa HAllPABJIIeTCs
Ha I[eHTPAJbHBII CepPBeP, a 3aTeM IMEPENPABISETCS COOTBETCTBYIONUM y3JaM. XOTs
B 9TOM BTOPOM CJIydae TpeOyeTcss HaMHOro 0oJjiee MOIIHBINA CepBEp, OH TapaHTHUPYET,
YTO HUKAKOU y3es He y3HaeT obmienoctyiubie IP-agpeca aApyrux ys3ioB. DTo pelieHme
BBITJISI/IUT OYEHB TIPUBJIEKATETBHBIM C TOUKH 3PEHUST GE30TTACHOCTH, TaK KaK, HATTPUMED,
CII0COGHO IIPEAOTBPATUTD MOIBITKH Pa30PBATh CBA3b MEKLY Y3IaMU IIOCPEACTBOM ATaKH
BHUJIa <OTKa3 B OOCYKUBAHUT >,

C npyroii CTOPOHBI, TOAYMaiiTe O TOM, KaK TIOCTYITUTb, €CITH Y3€JI He CMOKET COeINHUTD-
€Sl ¢ HEKOTOPBIMM Y3JIaMH, YYACTBYIOIIMMU B UTpe. Takoe MOXKeT CIYyYUThCS Jlaxke Mpu
UCIO0JIb30BAaHUN KOHTAKTHOTO CepBepa U IeHTPATIbHOTO cepBepa, OCYIIeCTBRIISIONIEro
nepesady makeToB. IIpocTeiiniee pemerne — 3ampeTUTh TAKOMY Y37y Y4acTBOBATh
B UTPE, HO YTOOBI OTCIEUTH TIOA0OHYIO CUTYAITUIO, TPUJETCS TIHCATH TOTIOTHUTETLHBII
ko/. Tak KaK B 9TOH TIaBe MPEAIONATAETCS OTCYTCTBUE KaKUX-T1O0 MpobieM ¢ TofI-
KJTIOUeHVEM, 37IECh He Oy T IEMOHCTPIPOBATLCST BO3MOKHBIE PEMIEHHUS 9TOH TPOOTIEMBI.
OjHako B KOMMEPUECKUX UTPpax 06paboTKa Takoil CUTYaIn 00s3aTeIbHO TOJKHA GBITh
IPEZyCMOTPEHa.

[Tocne mpucoennHerws k UTpe AucreTdep NetworkManager Kask/[oTO y3Ja MEPeXOoIuT
B cocTosHme oxkumanus. Korma Ha Beaymem yaine OyzeT Haxkara Kiasuira Enter, on
OTIIPABUT BCEM PSIJIOBBIM y3JIaM MaKeT 3amycka urpbl ("STRT"). TOT MaKeT MOCTYKUT
CUTHAJIOM TPEXCEKYH/IHOW TOTOBHOCTH. Kak TOJIbKO TPEXCEKYH/IHBII MHTEPBAJ UCTEYUET,
UTPa CUNTAETCS HAUaBIIEHCSI.
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O6paTuTe BHUMAHHUE, YTO TPUEM C 3AMTYCKAIOTMM TTAKETOM CJMIIKOM TPUMUTHBEH, TaK
KaK TPEXCeKYH/HBIN TaiiMep He KOMIIEHCUPYET CeTeBbIe 3a[IEP/KKU MEXKIY BeIyIIUM
Y3JI0M ¥ BCEMH OCTATbHBIMIL. 10 €CTh BeIyIINIT y3eJT Beer/ia HAUMHAET UTPY PAHbIIe IPY-
TUX Y3JI0B. DTO HE OKA3bIBAET BJIMSIHUS HA CHHXPOHU3AIMIO B UTPe OJIaroapsi MoJie i
JIeTEPMUHUPOBAHHOTO COOTBETCTBUS, HO 9TO MOKET O3HAYATh, YTO HA BEAYIIEM y3Jie
GymeT HabIIOMATHCS BPEMEHHAS MAy3a, AAI0Tast BOSMOKHOCTD IPYTUM Y3JaM BKJIO-
4uThCst B urpy. OHO M3 peleHuii mpo6IeMbl 3aKII0YAETCS B TOM, YTOObI Ha KasK[OM
yaJie Bbruntath 1/2 Bpemenu RTT us Bpemenu tpexcexkyHHoro taiimepa. To ects ecan
Jomyctuts, uto Beanunna RTT mexay Begyium ysinoMm u y3inoMm A cocrasiser 100 mc,
yaesr A Mor 661 BbruecTb 50 MC U3 001I1ero BpeMeH! OKUIaHsI IePel HA4aIoM, 4To M0~
MOTJIO OBI YJIYUIIUTh CHHXPOHUBAIINIO.

O6bMeH KoMaHAaMK 1 cornacoBaHne XOA40B

Yro6er yrpocTuTh peanusaiuto, «<Robo Cat RTS» BeinosHseTcst ¢ GUKCUPOBAHHOI
yacToTol 30 KaJipoB B CEKYH/LY, ¢ (DUKCUPOBAHHON JIIMTEJBHOCTBIO Kajipa ~33 Mc. ITO
03HAYAET, YTO JAaXkKe eC/IU KaKoMY-To y3Jy rorpedyercs bojee 33 Mc 17151 0TOOpasKe st
KaJipa, BBITIOJIHEHUE UTPOBON MOJIEIN BCe PaBHO OyAeT MPOTEKaTh Tak, Kak ecJIi Obl
JUIUTEJbHOCTD Kajpa cocTaBisia 33 mc. B repmunax urpst «Robo Cat RTS» kaskablit
U3 9TUX 33-MUJLIMCEKYH/HBIX OTPE3KOB HasbiBaeTcs amanom (subturn). Tpu sramna co-
CTABJISIOT ITAT UTPBI, WJN XO. To ecTh mar uMeeT mpoaoKuTeabHOCTh 100 Mc, nin,
MHave TOBOPSI, KaXkK/1yI0 ceKyH y Boimosasiercs 10 maros. B ujieasne npogokuTesbHOCTh
HTATIOB U [IATOB MOTJIa OBl U3MEHSITHCSI B 3aBUCHUMOCTH OT 3a/[€PKEK B CETH ¥ TPOU3BO/IH-
TeJabHOCTH yaia. DakTuueckn aTo 0/IHA U3 TeM, 00CY/KIaeMbIX B IpeseHTannu burraepa
u Teppano «Age of Empires». OgHako 4To0bI He yCI0KHATH peaiusaluio, B urpe «Robo
Cat RTS» npoo/KuTeIbHOCTD TANOB U MIArOB HUKOT/IA HE U3MEHSETCS.

Temeps 9TO KacaeTcs pernynkanny. Kaxaslil y3ea oCyIIecTBISIET MTOTHOE MOJIENH-
poBaHUe UTPOBOTO MUPA. DTO 0O3HAYAET, YTO UTPOBBIE OOBEKTHI BOOOIE HUKOT/A HE
nepefaloTesl MeKy y3JaMu. BMecTo 3Toro B Xojie UIphl IepeialoTcsl TOJAbKO TaKeThl
¢ mHopMaIneif o marax. ITH HaKeThl CO/IeP:KaT CIICOK KOMAHI, OT/IaBAEMBIX KaK/[bIM
Y3JIOM Ha OIIpe/leJIeHHOM I1are, BMecTe ¢ I1apoil (pparMeHToB JAPYruX KII0YEBbIX JaHHBIX.

CiteryeT OTMETHUTD, UTO B IAHHOM CJIy4ae MEK/y «KOMaH/aMu» 1 BBOJIOM ITPOBO/IUTCS
dyeTKas TpaHb. Hampumep, Me90K JIeBOiT KHOMKO MBIIIH Ha (GUTYPKe KOTa BEIOMpaeT
aToro koTa. Ho Tak kak BLIG0Op KOTa HUKAK HE BIMSET Ha COCTOSTHUE UTPDI, ITOT MIETIOK
He TeHepupyer HUKakuxX KoMan. C Apyroil CTOPOHBI, eCiIU TI0CIe BHIOOPA KOTAa UTPOK
IIEJIKHYJT [TPABOT KHOITKON MBIIITH, 3TO 3HAYHUT, YTO OH XOUET, YTOOBI €T0 KOT [IEPEMECTHLI-
s B YKa3aHHYI0 TOUKY WJIN HATIAT Ha IPYTOro KoTa. Tak kak 06a aTuX AefiCTBUS BIUIIOT
Ha COCTOSIHUE UTPBI, B 000KX CJAyYasX FeHEPUPYETCS KOMAH/IA.

Kpowme Toro, HuKakue KOMaH/Ibl He BBITOJHAIOTCS HeMeJIeHHO. BMecTo aToro Kaskplii
y3eJ HaKallJInBaeT KOMaH/Ibl, OT/JaHHbIEe B TeYeHNe OTIPe/IeJIeHHOTo mara. B KoHIle mara
KasK/IblH y3€JI IOChlIaeT CBOM CIIMCOK KOMAaH/[ BCEM OCTAJIbHBIM y3JlaM. JTOT CIIMCOK
KOMaH/[ IIJIAHUPYETCSI JIJIsI BBIIOJHEHMST HA Oydyuiem 1mare. B yacTHOCTH, KOMaH/Ia, OT-
JIaHHasl y3JIOM Ha Iare x, He Oy/IeT BBITOJHEHA 10 mara X + 2. 3/1eCh yUUThIBAETCS [TPHU-
MepHO 100 Mc, HeOOXOIMMBIX JIJIsST TIPHeMa 1 06pabOTKM MaKeTOB BCeMU y3iamu. To ecTh
€ MOMEHTA OT/Ia4¥ KOMaH/IbI /IO €€ BBIITOJHEHUSI B HOPMATBHBIX YCJIOBUAX ITPOXOIUT
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710 200 mc. OIHAKO ITOCKOJIbKY 33/IEPAKKH SIBJISIIOTCS €CTECTBEHHBIM COCTOSTHUEM UTPBI,
OHM He OKa3bIBAIOT OTPUIIATETHHOTO BO3IEHCTBUSI HA BOCIIPUSTHE UTPHI YIACTHUKOM,
10 KpaifHell Mepe B CTPATETUSIX PeabHOTO BPEMEH.

[TousaTre KOMaH/ €CTECTBEHHO YKJIAIBIBAETCS B HEPAPXUIO HAacjeqoBaHus. B gact-
HOCTH, CYIIeCTBYeT Ga30Bblil Kiacc Command, 00bABIEHIE KOTOPOTO IIPUBOLUTCS
B uctunre 6.9.

JinctuHr 6.9. O6baBneHue knacca Command
class Command

{
public:
enum ECommandType

{
CM_INVALID,

CM_ATTACK,
CM_MOVE
s

Command():

mCommandType (CM_INVALID),
mNetworkId(®),
mPlayerId(0)

{1

// Ha OCHOBe MoJy4YeHHOro bypepa KOHCTpyupyeT 3SK3eMnasap

// cooTBeTCTByHWEro noakKnacca KomaHzpl

static shared_ptr<Command> StaticReadAndCreate(
InputMemoryBitStream& inInputStream);

// MeToAbl poCcTyna K CBOWCTBaM

/] ..

virtual void Write(OutputMemoryBitStream& inOutputStream);
virtual void ProcessCommand() = ©;

protected:
virtual void Read(InputMemoryBitStream& inInputStream) = 0;

ECommandType mCommandType;
uint32_t mNetworkId;
uint32_t mPlayerlId;

s

Peanusanus kiaacca Command IpakTHYECKU He TpeOyer MosiCHeHUi. 31ech Olpeiesis-
eTcs TI0JIe ¢ TUIIOM KOMAaH/BI U I[eJIOYICIeHHOe T0JIe JITIsT XPaHeHUs CeTeBOTO UeH-
THu(hUKaTOpa MOLYJIA, OT/ABIIET0 KoMany. Bupryansnas ¢yHkiusa ProcessCommand
BBI3BIBACTCS, KOI/la HEOOXOAUMO (hakTHUECKU BBHITOJTHUTH KoMaHay. OyHKInKU Read
U Write MCIOJIB3YIOTCS JIsE YTEHUsI/3alIUCH KOMaH/Ibl B GUTOBBII TOTOK. (DyHKINs
StaticReadAndCreate cHavasia yntaeT 13 OUTOBOTO OTOKA THII KOMAH/IBI, 3aT€M, OTIH-
pasich HA 3HAYEHHE TUIIA, CO3/IAET HKZEMILIAP COOTBETCTBYIOIIETO MO/IKJIACCA U BBI3bIBAET
(byHKINIO Read 3TOTO MOJKIIACCA.
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B nannom mpuMepe ornpeeseHo TOJbKO JiBa nojkaacca. Komanaa «mepeMecTuTbs
(CM_MOVE) mepeMelnaeT KoTa B yKazaHHYTo TOUKy. Komanza «Hanactb» (CM_ATTACK) co-
00IIIaeT KOTY, 4TO TOT JOJKEH HAMaCTh HA KOTA MPOTHBHUKA. KoMaH/Ia mepeMeleHust
MMeeT OJIHY JIOTIOJIHUTEJILHYIO TIepEMEHHYIO-4JIeH THIa Vector3 ¢ KOOpJMHAaTaMK1 KOHeY-
HOII TOuKHM 11epeMerenns. Kaskaplil U3 moAKI1accoB KOMaH/l MMEET TaKKe COOCTBEHHYIO
(bynkmmio StaticCreate, CTOIB3YEeMYTO JIJIST CO3/IAHWS 9K3EMIIIISIPAa KOMAH/IbI M yKa3a-
tesist shared_ptr Ha Hero. Peanmmzanuu gyyHkimnit StaticCreate u ProcessCommand Jiist
KOMaH/Ibl [lepeMellieHus oKa3anbl B suctunre 6.10.

Jinctur 6.10. Bbi6paHHble pyHkumnn ns MoveCommand

MoveCommandPtr MoveCommand::StaticCreate(uint32_t inNetworkId,
const Vector3& inTarget)

{

MoveCommandPtr retVal;
GameObjectPtr go =

NetworkManager: :sInstance->GetGameObject(inNetworkId);
uint32_t playerId = NetworkManager::sInstance->GetMyPlayerId();

// KOMaHAa [LaHHOMy MepCcoHaxy MOXeT ObiTb OTAAHa, TOJbKO eCc/un
// Wrpok BnageeT WM M STOT MEpPCOHaX — KOT
if (go && go->GetClassId() == RoboCat::kClassId &&
go->GetPlayerId() == playerld)
{
retVal = std::make_shared<MoveCommand>();
retVal->mNetworkId = inNetworkId;
retVal->mPlayerId = playerld;
retVal->mTarget = inTarget;

}

return retVal;

}

void MoveCommand: :ProcessCommand()

{
GameObjectPtr obj =
NetworkManager: :sInstance->GetGameObject(mNetworkId);

if (obj && obj->GetClassId() == RoboCat::kClassId &&
obj->GetPlayerId() == mPlayerId)

{
RoboCat* rc = obj->GetAsCat();

rc->EnterMovingState(mTarget);

¥
}

ODyukiys StaticCreate IPUHIMAET CETEBON UAEHTUMUKATOP KOTA, KOTOPOMY OTIAeTCs
KOMaH/[a, a TaKske KoopANHATEL Iiean. OHa Takke BBIIOJIHSAET HEKOTOPBIE TIPOBEPKH,
9TOOBI YOETUTHCSI, UTO UTPOBOIT OOBEKT CYIIECTBYET, HTOT OOBEKT SBJISETCS KOTOM
U yTIPaBJIsieTcsl y3J10M, oTAaBuM KoMaury. OyHkIms ProcessCommand BBITIOJHSIET P
MPOCTEUTINX TPOBEPOK, YTOOBI yOEUTHCSI, UTO TTOJIYyUEHHbIH €10 CeTeBOH NaeHTU(NKA-
TOP COBTIA/IAET C CETEBBIM MAEHTH(PUKATOPOM KOTa 1 MIEHTU(UKATOP UTPOKA, OT/IABIIETO
KOMaH/ly, COOTBETCTBYET UI'POKY, YIIpaBJisgionieMy KoToM. Bbi3oB EnterMovingState
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MPOCTO COOOIIAET KOTY, YTO TOT JIOJIKEH HAYaTh TIEPEMEITeHUe, YTO TIPOU30MIET B OTHOM
u3 Gukaiimmx aranos. [lepeMelneHre KOTa Peasn3yercs: TOYHO Tak JKe, KaK B OJIHO-
TTOJIb30BATEIBCKIX UTPAX, TOATOMY 3/IeCh 9Ta Pean3alis He pacCMaTPHUBACTCS.

Komannpr xpansites B crimcke CommandList. TTomo6mo kimaccy Movelist B ClOKeTHOM
Bepcuu Urpbl, CommandList — ato Jminb obepTka st ouepe/n deque komau. OH nMeeT
(bynkImio ProcessCommands, KOTOpasi Bbi3biBaeT (hyHKIMIO ProcessCommand Kax 101
KOMaH/IbI B CITMICKE.

[ucnerdep BBoJIa KaXK/IOTO y3J1a UMeeT 9K3eMILIAp CommandList. Korzia sokanbubiii
UTPOK OTAACT KOMAH/LY C TIOMOIIBIO KJABUATYPbI MJIM MBIIIIH, IUCIIETYEp BBOJAA T0OABUT
ee B clIuCcoK. JJIs MHKAIICYIA1uu CIIMCKa KOMaH/l, a TakyKe JaHHbIX, CBA3aHHbIX C CUH-
XpOHM3AIMeH, 71 Kak/10r0 3akoHueHHOoro 100-MumcekyHAHOro 1ara UCroIb3yeTcs
KJ1acc TurnData. /lucnietdep ceTn uMeeT 10Jie-BeKTOP, MHAEKC KOTOPOrO COOTBETCTBYET
HOMepaM 11aros. B kax oM ajieMenTe 9Toro BeKTopa AUCIeTYEp CeTH COXpataeT acco-
IUATUBHBIM MaCCUB, KJIIOUOM B KOTOPOM SBJISIETCS MACHTU(DUKAIIMOHHBIN HOMED UIPOKa,
a 3HaueHMeM — 3K3eMIIIp TurnData /u1s1 aToro nurpoka. biarogaps takoit opranusanum
JaHHBIE O IIare KaXX/[0T0 UTPOKA XPAHATCS OT/EeNbHO. DTO TIOMOTaeT AHCIeTdepy ceTn
yOEUTHCS, YTO TAHHbBIE OBLIH TIPUHSTHI OT BCEX Y3JI0B.

3aKOHUYMB ATAIl, KAKIBIN y3€J IIPOBEPUT, 3aKOHUUJICS JI 1ar. Eciu mar 3akoHunics,
y3eJI MOITOTOBUT MAaKeThl ¢ UH(MOPMAIUEN O BBITIOJHEHHOM IlIare U OTIPABUT UX BCEM
OCTAJTBHBIM y3JiaM. JTa (PYHKITUS IOCTATOYHO CJIOKHA, TIO9TOMY OHA MPUBOIUTCS B JIU-
crusnre 6.11.

JiuctmHr 6.11. OTnpaBka nakeToB ¢ MH(OpMaLMeii o Lare BCeM y3siaM
void NetworkManager: :UpdateSendTurnPacket()

{
mSubTurnNumber++;
if (mSubTurnNumber == kSubTurnsPerTurn)

{
// co3paTb 3K3emnnAp ¢ MHbopmauuen o ware
TurnData data(mPlayerlId,
RandGen: :sInstance->GetRandomUInt32(0, UINT32_MAX),
ComputeGlobalCRC(),
InputManager::sInstance->GetCommandList());

// nakeT TpebyeTcA OTMpaBuTb BCEM y3naM
OutputMemoryBitStream packet;
packet.Write(kTurnCC);

// OTNpaBnAWTCA AaHHble [1A Wwara, OTCTOAWero OT TekylWero Ha 2 wara
packet.Write(mTurnNumber + 2);

packet.Write(mPlayerlId);

data.Write(packet);

for (auto &iter: mPlayerToSocketMap)

SendPacket(packet, iter.second);

}

// COXpaHuUTb [aHHble ANns wara + 2
mTurnData[mTurnNumber + 2].emplace(mPlayerId, data);
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InputManager: :sInstance->ClearCommandList();

if (mTurnNumber >= 0)

{
}

else

{

TryAdvanceTurn();

// B ware c oTpuuaTeNbHbIM HOMEPOM KOMaHA He MOXeT OblITb
mTurnNumber++;
mSubTurnNumber = 0;

}
}
}

KonctpykTopy TurnData mepefaioTcs /Ba mapaMeTpa — CayJaifHoe 3HaUeHNe U KOH-
tpoabHas cymma CRC, ob6ey:kaaemble B caeayioneM pasaene. A moka oOpaTute BHU-
MaHmHe, YTO y3eJI MO/[TOTABANBAET MaKeT, BKJIIOUAIONINI CIIICOK BCeX KOMAH/I TSI BBI-
MIOJTHEHNUST Yepe3 [[Ba I1ara OT TeKYIIero. 3aTeM aTOT MaKeT OTIIPABJISETCS] BCEM Y3JIaM.
Kpowme Toro, y3es cHauasia coxpatser y ce6s KOmuio nHGOpMAIMK O [Iare 1 TOJbKO
MOTOM OUHMIIAeT CIICOK KOMAH/I B JIUCTIETUEPE BBOJIA.

Haxkoterr, o6paTrTe BHUMaHHE Ha TIPOBEPKY HOMeEpa I1ara Ha OTPHUIIATeIbHOE 3HAYECHHE.
B camom Hauazne urpbl mepBOMY MIATy MPUCBAWBAETCS MOPSIKOBBIN HOMep —2. To ecTh
KOMaH/Ibl, OTZaHHbIE Ha IIare ¢ HOMePOM —2, OyyT 3allJIaHUPOBAHbI JIJIsI BbIITOJIHEHMS
Ha mare ¢ HomepoM (. ITo o3HavaeT, 9To B mepBbie 200 MC HeT HUKaKUX KOMaHT JIJIST BBI-
HOJIHEHS], HO 9TO He N30aBJIseT OT HaualbHOM 3a/Iep/KKI — TAaKOBO CBOMCTBO MeXaHU3Ma
JIeTEPMUHUPOBAHHOTO COOTBETCTBUS.

Oyukuust TryAdvanceTurn, ipejctaBiennas B auctunre 6.12, moryunia Takoe nms,
IOCKOJIBKY He rapaHTHPYET Hepexo/l K CIeAyoIeMy mary. ITo o0bsacHsieTcss HeoOXo-
JIMMOCTBIO 0OECIIEYNTD AeTEPMUHUPOBAHHOE COOTBETCTBIE MIaroB. 1o cyTH, ecim Texy-
UM SIBJISIETC 1Iar x, TryAdvanceTurn BBIIIOJIHUT TIepexo/] K mary x + 1, ToJIbKo ecin
BCe JIaHHbIe I 1ara X + 1 ObLIM MPUHATHI K 9TOMY MOMEHTY. Eciin Kakue-To JaHHbIe
OTCYTCTBYIOT, IUCIIETYEP CETU TIePEUIET B PESKUM OKUIAHUL.

Jinctunir 6.12. ®yukumnsa TryAdvanceTurn
void NetworkManager::TryAdvanceTurn()

{
// nepeiTn K cnepyiwuwemy wary,
// TONbKO ECJ/IN nony4eHbl AaHHble OT BCEX YYaCTHUKOB
if (mTurnData[ mTurnNumber + 1].size() == mPlayerCount)
{
if (mState == NMS_Delay)
{
// oTbpocuTb niboi BBOA, MNONYYEHHbIN B MEPUOS OXUAAHUA
InputManager::sInstance->ClearCommandList();
mState = NMS_Playing;

// xpaTb 100 Mc, 4TOb6bl AaTb MeAsIeHHbIM y3/1aM WaHC
// HaBepcTaTb ynyleHHoe
SDL_Delay(100);
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}

mTurnNumber++;
mSubTurnNumber = 0;

if (CheckSync(mTurnData[mTurnNumber]))

// obpaboTaTb BCe KOMaHApl ANA 3TOro wara
for (auto& iter: mTurnData[mTurnNumber])
{
iter.second.GetCommandList().ProcessCommands(iter.first);
¥
}
else
{
// Bns NpocTOThl B C/iydae pacCUHXPOHW3AUMM MPOCTO 3aBepwuTb Urpy
Engine::sInstance->SetShouldKeepRunning(false);

}

¥

else

{
// BaHHble MoJlyYeHbl He OT BCeX MIpOKOB — BLINMOMHUTbL 3afepxKy :(
mState = NMS_Delay;

¥

B cocrosiHnm 3ajiepskKi HUKaKHe UTPOBbIE 0OBEKTHI He 0OHOBIISTIOTCst. BMecTo aToro avic-
neTyep CeTH JKJET TTOTyIeHUs HeJIOCTAIONINX MAaKeToB ¢ MHbopMalmeii o mare. Kaxkabrit
pas, KoT/ia BO BPeMs 33/IeP>KKM TTPMTHUMAETCST HOBBIH TTAaKeT, AUCIeTYep CeTH BHOBD BbI-
3bIBaeT TryAdvanceTurn B HAJIEXK/IE, YTO HOBBII MAKET ObIJ TIOCIEIHUM U3 HEAOCTAIONHX.
ITOT TPOILECC MTPOIOIKAETCS JI0 TEX MOP, TOKa He OYIYT IPUHSITHL BCe HEOOXOIUMbIE
MaHHbIe. AHATOTHYHO, €CJIM BO BPEMS OKUIAHIS COEIMHENHe C OMHUM U3 Y3JI0B OyIeT
PasopBaHo, ATOT y3eJ1 GYAET UCKIIOUEH U3 UTPBI, 2 BCE OCTATLHBIE TIPEAMPUMYT TTOMBITKY
IIPO/IOJIKUTD UTPY.

He sa0niBaiite: ata nepsast Bepcust «Robo Cat RTS» omnmpaercst Ha peAnoioKeHue, 4to
PaHO WU TIO3/THO GYIIyT MPUHSITEHI BCe MakeThl. UTOOBI MCTIPABUTH CUTYAIHIO C MOTepeit
IakeTa, COCTOAHNE 3a/IEPKKN MOKHO JIOIIOJTHUTDH OIlpe/ieJIeHNEM y3Jia, YbW KOMaH/Ibl
OTCYTCTBYIOT, I OTIIPABKOIl eMy 3aIpoca Ha MOBTOPHYIO NEePechUIKY AaHHBIX. Torzaa
€CJIM HECKOJIBKO TAKUX 3aMPOCOB OY/IYT TPOUTHOPUPOBAHBI, 3AMOTYABIIHI y3eT 6yaeT
UCKJII0YeH n3 urpbl. Kpome Toro, annble Jjis mpe/bIIyIIETO MIara MOXKHO BKJIIOYATh
B TTAKETBHI [I7TsT CJEYIOMIETO Tara, YTOOB! B CTydae MOTEPH MPEIBIAYINETO MaKeTa yTpa-
YEHHBIE TAHHBIE MOKHO OBLITO GBI HAWTH BO BXOJAIIEM TTAKETE JIJISA CJAEMYIONIEro IMara.

CUHXpOHM3aUna

OnHoit 13 camMbIX GOJIBIIMX CJIOKHOCTEN B pa3pabOTKe UTP, UCHOJIb3YIOMIMX MOJAETD
«TOYKa-TOUKA», KOI/la Ka)/blil y3es BBIIIOJHAET UTPOBYIO MOJE/Ib HE3aBUCUMO OT
JIPYTHX, SBJSETC MO/JIePsKKa 9K3eMILIIPOB UTPbI B CHHXPOHU3UPOBAHHOM COCTOSTHUU.
[laxxe HesHaAYMTeJbHbIE HECOOTBETCTBUS, TaKMe KaK HECOIJIaCOBAHHOCTD IO3UINH,
B OyZyIIEM MOTYT TiepepacTh B 6oJee cepbestbie TpobaeMbl. ECi HeCOOTBETCTBIS
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COXPAHSATCS, COCTOSTHUS UTPOBBIX MOJIETIEH C TEUEHUEM BPEMEHU OYIIyT PA3IndaThCst BCe
Gouibiiie 1 OosibIe. B KaKOii-TO MOMEHT HAKOIMBIIIMECS PASIMIIS OKAKYTCS HACTOJIBKO
GOJIBIITIMI, YTO TOSIBUTCS OIILyTIeHUE, GY/ITO Y3JIbl UTPAIOT B pasHbie urpbl! OueBuIHO,
4TO TOA0GHBIE HECOOTBETCTBHSI HEJIOTYCTHMBI, TIOATOMY OYeHb BaKHO TapaHTHPOBATH
U IIPOBEPSTH CUHXPOHU3AIIHIO.

CUHXPOHM3aLMS reHepaTopOB MCEBAOCYYaNHbIX Yncen

Hexortopble TPUYMHBI PACCHHXPOHU3AINN SBJISIFOTCS O0JIee OUEBUIHBIMU, UEM [PYTHE.
Hanpuwmep, ncrnonbzoBanue zenepamopa ncesdocayuainvix uucen (Pseudo-Random
Number Generator, PRNG) — efnHCcTBEeHHbII CIIOCO0 U151 KOMITBIOTEPA MOy YUTh YHCJIA,
KaKyTrecs caydaiinpiMu. Co3aHme CIyJIaifHBIX 37IeMEHTOB — UPEe3BbIYAifHO BaskHAs
0COBEHHOCTD JIJIT MHOTUX TP, TOATOMY TIOJHOCTHIO U30aBUTHCSA OT CAYIANHBIX YHCET
0OBIYHO HE MPEACTABISIETCS BO3MOKHBIM. OJ[HAKO B UTPaX, OCHOBAHHBIX HA MOJIEJIH
«TOYKA-TOUKA», HEOOXOINMO TaPAHTHPOBATD, YTO B JIIOOOM IITare JBa y3J1a BCET/IA TOJTY-
YaT OT TeHepaTopa CAyYalHbIX YHCEJ O/IHU U Te JK€ Pe3YJIBTaThL.

Ecau nipeskie BaM JJOBOJUJIOCH MCIIOJIb30BATh T€HEPATOP CIYYAIHBIX YKCeJ B IIPO-
rpammax na C/C++, Bbl HaBepHsIKa 3HAKOMBI ¢ (pyHKIussMu rand u srand. Oynkims
rand TeHepupyeT TICeBA0CTydaliHOe YnCo, a hyHKImd srand nantmamunznpyet PRNG
HauanoHolM yucaoM. [1JIs1 JaHHOTO KOHKPETHOTO HauaabHoro 3Havenuss PRNG rapanTu-
POBAHHO GYIET TIPOM3BOMUTE OJHY ¥ TY JK€ TIOCTEN0BATENLHOCTD Uncen. JacTo B Kave-
CTBe HauaJbHOTO YHcaa QYHKITMH srand TiepeaeTcst TeKyIee 3HaueHne BpeMenn. Ha
MPAKTUKE 9TO 03HAYAET, YTO KAK/BII pa3 Oy/yT reHepUPOBATHCSI PA3HBIE TTOCIE[0BA-
TeJbHOCTH IHCEL.

C TOUKM 3peHNS 33191 CHHXPOHM3AINH 3TO 03HAUAET, UTO KaXK/IBIH y3eJI TOJI’KEeH BBI-
MOJTHUTD [IBAa BAKHBIX YCIOBHUST, YTOOBI 06ECTIEYNTH BOCITPOU3BE/IEHUE OJIHUX U TEX JKe
CIIyJalHbBIX YMCeJI:

QO lenepaTop cirydaifHbIX unces Ha KaskKAOM y3Jie JOKeH NHUIUATH3UPOBATLCS OAHUM
U TeM ke HauarbHBIM 3HauenneM. B urpe «Robo Cat RTS» Bemymuii y3en Boibupaer
HaYaJIbHOE YHCJIO M PACCHLIAET €T0 B IaKeTe 3amycka ("STRT"), 4ToObI KaK/bIil y3el
3HaJ, KaKoe HadaIbHoe YNCJIO0 UCIOIb30BaTh.

O Obpamienns k PRNG Ha 0/HOM 1 TOM JKe TIare Ha BCEX Y3JaX BCET/A TOTKHBI BbI-
MOJTHATBCS B OJIHOM U TOM K€ MOCJIeZI0BATEILHOCTH 1 B OJ[HUX 1 TEX JKe MeCTaxX B IPo-
IpaMMHOM KOJI€, ¥ YMCJI0 9THX 00palleH il 10JIZKHO COBIIAAATh JIJIsL BCEX Y3JI0B. ITO
O3HAYAET, UTO B UTPe He MOTYT YIaCTBOBATh Pa3Hble BepcuH, ncronbayionime PRNG
Yalre UM pexe, TO ke OTHOCUTCS K PA3HBIM alTapaTHBIM MIaThopMaM, ecyiu Urpa
SIBJISIETCST KPOCCILIAT(OPMEHHOM.

OjiHaKO CYIIECTBYET elile 0/fHa podIeMa, He TaKast OYeBU/IHASI HA TIePBbIi B3TIsi. Kak
okasbIBaeTcs, GYHKINY rand 1 srand TUIOXO TIOAXOIAT 7T Hy K/ ciHXpoHn3armn. CtaH-
napr sasbika C He onpegesnsier aaroputm paborsl PRNG. To ecTh pasHble peaninsaiuu
crangapTHoit 6ubmoreku C Ha pasHbIX maatdopmax (HUd Jake ITPOCTO CKOMITUIIHPO-
BaHHbBIE PA3HBIMU KOMITUJIITOPAMU) He TaPAHTUPYIOT UCTIOJb30BAHUE OJJHOTO W TOTO
e anroputMa PRNG. B atoM ciryyae coBeplieHHO He BasKHO, OYAyT JIM TeHEePaTOPhl
MHUIMMPOBAHDI OJIHUM U TEM K€ Ha4aJbHBIM YUCJIOM, — PA3HbIE aJITOPUTMBI OYIyT
JlaBaTh pasHble Pe3yabTaThl. Kpome TOro, M3-3a OTCYTCTBUS TapaHTHI OTHOCUTETHHO
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anroputma PRNG, ncrionbayemoro dyHkIuel rand, KauecTBO CAyYalHBIX YUCET, NN
IHmMponusi 3HAYEHUT, BBI3BIBAET COMHEHHUSI.

B mpomiioM us-3a OTCYTCTBUS Y€TKO OTPEAEIEHHOTO ajropuTMa paboTsl rand B G0JIb-
IIMHCTBE UIP UCIIOAb30BaJIMCh coOcTBentble peanusanun PRNG. K cuactbio, B cranzapt
C++11 6bLIO BKIHOYEHO OTPE/eIEHIE CTAaHIAPTH30BAHHBIX 1 BBICOKOKAUE€CTBEHHBIX
reHepaToPOB MCEBIOCTYIalHbIX Yncel. Jlake TIpr TOM YTO 9TH reHepaToPhbl ICEBIOCITY-
YANHbIX YHCEJ CYUTAIOTCS HEITPUTOAHBIMU JIJIsT KPUIITO3AIIUTHI — KOT/IA CJIyJaiiHble Ync/ia
SBJIAIOTCS YACTHIO 3ANMUIIEHHOTO TIPOTOKOJIA, — UX H0Jiee ueM JI0CTATOYHO JIUIS TeIeil
CHHXPOHU3AINY IK3EMILISAPOB UTpbl. B wactrocTr, B «Robo Cat RTS» ucnonbsyercst
peanmsarus anroputma Mersenne Twister, onpenesnsiemoro crangaprom C++11. 32-pas-
psinast Bepeust anroputma Mersenne Twister (MT19937) umeet niepuojt 2%, o ecTb 1mo-
CJTeIOBATETBHOCTD YFCesT HUKOT/[A He IOBTOPUTCS 32 BPEM:I CyIlecTBOBaHMs BcesleHHOT.

TeHepatopsl cayuaitibix unces B C++11 uMenT HeCKOIBKO GoJiee CIOKHBIN WHTEP-
detic, uem crapbie pyHKIMU rand U srand, moatoMmy B «Robo Cat RTS» poctyn Kk HuM
peaim30BaH MOCPEACTBOM Kaacca-obepTKy RandGen, IIpecTaBIeHHoro B jauctunre 6.13.

JinctuHr 6.13. O6bsaBneHune knacca RandGen
class RandGen

{
public:
static std::unique_ptr<RandGen> sInstance;
RandGen();
static void StaticInit();
void Seed(uint32_t inSeed);
std::mt19937& GetGeneratorRef() {return mGenerator;}
float GetRandomFloat();
uint32_t GetRandomUInt32(uint32_t inMin, uint32_t inMax);
int32_t GetRandomInt(int32_t inMin, int32_t inMax);
Vector3 GetRandomVector(const Vector3& inMin, const Vector3& inMax);
private:
std: :mt19937 mGenerator;
std::uniform_real_distribution<float> mFloatDistr;
s

Peanmuzanuu nexoTopbix yHKITUHN Kacca RandGen TpUBOAATCS B TUcTUHTE 6.14.

JiuctuHr 6.14. OtaenbHble hyHKUnM U3 Kiacca RandGen
void RandGen::StaticInit()

{

sInstance = std::make_unique<RandGen>();

// vcnonb3oBaTb HayasbHOE YUCAO MO YMONYAHMI
// no3paHee Mbl BbIMOJIHUM MOBTOPHYH WHULMANU3aLuUio
std::random_device rd;
sInstance->mGenerator.seed(rd());

}

void RandGen::Seed(uint32_t inSeed)

{
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mGenerator.seed(inSeed);

}

uint32_t RandGen::GetRandomUInt32(uint32_t inMin, uint32_t inMax)
{

std::uniform_int_distribution<uint32_t> dist(inMin, inMax);
return dist(mGenerator);

}

O6paTuTe BHUMaHHUE, YTO KOT/[a RandGen MHUITHAIM3UPYETCS B TIEPBBII pa3, B KAUeCTBE
HAYaJbHOTO 3HAUCHUS MCIIOJIb3yeTcs Kiaace random_device. OH nocrapJiger ciaydaiiHoe
3HaYeHwue, 3aBucsIee OT TIaThOPMbl. YCTPONCTBA, TeHEPUPYIONIHNE CydaliHble YnCJIa,
MO’KHO HCIIOJIb30BaTh JJIsI ITOTyYeHNs HayaJIbHOTO 3HAYEHUs], HO OHU He JOJIKHBI NC-
MOJIb30BATBCS B KauecTBe reneparopoB. Kiace uniform_int_distribution, ncrosb3ye-
MBI B 0/IHO¥ 13 (DYHKITUIA, TIPOCTO TTO3BOJISIET ONPEIEIUTD TUATIA30H YNCEJT U TIOJyJIaTh
TIICeB/IOC/IyYaliHbIe YKcIa B 9TOM [uanasone. JlaHHblil HOAX0M IPeATIouTHTeIbHEee pac-
MPOCTPAHEHHOH TIPAKTUKH TIEJIOYUCIEHHOTO MACIIITAOUPOBAHMSI CJTyJallHOTO PE3YJIbTara,
B C++11 BBoAUTCS HECKOTBKO AOTOJHUTEIBHBIX TUTIOB PacIIpeieIeHII.

[l cuHXpoHM3alUK CIy4YalHbIX YKces BeylIUi y3es reHepupyer ciaydailHoe Ync-
JIO, KOTOPOE 3aTeM MCIIOIb3yeTCs Kak HOBOE HayasbHOE 3HAaYeHHe, KOTra HaunHaeTCs
06paTHBII OTCUET Tepes 3aMyCKOM UTPBI. ITO CIYYaiiHOE YUCIO TIEPECHLTAETCS BCEM
OCTATLHBIM Y3JIaM, YTOOBI TAPAHTUPOBATH, UTO K HAYATY Iara ¢ HOMEPOM —2 BCE Y3JIbI
MHUIAAIUZUPYIOT CBOU T€HEPATOPDI OJHUM U TeM K€ 3HAaYeHUEM:

// BbIGpaTb Ha4anbHoOe 3HayeHue
uint32_t seed = RandGen::sInstance->GetRandomUInt32(0, UINT32_MAX);
RandGen: :sInstance->Seed(seed);

Kpowme Toro, korzia B KOHIIe 11ara co3gaeTcs rnaxket ¢ undopmaiueit o HeM, Kask/blii
y3€eJI TEHEPUPYeT CIAyJaifHoe 1esioe YUCI0. JTO YUCIO TIepelaeTcsl BMECTE ¢ TAaHHBIMU
B cocTaBe IakeTa. Takoe pelleHue 1Mo3BoJIsAET y3JaM Jerko IIPOBEPUTh CHHXPOHHOCTD
TeHepPaTOPOB CIAYyYAHBIX YHCEJL.

NmeiiTe B BUjLy, 4TO €CJIU UTPE TIOHAMOOSITCS CITyYailHbIe YMCJIa, He OKA3bIBAIOIIIE BJIMsI-
HUS Ha ee COCTOSTHIE, MOKHO CO3/IaTh ellle OinH reHepatop. Hirke mpuBoauTest mpumep
UMUTAIMY [TOTEPH CIYYaiHbBIX IAKETOB — JIJISI ATOM 11eJIM HeJIb34 NCI0JIb30BAaTh OCHOB-
HOI reHepaTop UTPbI, IIOTOMY YTO B 3TOM CJIydae BCe Y3JIbl OJJHOBPEMEHHO CBIMUTHPYIOT
notepto makera. OpHaKo Oy/IbTe BHUMATEIbHBI, HCTIOJIb3YsT HECKOJIBKO FeHepaTopoB. Bol
JOJIKHBI C/ICJIATH BCE BO3MOKHOE, YTOOBI BCE OCTATIbLHbBIE TPOTPAMMUCTBI, paboTaromiue
Ha/Jl UTPOi, TOHUMaJIN, KOT/IAa 1 KaKOH reHepaTop cjeiyeT UCI0Ib30BaTh.

lNpoBepka CMHXPOHU3aLUMK

JIpyrue npuarHbl PACCHHXPOHU3AIIMK MOTYT OBbITh He TAKUMU 04eBUAHBbIMHU, Kak PRNG.
Hanpumep, HecMOTpPSI Ha O4EBUHOCTD J€TEPMUHUPOBAHHON NPUPOABI apudMeTH-
KU BEI[ECTBEHHBIX YHMCEJI, MHOT/IAa MOTYT BO3HUKATH PACXOK/IEHSI, 00YCIOBIEHHDIE
0CcOOEHHOCTSIMU alllapaTHbIX peanusaiuil. Tak, 6osee ObicTpbie HHCTPYKIUKU SIMD
MOTYT BO3BPAIATh PE3YJIBTATHI, OTIUYAIONINECS OT PE3YIbTATOB OOBIYHBIX HHCTPYK-
U BelecTBeHHON apudmeTrku. Kpome ToTo, MMeeTcsi BO3MOKHOCTD YCTAaHABIUBATD
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B ITpolieccope pasHbie (yiaru, M3MEHsIIOIIME MOBeAeHne apu(MeTHYECKOT0 YCTPOUCTRA.
ITprMepoM MOKET CIIYKUTH (hJIar, OIPEAEISIONII CTPOroe UK HECTPOTOe ClIef0BaHIe
peamuzaruu IEEE 754.

ITpuYnHOI PAaCCUHXPOHMBAINN MOTYT ObITh TaKsKe OaHAIbHbBIE OMIMOKK TIPOrPaMMUCTA.
Mosket GbITh, TIPOTPAMMUCT He 3HAJ, KaK paboTaeT CUHXPOHU3AINS, UJIN TIPOCTO 10~
IyCTUJI OIeYaTKy. B 1t060M ciryuae BaKHO HMETh B UTPE KO/, KOTOPBIN Ha PEryJIsipHOil
OCHOBe OyIeT TPOBEPSTh CHHXPOHU3aInio. Biarogaps emy ommnbka, BbI3bIBaIOIIas pac-
CHHXPOHU3AINIO, Oy/IeT Hall/leHa v JINKBUAMPOBAHA TOYTU CPa3y MOCJE €€ BHECEHUSI.

YacTo JUIst IPOBEPKY CUHXPOHU3AIUHU MCIOJIB3YIOTCS KOHMPOLbHbIE CYMMbL, TIOTOOHO
TOMY KaK OHM UCIOJIb3YIOTCS B CETEBLIX I1aKeTax /s IIPOBEPKU LIeJIOCTHOCTHU JAHHBIX.
[L7151 3TOTO B KOHIIE KaXK/I0T0 ITOJTHOTO IlIara BHIYNCISETCS KOHTPOJIbHAS CyMMa COCTO-
STHUSI UTPBI ¥ 3aTE€M epeaeTcs B makere ¢ mHGopMarmeii o mare, 4T00bl KaxKIbIi y3es
CMOT YOEeIUTHCSI, YTO BCE HK3EMILISIPBI UTPHI TIOJYYUIH OHY U TY K€ KOHTPOJIBHYIO
CyMMY B KOHIIE IIIara.

Cy1ecTByeT MHOKECTBO CAMBIX PA3HBIX aJITOPUTMOB BBIYUCIEHUS KOHTPOJBHBIX CYMM.
B «Robo Cat RTS» ucro/b3yercs peajrsaiys alropUTMa UUKIULeCKOU NPOSepKIL em -
nocmu ¢ usbvimounocmwio (Cyclic Redundancy Check, CRC), Bosspamiatornas 32-6ut-
Hoe 3HaueHue. UToObl He mucaTh cobcTBeHHyI0 GyHKIMIO Bhrunciaenus CRC, B urpe
ObLIa UCTIOJb30BaHa (DYHKIUS crc32 13 OTKPBITON 6ubmnoreru zlib. dtot BoIOOp ObLT
clIeTaH BCETO JIMTIG TI0 TPUYnHe yA00CTBa, moToMy uTo 6ubaroreka zlib yike Brmouena
B COCTaB MIPbI 13-32 HEOOXOANMOCTHU MOIEPIKKN (haiiioB ¢ n3o6paxkeHusiMu B hopMa-
te PNG. Kpome Toro, Tak Kak zIlib npoextuposanacs s 06pabotku 60bI1uX 00beMOB
JIAHHBIX, MOKHO OBITh YBEePEHHBIMU, uTO peamsariis BbrurnciieHrss CRC uMeeT BEICOKYIO
HaJIE)KHOCTD U CKOPOCTh PaGOTHI.

B nyxe MHOTOKpPAaTHOTO MCIIOJIB30BAHUS TIPOTPAMMHOTO Ko/1a hyHKIUs ComputeGlo-
balCRC, mpencraBiaennas B uctunre 6.15, 3ageiicTByer Kaacc OutputMemoryBitStream.
Bce urposbie 06bEKTHI 3aMTUCHIBAIOT CBOW JaHHBIE B YKA3aHHBIH UM GUTOBBIN TTOTOK
nocpeicTBoM (hyHKIUK WriteForCRC. 3anucCh BBITIOJHSIETCS B TIOPSJIKE BO3PACTAHUS
ceTeBbIX uaeHTH(hUKATOPOB. [Tocie 3ammicu Bcex 00beKTOB BBIYUCIISIETCST KOHTPOJIbHAST
cymMa Jist Beero Gydepa B MoToKe.

Jiuctunir 6.15. ®yHkumna ComputeGlobalCRC

uint32_t NetworkManager::ComputeGlobalCRC()
{

OutputMemoryBitStream crcStream;
uint32_t crc = crc32(0, Z_NULL, ©);

for (auto& iter: mNetworkIdToGameObjectMap)
{
iter.second->WriteForCRC(crcStream);

}

crc = crc32(crc,
reinterpret_cast<const Bytef*>(crcStream.GetBufferPtr()),
crcStream.GetByteLength());

return crc;
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@Dynkius ComputeGlobalCRC MMeeT Mapy 0COOEHHOCTEI, KOTOPBIE CJAEI0BATIO OBI pac-
cmotpeth. IIpesk/ie Bcero, B IIOTOK 3allUCHIBAIOTCST HE BCE CBOMCTBA UTPOBBIX OOHEKTOB.
B cayuae ¢ kmaccoM RoboCat 3aIIICBIBAIOTCS YMCIOBOH MACHTH(HNUKATODP YIPABIIIONIETO
UI'POKA, CeTEeBON UIEHTU(PUKATOP, MECTOIIOJIOXKEHNE, YPOBEHD 3/I0POBbS, COCTOSHNE
u ceteBoil uneHTUdUKaTOp 1esn. HexoTtopble npyrue nepeMenHble-4JeHbl, TakKue Kak
TiepeMeHHast, OTCIAEKUBAIOTIAS 33/IEPIKKY MEKITY OPOCKAMHU KITYOKOB TIPS, He CHHXPO-
HU3UPYIOTCsL. Takast BBIGOPOUHOCTH YMEHBIITAET BPEMs, HEOOXOMMOE JIJIsT BEIYUCICHUS
CRC.

Kpowme Toro, Tak kak CRC MOKeT BBIUUCIISTHCS 110 YACTIM, HA CAMOM JIeJie COBEPIIEHHO
He 00s13aTeJIbHO BBIUMC/ISATH KOHTPOJIBHYIO CYMMY TOJIBKO MOCJIE 3aIlCH BCEX JaHHBIX
B 1oTOK. DaKTHYECKN KOMPOBAHUE JAHHBIX MOKET OKa3aThCs MeHee A(hheKTUBHOM
onepanueit, yem Boruncienvie CRC «na jiery». Bojiee Toro, MOKHO jiake HalUCATh
nHTepdeiic, MOXoknuit Ha OutputMemoryBitStream, — 10 CyTH, 9K3eMILIISIP KIacca, KOTO-
poiii ipocto Brancisier CRC mosryyaeMbIx MM 3HaYEHUI, HO He coXpaHsieT uX B 6ydep.
O1HaKO YTOOBI HE YCIOKHATD KO/, ObLI IIOBTOPHO UCIIOJIb30BAH Y7Ke UMEIOIIUIICS KJIace
OutputMemoryBitStream.

A Teniepb BepHEMCST K 33j1aUe, JKIYTIEH pereHusi, 1 BCHOMHIM, 4To (DyHKIUsT TryAdvance-
Turn B jyiuctunre 6.12 BoizbiBaeT yHKIMIO CheckSync, KOT/Ia TILITAETCST BBITIOJIHUTB IIAT.
Jrta QYHKIMS TPOCMATPUBAET B IIUKJIE BCE CIyYalHbIE YMCJIA M KOHTPOJbHBIE CYMMBI,
HOJIyYEHHBIE OT OCTAJIbHBIX Y3JI0B, U YOEKIAETCsI, UTO BCE Y3JIbl MOJYIUIN OLHO U TO
JKe cIIyvaifHoe 4ncsio U ojiHo U To ke 3Hadenre CRC nepes oTIpaBKoi MakeTa ¢ WH-
(opmariueii o mare.

Eci CheckSync oGHapyskuT (akt paccurxponusaiyn, «Robo Cat RTS» npocro He-
MeJIJIEHHO 3aBepUINTCs. Bosiee HajlesKHbIe CUCTEeMbI MOIJIM Obl CIIOJIb30BaTh HEKOTOPYIO
(opmy rosocoBanus. /lomycTuM, 4TO B UTPe yUaCTBYIOT YeThipe UTPOKA. Eciin urpokn
¢ 1-ro 110 3-T0 BBIYMCIUITN KOHTPOJBHYIO CYMMY CO 3HAYEHNEM A, a UTPOK 4 — CO 3Haue-
HizeM B, 910 MOr/I0 GBI 03HAYATh, YTO TPU IKIEMILIAPA UIPHI IIOKA AHCTBYIOT CUHXPOHHO.
To ecTb urpa Morjia 661 ObITH TIPOJOJIKEHA IIPU YCIOBUU UCKIIOUEHNS U3 Hee UTPOKa 4.

BHUMAHME T[pu pa3paboTKe Urp C TOMOMOrUeN «ToUYKa-TOUKa» U HE3aBUCKMbIM BbIMOSIHEHUEM UMpO-
BOW MOJENM PacCUHXPOHM3aLMS [OCTaBNsSEeT HeMano 6ecrnokoicTB. OWNGKM pacCUHXPOHMU3ALMM YacTo
0Ka3blBaOTCS CaMbIMU TPyAHOYTOBUMBIMU. YTOGBI yNMPOCTUTBL MOUCK TaKMX OLWIMOOK, BaXKHO peanv3oBaTb
CUCTEMY XXYPHaNMPOBaHUSI, KOTOPYIO MOXHO OyAeT BKMOUUTb, YTOObI YBUAETH, Kakne KOMaHAbl BbIMos-
HSIIOTCS KaXAbIM Y3/10M, CO BCEMW COMYTCTBYHOLMMIN MOAPOOHOCTSAMU.

Mpu pa3paboTke npumepa urpbl «Robo Cat RTS» pacCMHXpOHM3auMsi MOrfia BO3HUKATb, €CNW KIAMEHT
BOLLEN B COCTOSIHME 3a1€PXKKK, MOKa KOT eLle Npoaosmkas ABWKeHNe K Lenn. Kak okasasnock, 3To npouc-
XOAWMO MOTOMY, YTO NOC/e BO306HOBMEHUS UrPbl MPUOCTAHABMBABLUMICS K3EMMASPp NPOMycKan OAWH
aTan. Owwnbka bbina BbisiBNeHa bnarogaps cucTemMe XXypHanmpoBaHus, KoTopas dukcuposana (akT Bbl-
NOMHEHNS 3Tana U KOOPAMHATbI KaXA0ro KoTa B KOHLE Kaxaoro 3tana. 3TO Mo3BOMAWUI0 3aMETUTb, YTO
OfMH 13 y310B Mpornyckan 3Tan. bes xypHanvpoBaHWst NpULWNock Hbl MOTPATUTL HAaMHOMO 6onbLUe Bpe-
MEHM, 4TO6bI HaWTV U UCMPaBUTb 3Ty OLUMOKY.

Hammoro 6osee c10:KHbII CLIEHAPUIA B TOM 5Ke caMO CUTyaluu MOr Obl IIPeLyCMaTpH-
BaTh PEIUTUKAIMIO OJTHOTO COCTOSTHUST UTPhI UTPOKY 4, 4TOOBI BOCCTAHOBUTH CHHXPO-
HU3AIMIO eT0 9K3eMIIsIpa. Ecan 06beM MaHHBIX UTPBI BEITUK, TAKON TOAXO0/ MOKET
OKa3aThCst HempuMeHUMBIM. Ho 3HaTh 0 TOJ06GHON BO3MOKHOCTH CJIEYET, TOTOMY YTO
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OHa MOKeT IIPUTOANTHCS, KOT/Ia B CJIydae PAaCCUHXPOHU3AINY BaskKHee OKaKeTCs He UC-
KJIIOUUTD, @ COXPAaHUTh YYaCTHUKA B UTPe.

B 3aknoyeHune

Boi6op TOmoIOTHY CeTH — OJIHO U3 BayKHEHITMX PEIIEHUE, TPUHIMAEMbBIX TIPU CO3/1a-
HUU CETEBBIX UTP. B TOMoOMIOrNN «KINEHT-CcepBEP» OMH 9K3EMILISIP UTPhI BBITIOJTHSIET
(byHKIIYM cepBepa u ympasJisieT Beell urpoit. OcTaabHble 9K3EMIISIPBI UTPBI SIBASIOTCS
KJIMEHTaMU U B3aUMOJIEHCTBYIOT TOJIBKO € CePBEPOM. ITO OOBIYHO O3HAYAET, UTO UHMOP-
Marust 06 00bEKTAxX MEPECHLIAETCS ¢ cepBepa KJINEHTaM. B TOMOIOTHH «TOYKA-TOUKa»
BCE 9K3EMILISIPbI UTPBI O0JTee M MeHee paBHOTIpaBHbL OIMH U3 TIOAXO/I0B K peainsa-
[IU WP C TOTIOJIOTHEH «TOYKA-TOYKA» COCTOUT B TOM, UTOOBI KasK/IBIIT Y3€JT BBITIOJIHSIT
UTPOBYIO MOJIE/Tb HE3ABUCUMO OT JIPYTHUX.

C nmorpyxenuem B peanusaiuio «Robo Cat Action» GbLI0 paccCMOTPEHO HECKOJBKO
pasHbIx TeM. 1715t mojiiepskanust MO/ IbHON OpraHu3aIiii KOl UTPbI GBI Pa3OuT Ha TPH
OT/IEJIbHBIE TIEJIH: pasiesisieMast OndnoTeka, cepsep u kinent. CepBepHbIiT MPOIECe Mpu-
BETCTBYET HOBBIX KJIMEHTOB, BO3BPAIAS MAKET «I06PO TTOKAIOBATH> B OTBET HA TIAKET
«IIPUBET», TIPUCJIAHHBIN KaneHToM. CrucTeMa BBOJA KIMEHTA MMOCHLIAET MTAKeTHl BBOJIA
¢ uHdopMaIueii o JeiicTBUIX, BBITOJTHSIEMbBIX KITUEHTOM, BKJIIOYAs ITepeEMeIlenre KOTa
1 6pocok KayOKa mpsuki. KakaoMy KIMeHTy Ha cepBepe COOTBETCTBYET CBOM MPOKCH-
06BEKT, TIO3BOJISAIONINI CEPBEPY TOMHKTD, KOMY KaKHe TaHHbIE JOJKHBI IEPECHLIATHCS,
" XpaHUTb KOMaH/Ibl, ITOCbLJIa€Mbl€ KJIMEHTaMH.

B pasgeine ¢ ommcanunem «Robo Cat RTS» o6cyskaainch riaaBHble CJI0KHOCTH, BO3HU-
Kalolne TP CO3/IaHUN UTP C TOTIOJIOTHEN «TOYKA-TOYKAa» W BBITIOJHSIONNE UTPOBYIO
MO/1eJb He3aBUCHMO. Vcrosrb30BaHme BeLyIero y3Jia MoMorjio IPUCBOUTD OIIPeJiesIeH-
HOIT urpe KoHKpeTHbIN [P-anpec. Kax bl y3esr XpaHUT CIIMCOK a/IPeCcOB BCEX OCTATBLHBIX
Y3JI0B, y9aCcTBYIONNX B UTpe. BKitoYeHe HOBBIX YYaCTHUKOB B UTPY OCYTIECTBJSIETCS
HEMHOTO CJIO’KHEE, UEM B UTPE C TOTIOJIOTHEN «KJIMEHT-CEPBEPS, IOTOMY YTO HOBBIN y3€eJ1
JIOJKEH COOOIIUTD BCEM OCTAJBHBIM y3JIaM O CBOEM CYIIECTBOBAHUU. Y3JIbI COXPAHSIOT
JIETEPMUHUPOBAHHYIO COTJIACOBAHHOCTb, TIOCHLTASI TTAKETBI ¢ MH(DOPMAITUE O Tare B KOH-
e kaxkoro 100-munnucekynaHoro nmara. Komanipl B 9TOM MakeTe MIaHupyoTCs s
BBITIOJTHEHWS /[BA T1ara ciycTs. Kaskapiii y3es1 mepexouT K CIeyoneMy Iary, TOJbKO
KOT/Ia BCe JJAHHBIE JIJIs TTPEIBIAYIIEro mara ObLI MPUHSITL.

Haxowert, 661111 pacCMOTPEHBI IPHEMbI CHHXPOHUM3AIIN TEHEPATOPOB CIYUANHBIX YHUCET
U UCTIOJB30BAHUS KOHTPOJIBHBIX CYMM C TIEJII0 00€CeYrTh HEPOTUBOPEUMBOCTD CO-
CTOSTHUS UTPHI HA KQKOM y3JIe.

Bonpockl Ana noBTopeHus

1. Yem oramyaiorcsa 00g3aHHOCTH KINEHTA OT 003aHHOCTEN cepBepa B MOLEN <KJIU-
€HT-cepBep»?

2. Kakyto BenmunHy OGyIeT UMeTh 3aJep/KKa B XY/IIIIEM CIydae B UTPE ¢ TOMOJIOTHEH
«KJIMEHT-CePBEP» U CPaBHUMA JIM OHA C XY/IIIEH 33a/IePAKKOI B UTPE C TOTOJIOTHEH
«TOYKA-TOYKA» ?
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3. CKOJIbKO COEMHEHUI yCTaHABINBACTCS B UTPE C TOMOJOTHEH «TOYKa-TOUKa»
1 COIOCTABKMMO JIM 9TO YMCJIO C KOJIMYECTBOM COEAMHEHUIN B UI'Pe € TOIOJOrHei
«KJINEHT-CEPBEP» ?

4. Oummmre OAMH U3 COCOOO0B BBITOJHEHKS UTPOBOM MOZEIN B UTPE C TOMOJIOrHel
«TOYKA-TOYKa».

5. Tekymiast peasuzanust «Robo Cat Actions» He pacipocTpaHsieT COCTOsSTHIE BBOJIA HA
HECKOJIbKO Ka/JIPOB, co3/1aBad lepeMelenue. Peanusyiite 9Ty BO3MOKHOCTb.

6. Kak MOHO OBLJIO OBI YJIYYIIUTH TIPOIEAYPY 3amycka B urpe «Robo Cat RTS»?
Peanusyiite aTo yiyurieHue.

[N 4ONOMHUTENBLHOIO YTEeHUS

Bettner, Paul and Mark Terrano. «1500 Archers on a 28.8: Network Programming in
Age of Empires and Beyond». IIpesenrtanusa na xoudepennun «Game Developer’s
Conference» B Can-Dpannucko (Kamudopaust) B 2001 ropy.



3aaepXKn, oaykKTyaumm
N HAOEXHOCTb

CeTeBble Urpbl AEWCTBYIOT B CYPOBbIX YCIOBUSIX, CpaXasiCb 3a MPOMyCKHY Crocob-
HOCTb CTaperoLLMX CETEN U paccbinasi NakeTbl cEpBeEpPaM U KIMEHTaM, pa3bpocaHHbIM
Mo BCEMY MMPY. 3a4acTyto AaHHblE TEPSIOTCA Ha MOMMNYTH, YTO HETUMMYHO ANs J10-
KanbHbIX CETEN, B KOTOPbIX BeAETCS pa3paboTka. dTa rnaBa UCCIEAYET HEKOTOPbLIE
CEeTEBbIE NPENATCTBUA, CTOALLME Ha NMYTU MHOIONONb30BaTENBLCKUX UIP, N NMpeanaraeT
nyTn nx obxoaa u peweHunst npobneM TpaHCMOPTUPOBKK, HaNpUMep Co3aaHne cob-
CTBEHHOMO YPOBHSI HAAEXHOCTU NOBEPX TPaHCNOpPTHOro npoTtokona UDP.

3anepXXKu

Wrpa, BolyleHHas B JKeCTOKUI MUP, JOJIPKHA YMETD 1IPeoioJieBaTh TPYAHOCTH, OT-
CYTCTBYIOIIME B TEIUIMYHON Cpejie JIOKATbHON CETH, B KOTOPOil BefeTcst pazpaboTka.
[TepBoiii 13 5THX GakTOPOoB — 3adepicku. CIOBO «3aMePKKA> UMEET Pa3HbIe 3HAYEHUS
JUIS1 Pa3HbIX CUTyaluil. B KOHTEeKCTe KOMIIBIOTEPHBIX UIP 110 3a/1€PsKKON IOHUMAEeTCs
WHTEPBAJ BPEMEHU MEXK/Ty UACHTHDUITMPYEMON IPUYUHON U HAOMI01aeMbIM 3(PPEKTOM.
B 3aBUCHMOCTH OT THIIA UTPbI 3TO MOKET OBITh BCE UTO YTOAHO: OT HHTEPBAIA MEKILY
IETYKOM MBITIBIO U PeaKIneil nTpoBOro 00HEKTa Ha MPUKa3 B CTPATETHH PEATbHOTO
BPEMEHH JI0 MHTEPBAIA MEK/TY IBVKEHUEM PYKH UTPOKA U M3MEHEHUEM B OTOOPAsKEHUH
BUPTYaJIbHOU PeasbHOCTH.

HecmoTpst Ha TeXHWYECKNH TpoTpecc W cTapaHusl MPOJABUHYTHIX ITPOTPAMMUCTOB,
TIOJTHOCTBIO N36EKATh 3a/IePsKEK BCE PABHO HE Y/IAeTCsI, K TOMY JK€ Pa3HbIE UTPOBBIE 5KaH-
PBI IMEIOT Pa3HbIe JIOMTyCTUMBbIE TIPEIEIIbI 3a/iep:keK. VIrphl BUPTYaTbHON peasbHOCTH
0OBIYHO CaMbl€ UYBCTBUTEIBHBIE, TOTOMY YTO MBI, OYLyUH JIFOIBMU, OKHUIIAEM, UTO HATITH
rasa GyyT HabJIOaTh H3MEHEH VST B OKPYSKAIONIEH KapTuHe OJJHOBPEMEHHO C TIOBOPO-
TOM TOJIOBBI. B Takux cirydasx o6bIYHO 3a/IEPHKKI He IOJKHBI TPeBbiaTh 20 Mc, 4TOObI
MOJTb30BATENb He TePsT 3 (eKT IPUCYTCTBHS B MO/IeTNpyeMoii peasbHOCTH. Clreyio-
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HIMMHU 10 YPOBHIO YyBCTBUTEIBHOCTH K 3a/IePsKKaM SIBJISIOTCS UTPBI-ITOEIUHKH, 1Ty TePhI
OT TIEPBOTO JINIIA U PYTH€e aKTUBHBIE CIOKETHBIE UTPbI. 3aJ€PKKU B TAKUX UTPAX MOTYT
Jiexath B qranasone ot 16 1o 150 mc. TIpu 6OJIbIINX 3HAUCHUSX 3a/IEPIKEK TI0JIb30BATENb
HAaYMHAET OIYIIATh BSJIOCTh U TIJIOXYIO OT3BIBYMBOCTH UTPBI, HE3AaBUCUMO OT YaCTOTHI
ka/1poB. Camasi BBICOKAs TOJEPAHTHOCTD K 3a/ICPKKaM y CTPATErWil PeaTbHOTO BPEMCHH,
YTO JIaeT KO/Ly UTPhI BO3MOKHOCTD BBITIOJIHUTD JIOTIOJTHUTEJIbHbIE OTlepaliii, KaK OMHChI-
BaJsioch B riase 6 «Tormosoruu ceteil 1 mpuMepsbl UTP». 3aAE€P:KKN B ATUX UTPAX MOTYT
nocturatb 500 Mc, He BbI3bIBast OTPUIIATENbHBIX OMOIIMIL Y TI0JIb30BATEJIS.

YMenblenue 3a/IEPIKEK — ITO O/IMH 13 CHOCO6OB, HOSBOJIHIOIHI/Iﬁ BaM KaK paspa60Tq1/IKy
WI'p YJIYUYUIUTH BOCIIPUATHE UTDBIL. I[]IH 9TOro HeO6XOI[I/IMO ITIOHUMAaTb, KaKne (baKTOpr
BHOCSIT CBOI BKJIA/[ B 3a/ICPIKKY.

HeceTeBble 3aaepXXKn

YacTo MOKHO YCJIBIIIATH OIMIMOOYHOE MHEHIE, UTO CETEBbIE 3a/I€PKKU — TJIABHBII KC-
TOYHUK 33/IePiKeK B urpax. JledicTBUTENbHO, 0OMEH TTaKeTaMU 110 CETH SIBJISIETCST CyTIe-
CTBEHHBIM UCTOYHUKOM 3a/IePKeK, HO OTIpe/ieJIeHHO He e/JMHCTBEHHbIM. MOJKHO Ha3BaTh
ellle 110 KpaiiHeil Mepe ITh PYTrUX UICTOYHUKOB, YaCTh N3 KOTOPBIX BaM HeIlo/IBJIacTHa:

QO 3azep:kka nukia BBoja. [[pomMexxyTok BpeMeH! MeXK/y MOMEHTOM, KOT/Ia TI0JTh30Ba-
TeJIb HAKMET KJIABHIILY, © MOMEHTOM, KOT/Ia UTpa OOHAPYKUT (GaKT HaKaTHsI, MOKET
OKa3aTbCs BeCbMa CylIeCTBeHHBIM. [IpescTaBsre UTpy, BHIIOIHSIONLYIOCS € YaCTOTON
60 Ka7poB B CEKYH/LY, KOTOPAsd OMPANIMBAET COCTOSTHUE [HKONCTUKA B HAUaJIe KasKI0TO
Kajpa, 3aTeM OOHOBJISIET COCTOSTHUST O0BEKTOB ¥, HAKOHEII, 0TOOPakaeT Oy unB-
nrytocs cueny. Kak nmokasano Ha puc. 7.1, a, eciim 1oib3oBaTesIb HAKMET KJIABUIILY
<IIPBIKOK» CIYCTS 2 MC TIOCJIe TOTO, KaK UTPa IIPOBEPUT BBOJL, TPOIIET TPAKTUYECKT
MOJTHBIN KaJIp, TPEsKJIE YeM UTpa OGHOBUT CBOE COCTOSIHUE B OTBET HA HAKATYHO KHOII-
Ky. 151 kyiaBuill, yrpasJisiolnX BpallleHueM ClieHbl, MOKHO TIOBTOPHO BBITIOJIHUTD
OIIPOC UX COCTOSIHUA B KOHIIE Ka/[pa U CJIETKA CKOPPEKTUPOBATH BLIBOJI, OTIMPASICh HA
M3MEHEHNE HATIPABJICHHS BPAI[CHHUS, HO TaKO preM 00BIYHO MCIIOIb3YETCs TOTBKO
B MIPUJIOKEHUAX, Hanboiee YyBCTBUTEIBHBIX K 3a/epyKKaM. V3 BbIlllecKa3aHHOTO
CJIETYET, YTO B CPEIHEM 3a/IEPAKKA MEK/Y MOMEHTOM HAXKaTHA KJIABUIIN U PeaKInei
Ha Ha)kaThe COCTABJISIET TTOJOBUHY IJTUTETBHOCTH KaIpa.

O 3axepskka Kouseiiepa oroopaskenus. [paduueckue mporeccopsl (GPU) BbimoHs-
10T KOMaH/[bl 0TOOpaskeH sl TpadMKH JajieKo He cpasy MOCJIe TOro, Kak IEeHTPaIbHBII
npoiteccop (CPU) nepenact naker komanz. CHadasa gpaiisep 100aBJisieT KOMaH/Ibl
B KoMaH/HbIil Oydep, n 3areM GPU BBINOIHSIET 9TH KOMaH/bI B KAKOII-TO MOMEHT
B Oyzaymiem. UToObl 0TOOPasUTh 04eHb MHOTO rpaduKu, rpahuuecKoMy IPOLECCOPY
MOJKET II0TPeOOBATHCA MOYTH OJHBIA KaJp /IS BbIBOAA U300paKeHUs Ha dKPAH.
Ha puc. 7.1, 6 nokasan 1no00HbIii IIPOIECC, TUIIMYHbIH /IS OZHOIOTOUHBIX UTpP. OH
BHOCHT 33JIEPKKY JITTUTEbHOCTDIO eIl B OIH KaJIp.

O 3ajep:KKa MHOTOIIOTOYHOTO KOHBelepa oTo0paskenus. MHOrOTIOTOUHbIE UTPBI
MOTYT BBI3BIBATH eliie HoJree I0JTHE 3a/IePKKH B KOHBelepe oToOpaskeHust. B takoil
CUTYAIlUW MOJIeIMPOBAHME UTPBI OCYIIECTBIISETCS OJJHUM WJIM HECKOJIBKUMU II0TO-
KaM¥ BBITIOJIHEHNS; OHU U3MEHSAIOT UTPOBOW MUP U TIEPEIAI0OT PE3yJIbTaThl OHOMY
WJIM HECKOJIBKUM TIOTOKaM oToOpaskeHust. [I0TOKM 0TOOpaskeHUsI 3aTe€M MOCHLIAIOT
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MaKeThl KOMaH [ TpaduecKoMy MPOIECCOPY, & B 9TO BPeMs TOTOKU MOJIETNPOBAHUS
yiKe TTOATOTOBUJIN cJiefyioniuii kajap. Ha puc. 7.1, 6 mokazano, Kak MHOIOIIOTOYHOE
0TOOpasKEHNE MOKET J0OABUTH B KOTIMJIKY 3a/I€PIKEK €Ille OMH Kap.

O Beprukambnag cunxponusanus (VSync). UtoOsr n36ekaTh paspvigos Ha SKpaHe,
MPUHITO U3MEHSITh H300paskeHne, 0ToOpakaeMoe BUICOKAPTOH, TOJIBKO B IEPUO-
JIbI BEPTUKAJIHLHOTO 00PATHOTO X0/1a Jiyua. Biarogapst aToMy MOHUTOP HUKOT/A HE
GymeT oTobpaskaTh 9aCTh OHOTO Kajpa W YacTh APYTOTO Kaapa OMHOBPEMEHHO. DTO
O3HAYAET, YTO MPEXK/IE YeM IepeilaTh KOMaH/Ibl TpadunyecKoMy TIPOIeccopy, Hy»KHO
JIOKJIATDCST, TTOKA HAYHETCS OOPATHBIN BEPTUKAIBHBII XOJ[ JTy4a HA MOHUTOPE TI0JIb30-
BaTeJIst, 9UTO 00BIUHO carydaercs Kaxayio 1/60 cexyrpl. Ecin 0OHOBJIEHUE HTPOBOTO
Kajipa jumrest He 6ostee 16 Mc, 910 He siBisiercst mpobiemoit. Ho ecan st cospanmst
Kazpa 1moTpedyercs xorst Obl Ha 1 Mc GoJIblle, K MOMEHTY, KOrjla BiuaeoKkapTa Oyaer
TOTOBA M3MEHUTDL M306pakeHue, Kaap ere He OymeT ToToB. B pesymbrare komMamaa
nepeMeneHust TeHeBoro 6ydepa B OCHOBHO# Gy/eT 3ajepskana eie Ha 15 Mc, Toka
He HAUHETCSI CIIEIY 0NN BEPTUKAIBHBII 06paTHBIH X0 iyua. Koraa ato ciydurces,
BaIll TTOJTb30BATEJb ONYTUT JAOTIOTHUTEIBHYIO 33/IePKKY BBIBOZIA Ka/Ipa.

MPUMEYAHMUE Pa3pbiB M306paXKeHust Ha akpaHe npoucxoamnT, ecnn GPU konupyeTt TeHeBoi bydep,
KOrAia MOHUTOP HaXOAMTCS B CepearHe Lnkna 0bHOBNEeHMSt n306paxeHns Ha akpaHe. OBbIYHO MOHUTOPSI
06HOBNAOT M306paXeHWe Mo OAHOV FOPU30OHTaNbHOM SIMHUM 3a pas, cBepXy BHU3. Ecnin usobpaxeHwe,
BbIBOAMMOE HA 3KpaH, U3MEHWUTCA B cepeavHe npouecca ObHOBNEHWsl, Nonb30BaTeNb YBUAUT B HUX-
Hel YacTu 3KpaHa HOBOe M306pakeHne, a B BepxHel — cTapoe. Ecnn kamepa cnmwkoMm 6bIcTpo byaeT
nepecekaTb UrPOBOM MUP, 3TO MOXET MPUBECTM K 3cekTy caBura, KOTOPbIN BbIFISANUT, Kak ecnu bbl
n3o6paxeHune 6bino oTneyaTaHo Ha bymare, 3aTeM pa3opBaHO NOMOMAM U HEMHOIO CABUHYTO MO JIMHWK
paspbiBa.

BonbwuHcTBO Mrp ans PC coaepxaTt HacTpoviKu, AatoLume Nnosib3oBaTesNisiM BO3MOXHOCTb 3anpeTuTb Bep-
TUKaNbHYI CUHXPOHU3ALIMIO AN15 MOBbILLEHWUS NMPOU3BOAUTENBHOCTM, @ HEKOTOPbIE HOBEMLLNE XXUAKOKPH-
CTannmMyeckne MOHUTOPbI, U3BECTHble Kak G-SYNC, dakTnueckv noaaep>XuBatoT NepeMeHHy CKOpOCTb
06HOBMIEHUS, MOACTPaNBAEMYIO MOA CKOPOCTb 0TOOpaXKeHWst KaapoBs, n36aBnss OT 3aAepXeK, CBA3aHHbIX
C BEPTMKabHON CUHXPOHM3aLMEN.

Q Yacrora kaZApoB MOHUTOPA. BOJBIINHCTBO KUAKOKPUCTATIIMYECKUX MOHUTOPOB
(LCD) u mouuTopos Bbicokoii uerkoct (HDTV) obpabarbiBaior CBOii BBOJI, Mpe-
JKJIe YeM BBIBeCTH n300paskenne. ta 06paboTKa MOKET BKIIOUATH Pa3yTIOTHEHTE
(de-interlacing), npoBepky 3amuThl HIGPOBOIO COAEPKUMOTO, IEPEIABAEMOTO 110
muporonoiocHbM Katamam (HDCP), u gpyrue mpoBepKu, 00yCIOBJIEHHBIE YIIPaB-
JICHIEM MTPaBaMU Ha IIU(DPOBYIO HHTEJIEKTYaIbHYIO cobcTBeHHOCTH (DRM), a Takske
HAJIOJKEHUE BU3YATbHBIX 9(D(PEKTOB, TAKMX KaK MACIITAOUPOBAHIE, OABJICHHE MO~
MeX, BRIPaBHUBAHKE APKOCTH, (PUIIBTPAIIUA U300paKeHNst U MHOTHX Apyrux. Ha sty
06paboTKy Toske TpebyeTcst BpeMs, U OHa JIETKO MOKET T0OABUTH ECSITKI MIJLTHCE-
KYH/I K BDeMEHU O’KUJAHUs M0JIb30Baressi. HeKoTopble TesieBU30phl IMEIOT CIIEIH-
AJILHBIN «UTPOBON» PEKUM, B KOTOPOM 3a/IEPAKKH Ha TOMOJHUTETBHYIO 00paboTKy
CBE/ICHBI JI0 MTHUMYMa, HO BaM HE CTOUT OPHEHTUPOBATHCS Ha MOAO00HYIO TEXHUKY.

O Bpewms orkmmka nukcenst. JKuakoxpucranmndyeckue (LCD) MonuTopsr cTpazaor
etre OJHON MPo6IEeMOil — THKceIAM TpebyeTcst HEKOTOPOE BPeMst, YTOObI U3Me-
HUTH CBOIO SIPKOCTH. OOBIYHO ITO BPEMSI U3MEPSIETCS €IMHUIIAMEU MUIJIJIHCEKYH/I,
HO CTapble MOHUTOPBI JIETKO MOTYT T0OABUTD 3aI€PIKKY, COCTABISIONIYIO TIOJOBUHY
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Ka/ipa. K CHaCTblO, laHHaA 3aJl€prKKa IIPOABJAECTCA B BU/E CJIE€/I0B Ha 9KpaHeE, a HE
kak abcommoTHas 3a/ICPKKa — M3MEHEHHE APKOCTHU HAYMHAECTCA HEMEJAJIEHHO, HO
IIPOAO0JIZKATBCA MOJKET 10 HECKOJIbKUX MUJIJIMCEKYH/L.

HeceTeBbie 3a1€p/KKHI TIPEACTABIIOT CEPHE3HYIO TPOOTIEMY U MOTYT OTPUTIATENHHO CKa-
3BIBATHCS HA BOCIIPUSATUHN UTPHI IToJIb3oBarTeseM. /xkor KapMak Kak-To pa3 BhICKa3aIcs
10 9TOMY TIOBOLLY: <51 Mory 1ociaTh IP-maker B EBpoity GbicTpee, ueM MUKCENb Ha 9KPaH.
Kakoro uepra?» YunTbiBas BeJIUIMHY 33/I€P5KKH, Y3Ke MMEIOTIEHcsS B OTHOMOIH30BATEb-
CKOU UTpe, BO3HUKAET CUJIbHOE JKeJTaHHEe MAKCUMAJIBHO YMEHDIIUTD JIOObIE 33/IePIKKH,
BBbI3BAHHDIE BJIMSIHUEM CETH, IPU HO0ABIEHUY TTOJIEPKKU MHOTOIOJIH30BATEIBCKOTO
pesknmva. Ho 171t 91010 HY’KHO MIMETH Tpe/icTaBieHne 06 OCHOBHBIX TIPUYNHAX 3aJIEPIKEK,
BO3HUKAIOIINX B CETH.

CeTeBble 3aepXKKH

HecMoTpst Ha MHOKECTBO IIPUYNH 33/IePKEK, HauboJiee CyIeCTBEHHbII BKJIal B MHOTO-
MOJIB30BATEILCKUX UTPaX 0OBIUHO BHOCUT 3aJ[P/KKA MEPEAUN MAKeTa OT y3J1a OTIIpa-
BUTENS K Y37y Tiosydatesid. CylecTBYIOT YeTbIpe OCHOBHBIX BU/IA 33/1€PKEK, UCIIBITHI-
BaeMbIX [TAKETOM B CBOEM JKM3HEHHOM ITUKJIE:

1. 3amep:ka Ha 06paboTKy. BecriomuuTe, Kak jeiicTByeT JI000H MapiuipyTH3aTOP:
yuTaeT NaKeTbl U3 ceTeBoro uHTepdeiica, nposepser [P-anpec naznayenus, onpe-
JlesigeT CJAeAYIONYIo Mallluiy, Ky/a lepejaTh akeT, U BLIBOJUT MIAKeT B COOTBET-
crByloluii nnrepdeiic. Bpems, sarpadennoe Ha ucceoBaHue ajgpeca 1ojyydaresis
1 OTIpefieieH e MAMbHENTIEr0 MapIipyTa, Ha3biBAIOT 3a0epickoll Ha 0bpabomxy.
B 3azep:kky Ha 06paboOTKY MOKET TaKiKe BKIIOYATHCS BPEMST BBHITIOTHEHS OO -
HUTETHHBIX ONEPAIMil Ha MapIipyTusaTope, Taknx kak NAT umu mmmdposanme.

2. 3azepskka Ha nmepeaady. Yro0bl liepejaTh MaKeT JAajiblile, MapIIPyTH3aTOP JOJIKEH
“MeTh MHTepdelic KaHAJIbHOTO YPOBHSI, MO3BOJISIIONINI TTEPECHLIATD TTAKETHI Yepe3
HEKOTOPBIN (pu3ndeckuit Hocutesb. [IpOTOKOJ KaHATBHOTO YPOBHS YIIPABJISIET
CpelHeil CKOpoCThIo 3amcy OUTOB B HocuTe b, Hampumep, 1-meraburtnoe Ethernet-
coeJHEeHe TI03BOJIAeT IepenaTh B kKabeab Ethernet npumepHo 1 Musnon 6uToB
B cekynay. To ectb 3anuch ogHoro 6ura B 1-MerabutHslil kabesb Ethernet sanumaer
MIPUMEPHO OJIHY MUJJIMOHHYTO JI0JTT0 CeKyH/IbI (1 MKC), COOTBETCTBEHHO, 3aIIUCh
nosiHoro 1500-6aiiTHoro makera sanumaer 12,5 Mc. 1o BpeMsl, 3aTpaueHHOE Ha 3a-
UCh OUTOB B (PUBUUECKUN HOCUTETh, HA3BIBAIOT 3A0ePICKOL Ha nepedayy.

3. 3agep:kka B ouepeau. Mapiipyrusarop MoxkeT obpabarbiBaTh He GoJiee olpeje-
JIEHHOTO YMCJIa TAKETOB B €IMHUILY BpeMeHr. EC/U makeThl mocTynaoT Obicrpee,
yeM MapLIpyTU3aTop UX ycreBaer o6paboTaTh, OHM IIOMENIAIOTCS B IIPUEMHYIO
ouepelib, Iie 0KUAAI0T 00padOTKU. AHAJIOIMYHO ceTeBON nHTepdeiic MOKET OT-
[PABJISITh UCXOASIINE MAKETHI TOJIBKO [0 OJHOMY, II09TOMY I0cIe 06pabOTKHM, eCiIn
COOTBETCTBYIOIIUII ceTeBOi nHTepdeiic 3aHAT, HAKET IOMELIAETCs B MCXOAAILYIO
ouepeiib. BpeMsi, HoTpaueHHOe B 9TUX 0UEPEAsX, Ha3bIBAIOT 3A0ePHCKOL 6 0uepedu.

4. 3anepskka pacnpocrtpaHenus. HezaBucumo ot tura Gusandeckoro HOCUTEJsI, NH-
(hopmarist He MOKET PacCIIpPOCTPAHAThCsE ObicTpee cBeTa. COOTBETCTBEHHO, K OOIIEi
3ajiepsKKe 100aBJSIeTCs IPUMEPHO 3,3 HC Ha KasKAblid METP ITyTH, KOTOPbII JOJIKEH
IIPpeoZ0JIETD TIaKEeT. ITo O3HAYa€T, 4TO JaKe€ B N€a/JIbHbIX YCJIOBUAX ITAKETY IIOTPE-
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Oyercs He Meree 12 Mc, uTo0bI epeceus Teppuropuio CIITA. Bpems, nposegeHHoe
B (DPU3UYECKOM HOCUTEJIE, HA3BIBAIOT 3A0EPHCKOU PACTPOCTPAHEHUSL.

HeKOTOpI)IG "3 9TUX 3a/IEPKEK MOKHO OIITUMU3NPOBATh, HEKOTOPbIE — HET. SBIICPDKKB,
Ha 06pa60TKy 0OBIYHO OKA3bIBAETCA CAMBIM MaJIO3HAYNMBIM (baKTOpOM, Tak Kak 00JIb-
HIMHCTBO COBPEMEHHDBIX MapHIPYyTU3aTOPOB UMEIOT OYE€Hb 6I)ICprI€ IIPOILECCOPDI.

3aziepskKa Ha Tiepesaqy oObIYHO 3aBUCUT OT THUIA COEIMHEHUS KaHAJIbHOTO YPOBHS
Y KOHEYHOTO TOTHb30BaTeNsI. [IpomycKHast CocOOHOCTH 0OBITHO YBETUINBAETCST C TIPH-
GIKEHEM K MATHCTPATLHBIM JMHUAM VHTEepHeTa, COOTBETCTBEHHO, Ha Tepubepn
3a/IepsKKa Ha riepeiaqy OKasblBAeTCs caMOi G0JIbIION. Conb3yiiTe BBICOKOCKOPOCTHBIE
MOJIKTIOYEHNS /IS CBOUX CEPBEPOB — 3TO OYeHb BaskHO. KpoMe 3TOTO, YMEHBIITNTH 3a-
IEPIKKY Ha TIepe1auy MOJKHO, TIPU3bIBAS KOHEYHBIX TT0JIh30BaTEIEH NCTIOIb30BaTh Gosree
CKOpOCTHBIE NofikIoueHust K HTepHery. [lepeaya makeToB MAKCUMAJIBHO GOJBIIOTO
pa3mMepa Takyke TTOMOTAEeT YMEHBITUTD 3aeP/KKY 32 CUET YMEHBITEHIS Yncaa 6aiiTos,
PacXoAyeMBbIX Ha 3ar0J0BKI. YeM GOJIBIINYIO 0JTI0 TAKEeTOB OY/IYT 3aHUMATD 3aTOJIOBKH,
TeM OOJIBIINI BKJIA/ OHU OY/IyT BHOCUTH B 33/IEPKKY Ha TI€pejiavy.

3ajiepKKa B 0UEPEIN ABJISETCS PE3yIbTaTOM COXPAHEHUS MMaKeTa Ha BPeMs OKMIaHUS
nepe rmepegadeii win o6paboTkoil. MUHUMM3AIIKS 3aTpaT Ha 00paboTKY U Tepenady
MIOMOJKET YMEHBIIUTh 33JIeP:KKY B ouepesin. CTOUT 3aMeTUTb, UTO JIJIsT MAPIIPYTU3ALNN
00BIYHO TPeGyeTCst UCCIIEI0BATh TOJBKO 3ar0JIOBOK TTAKETa, TOATOMY YMEHBIIUTH 3a-
JEPKKY B OUePer MOKHO, OChLIast HECKOJIBKO OOJIBIIMX MAKETOB BMECTO MHOKECTBA
mastenbkux. Harpumep, naker ¢ 1400 6aiiT qaHHbIX TpeOYeT TaKKX JKe 3aTpaT BpeMeH!
Ha 06paboTKy, kak 1 naker ¢ 200 6aiit. Eciu mocaars cemb 200-6aiiTHBIX IaKETOB, 110-
caieIHU OyIeT BBIHYSK/ICH JKAaTh B 0Uepein, Moka He OyayT 06paboTaHbl MIECTh MPe/Ibl-
IYIUX, B Pe3yJibTare HAKOIIEHHASI CETEeBast 3a/[ePIKKA OKAKETCsT GOJIbIIe, YeM eCiu Obl
T JKe JIaHHbIE TEPEIABANCH B €IHHCTBEHHOM OOJIBIIOM MAKETE.,

3ajiepKKa PacIpOCTPAHEHUS YaCcTO SABJASETCS OTIMYHON TETBIO IS O TUMHU3ATIUN.
Tak Kak aTa 3aiepKKa 3aBUCUT OT [IJIMHBI KabeJisl MEXKIY y3JIaMu, 0OMEHUBAOIIUMUCST
JAHHBIMMU, JIYYLIIMH CII0CO0 YMEHBIINTD €€ — BhIOUPATh Y3/Ibl KAK MOKHO OJIMKE IPyT
K ZpyTy. B urpax ¢ Tomonornei «TouKa-TouKay 3TO 03HAYAET, UTO MPU BCTYTLICHUN
B WTPY TIPEIIOUTEHNE IOJKHO OT/AaBaThCs MeHee Teorpadrieckn yaaqeHHbIM y3JaM.
B urpax ¢ Tornosorueii «kJineHT-cepBepy» 3TO 0O3HAYAET, YTO UTPOBOI cepBep M0IKEH Ha-
XOAUTBC KaK MOKHO O/IMKe K urpokam. IIoMHKTE, 4TO OHOI TOJIBKO reorpadunieckoii
GJIMB0CTH HEJJOCTATOUHO, YTOOBI FapaHTUPOBATh HU3KKE 3aI€P/KKU PACIIPOCTPAHEHUSI:
MeKIy reorpadUuecKUMU TOUKAMU MOKET He OBITh IIPSIMOTO COeIMHEHMs], U3-3a YETO
TpaduK OyaeT HATPABJIATHCS B 06X0/. BoiOupas MecTo JJIst pa3MeleHus CEPBEPOB,
BayKHO YUUTHIBATH CYIIECTBYIOIIUE ¥ OyAyIIe MaPLUIPYThL.

NMPUMEYAHUE VHorga He MonyyYaeTcs paccpefoTouMTb UrpoBble cepBepbl reorpacduyecky, Hamnpu-
Mep, W3-3a XXeNaHus OXBaTUTb CETEBOW MrPoOi Lienblii KOHTUHEHT. C TakoW cuTyauuel CTOSMKHYUCh
pa3paboTumkn U3BECTHOM MaccoBol urpbl «League of Legends». Tak kak paccpenoTouveHue UrpoBbiX
CepBEPOB MO BCEN CTpaHe He AaBanio HWKaKUX NMPenMyLLEeCTB, OHW MOLIN APYrMM MyTEM U NOCTPOUIU
COBCTBEHHYIO CETEBYIO MHMPACTPYKTYpy, AOFOBOPUBLLMCH C MOCTaBLUMKaMKU yciyr VIHTepHeTa Mo Bcei
CeBepHoll AMepyKe, YTO nocneaHue obecrneyaT Takoe ynpasrieHWe ceTeBbiM TpacduKOM, KOTOpoe Mo-
MOXET YMEHbLUMTb CeTeBble 3aflePXKKWU [0 MUHUMAIbHO BO3MOXHOrO YPOBHS. JTO BeCbMa Cepbe3Hoe
06513aTeNbCTBO, HO B CNyYae ycrnexa 3TO CaMblil O4EBUAHBIN M HAAEXHbIV CNOCO6 COKPaTUTL BCE YeTbipe
BUa CETEBbIX 3aAepXeK.
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B koHTEKCTE ceTeBBIX B3ANMOICHCTBUE WHKEHEPBI HHOT/[A UCTIONB3YIOT TEPMUH «3a-
JEPIKKa» IS OMMCAHUS KOMOMHAIIMK U3 BCEX YEThIPEX ee PasHOBHUAHOCTEN, [T0CKOIbKY
TEPMUH «3a/IEPIKKA»> TIOJYIUIICS CIUITKOM OOIUM, PazpabOTINKK UTP YAIIe TTOJIb3YITCS
HOHATHEM epems nepedauu,/noomsepxcoenus (Round Trip Time, RTT). ITog RTT no-
HUMaeTCs BpeMst, KOTopoe TpebyeTcs JJist epeiayn nakera OT OIHOTO y3J1a APyTroMy
u 7151 OOPATHOM Tiepeiadm makeTa OTBeTa. JTa BETMYUHA HE TOJIBKO BKIOYAET 3aI€PIKKH
Ha 06paboTKY, OXKUIaHKE B OYEPE/IH, TIepelady U pacrpocTpaHeHne B 060nX HarpaBJie-
HUSX, HO U YUYUTBIBAET CKOPOCTH CMEHbI Ka/IPOB HA yIAJEHHOM y3JIe, TAK KaK UMEHHO OT
ATOIN CKOPOCTH 3aBUCHT, HACKOJIBKO GBICTPO Y3€J CMOJKET OTIPAaBUTh 0TBeT. OGparute
BHUMAHUE, YTO B KAXK/IOM HAMPABJICHUHN TTAKEThI MOTYT JIBUTATHCST C PA3HOI CKOPOCTBHIO.
Besmunna RTT peziko ObiBaeT TOUHO B /iBa pa3a GoJiblile BpEMEHU TIEPEau MAKeTa OT
oHOTO y371a Apyromy. Ho, Kak ObI TO HE GBIJIO, B MTPAX YACTO MPE/TIOIATACTCS, YTO BPEMST
nepe/ladll B OJIHOM HAIPaBJICHUH COCTABJIsIET POBHO mosioBuHy RTT.

dnykTyaumm

[Tosnyyu goctaTouno xopoiyio oileHKy RTT, MOKHO BBITIOJIHUTD CAEAYIONIME ITary,
KOTOpbIe OY/IyT ONUCaHbI B TJIaBe 8 « YiryuiieHHast 06paboTKa 3a/1epPsKeKs, IO3BOJISIIOIINE
0CAOUTH BJIMSTHUE 3aJIEPIKEK U CAETATH UX KaK MOYKHO MEHee 3aMETHBIMU JITIsT KITHEHTA.
Opnaxo, paboras Hazl CETEBBIM KOIOM, CJIELYeT IIOMHUTb, 4To Bennduna RTT ne Bcer-
J1a stBJsteTcst KOHCTaHTOM. J[uist JitoObIX ABYX y3710B BpeMst RTT Mexay HuMU 00BIYHO
KOJIeHIIETCST BOKPYT KAaKOTO-TO 3HAYEHMST, 3aBUCSIIETO OT CPETHNUX 3HAUCHUI 3aIePIKEK.
Ho mo6bie n3 aTux 3a/1epskek MOTYT U3MEHSThCSI ¢ TeUeHHEM BPEMEHH, UTO BJIEYET 32
coboii orkonerne RTT oT ojkuaeMoil BeJTMIMHBL ITH OTKJIOHEHUS HAa3bIBAIOT (YK -
Mmyayusmu.

JIto6ast n3 ceTeBbIX 3a/IEPHKEK MOKET BHOCUTD CBOW BKJIAJT BO (DIYKTYAIHH, OTHAKO JIJIsT
OJIHUX 3a/IEPIKEK ITO HOsIee XapaKTePHO, YeM JIJIST IPYTHX:

O 3anep:kka Ha 06paboTKy. HanMeree 3HAUMMAsT COCTABIISTIONIAST CETEBON 3a/IEPIKKU —
3ajiepsKKa Ha 00paboOTKy — TaksKe MeHee BCero nojsepskeHa (JyKryarusam. Bpemst
3a7epAKKHU Ha 00pabOTKY MOKET UBMEHSTHCSI, KOI/Ia MAPIIPY TU3aTOPhI JUHAMIIECKH
KOPPEKTUPYIOT MApPIIPYThI TAKETOB, HO 3TO OKA3bIBAET OUCHD HE3HAUUTETHLHOE BJIU-
sTHIE Ha OOIILYIO BEJIMUMHY 3a/1€PHKKH.

O 3azmepskka Ha mepenavy u 3ajiep:kka pacnpocrpanenusi. O6e STH 3aJIePIKKU 3aBUCST
OT BBIGOpA MapIIPyTa MAKETA: TIPOTOKOJIBI KAHAJILHOTO YPOBHSI OIIPEIEIISIOT 3a/I€PIK-
Ky Ha Tepejiauy, a MpOTsSKEHHOCTh MapIipyTa — 3a/lepKKy pacmpocTpanenus. To
€CTb 9TU 33/ICPKKU U3MEHSIOTCS, KOT/Ia MapIIPYyTU3aTOPBI IIBITAIOTCS IMHAMUYECKN
GasaHCUPOBATh TPADUK U U3MEHSIIOT MAPIIPYThI, CTAPASICh OOOUTH MEPETPYKEHHBIE
JmHAA, BemunHa aTuX 3aiepKek MOKET OBICTPO U3MEHSIThCS B Yachl MUK, a U3Me-
HEHUE MapIIPYTOB MOXKET CYIECTBEHHO BJAUATH Ha Besnunny RTT.

O 3axep:kka B ouepeau. 3a7iep>KKa B 0UePeId 3aBUCUT OT YUCJIA TTAKETOB, KOTOPbIE
noJsker obpaborars Mapiipytuszatop. C H3MEHEHHEM YHCJIa TTAKETOB, JOCTUTAIO-
IMX MAapIIPyTU3aTOPa, U3MEHSIETCS U 3a/lepsKKa B ouepeau. B nepuoabl GoJbInoii
Harpy3Ku 3ajiep;kka B ouepenu u Besnunaa RTT moryT Bozpacrarh BechbMa cylie-
CTBEHHO.
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DryKTyaIu OTPUNATENHLHO CKA3bIBAIOTCS Ha PE3YJIbraTaX PaboThl aITOPUTMOB YMEHb-
menust RTT, Ho yTo emnte Xyske, OHU MOTYT IIPUBOAUTD K IOCTABKe TTAKETOB HE IO TO-
psanky. Ha puc. 7.2 mokasaHo, Kak Takoe TIPOUCXOIUT. Y3es A TochlmaeT makeTsr 1, 2
1 3 B yKasaHHOM NOPsZIKe ¢ MHTepBasoM 5 Mc yaiay B. Ilakery 1 morpebosanocs 45 mc,
4T00BI 100paTHCst 10 y3/aa b, HO 13-3a BHE3ATHOTO yBeinveHus: Tpadhuka Ha MapIipyTe
makery 2 moHago6uock 60 Mc. Bekope mocite yBemdueHus Tpaduka MapIipy TH3aTOPhI
JAMHAMUYECKN W3MEHUJIM MapIIpyT, M3-3a 4ero maketTy 3 morpebosanock Beero 30 Mmc,
4T00BI 10OpaThest 110 yaiaa b. B pesyuabrare ysen b nosyumn cHavaia maker 3, 3aTeM
maker 1 ¥ mocJeTHUM TTaKeT 2.

0 mc 5 mc 10 mc
vaen A Otnpaska Otnpaska Otnpaska
naketa 1 naketa 2 nakerta 3
Vaen b Mpuem Mpuem Mpuem
naketa 3 |nakera 1 nakerta 2
0 mc 40 mc 45 mc 65 ms

Puc. 7.2. ®nykTyauuu Bbi3bIBAIOT HapyLUEHWe MopsiAka AOCTaBKW NAKeToB

Yro6b! MPeI0TBPATUTD MOSABJIEHIE OMMTUOOK N3-3a HAPYIIEHUS TIOPSI/IKA TIOTYI€HUsT TTa-
KeTOB, UCITOJIb3YITe HAJIEKHbIN TPAHCIIOPTHBIN TPOTOKOJ, Takoi kKak T CP, rapantupyio-
LU YIOPSAZA0YEHHYIO JOCTABKY [1aKeTOB, WK pealu3yiiTe CBOIO CUCTEMY YIIOPSAA0YeHU
MTAKETOB, KOTOPast 00CYIKAAETCST BO BTOPOI TIOJIOBUHE HTOM TIaBbL.

CrapaiiTech yMEHbINATD BAUSHUE (IYKTYAI[Uil, HACKOJBKO 9TO BOBMOKHO, TEM CAMbIM
BBI YJIYUIITUTE BOCTIPUATIE UTPLL. [IprieMbl cHuzkenust BaustHus (hJIyKTyaIuii O4eHb 1mo-
XOKU Ha TIPUEMbI, HAIIPaBJIEHHbIE HA YMEHbIIeHNEe 3a/iepkek. [lochuiaiite Kak MOKHO
MeHbIIIE IIAKEeTOB, YTOObI YMEHBIIUTh 00beM Tpaduka. PasmeniaiitTe cepBepbl KaK MOK-
1o GJIMKe K UTPOKaM, YTOObI YMEHBIINTH BEPOSTHOCTD CTOJIKHOBEHUS C IIEPErPY3KOI
suanil. He 3a0biBaiite, 4T0 CKOPOCTh CMEHBI KaJIPOB Takke BiusieT Ha BennunHy RTT,
M03TOMY Pe3KKe U3MEHEHHUsI CKOPOCTU CMEHbBI KAJ[POB OTPHUIIATEHHO CKAKYTCSI HA KJIU-
enTax. CJIOJKHBIE OIIepaIlui JIOJIKHBI BBITTOJIHATHCS HA MTPOTSKEHNU HECKOJIBKUX KaJ[POB,
4TOOBI IPEOTBPATUTD (DIYKTYAIUH CKOPOCTH UX CMEHBIL.

[NoTeps nakeToB

Ewe 6oJiee cyiectBeHHOM Tpo6GIeMoi, YeM 3aiep:KKU 1 (hJIyKTYaIii, SIBJSIETCS II0TEPst

makeToB. OHO 71e710, KOT/Ia MaKeT CANUIIKOM JI0JITO W/ET JI0 aJjpecara, i COBCeM JIPYToe,

KOr/la lTaKeT HUKOT/IA He JIOCTUTAET ero.

[TakeTbl MOTYT TEPATHCSA 1O PA3HBIM IIPUYMHAM.

0 Henazae:xnocts pusuyeckoro Hocureds. 1o cBoeii npupo/ie nepepava ganHbix —
3TO Tlepeada 3JeKTPOMArHUTHBIX UMITYJIbCOB. JIDOON BHENTHWIT NCTOUHUK 3JI€K-

TPOMATHUTHBIX IIOMEX MOXKET BbI3BaTb MCKa)KeHUe IepeaBaeMoil nHGopMalmu.
B caryuae noBpesk/ieHus JaHHBIX KAHAIBHBIN YPOBEHb OOHAPYKUT MX IIPU IPOBEPKE
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KOHTPOJIbHBIX CYMM 1 OT6pOCI/IT ITOBPEXK/IEHHDbIC Ka/[PbI. Dusnueckue HpO6]IeMI)I,
TaKMe KaK IIoTepsa CoeANHEHNA NJIN 1aKe OIU3KO PpacIioyIoKeHHas MUKPOBOJIHOBasA
TI€49b, MOTYT BbI3BATb IMMOBPEKACHNE NN TIOTEPIO CUTHAJIA.

O Henage:xublii kaHaJbHBIA ypOBeHb. KaHaTbHBIE YDOBHU CJIEAYIOT CBOMM TIPABUIIAM,
OTIPE/IETISIONTUM, KOT/Ia OHU MOTYT WJIU He MOTYT Ilepe/iaBaTh Januble. Eciau munns
CB3M KaHaJbHOTO YPOBHS OKa3bIBAETCH MOJHOCTHIO 3a0UTON, UCXOAAIIMI Kaap
NPUXOANTCS BhIOpAchiBaTh. Tak Kak KaHAJbHBINH YPOBEHD He JIaeT HUKAKUX TapaHTHil
HaJIe)KHOCTH, ATO BIIOJIHE OIIPABAHHOE JIENICTBHE.

O Henazme:xuspiii ceTeBoii ypoBeHb. Kak Bbl IOMHKTE, KOT/Ia MAPIIPYTU3ATOP TOJTyYaeT
MaKeThl ObICTPEE, YeM MOKET UX 06paboTaTh, OH MOMEIIAET UX B 0Yepesib. B ouepe-
JIM MOJKET CTOSITh TOJIBKO OTIPEJIEJIEHHOE YUCIIO TTAKETOB, MX KOJUYECTBO HE MOJKET
MPEBBIIATh HeKoe (GPUKCUpoBaHHOE Yncso. Korma ouepesib 3aloHseTcst 10 Tpejiea,
MapHIPyTH3aTOP HAYMHAET OTOPACHIBATH MAKETHI — JTMO0 HAXOAAIMECS B OUEPE/IH,
b0 BHOBb TIPUOBIBAOIINE.,

Or6pacbiBanue TAaKETOB — CYPOBasi PEATbHOCTD, M TIOTOMY CJIELYET TPOEKTUPOBATDH
CEeTeBYIO apXUTEKTYPY C YUEeTOM 3TOH BO3MOKHOCTH. He3aBucuMo OT HaIN4MS aaro-
PHUTMOB, PEIIAONINX TPOOIEMY TTOTEPH TTAKETOB, BOCIPUSATHE UTPHI OYAET TeM JIyullle,
yeM MeHblIlle TTakeToB OyzieT TepsiThest. [IpoeKTHpyYst Ha BEPXHEM YPOBHE, CTapAUTECh
YMEHBIIUTH BEPOSTHOCTH MOTEPHU TMAKeTOB. VCIOMb3yiiTe BEIYNCANUTEIbHBIE TICHTPBI
C cepBepaMH, pacToJOKeHHbIE KaK MOKHO OJIMKe K UTPOKAM, TIOTOMY UTO YeM MEHBIITe
MapIIPYTU3ATOPOB U JIMHUI CBSI3U HA ITyTU MTAKETOB, TEM HUIKE BEPOSITHOCTD, YTO OJIUH
U3 HUX OTOPOCHT Ballw JaHHble. Takke cTapaiiTech MOChIATh KaK MOKHO MEHBIIIE T1a-
KETOB: BO MHOTHX MapIIPyTH3aTOPaxX eMKOCTh OUEPEIH OMPe/IeIIeT s YICA0OM MTaKeTOB,
a He o61muM 06HEMOM JTAHHBIX. B 9THX ciIyyasx pUCK «3aTOMUTh» MapIIPyTU3aTOPbI
U [IEPETIOJTHUTD OYEPEIN OKAKETCST BBIIIE, €CIIH Urpa Oy/IeT MOChLIATh MHOKECTBO MeJI-
KUX TTAKETOB BMECTO HEGOJIBINOTO0 uncsia GoJbIuX maketos. [lepemaua cemu 200-6aiit-
HBIX TIAKETOB Y€Pe3 HArPYsKEHHbIH MapUIPYTU3ATOP TOTPEOYET BBIACAUTD JIJISl HUX CEMb
cioToB B ouepenn. OxHako ormpaBka tex ke 1400 6aiiT B oHOM makeTe moTpedyer
TOJIBKO OJTHOTO CJIOTA.

BHUMAHME He BCce MapLipyT13aTopbl BbIAENSIOT CNOTbl B O4Yepean no YMCy MakeToB, HEKOTOpble
BbIZENSAOT MECTO NS KOHKPETHBIX OTMpaBUTENeil, OnMpasicb Ha BXOASILLYIO MPOMYCKHYIO CMOCOBHOCTb,
1 B 3TOM C/ly4ae nepechisika AaHHbIX MENKMMM NakeTaMy MOXET OKas3aTbCsl npeanoyTutensHee. Ecnu
TONbKO OAWMH NaKeT U3 cemMu ByaeT OTOPOLLEH M3-3a 0COBEHHOCTEN BblAENEHNUs! CNOTOB C YYETOM Npo-
NMYCKHOWM CMOCOBHOCTM, OCTaslbHbIE LIECTb BCE-TaKWM OKaXyTCst B oyepeau. MO3TOMYy BaKHO 3HaTb, Kak
[ENCTBYIOT MapLUpyTM3aTOPbl B BAlUEM BbIUMCIUTENIBHOM LIEHTPE U BAOSb BbICOKOHArPY>EHHbIX MapLLpy-
TOB, OCOBEHHO MOTOMY, YTO WUCMONb30BaHME ManeHbKUX MNakeToB BEAET K HENMPOM3BOAUTENBHOMY pacxo-
[10BaHMIO NOJOCHI MPONyCKaHWs Ha Nepeaayy 3arofioBKOB, O YeM YXKe FOBOPWIOCh B NpeapblayLUMX riaBax.

Korzia ouepe/u 3anoTHSIIOTCS, MAPIIPYTU3ATOP He 00s13aTesibHO OyjieT 0TOpachiBaTh
BHOBbH MOCTymatonue makersl. OH MOKET BHIOPOCUTH MAKETHI 3 ouepenn. Takoe CIry-
YaeTcs, KoT/[a MapIipyTH3aTop 0OHAPYIKUT, YTO BXOASIINN MaKeT UMEET BBICIITHI MPH-
opuTtet win 60Jiee BaXKEH, YeM TTAKET B OUepein. PelieHnst 0 IPHOpUTETax IIPUHUMAIOTCST
MapIIpyTU3aTOPaMU Ha OCHOBE MaHHbIX Q0S B 3ar0JI0BKE CETEBOTO YPOBHS, a HHOT/IA
OCHOBBIBAIOTCS Ha PE3yJIbTaTax aHAIN3a COIEPKUMOTO TTakeToB. HekoTopbie MapIipyTi-
3aTOPBI JIa’Ke CIEIUATHLHO HACTPABAIOTCS, YTOOBI YMEHBIIUTE 00N TpaduK, KOTOPBIT
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UM TpuieTcst 06pabaThiBaTh: B MEPBYIO OYEPElb OHM HAYMHAIOT OTOPACHIBATD TTAKETHI
UDP u tosibko iotoM makerst TCP, oTOMY 4TO H3BECTHO, UTO €CJIU OTOPOCUTD TTAKETHI
TCP, oriipaBUTEh aBTOMATIUECKN TIOBTOPUT UX TIepeiady. 3HaHIe 0COOEHHOCTEN Ha-
CTPOMKU MapHIPyTU3aTOPOB BOKPYT Balllero BbIYMCAUTEIBHOTO IIEHTPA U [TOCTABIIMKOB
ycayr VIHTepHeTa Balllero MeJIeBOTO PhIHKA MOJKET [TOMOYb BIOPATH TUIIBI TAKETOB
1 HACTPOUTH 1A0IOHBI TpaduKa, YTOOBI YMEHBIIUTD TOTEPH TTaKeToB. HakoHell, caMblit
MPOCTOH crOcO6 YMEHBIINTH MOTEPU MAKETOB — HMCIIOJb30BATh CEPBEPBI € OBICTPBIME
1 CTabUITbHBIMU OKJIIOYEHUSIMU K VIHTEPHETY, PACIIONOKEHHBIE MAKCUMAIIbHO OJIU3KO
K BaIllMM KJINEHTaM.

HapexxHocTtb: TCP unmn UDP?

YuureiBasg HEOOXOAUMOCTh MMETh HEKOTOPBIH YPOBEHb HA[EeKHOCTU MOYTH B KasKION
MHOTOITOJIB30BaTEJIbCKON UIPe, BaJKHO HA CAaMbIX PAaHHUX dTalaX paspadOTKHU CJIeIaTh
Bb160p Meskay TCP u UDP. [{o/kHa Ji Mrpa MOJI0KUTHCS Ha CUCTEMY HOAIEP/KKN Ha-
nexuoct, Berpoertyio B TCP, v BbI [0JUKHBI CO3IaTh COOCTBEHHYTO HACTPAMBAEMYIO
cucremy HajeskHoCTH ToBepx UDP? UToGb OTBETUTD Ha 9TOT BOTIPOC, HYKHO PACCMO-
TPeThb JIOCTOMHCTBA U HEJJOCTATKU KA /100 U3 TPAHCIOPTHBIX IIPOTOKOJIOB.

[nasroe npenmyiectso TCP — npoBepeHHas BpeMeHeM, YCTORYNBAs ¥ CTabUIbHAS
peanusanus MoepKKI HaJIeKHOCTH. be3 MpuiokeHns AOMOTHUTENbHBIX YCUTUN
ATOT MPOTOKOJ TAPAHTUPYET HE TOJHKO TOCTABKY BCEX OTIMPABJEHHBIX JAHHBIX, HO
U JIOCTABKY UX B KCXOAHOM mopsiike. Kpome Toro, oH 06J1a/1aeT CI0KHBIM MEXaHU3MOM
o6HApYKEHsI 3aTOPOB, OTPAHUYMBAIOIIINM BEPOSITHOCTH MTOTEPH TTAKETOB ITyTeM BBIOOPA
TaKOW CKOPOCTH WX OTIIPABKHU, YTOOBI HE BBI3BATH TIEPEIOJHEHHUST B IIPOMEKY TOTHBIX
MapIIpyTU3aTopax.

Inasubiii negocratok TCP B TOM, 4T0 OH 00s13aH 0O€CIIeYnBaTh raPaHTHN HAJEKHOCTH
1 yIOPSIIOYEHHOCTH JJOCTAaBKY BCEX OTTIPABJIEHHBIX JIAHHBIX. B MHOTOTIOTh30BaTEIbCKON
urpe ¢ GbICTPO U3MEHSIOIINMCST COCTOSTHIEM BO3MOKHBI TPH CIIEHAPHSI, B KOTOPBIX TAKHE
rapaHTUU HAZEKHOCTU JOCTABKU IOPOKIAIOT IIPOOJIEMBL:

1. IloTepss HUBKONPHOPHUTETHBIX TAHHBIX, BbI3BaHHAS NPHEMOM BBICOKOIPHOPH-
TETHBIX JAaHHBIX. PaccMOTPUM BKpaTIle, KaK IPOUCXOANUT OOMEH JaHHBIMI MESK/LY
JIByMs UTPOKaMU B UTPe-IIyTepe OT MEePBOTO JUIA, UCIOIb3YIONIeH TOI0I0THIO
«kJmeHT-cepBepy. Irpok A Ha y3ie A u urpok b Ha y3ie b cxongrcs B moeuHke.
HeoxmaanHo Ha pacCTOSTHUHN B3PBIBAETCST PAKeTa, BBITYIIEHHAS 113 HEKOTOPOTO CTO-
POHHETO UCTOUHWKA, U CEPBEP TOCBITIACT TIAKET Y37y A, 4T0OBI BOCTIPOM3BECTH 3BYK
B3pbIBA. [IpakTuecku cpasdy mocse 3TOro UTPOK b BhICKakWBaeT mu3-3a yrJjia rnepe;y
UTPOKOM A ¥ TIPOM3BOIUT BBICTPEJ, U CEPBEP TIOCHLIAET MAKET C 9TOW MH(popMaIueit
yaay A. 13-3a durykryaruii ceteBoro Tpaduka mepBbiil TAaKeT TePSIETCs, HO BTOPOH,
¢ nHdopmaiueii o eicTBUAX UTPoKa b, — HeT. 3ByK B3pbIBa MMeEECT HU3KUIL TIPU-
OpHUTET /I UTPOKa A, TOT/Ia KaK /IefiCTBHS Bpara, CTPeJISIOIIero B Hero, HAMHOTO
BaskHee. VIrpok A, BO3MOKHO, GbIJT ObI HE MTPOTHUB, €CJIU OBl TTOTEPSABITHIICS TTAKeT
TaK U He IIPUIIE U OH HUKOT/IA He Y3HaJ Obl 0 B3pbiBe Baseke. OHAKO U3-3a TOTO,
yto TCP rapanTupyer ynopsijoueHHOCTb akeToB, Moy b TCP He nepezact maket
¢ urdopMaImeii o IBUKEHIN B UTPY Cpa3y mocJie mprema. Bmecto atoro ou 6yer
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JKJIaTh, TIOKA CEPBEP HE MEPEAACT MOBTOPHO MOTEPSBIINNCS HU3KOIIPUOPUTETHBII
[IAKeT, ¥ TOJIbKO IOTOM IepeJacT Aast 0OpabOTKK BbICOKOIIPUOPUTETHBIN ITaKeT.
OueBHIHO, TAKOH TTOPSI/IOK BEIIe MOKET CUJIBHO OTOPYNTD UTPOKa A.

2. HexesaTenpbHOE B3aUMOBJIMSIHUE JIBYX OT/I€JIbHBIX YIOPS/IOYEHHBIX IIOTOKOB
JIaHHbIX. /[aske B UTpe, T7ie OTCYTCTBYIOT HU3KOIIPUOPUTETHBIE JIAHHbBIE, & BCE TAHHDIE
JOCTABJIAIOTCS TIOJIydaTesisM, cucrema yrnopsgodenus nporokona TCP Bce eme
MOZKET BBI3bIBATh P0G IeMbl. IIpeicTaBbre peabLYIINI ClieHapyuii, HO BMECTO WH-
hopmairun o B3pbIBE MEPBBIH TTAKET COAEPIKUT TEKCTOBOE COOOIEHNE, a/IPECOBAHHOE
urpoky A. Takue cOOOIIEHMSI MOTYT UMETh KPUTUYECKYIO BaKHOCTb, TOITOMY JIJIsT
WX TIePe/Iaud JTOJKEH UCITOTh30BAThCS MEXaHU3M, A0 TapaHTHU HAJIEKHOM
noctaBku. Kpome Toro, TekcToBbie coobIeH s TOJKHBI 06pabaThiBATHCS B OTIPE-
JIeJIEHHOM TIOPSIJIKE, IIOTOMY UTO TIPU BBIBOJIE HE TIO MOPSKY OHU MOTYT BBI3BATh
nytaruiy. OpHaKO MOPSAZAOK 00pabOTKK TEKCTOBBIX COOOIIEHUI MMeeT 3HaYeHUE
TOJIBKO B OTHONIEHWH JIPYTUX TEKCTOBBIX cooOMIeHuil. /Iyt urpoka A, BEpPOSITHO,
ObLII0 ObI HexKeJIaTeIbHO, eCid Obl HOTEPSBLIMIICS IIAKET ¢ TEKCTOBBIM COOOLIEHNEM
MOMEIIAJ CBOEBPEMEHHOIT 00paboTKe TakeTa ¢ nHGOPMAIUE O IPOM3BEICHHOM BbI-
crpeiie. B urpe, ncnonssyionieir TCP, Takoe pasBuTye COOBITHIL BIIOJIHE BO3MOKHO.

3. IloBTOpHas nepenaya ycrapeBuiero coctossuus urpsl. [Ipencrassre, uto urpoku b
1 A BeIyT MOEMHOK, OTCJIEKUBAS MTEPEMEIeHrs IPYT apyra 1o kapre. Urpok b
3a 5 ¢ mepemerntaercs us nozutun x = 0 B mosuiuio x = 100. IIaTh pas B cekyHIy
cepBep MOChIIAeT UTPOKY A MaKeThl ¢ rnocjeiHell koopaumHaroii x urpoka b. Ecin
cepBep 0OHAPYIKUT, YTO KAKUE-TO UJIM BCE MAKEThI MOTEPSIINCH, OH MOBTOPUT UX
nepeziauy. ITo 0O3HAYAET, YTO KOT/a UTPoK B obepercst 10 KOHeYHOH TOYKY ¢ Mo-
sunueit x = 100, cepBep MOXKeT IMOBTOPUTH TIEPelauy yCTapeBIINX JJAHHBIX C I10-
sunueit urpoka b, 6imskoii k Touke x = 0. Kak pesysbraT UTPOK A YBUAUT CTapyro
o3uIMIo urpoka b u mpomssesieT BLICTPE 10 TOTO, Kak IPpUMeT NHGPOPMaIINIO,
yKasbIBalollyto, 4To urpok b nepemecruniics. Takoe rnososkeHue Belieil COBepIIeHHO
HEMPUeMJIEMO IS UTPOKa A.

B nononienme k 6e3abTepHATHBHOM W TOTATBHOM HAEKHOCTH MCIOTH30BAHIE TIPO-
tokosia TCP uMeer etrie psijt HesoctaTkoB. HeecMOTpst Ha TO UTO MEXaHU3M OOHAPY KEHVST
3aTOPOB TIOMOTAET MTPEIOTBPATUTD ITOTEPIO TAKETOB, OH 110-Pa3HOMY HACTpanuBaeTCs Ha
PasHBIX MmIaTdopMax, YTo HHOTA MOKET TPUBOIUTH K MIepeiaue UTPOBBIX MaKeToB ¢ 6o-
Jiee HU3KOH CKOPOCTBIO, 4eM XOTesIoch Obl. Asroputm Heliruia 3/1ech TOJBKO yXy/IIIaeT
MOJIOJKEeHNe, TaK KaK MOJKeT 3a/[eP;KMBaTh MaKeThbl Ha TIePUO/] 10 TTOJOBUHBI CEKYH/IbI
nepes ux ornpaskoil. O6braHO UTPEI, Hcnosb3yoniue TCP B kauecTBe TPaHCIIOPTHOTO
MPOTOKOJIA, 3alPeIaioT geiicTue anropurma Heiira, uto6sr n3bexaTh aToii mpobieMsi,
XOTS TIPU 3TOM JIMIIAIOTCS MHCTPYMEHTA YMEHbIIIeHUs TOTePb MTaKeTOB.

Haxowner, peasnmsarmst TCP BbiiessieT pecypcesl st yIIpaBIeHIS COSTMHEHUSIME U CJTe-
JIUT 32 BCEMU JIAHHBIMHE, KOTOPBIE MOKET TIOHA0OUTHCS TTepeciaTh MOBTOPHO. YacTo
ITUMU PECYypCcaMU yIIPaBJdeT OllepallionHasd CUCTEMa, U OYeHb CJIOKHO OPrann3oBaTh
yIIpaBJIeHIe X PacTpeeIeHneM ¢ NCTIOMB30BAHIEM COOCTBEHHOTO AUCTIETIEPA TTAMSITH,
€CJIN 3TO TIOTpebyeTcs.

[Iporokosn UDP, nanpoTtus, He uMeeT BCTPOECHHBIX MEXaHU3MOB TIOJ/IEPKKUA HA/IEXK-
HOCTH M ynpaBieHusg notokoM, kak TCP. OHako oH mpefocTaBiageT MyCcTol X0JICT,
Ha KOTOPOM MOKHO M300Pa3uTh JIO6YIO JKeTAeMYI0 CUCTEMY TIOIEP/KKU HAeKHOCTH.
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MoskHO opranmu3oBaTh Ha/Ie’KHYIO U HEHAJIC)KHYIO [epejiady JaHHbIX I 0QOPMUTD
HECKOJIbKO OT/IeJIbHBIX YIIOPSI/IOYEHHBIX IIOTOKOB Ha/IesKHO 1epe/iaun IaHHbIX. MOKHO
TaK’Ke CKOHCTPYMPOBATH CUCTEMY, TOCHLITAIONIYIO B3aMeH MOTEPSIBITNXCS TTAKETOB TOTBKO
caMyl1o CBexyIo HH(MOPMAIMIO BMECTO IOBTOPHOH Iepe/lauyr yCTapeBIINX AaHHbIX. Mox-
HO pa3paboTaTh COOCTBEHHBIE MEXAHU3MBI YIIPABJIECHUS TAMATHIO U MOJYYUTh MOJTHBII
KOHTPOJTb HAJI TPYTIITUPOBKOH AHHBIX B TTAKETHI CETEBOTO YPOBHS.

Jlnst pazpaboTKU U TECTUPOBAHMSI BCETo 3TOTO TpebyeTcst BpeMst. CobcTBeHHAs pea-
JIM3AIs, KOHEYHO K€, He TIOJyYUTCsT TaKOH sKe 3pesioil u cBOOOHOI 0T OInbOK, Kak
TCP. 3arparbl Ha pa3pabOTKy MOKHO HECKOJIbKO YMEHbBIIUTh, 0JIb3YSICh CTOPOHHUMUI
6ubamorexkamu UDP, Takumu kak RakNet niu Photon, npasaa, npu aToM mpuaercst
HOKEePTBOBATh OlpeeseHHoil poeit rubkoctu. Kpome roro, npumenenne UDP yBesm-
YUBAET PUCK MIOTEPU MTAKETOB, TOTOMY YTO MAPIIPYTU3ATOPBI MOTYT OBITH HACTPOEHBI Ha
nepsoouepesiHoe oropachiBanue naketos UDP, kak omuckiBasoch Beiire. Tabsmia 7.1
CYMMUPYET Pasjinyus MeK/IY IIPOTOKOJIAMU.

Ta6nuua 7.1. CpasHeHve TCP n UDP

XapakTtepucTuka

TCP

uUbP

Haznexnocts

Jla. Bce makeThl OCTaBJISIIOTCS
1 06pabaThIBAIOTCS B TOM 7K€
MOPSIJIKE, B KAKOM OBLJIH OTIIPAB-
JIeHbI

Her. Tpebyercst cobCTBeHHAs peasii-
3a1[11s1, HO TI03BOJISIET OPTaHN30BaTh
rubKyI0 CHCTEMY HAIEKHOCTI

Ymnpassienue mo-
TOKOM

ABTOMaTHYECKU yMeHbIIaeT
CKOPOCTbD IIepelauu, Koraa Iaxke-
Thl HQUUHAIOT TEPATHCS

Her. B ciryuae HeobXoamumocT Tpebyer-
s pean30BaTh CBOIO CHCTEMY yTIpaBJie-
HUST TOTOKOM U OTIPe/iesIeHNs 3aTOPOB

TpeGoBanust K na-
MSITH

OC noJikHA XPAaHUTD KOTTHT
BCEX OTIIPABJIEHHDIX JAHHBIX /10
TTO/ITBEPIKAEHUS UX TTOJTYUEHUS

CobcTBeHHast peaau3aiust J0JKHA caMa
PeNInTh, KAKUE JJAHHbIE JOJIKHBI Xpa-
HUTBCS, & KaKKe HeMeIJIEHHO YHUYTO-
JKAThCS. YTIpaBJeHue MaMsIThIO OCy-
LIECTBJISIETCS] HA YPOBHE IIPUJIOKEHUS

IIpucsauBanue npu-
OpPUTETOB B MapIIpy-
THU3aTOPax

MoskeT 1mosb30BaThCs HPEnMy-
mectBoM nepes; UDP

ITakerst UDP MoryT HauaTh OTGpachI-
BaThCs pamblie, yeM maketsl TCP

B GosbiinHCTBE ciiydaeB BbIOOP TPAHCIIOPTHOTO IIPOTOKOJIA CBOAUTCS K BOIIPOCAM: TPe-
Oyercst Jii 00si3aTesIbHOE MOJIydeHue BeeX (hparMeHTOB JAHHBIX, OTITPABJISIEMbBIX HTPOI,
U JIOJIKHBI JI TaHHble 00pabaThiBaThCsI B CTPOTO orpeeieHHoM mopsiike? Ecim orse-
TBI B 000WX CIyUasIX «/lay, mogymMaiite 06 ncmomb3oBanny mpoTokora TCP. Yacto aT0
BEpHOE pellieHne IS OMAroBbIx urp. Bee hparmMenTs BBOZIA I0JIKHBI OBITH 10Ty Y€HbI
BCEMU y3JIaMu 1 00paboTatbl B OHOM ¥ TOM 3Ke Topsizike, u mpotokos TCP Brosse co-
OTBETCTBYET HTUM TPeOGOBAHTISIM.

Ecom TCP He siBJIsieTcst njieaibHbIM BBIOOPOM JIJIsT UTPbI, @ TAKKX UTP OOJIBIITIHCTBO, Clle-
ayet uctiosib3oatb UDP ¢ cuctemoli noziepskku Hale)kHOCTH Ha YPOBHE TIPUIIOKEHUS.
ITO 03HAYAET, UTO TIPUJIETCS UCTIOJIB30BATh CTOPOHHUE TPOMEKYTOUHBIE PEITEeHUS T
CO3/1aBaTh CBOIO COOCTBEHHYIO cHcTeMy. B ocTaBiieticst vacT TIaBbl PacCKa3bIBAETCH,
KaK CO3/IAI0TC TaK1e CUCTEMBI.
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M3BelleHne o 4O0CTaBKe MakeTa

Ecsmm mporokos UDP okaskercst HauboJiee OXOASAIINM BBIOGOPOM JIJIsT UTPBI, BAM MTOHA-
TMOOUTCST PeaTH30BaTh CHCTEMY TTOAIEPKKY HAJIeKHOCTH ocTaBKi. [TepBoe TpebGoBanme
K TaKOH cHcTeMe — BO3MOKHOCTD Y3HATH, OBLIT JIH JIOCTABJIEH TIAKET ToJIyvatestio. Jlst
3TOTO HY>KHO CO3/IaTh HEKOTOPBIN MO/TYJIb, M3BEIIAIONIII O TOCTaBKe. 3a1aua MO I —
MIOMOTATh BBITIECTOSIIIIM MOJIYJISIM TTOCBLIATD TIAKEThI YAATEHHBIM y3JIaM U co00MIaTh
UM, OBLIN JIM IPUHSTBI OTIIPABJIEHHbIE TTAKeThI. He 0CyIecTBIsis MOBTOPHYIO Mepeiauy
CaMOCTOSATENBbHO, 9TOT MOJLYJIb MIO3BOJUT IPYTUM MOJYJISIM CAMUM PEIUTD, HY>KHA JIN
IIOBTOPHA4 Ilepejiaya U Kakue JaHHble [IPX 9TOM JI0JIKHbI llepelaBaThesl. ITO IJIaBHbII
HCTOUHWMK TMOKOCTH CHCTEMBI TIOJIEPKKU HajeskHOCTH osepx UDP, koTopoii Tak He
xBataeT B TCP. B atom paszjene ucciemyercsi DeliveryNotificationManager, ojHa 13
BO3MOKHBIX PEATH3AIIH TAKOTO MOJYJIsI, H/Iest KOTOPOTO GbITa MOACMOTPEHa B IUCITET-
yepe coeuHennit urper «Starsiege: Tribes».

[ucnieryep DeliveryNotificationManager /J0JI3KEH pelaTh TPU 3ajaum:

1. B mporecce oTripaBku yHUKAJIBbHO UAEHTU(DUITMPOBATD M MADKUPOBATD KasK/IBIIN MC-
XOJIATIHUH TTAKET, UTOOBI MOJKHO OBIJIO TIPUCBOUTE COCTOSTHIE TOCTABKHU BCEM TTAKETAM
U [IePeIaBaTh 9TO COCTOSTHUE BBILIECTOSIINM MOJIYJISIM HEKOTOPBIM CIIOCOOOM.

2. Ha cropone moJiy4aTesisi OH JIOJIZKEH UCCIE0BATh BXOJISIINE TTAKEThI U T10CJIATh
MOATBEPKIEHHUE JIJIS KasKI0TO TTaKeTa, KOTOPBIU perneHo Oyaer o6paboTars.

3. Ha cTopoHe OTTIpaBUTENsI OH A0JKeH 06paboTaTh BXOJATIINE TOATBEPIK/TEHIT
U COOOIIUTH BBIIECTOAIINM MOJYJISIM, KAaKUe MakeThl O 06paboTambl, a Kakue
ITOTCPSHBL.

Takast cucrtema noanep:kkn HagesxkHocTn moBepx UDP rtaxike rapantupyert, 4To ma-
KeTbl HUKOTIa He OyayT o6pabaThiBaThCs He 110 MOPSIAKY. TO ecTh eciiu cTapbiil makeT
JOCTUTHET IoJIydaresis mocjie 6ojee HOBbIX IIaKeToB, DeliveryNotificationManager
CBIMUTHUPYET MOTEPIO TMTaKeTa U TPOUTHOPUPYET €r0. ITO OUEHb T0JIE3HO, TaK KaK Tpe-
JIOTBPATUT 3aTUPaHue cBeKell MH(OpMAIMU yCTapeBITUMY JJAHHBIMU U3 OMO3/IaBINX
nakeTos. Jannasa ocobenHocTh DeliveryNotificationManager HECKOJIBKO yBEIUUUT
HArpPy3Ky, HO HA 3TOM YPOBHE TaKasl peajiu3anus CYUTaeTcsl Hanbojee TUITHYHOM
1 3 GEKTUBHO.

MapKMpoBKa UCXOAALLMX MaKETOB

[ucneruep DeliveryNotificationManager mosmxeH I/I]IGHTI/I(I)I/IL[I/IpOBaTb KasK/[bII ICXO-
JAIUHI TaKeT, YToObI IPUHUMAIOIIAS CTOPOHA MOIJIA YKa3aTh, KAKOU HAaKeT MOATBepPK/1a-
ercst. CorsacHo MeTo/IiKe, 3anMcTBOBaHHON 13 TCP, kaxmoMy makeTy mpucBanBaeTcst
nopsiikoBbiit HoMep. Ho B otiimure ot TCP nopsiikoBbiii HOMED He TIPeICTABIISET YUCITIO0
6aiitoB B oTtoke. OH IIPOCTO CIYKUT YHUKAJIbHBIM HIEHTU(PUKATOPOM JJIsS KAk I0I0
OTIIPABJISIEMOTO TIaKeTa.

Yro0bl OTHPABUTH MAKET IIPH IIOMOIIM DeliveryNotificationManager, npuaoxKeHue
CO3/1aeT IIOTOK OutputMemoryBitStream /uia nmakera u mepegaer ero Meroay Delivery
NotificationManager: :WriteSequenceNumber (), mpeicTaBieHHOMY B JucTrHTe 7.1.
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Jinctuur 7.1. MapkupoBKa NnakeToB nocsiefoBaTes/ibHbIMU HOMEpamMu

InFlightPacket* DeliveryNotificationManager: :WriteSequenceNumber(
OutputMemoryBitStream& inPacket)

{
PacketSequenceNumber sequenceNumber = mNextOutgoingSequenceNumber++;
inPacket.Write(sequenceNumber);
++mDispatchedPacketCount;
mInFlightPackets.emplace_back(sequenceNumber);
return &mInFlightPackets.back();

}

Meton WriteSequenceNumber TTprcBanBaeT UCXOSIIEMY MAKETy OYePeHON TTOPSII-
KOBBIII HOMED U YBEJIMUYUBAET €r0, TOTOBSICHh OTIPABUTH caenyiomuii nmaket. [Ipn Takoi
OpraHn3aliiy HUKaKue /IBa COCEJHNX MaKeTa He TToyvaT O/INHAKOBbIe HOMepa, U KasK/IbIN
OyJleT UMETh YHUKAJIbHBIN HICHTH(MUKATOP.

Jlasee METO KOHCTPYUPYET 9K3eMILIAp InFlightPacket u 106aBisieT €ro B KOH-
Telfinep mInFlightPackets, KOTOPBIN CJEAUT 32 BCEMU MaKeTaMU, JOCTaBKa KOTO-
pbIX elie He Oblia moaTBepskaeHa. OO0bekTh InFlightPacket TOHAMOOSITCS TTO3/IHEE,
st 06paboTKY MOATBEPIKICHUN U Tlepe/laun Mpu3Haka goctaBku. [Tocie Toro Kak
DeliveryNotificationManager IIOJIy4YUT BO3MOKHOCTb OTMETUTDH ITAKET ITOPAIKOBBIM
HOMEPOM, TTPUJIOKEHUIO OCTAHETCS TOJBKO 3amrcaTh (pakTuiecKue JaHHbie B MaKeT
1 IIOCJIATh €ro ajpecary.

MPUMEYAHME Tun PacketSequenceNumber onpeaensieTcs AMPeKTMBON typedef, NO3TOMY He Co-
CTaBUT TPyAa U3MEHUTb YACNO BUTOB B MOPSAKOBOM HOMepe. B aaHHOM cnyyae Tvn PacketSequence-
Number onpeaeneH Kak CMHOHMM uintl6_t, HO B 3aBMCMMOCTM OT YMCNa MAKETOB, KOTOpble Npea-
nonaraeTcs nocnaTtb, MOXHO WMCMOMb30BaTb YMcna C 6ONbLWMM MW MEHbLUMM KONMMYECTBOM GWTOB.
Llenb — ncnonb3oBaTh Kak MOXHO MeHblue 6UTOB MPU MUHUMASIbHOW BEPOSITHOCTM BLICTPO UcYepnaTh
[ManasoH JOCTYMHbIX YMCEN M CTONIKHYTHCS! C OYEHb CTApbIM MAKETOM, UMEIOLLMM MOPSIAKOBLIV HOMEP,
NMPUCBOEHHbIN €My A0 TOro, Kak AuanasoH 6bl1 McyepnaH M Hayan UCrosib30BaTbCs 3aHOBO. B moumc-
Kax MWHUMaNbHO BO3MOXHOIO yncna 6UToB Ansi NPOBEpKM Ha 3Tane pa3paboTKM v OTNaAKM MOXHO
[06aBUTb AOMOSHUTENbHBIN 32-pa3psfHblii CYETYMK. 3aTeM, B NPOLIECCE MOArOTOBKM OKOHYATESBbHOM
BEPCUM, 3TOT CHETUUK CneayeT yaanuTb.

MpueM NakeToB U OTNpaBka NOATBEPXKAEHUN

Korma ampecat nmpuMeT makerT, oH repeactT InputMemoryBitStream ¢ makeToM METOLY
ProcessSequenceNumber () coOCTBEHHOTO 9K3eMILIsIpa DeliveryNotificationManager,
KOTOPBIN TIPEJICTABJIEH B JINCTUHTE 7.2.

Jinctuir 7.2. O6pab6oTka NopssAKOBbIX HOMEPOB BXOASALLUX NaKeToB

bool DeliveryNotificationManager::ProcessSequenceNumber (
InputMemoryBitStream& inPacket)

{

PacketSequenceNumber sequenceNumber;

inPacket.Read(sequenceNumber);
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if(sequenceNumber == mNextExpectedSequenceNumber)

{
// oxupanca? po6aBuTb MOATBEpXAeHME B CNUCOK M 06paboTaTb nakeT
mNextExpectedSequenceNumber = sequenceNumber + 1;
AddPendingAck(sequenceNumber) ;
return true;

}

// NOpAAKOBbIi HOMep MeHblie oxupaemoro? MpocTo OTOPOCUTbL CTapblil MakeT.
else if(sequenceNumber < mNextExpectedSequenceNumber)

{
¥

// VHaye HecKoNbKO MakeToB 6bUIO0 MpOMyUEHO
else if(sequenceNumber > mNextExpectedSequenceNumber)

{

return false;

// cuYuTaTb MpOnyleHHble NakeTbl MOTEPSABWUMUCA U
// onpefenuTb CleAylWWiA OXUAAeMbli MOPALKOBbIA HOMep. ..
mNextExpectedSequenceNumber = sequenceNumber + 1;

// Bo6aBWUTb NOATBeEpXAeHWe ANA nakeTa M obpaboTaTb ero

// korpa oTnpaBuUTeNb OBHApPYXUT paspbiB B MOCNEAOBATENbHOCTU
// NOATBEpPXAEHUA, OH CMOXET MOBTOPUTb MNepenadvy
AddPendingAck(sequenceNumber);

return true;

Meton ProcessSequenceNumber () BO3BpalliaeT 3HaueHUe TUIIA bool, omipeiegioniee
He0OXOAMMOCTh 00paboTKU nakera npuiaoxenueM. Vimenno tak DeliveryNotifi-
cationManager npegoTBpaliaer 06paboTKy IaKeToB He 10 HopsAKY. [lepeMenHas-dieHn
mNextExpectedSequenceNumber XpaHUT CJEAYIONINI TOPSIKOBBI HOMEDP, KOTOPBIN
azipecaT OKHM/IaeT TMOJYIUTh B TTakeTe. Tak Kak Bce OTIPaBJIeHHbIE TAKEThl MAaPKUPY-
I0TCS MTOCJIeIOBATEIbHO YBEJANYNBAIOIUMUCS YUCTAMU, TPUHUMAIONINN y3eJ JIeTKO
MOJKeT TIpe/IcKa3aTh, KAaKOW MOPSIKOBBINT HOMED JOJIKeH XPAaHUTHCSA B CJAEAYIONEM
BxosimeM nakete. C y4eToM 9TOT0 BO3MOKHBI TPU CUTYAIMU TTPU YTEHUH TTOPSIIIKO-
BOT'O HOMeEpa:

QO Bxozasuiuii NOpAAKOBBIIl HOMEP COOTBETCTBYET OKHAaeMoMy. B aToM ciyyae ripu-
JIOXKEHUE JIOJKHO MOATBEPAUTD MOJyUIeHHe makeTa u 00paborath ero. Jlucmerdyep
DeliveryNotificationManager JOJKEH YBEJINYNTDH 3HaUeHUEe mNextExpectedSequ-
enceNumber Ha 1.

QO Bxoasguiuii mopsaKoBbIii HOMEep MeHbIlle 0KUAaeMoro. Takoe BO3MOKHO, ecIu
GoJiee cTapblii makeT OyaeT MoJIydeH mocjie bosee HOBbIX. UTOOBI H30EKATh HapyIIe-
HYISE TIOPsiika 06pabOTKH, y3el He M0JKeH 00pabaThiBaTh TaKoH maket. Takske OH He
JIOJUKEH TIOATBEPIKAATD MOJIyUYeHre MaKeTa, TIOTOMY YTO TTOATBEPKAATHCS TOJIKHBI
TOJIBKO 00pabaThiBacMble TTAKETHI. 3/1€Ch €CTh OJINH KPalHUil carydail, KOTOPBIN cJie-
nyet paccMoTpeThb. Ecim tekyiiee 3nauenne mNextExpectedSequenceNumber GJINBKO
K MaKCUMAaJIbHO BO3MOKHOMY YHCJIY, KOTOPOE MOKET OBITH IPEICTABIEHO THUIIOM
PacketSequenceNumber, a BXOISIIIUIA HOpHﬂKOBbe/’I HOMED 630K K MUHUIMAJIbHOMY,
BO3MOKHA CUTYAIM, KO/ IIPOM30IILIIO HCUepIIaHKe Malia3oHa JOCTYITHBIX HOMEPOB
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1 HA4YaJIOCh €T0 TIOBTOPHOE MCIOJIb30BaHKe. B 3aBUCMMOCTH OT 4aCTOThI, C KOTOPOH
Mrpa IOChLIAeT IaKeThl, U yncja OUTOB B PacketSequenceNumber Takoe BO3MOMKHO
6o Her. Eciii rakoe Bo3MOKHO 1 3HaueHus mNextExpectedSequenceNumber 1 BXO-
JISAIIErOo MOPSIZIKOBOTO HOMepa IIPe/IIoaraloT Takyo BEPOSITHOCTD, 9Ty CUTYaI[UIO
cienyer o6pabarbiBaTh 110 AaHAJIOTUH CO CJIEAYIOIIEN.

O Bxoasmuii nopsAAKOBbIH HOMep 00JIblIe OKUAAEMOro. Takoe BO3MOKHO, KOIa
O/IH 1 GoJiee TAKETOB MOTEPSINCh WK 3ajiepkaanch. Tak win uHade, ajapecara
JIOCTUTAET OUYePe/IHON MAKET, HO ero TIOPSI/IKOBBIN HOMEDP OKA3bIBAETCST BBITIIE OXKH/IA-
emoro. B aTtoM cirydae npusioskerie Bce paBHO J0JKHO 06paboTaTh IIAKeT U IOATBEP-
Tk ero mosydenne. B otamane ot TCP aucnerdep DeliveryNotificationManager
He TapaHTUpyeT 0OpaboTKy KakIoro nakera 1o nopsaky. OH aunib oberaer He
06pabarbiBaTh MaKeThl B MHOM HOPSIJIKE U COOOIATh, KOrja HakeTbl OyayT orhpa-
chiBaTbes. T109TOMY OH CIIOKOMHO MOJKET TTOATBEPsKAaTh U 00pabaThiBATh MAKETHI,
HPUIIE/IIINe TOCIe TOrO, KaK MPeIbILYIUe TTakeThl ObIN moTepsiHbl. Kpome Toro,
4yTOOBI IIPEAOTBPATUTH 00PabOTKY GoJiee CTapbIX IIAKETOB, €CJIM TaKOBble OYIyT
nosry4densl, DeliveryNotificationManager 0KeH TIPUCBOUTH CBOEH TTepeMEHHOM
mNextExpectedSequenceNumber 3HaueHue, Ha €IUHUILY boJbliee IIOPAAKOBOTO HO-
Mepa TeKYIIero makeTa.

MPUMEYAHME T[lepBbiii 1 TpeTuii criydan (DaKTUYECKM BbIMOJHSIIOT OAHY M Ty e onepauuio.
B peanusauum OHW BblAeneHbl B pasHble BETBWU, TOMbKO 4YTOObI MOKa3aTb, YTO 3TO pasHble cuTya-
LMK, HO BOOOLLE MX MOXHO O6beAVMHUTb B OAHY BETBb, C MPOBEPKOW YCIOBUS sequenceNumber >
mNextExpectedSequenceNumber.

Metox ProcessSequenceNumber () caM He TTOChLTaeT HUKAaKUX MOATBepskaAeHmnit. OH mpo-
cTo BbI3bIBaeT MeTo/ AddPendingAck (), 4TOOBI COXPAHUTH HOPSIAKOBBINA HOMED, KOTOPBII
JOJGKEH OBITH MOATBEPsKIAeH. TaKo#l moaxo/1 peAnpuHsT st ahdexkruaoctu. Ecin
y3€eJ1 HOJIYYUT MHOKECTBO ITAKETOB OT JIPYTIOTO Y3J1a, C er0 CTOPOHBI ObLI0 ObI HeahdeK-
THUBHO MOCBLJIATH OT/IEIbHOE MOATBEPIKACHNE IS KaXK/I0T0 BXozAIIero nakera. Jaxe
TCP moskeT He MOATBEPKIATH KAK/bII OT/IEJLHO B3SThIN TTakeT. B MHOTOTIOIb30BaTE Ib-
CKOM UTpe cepBepy MOKET MOTPeGoBaThCs TOCAATh KINEHTY HECKOJIBKO MAKETOB ¢ pas-
mepamu, 6usknmu k MTU, Tipesk/ie 4eM KIUEHT BEPHET cepBepy Kakue-in6o TaHHble.
B 110106HBIX cITydasix IpeIoYTUTEIbHEE HAKOTUT BCe HEOOXOAUMBIE TTOITBEPKIEHST
Ha CTOPOHE KJIMEHTa U OTIIPABUTh MX CEPBEPY BCE CPasy B OJIMIKAIIIEM TTaKeTe.

[ucmeryep DeliveryNotificationManager MOXeT HAKOTUTh HECKOJIBKO HEIOCIE-
IOBaTeNbHBIX HOATBepKAeHUil. s Gobiieil 9hGEeKTUBHOCTH OH COXPAHAET UX
B BEKTOPE 2/IeMeHTOB THIIa AckRange B ¢Boeii iepeMenHoit mPendingAcks. JlobaBienue
B BEKTOP OCYIIECTBJIACTCS ITPU TTOMOIIN MeTo/ia AddPendingAck (), mpeacTaBJIeHHOrO
B JIMCTUHTE 7.3.

Nuctur 7.3. lo6aBneHne NnoATBEPXKAEHU, 0XKMAAIOLMNX OTNPaBKN
void DeliveryNotificationManager: :AddPendingAck(
PacketSequenceNumber inSequenceNumber)

{
if(mPendingAcks.size() == 0 ||
ImPendingAcks.back().ExtendIfShould(inSequenceNumber))
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{
mPendingAcks.emplace_back(inSequenceNumber);
}
}

Cam tun AckRange 1peicTaB/IsIeT KOJJIEKIINIO TOCTIeI0BATEIbHBIX TI0PS/IKOBBIX HOMEPOB
st oaTBepskerusd. OH XpaHUT MePBbIi MOPSI/IKOBLIN HOMED B CBO€Il TlepeMeHHON
mStart M YKCJIO MOPSIZIKOBBIX HOMEPOB B TIepeMeHHO mCount. To ecTh HEOGXOTUMOCTh
B HECKOJIbKUX AIeMeHTax AckRange BO3HUKAET, TOJILKO KOT/[a OOHAPYKIBACTCST Pa3PbIB
B TIOPSIZIKOBBIX HOMepaX. Peasnm3aiius AckRange TipezictaBiieHa B JJUCTUHTE 7.4.

JinctuHr 7.4. Peanusauus AckRange

inline bool AckRange::ExtendIfShould
(PacketSequenceNumber inSequenceNumber)

{

if(inSequenceNumber == mStart + mCount)
{

++mCount;

return true;

}

else

{
return false;
}
}

void AckRange::Write(OutputMemoryBitStream& inPacket) const
{
inPacket.Write(mStart);
bool hasCount = mCount > 1;
inPacket.Write(hasCount);
if(hasCount)
{
// NyCcTb 4YUCNO NOATBEPXAEHWUA AOMKHO yMewaTbCcA B 8 OUT...
uint32_t countMinusOne = mCount — 1;
uint8_t countToAck = countMinusOne > 255 ?
255: static_cast<uint8_t>(countMinusOne);
inPacket.Write(countToAck);
}
}

void AckRange::Read(InputMemoryBitStream& inPacket)
{
inPacket.Read(mStart);
bool hasCount;
inPacket.Read(hasCount);
if(hasCount)
{
uint8_t countMinusOne;
inPacket.Read(countMinusOne);
mCount = countMinusOne + 1;

}

else
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{

// no ymonyauio!
mCount = 1;
}
}

Mertox ExtendIfShould() mpoBepsieT, MOKHO JIN J100aBUTH TTOPSITKOBBIN HOMEP B KOHEIT
Jliara3oHa, He pa3pbiBas ero. Eciv OTBET MOJIOKUTENbHBIN, OH YBEJIUYUBAET CYCTUNK
1 cOOO0IIAeT BbI3BIBAIOIIE IIPOrpaMMe, YTO JUAIa30H paciiuper. B mporusnoM ciydae
METO/] BO3BpaliaeT false, 4TOObI BbI3bIBAIONIAS [IPOTPAMMA 3HAJIA, YTO J0JKHA CO3/IaTh
HOBBI 3K3eMILIAP AckRange /IJIs1 HEIlOCaeI0BaTeIbHOTO TTOPSI/IKOBOTO HOMePA.

MeTtonpt Write() u Read() cHauaa cepuaanu3yioT Ha4aJabHOE YUCJIO HEMPEPHIBHOTO
/IMamna3oHa, a 3aTeM cueTYnK. BMecTo HemocpeCcTBEHHON cepuaan3alui cyeTYnKa
HTH METOJIbI YYUTBIBAIOT, YTO B GOJBIMTHHCTBE CIYYaeB OYAET MOATBEPKAATHCS CIAUH-
cTBeHHbII TTakeT. [loaTomy /17151 ahHeKTUBHOCTH cepruain3aii CYeTINKA 3TU METO/IbI
WCITOJIB3YTOT TTPHEeM SHTPOTTMHHOTO KOAMPOBAHNS € OkrlaeMbIM 3HaueHneM 1. Kpome
TOTO, OHW CEPUATUIYIOT CUETYNK KaK 8-paspsaHoe 1esnoe 6e3 3HaKa, Mpenoaras, 4to
6oJble 256 oATBEPKICHII HUKOrJa He noTpebyeTcs. B IeiicTBUTEIbHOCTH fasKe
8 OUT — CJUIIKOM MHOTO JJIS CYETYHKA, TIO9TOMY MX KOJMUYECTBO MOKHO OBLIO OB
YMEHBIIUTD.

Korga npuamnMaromuii ysesn OyzeT ToTOB OTIIPABUTH AKET OTBETA, OH 3aIlUIIET BCe Ha-
KOTIJICHHBIE TIOJITBEP KICHUS B UCXOSTITNN TTaKeT BBI30BOM WritePendingAcks () cpasy
BCJle]] 32 COOCTBEHHBIM TIOPSIAKOBBIM HoMepoM. Peasinzaiius WritePendingAcks () mpu-
BOJIUTCSI B JINCTUHTE 7.5.

JINCTUHr 7.5. 3anucb NoATBEPXAEHUIA, OXKUAAIOLWMNX OTNPaBKKU

void DeliveryNotificationManager: :WritePendingAcks(
OutputMemoryBitStream& inPacket)

{
bool hasAcks = (mPendingAcks.size() > 0);
inPacket.Write(hasAcks);
if(hasAcks)

{
mPendingAcks.front().Write(inPacket);
mPendingAcks.pop_front();
}
¥

Tax xKax TMOATBEPsKACHUST OYYT BKIOUATHLCSA HE B KKIbI MAKET, METO/[ CHaYaJa 3a-
MUCHIBAET €MHCTBEHHBIN OUT, COOOIIAONINN O HAJIUYUN MTOJATBEPIKACHUI, a 3aTeM —
€/IMHCTBEHHBII 9K3eMTIIISAP AckRange. Tak /iesraeTcst MOTOMY, 4YTO TIOTEPS TTaKeTa — 3TO
HCKJIIOUEHNE, a He TIPaBUIIO, U 0OBIYHO GY/IeT TONBKO OJUH OKUAAIONINN 9K3EMILISAP
AckRange. KoHeuHo, MOKHO OPraHn30BaTh 3aIMCh HECKOJIbKUX INATIA30HOB, HO JIJIF 9TO-
ro moTpebyeTcst 3aucaTh AOTOJHITENbHbBII TIPU3HAK C YICIOM 9K3eMILISIPOB AckRange
B makere. U 1otoM, ribKocTh, 6e3yCI0BHO, HYKHA, HO OHA He JI0JIKHA JIOKUTHCS TAKKIM
GpeMeneM Ha oopMIIeHHE TTaKeTa ¢ 0TBeTOM. VlccireoBanue TUIIOBOTO TpahuKa UTPhI
MOMOZKET BaM CO3/IaTh CHCTEMY, JIOCTATOUHO TOKY10, YToOBI 00pabaThiBaTh KpalHUE
caydau, 1 9GpdEeKTUBHYIO B TUIIOBBIX CJIyYasdX: HAIPUMEp, €CJIM Bbl yBEPEHbI, YTO UTPE
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HUKOI'la HE HOTpe6yeTCH IOATBEPIK/IATb 6o1ee OJIHOTO ITaKeTa, MOJKeTe BOO6H.[€ YAaJIUTh
CHUCTEMY IMOATBEPIK/ACHNA CPa3y HECKOJBKUX ITAKETOB 1 COKOHOMUTDH HECKOJIBKO OUTOB
B ITaKETE.

MpreM noaTBeEPXXAEHMIN U Nepeaaya
COCTOSIHUSI JOCTaBKM

OTnpaBuB MakeT ¢ JAaHHBIMH, Y3€J TOKEeH OBITH FOTOB IIPUHATH 1 00pabOTATH JIOObIE
noaTBepxaeHus. [IpunHsAB nakeT ¢ moATBep:kAeHUSAMY, DeliveryNotificationManager
olpe/ie/isieT, KaKue MaKeTbl ObLIN JOCTaBIEeHb! IOJIy4aTello, U U3BelaeT COOTBETCTBY-
IOIe MOLY I 00 ycrenHo# goctaBke. Kornma oxnmaemblie TOATBEPKIEHUS HE BO3-
Bpataiorcs, DeliveryNotificationManager zesiaeT BbIBOJ, YTO IIAKETHI IIOTEPSJIUCH,
¥ U3BEIAeT COOTBETCTBYIOIINE MOYJIN O HEyaue.

BHUMAHME bByabTe OCTOPOXHbI: OTCYTCTBME NMOATBEPXKAEHWUSA He ABNSeTcs 6eCCrnopHbIM NPU3HAKoM
noTepu nakera ¢ AaHHbIMU. [laHHble Mornv 6biTb 61arononyyYHo 4OCTaBEHbI, HO NOTEPSNCS NAKET C NOA-
TBEpXKAeHUAMU. OTNpaBuUTeNb HE UMEET HUKAKOW BO3MOXHOCTW Pa3inyuTb 3TW ABe cuTyaumun. B TCP
Takasi npobnemMa OTCyTCTBYET, MOTOMY YTO MaKET, NepechbisiaeMblil MOBTOPHO, UMEET TOT XKe MOPSIAKOBbIN
HOMep, YTO W OpUrMHanbHbIM NakeT. Ecnn moaynb TCP npuMeT Ay6nukaT nakeTa, OH 3HAET, YTO MOXET
NpoCTO UrHOPUPOBaTbL €ro.

B cnyuyae c DeliveryNotificationManager cuTyauusi nHasi. Tak Kak B NMOBTOPHOM nepefaye He Bcer-
[la UCTOSb3YIOTCS Te e AaHHble, KaXAbl MaKeT YHUKANeH W MopsiAKOBble HOMepa He WUCMOSb3YHTCs
NMOBTOPHO. TO €CTb, He MONy4YMB MOATBEPXKAEHUS, KIIMEHTCKUI MOAY/b MOXET peluTb MOBTOPHO MO-
cnaTb HEKOTOPble AaHHbIE, KOTOpble B AEWCTBUTENIBHOCTM yxe Obl MpUHATLI nosydyaTtenem. Mo aToi
NPUYNHE AAHHbIE AO/MKHbBI YHUKANbHO MAEHTUMULUMPOBATLCS BbILLECTOALWMM MOAyeM, YTobbl n3bexarb
aybnuposaHnus. Hanpumep, ecnn ExplosionManager ucnonb3yeT DeliveryNotificationManager ans
HaeXHOW OTNpaBKM COObITUI B3pbIBOB Yepe3 VIHTEPHET, OH AO/MKEH YHWUKANbHO UAEHTUMDULIMPOBATb 3TU
B3pblBbl, YTOObI OAMH U TOT XXe B3PbIB HE CNYYNCA ABAXAbl HA CTOPOHE rostyyaTens.

Jliist 06paboTKY TTOATBEPKACHII 1 IIepeiaui COCTOSHUS JOCTaBKU UCIIOIb3YETC METO/
ProcessAcks (), IipejicTaBJIeHHbIN B JTUCTUHTE 7.6.

JiucTmHr 7.6. O6paboTka noaTBepXAEHUN

void DeliveryNotificationManager: :ProcessAcks(
InputMemoryBitStream& inPacket)
{
bool hasAcks;
inPacket.Read(hasAcks);
if(hasAcks)
{
AckRange ackRange;
ackRange.Read(inPacket);

// BN KaxAoro OTMpaB/IeHHOrO nMakeTa C MOpsAKOBbIM HOMEpOM,

// MEHbWMM Ha4aNbHOrO 3HAYEHUs MOATBEPXAEHHOrO AManasoHa,

// coobunTb O Heypave...

PacketSequenceNumber nextAckdSequenceNumber =
ackRange.GetStart();

uint32_t onePastAckdSequenceNumber =
nextAckdSequenceNumber + ackRange.GetCount();
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while(nextAckdSequenceNumber < onePastAckdSequenceNumber &&
ImInFlightPackets.empty())
{

const auto& nextInFlightPacket = mInFlightPackets.front();

// ecnun Homep nakeTa MeHblle MOATBEPXAEHHOrO HOMepa,

// 3HauuT, NOATBEpXAEHWe O ero AOoCTaBKe He 6bl10 nonyyeHo,

// cnepoBaTenbHO, OH, BEPOATHO, He 6bin AoCTaBfeH

PacketSequenceNumber nextInFlightPacketSequenceNumber =
nextInFlightPacket.GetSequenceNumber();

if(nextInFlightPacketSequenceNumber < nextAckdSequenceNumber)

{
// ckonupoBaTb M yAanuTb NakeT, 4TOObl BblleCTOAWMN
// Mopynb He O6HapyXun ero B CNUCKEe OXMAAWWMX MOATBEPXAEHMA
auto copyOfInFlightPacket = nextInFlightPacket;
mInFlightPackets.pop_front();
HandlePacketDeliveryFailure(copyOfInFlightPacket);

}

else if(nextInFlightPacketSequenceNumber==

nextAckdSequenceNumber)

{
HandlePacketDeliverySuccess(nextInFlightPacket);
// nony4en!
mInFlightPackets.pop_front();
++nextAckdSequenceNumber;

}

else if(nextInFlightPacketSequenceNumber >

nextAckdSequenceNumber)

{
// HekoTopaA 4YacTb M3 3TOro AuanasoHa mMorsa 6bITb yxe ypaaneHa
// (BO3MOXHO, No TaWM-ayTy), MpoBepuTb OCTATOK AManasoHa
nextAckdSequenceNumber = nextInFlightPacketSequenceNumber;

}

}
i
}

Yro6n1 06paboTaTh AckRange, aucieruep DeliveryNotificationManager gosskeH
OIIPEJEe/INTD, KaK/e U3 IIPeXe OTIPaBIeHHbIX IAKeTOB, XPAHALIMXCI B CIUCKE
mInFlightPackets, momagaoT B 3TOT AUATa30H. Tak Kak MOATBEPKIACHUS MTOJKHBI
IPUHUMATHCS 110 MOPAAKY, METOI IIPEINOJIaraeT, YTo Jo0bie TTaKeThl ¢ MOPAAKOBbIMU
HOMEpPaMU HILKE 9TOTO AUAnasoHa ObLIN IOTEPSIHBL, U COOOIIAET O HeyAaBIIENCs 10CTaB-
Ke. 3aTeM OH co001IaeT 00 YCIeNTHOil I0CTaBKe BCEX MAKETOB, TOTABIINX B IHATIA30H.
B Kaskiblii KOHKPETHBII MOMEHT B CIIKCKE OTIIPABIEHHBIX MOKET XPAHUTHCS MHOKECTBO
[IAKETOB, HO, K CYACThIO, HET HY’KIbl HCCIEA0BATh BCE IIAKETHI B CIIMCKE. TaK KaK BHOBb
OTIpaBJ/IsieMble TTaKeThl J00aBILIOTCs B KoHel mInFlightPackets B OPSIIKE OYEPELHO-
CTH, BCe TTaKeThI PACIIOJIAralOTCs B CIIMCKE B MIOPSAIKe BO3pacTaHust X HOMepOB. To ecTh
KOT/Ia II0CTYIIAeT HOBBIM AnanasoH AckRange, MeTO BBIIOIHSAET 00XO0] COAEPKUMOIO
mInFlightPackets mo mopsaaKy, cpaBHUBAaA HOMEpPA MAKETOB ¢ AMAna3oHOM AckRange.
IToka He GymaeT HaiijieH MePBbIil MaKeT, MONaJAINII B AUANa30H, OH COOOIIAEeT, 4TO
OYepesHON makeT ObLI IOTEPSIH. 3aTeM, AOWIs 10 MEPBOro MaKeTa U3 YKA3AHHOIO 1A~
MAa30Ha, METOJl HAUMHAET co00MaTh 00 ycnenrHoit ocraBke. OH MPOA0JIKAET COOOMIATH
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06 ycrexe JJ1s BCeX IMaKeTOB, BXOJAIINX B Mala30H Ac kRange, 1 MOXeT IIPpEKPATUTDb
O6XOLI, BCTPETUB HepBbIﬁ ITaKE€T C HOMEPOM BbIIIEC 3TOTO JHalla30Ha.

3aKJIUNTENbHBIN orepatop else-if oOpabaThiBaeT KpallHUI ciydaii, KOTa HOMeEp
IIEPBOTO MMaKeTa B cucke mInFlightPackets momajgaer He B Havaao, a B CEPEANHY
mmara3zona AckRange. Takoe MOJKeT CITyYUThCS, €CJIH MTOATBEPKICHHBIN MAKET MPEXKIe
CUMTAJICS MOTEPSAHHBIM. B 9TOM ciryuae ProcessAcks () TIPOCTO «ITePENPHITMBAET> K T10-
PAIKOBOMY HOMEpY IaKeTa U cOOOIAET, YTO BCE TOCAeAYIONIE TTaKeThl B AUala3oHe
OBbLIN IOCTABJEHDI YCIIEIIHO.

¥ koro-To MOkeT BO3HUKHYTh BOIIPOC: «Kak maker, mpesk/ie CAnTaBIIniicst IOTePSTHHBIM,
MOJKET OBITb TIOATBEPIKAEH Mo3aHee?> Takoe MOKET CIIyUUThCs, €CJIU MOATBEPKACHUE
3a/IepKaoch Te-To B ceTr. Tak ske kak TCP BoITIOTHSIET TOBTOPHYIO OTIIPaBKY MaKeTa
B OTCYTCTBHUE MTOATBEPIKACHM, AucreTdep DeliveryNotificationManager TOXe 107~
SKEH CJICAMTD 3a IOATBEPIKACHUSAMU, CPOK OKUAAHUL KOTOPBIX UCTEK. ITO 0COOEHHO
MOJIE3HO TIPU paspekeHHOM TpaduKe, Korga ObLIO MOJYyUeHO HEMOCIe[0BATEIbHOE
TIOATBEPKCHUE, TOBOPSIIEE O TTOTepe eIMHCTBEHHOTO MakeTa. /[ MpoBepKU MaKkeToB
C UCTEKIINM BPEMEHEM OKUJaHUA MOATBEPKACHUS TPUJIOKEHUE TOJIHKHO B KAXK/IOM
KaJipe BbI3bIBATb METO/[ ProcessTimedOutPackets(), HpeJ:LCTaBJIeHHHﬁ B JIucTUHre 7.7.

JinctuHr 7.7. NpoBepka NakeToB C UCTEKIIMM BPEMEHEM OXXUAaHUA NoATBEPXAEHUA
void DeliveryNotificationManager: :ProcessTimedOutPackets()

uint64_t timeoutTime = Timing::sInstance.GetTimeMS() — kAckTimeout;
while( !mInFlightPackets.empty())

{

// nakeTbl OTCOPTUPOBAHbI, MO3TOMY BCE MaKeTbl C WUCTEKWUM

// BpeMeHeM OXMAAHUA MOATBEPXAEHMUS [OMXHbl HAaXOAWTHLCA B Havane
const auto& nextInFlightPacket = mInFlightPackets.front();
if(nextInFlightPacket.GetTimeDispatched() < timeoutTime)

{
HandlePacketDeliveryFailure(nextInFlightPacket);

mInFlightPackets.pop_front();
}

else

{

// BNA OCTanbHbIX MAaKeTOB, OTMpPaB/IEHHbIX MO3Xe,
// BpemA OoxuAaHWA elwe He UCTeKso
break;

}
}
}

Meton GetTimeDispatched() Bo3BpalaeT BpeMs CO3aHNS OTIIPABIECHHOrO MakeTa. Tak
KaK TaKeThl JOOABJISIIOTCS B CIIUCOK mInFlightPackets 1o MOPS/IKY, TPOBEPKA JOJIKHA
IIPOJ0JIKATHCA JIUIIID ZI0 TIEPBOTO ITaKeTa C elle He UCTEKIIUM BpeMeHeM OKUIaHN.
B aroii Touke rapanTUpyeTCs, YTO [ BCEX OCTATbHBIX OTIPABJIEHHBIX ITAKETOB BpEM:
OKUJJAHUA ellle He UCTEKJIO.

Y106 COOOMINTD O JOCTABKE WU IOTEPE IAKETOB, BBHIIECYIIOMIHYThIE METOLbI BbI-
3bIBAIOT HandlePacketDeliveryFailure() n HandlePacketDeliverySuccess(), nmpeja-
CTaBJIEHHbIE B JINCTUHTE 7.8.
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Jinctmur 7.8. CnexxeHne 3a COCTOSSHUEM AOCTaBKMN

void DeliveryNotificationManager: :HandlePacketDeliveryFailure(
const InFlightPacket& inFlightPacket)
{

++mDroppedPacketCount;
inFlightPacket.HandleDeliveryFailure(this);
¥

void DeliveryNotificationManager: :HandlePacketDeliverySuccess(
const InFlightPacket& inFlightPacket)
{

++mDeliveredPacketCount;
inFlightPacket.HandleDeliverySuccess(this);
¥

OTHU METO/IbI YBETUYUBAIOT cueTurKu mDroppedPacketCount u mDeliveredPacketCount
cooTBeTcTBeHHO. bnaronaps atomy DeliveryNotificationManager MOKeT OIpe/iesnTh
IIPOLEHT YCIIENIHbIX JOCTABOK 1 OLEHUTH IIPOLIEHT II0TePh Ha Oyayiiee. Eciu mporent
HOTEPh OKAKETCS CIIMITKOM OOJIBIINM, OH CMOKET U3BECTUTh COOTBETCTBYIOIUE MOLY-
JIK, 4TOOBI T€ CHU3UJIM CKOPOCTD Hepejadn Wik COOOIIMIN TI0JIb30BATE/I0, YTO YTO-TO
He Tak C MoJIKJIoYeHneM K ceTu. DeliveryNotificationManager MOXET TaKKe CJIOKUTH
9TU 3HAYEHUA C pa3MepoM BekTopa mInFlightPacket 1 cpaBHUTDH MOTYYEHHYIO CYMMY
€O cueTynKoM mDispatchedPacketCount, yBesmmuuBaomumumcs B WriteSequenceNumber().

[Ipenpinyniye aBa MeTo/1a BBI3BIBAIOT METO/IBI HandleDeliveryFailure() u Handle-
DeliverySuccess() ak3eMILIsIpa makeTa InFlightPacket, u3Belaonine BHIIICCTOSINN
MOJLYJIb O COCTOSTHUU JOCTaBKU. YTOGBI MOHSTH, KaK OHU PabOTat0T, CTOUT B3TJISTHYTh Ha
oTpesiesienre kiracca InFlightPacket, mpescTaBienHoe B TucTUHTE 7.9.

Nuctunr 7.9. Knacc InFlightPacket

class InFlightPacket

{
public:

void SetTransmissionData(int inKey,
TransmissionDataPtr inTransmissionData)

{
}

mTransmissionDataMap[ inKey ] = inTransmissionData;

const TransmissionDataPtr GetTransmissionData(int inKey) const

{
auto it = mTransmissionDataMap.find(inKey);
return (it != mTransmissionDataMap.end()) ? it->second: nullptr;

}

void HandleDeliveryFailure(
DeliveryNotificationManager* inDeliveryNotificationManager) const

{

for(const auto& pair: mTransmissionDataMap)

{

pair.second->HandleDeliveryFailure
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(inDeliveryNotificationManager);
}
}

void HandleDeliverySuccess(
DeliveryNotificationManager* inDeliveryNotificationManager) const

{

for(const auto& pair: mTransmissionDataMap)

{

pair.second->HandleDeliverySuccess
(inDeliveryNotificationManager);
}
}

private:
PacketSequenceNumber mSequenceNumber;
float mTimeDispatched;
unordered_map<int, TransmissionDataPtr> mTransmissionDataMap;

3

COBET XpaHuTb MHdOpMaLmio 0 TUNax nepefaBaeMbiX AaHHbIX B BUAE HEYNOPSAOYEHHOrO accoum-
aTVMBHOrO MaccuBa unordered_map O4YeHb YAOGHO ANS AEMOHCTPALMOHHBIX Leneidl. OaHako MTepaumm
yepe3 unordered_map CTpagatoT HE3(dEKTUBHOCTBIO U MOPOXAAOT MHOXECTBO NMPOMaxoB kalwa. Eciu
YMCNIO TUMOB [aHHbIX, NoANEXalmx nepefaye, HEBEIMKO, HaMHOro 3(deKTVBHEE ANs KaXaoro Tuna
onpeaenuTb CBOK MEPEMEHHYIO-UIEH MU XPaHUTb UX B (PUKCMPOBAHHOM MacCHBe C MHAEKCaMK, 3aKpe-
TN/IEHHBIMM 3@ Pa3HbIMK TUNAaMKU. ECiv YMCno TMNOB 60/blLUE, YEM KHECKOJbKO», BO3MOXHO, MMEET CMbIC/
XpaHUTb UX B COPTUPOBAHHOM BEKTOpE.

Kaxaprit akzemnigp InFlightPacket XpaHUT KOHTEWHEP € yKa3aTeJasIMU Ha IK3eM-
IJISIPbI TransmissionData. TransmissionData — 9T0 aGCTPaKTHBIN KJIACC CO CBOUMMU
cobcTBeHHBIMU MeTojaMu HandleDeliverySucess() u HandleDeliveryFailure().
Kaskapiin MOJLYJIb, TIOCBLJIAIONINI JaHHble Yyepe3 DeliveryNotificationManager, MOXeT
OTIPEZIEJINTDh CBON MOAKJIAcC TransmissionData. 3aTeM, 3alMChIBast JaHHBIE B TIOTOK
IMaKeTa, MOAYJIb CO31ACT dK3EMILIAP CBOETO MOAKIacca TransmissionData 1 BBI3O-
BeT ero Mmeto/j, SetTransmissionData() auasa nobaBiaenus B InFlightPacket. Korza
DeliveryNotificationManager u3BeCTUT MOXIYJIb 00 YCIENHOW NN HeyJauyHO! /10-
CTaBKe IMaKeTa, MOLYJIb CMOJKET TOYHO y3HATh, YTO UMEHHO XPaHUTCA B TAHHOM ITaKeTe,
U OTIPEIETTh, KaKue AeUCTBUs JIydllie IPeANpUHATh. Eciu MoLy 0 MoHaIo6uTCst
[IOBTOPHO IIepecjiaTh KaKue-To JaHHbIe, OH CMOKET 9TO0 ceaTh. Eciu nmorpedyercs mo-
caath 60JIee HOBYIO BEPCHIO JAHHBIX, OH TaKKe CMOKET 9TO ceaTh. Ec/m BOSHUKHET He-
00X0AMMOCTDH UBMEHUTD CBOU [IEPEMEHHbIE, OH CMOKET CeJIaTh 1 9T0. TakuM c11ocobom
DeliveryNotificationManager 3aKJa/IbIBa€T MPOYHBIN (QYHIAMEHT /ISl CTPOUTENbCTBA
CHUCTeMBbI TOIEPKKU HaZle;KHOCTU Ha ocHoBe UDP.

MPUMEYAHUE Kaxzgas napa B3auMOAEWCTBYIOLLMX Y3/I0B MMEET COBCTBEHHYIO Mapy 3K3eMMnispoB
DeliveryNotificationManager. TO eCTb B TOMOMIOrMWU <KJIMEHT-CEPBEP», €CNN CepBep 06Cnyxu-
BaeT 10 knneHTOB, OH Ao/mkeH co3aaTth 10 sk3emnnspoB DeliveryNotificationManager, no oa-
HOMY ANt KaXAOro KAveHTa. A Ha KaXKAoM KiveHTe ByAeT MCnonb3oBaThbCsl COBCTBEHHbIN 3K3eMnasp
DeliveryNotificationManager Ans B3aMMOAEWCTBUIA C CEPBEPOM.
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Hape)xHas pennvkaums o6bekToB

MbI MOsKEM MCI0JIb30BaTh DeliveryNotificationManager s obeciedeHnst HaesKHON
JIOCTABKU JIaHHBIX ITyTeM IIOBTOPHOM IIEPECHLIKH JTI00BIX JaHHBIX, I0CTABKA KOTOPBIX I10-
Tepresna Heyaauy. [1g aToro 1ocTaTOYHO ONPEeTUTD Kaacc ReliableTransmissionData,
Hac/IeyIonuii TransmissionData, KOTOPbI Oy/IeT XPaHUTh BCe JaHHbIE, OTIIPABJIEHHbIE
B [TaKeTe, 3aTeM CO3/IaTh BHYTpPHU MeTo/1a HandleDeliveryFailed() HOBBIU ITAKkeT W T0O-
BTOPHO OTIIPABUTD JIAHHBIE. DTOT MOIX0/] HATTOMUHAET peayn3artuio Hajgexxnoctu B TCP,
OJTHAKO OH He TTOJTHOCTHIO NCIIOTh3YeT MOTeHIna DeliveryNotificationManager. bonee
yIauHast BEPCHsI MOIEPKKH HaJIesKHOCTH He 00si3aHa OBTOPHO MOCHLIATH TE JKe JaHHbIe.
BmecTo aToro oxa mMoria Obl TIOCBLIATh TOCIEAHIO BEPCHIO JaHHbIX. B aTOM pasmaene
pacckasbIBaeTCHd, Kak pacimpuTh ReplicationManager 13 IjIaBbl 5 g OJIIEPIKKU 110~
BTOPHOI1 mepeiaun 6oJiee CBEKUX JAHHBIX 110 aHAJIOTHHU C TeM, KaK 9TO JieJIaeT JUcIeTdep
danTomoB B urpe «Starsiege: Tribes».

Kinacc ReplicationManager u3 IJiaBbl 5 UMeeT OueHb PocToil unrepdetic. Bormiecto-
ST MOJYJIV CO3/Iaf0T TIOTOKN BBIBO/IA, TIOATOTABINBAIOT TTAKETHI M 3aTEM BbI3BIBAIOT
ReplicateCreate(), ReplicateUpdate() nim ReplicateDestroy(), 4TOObI CO3/ATh, U3MeE-
HUTD WIH YAATUTH 00BEKT Ha PYTOM KOHIIe coertennst. Crabble MECTa STOTO PEITEHST
B TOM, 4TO ReplicationManager He orpeniesisieT, Kakue JJaHHbIe TTOMENAl0TCs B TTaKeThl,
U HEe COXpaHsieT MHMOPMAIHIO 00 9THX TaHHBIX. JTO He J00ABJISAECT HAEKHOCTH.

Yro6br 06eCTIeunTh HAJIEKHYIO JI0OCTABKY JJAHHbBIX, ReplicationManager /I0JKEH UMETh
BO3MOKHOCTD MTOBTOPHO OTIPABIATH JI0ObIE TAHHBIE, KAK TOJBKO OOHAPYIKUT, ITO
TAKeT ¢ ATUMHU JaHHBIME OBLT TToTepsiH. C 9TOMH TeNbI0 TTPUITOKEHIE TOTKHO PETY-
JIIPHO onpainBaTh ReplicationManager, repesiaBasi IIOJTOTOBJIEHHbBIN ITAKET U MPeJl-
Jlaras sanucarb B Hero csou gauuble. [Tpu Taxoil opranusanuy Kak TOIbKO AuclieTdep
ReplicationManager 0OHAPYKUT TTOTEPTO TTAKETA, OH CMOJKET 3aIcaTh HEOOXOAUMbIE
eMy JIaHHble B IIPe/I0OCTaBJIeHHbIN NakeT. HacToTy IpeIosKeHNsT HOBBIX ITAaKeTOB JIUC-
ret4yepy ReplicationManager MpMIOKEHIE MOKET PETYJINPOBATD, OIMPASICHh HA IIPOIEHT
TOTEPD WITH JOGYIO IPYTYIO IBPUCTHKY.

MOJKHO cziesaTh elle OAWH Iar BIepe/l U OPraHr30BaTh paboTy MeXaHM3Ma Tak, YTOObI
ReplicationManager 3aruchIBaj JaHHbIE B UCXO/SAIINN TTAKET, TOJIBKO KOT/IA KJITUEHT TIPe/I-
JlaraeT 3aIl0JTHUTH eTo. B 9TOM ciiydae BMECTO CO3/1aHns MaKeTa IMPU KayK/IOM U3MEHEeHU N
PEIINIIMPYEMBIX JaHHBIX UTPOBasi MOJAEJb MOIJIa ObI IIPOCTO COOOIIATH AUCIIETYEPY
ReplicationManager 00 9THX JaHHBIX, a yKe ReplicationManager Mor Gbl H03a00TUTHCST
00 UX 3aIMCH TIPY IEPBOI JKe BOSMOKHOCTU. B pesyJibrare oOpasyeTcs eliie OfinH YPOBEHb
abCTPaKINU MeXKIY UTPOBOIT MOJIEJIBIO 1 CETEBBIM KOZOM. rpoBoMy Komy Oosiblie He
HY’KHO CO3/1aBaTh MaKeTbI WU BBITOJTHATH CeTeBbIe omepalinil. BMecTo aToro OH MOKET
IIPOCTO M3BemaTh ReplicationManager 0 HAIMYNA CYIIECTBEHHBIX N3MEHEHMH, a O TIe-
PHOMYECKOIT 3alIUCH 9TUX U3MEHEHUI B MaKeT 1103a00TuTcst caM ReplicationManager.

ITOT Ke MMOJAX0J IPUMEHUM JIJIS Peajn3ali yCOBEePIIeHCTBOBAHHON MOIEPIKKY
HAZIE)KHOCTU. PacCMOTPUM TPU OCHOBHBIE KOMAHIBI: CO3/IaTh, U3BMEHUTD U YIAJIUTD.
Kora urpoBoit Koji ochLIaeT aucreTdepy ReplicationManager KOMaH/y PerJIMKAIN
HEKOTOPOTO 00heKTa, ReplicationManager MOKET MCIIOJIB30BATh ATY KOMAHIY U 00b-
€KT JIJIST 3aTMCU COOTBETCTBYIOIIETO COCTOSTHYS B OYAYIINI MaKeT. 3aTeM OH MOJKET
COXPaHUTH KOMaH/y, YKa3aTesb Ha 1eJIeBOi 00BEKT U OUTHI COCTOSTHUST B 9K3EMILISAP
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InFlightPacket. Eciu ReplicationManager oGHapy KKUT IIOTEPIO I1aKeTa, OH HaiigeT
COOTBETCTBYIOIINIT 9K3eMILIsAp InFlightPacket, onpeennt KoMaHay u OObEKT, 1C-
IIOJIb30BABIINEC IIPU CO3/JJaHNUM IIOTEPSBIIETOCA MTaKeTa, U 3aTEeM 3aIUIIET CBEKIE
JIaHHbIC B HOBBIN TAKET, UCIOJIB3YS TY K€ KOMAH/IY, 00bEKT 1 OGUTBI COCTOSAHUS. ITO
miar Brepe/ 1o cpaBuenuio ¢ TCP, moromy 4To ReplicationManager He UCIIOIb3YeET UC-
XO/IHBIE JTaHHBIE, KOTOPbIE MOTJIN YCTapeTh, I/ 3alMCh B HOBBIHM TTakeT. BmecTo aToro
OH WCIIOJIB3YET TEKYIIee COCTOSHIE TENEBOTO OOBEKTa, KOTOPBIH MOKET OKa3aThCsl Ha
OJICEKYHJIBI HOBEE, 4eM OOBEKT B TIOTEPSIBIIEMCSI [TAKETE.

Jluist ojiiepsKKM TaKol cucteMbl ReplicationManager noJikeH uMeTh nnrepdeiic, mo-
3BOJISTIONTN UTPOBOI MOJIENTH TIePeIaBaTh 3aIIPOCHI PETTUKAIINN. [ 715 KasKI0To UTPOBOTO
00beKTa MOJIEJIb MOKET OTPeOGOBATh CO3IATh €0, U3MEHUTh CBOMCTBA M YHUYTOKUTD.
ReplicationManager XpaHuT HOCJIEAHIOI KOMAH/Y PEILIMKAIUH I KAXKI0I0 0ObEKTa,
M09TOMY OH MOJKET 3alliicaTh COOTBETCTBYOIINE JAHHBIE B AKET, KaK TOJBKO 3TO OYIeT
IIPE/IVIOKEHO ClesaTh. Komannt perinkanuu tuina ReplicationCommand COXpaHAIOTCS
B mNetworkReplicationCommand — nepemMeHHON-uYjIeHe, OTOOPaKAIOLIEll ceTeBble MeH-
TH(HUKATOPHI OGBEKTOB B COOTBETCTBYIOIIIE UM TTOCIIEAHIE KOMAH/IbI PerinKanuu., VIH-
Tepdeiic repesauu KOMaH/ PENJIMKAINY,  TAKXKe BHYTPEHHEE YCTPOMCTBO MEXaHU3Ma
ReplicationCommand geMOHCTPUPYIOTCS B incTunTe 7.10.

Jinctuur 7.10. NMepenaya KoMaHA perJiMkauum
void ReplicationManager::BatchCreate(

int inNetworkId, uint32_t inInitialDirtyState)
{

mNetworkIdToReplicationCommand[inNetworkId] =
ReplicationCommand(inInitialDirtyState);

}

void ReplicationManager::BatchDestroy(int inNetworkId)

{
}

mNetworkIdToReplicationCommand[inNetworkId].SetDestroy();

void ReplicationManager: :BatchStateDirty/(
int inNetworkId, uint32_t inDirtyState)

{

mNetworkIdToReplicationCommand[inNetworkId].
AddDirtyState(inDirtyState);
¥

ReplicationCommand: :ReplicationCommand(uint32_t inInitialDirtyState):
mAction(RA_Create), mDirtyState(inInitialDirtyState) {}

void ReplicationCommand::AddDirtyState(uint32_t inState)

{
mDirtyState |= inState;
¥

void ReplicationCommand::SetDestroy()

{
mAction = RA_Destroy;
}



HapexHasi pennukauusi 06 beKToB 237

Komanza cozmanust 06beKTa 0TOOPAKAET CETEBOI UAECHTU(HUKATOP 0GBEKTA B IK3EMILIIS]D
ReplicationCommand ¢ KOZOM Ollepaliiy CO3JaHUA 1 Ouramu, OTIPEIETIATIONIUMU CBOMCTBA
00BEKTA JIJIST PETIMKAIINN, KaK OMUCHIBAJIOCH B TUiaBe 5. KoMaH/a nsMeneHust 00beKTa
orMedaet opaspsiaHoit onepanueid JIM (OR) 6uThl coCTOSIHIS KaK U3MEHUBIINECS,
uTo0bI ucieTdep ReplicationManager 3HaJI, YTO COOTBETCTBYIOIINE UM CBOWCTBA TPe-
OytoT perkaiui. VIrpoBbie CHCTEMBI IOJKHBI TOCHITATh KOMAH/LY U3MEHEHISI BCSIKHIT
pas, Korjia M3MEHSIIOTCST IaHHble, Tpebyiolue perrkami. Hakonerr, koMaH/Ia yHUY-
TOKEHUST OThICKUBAET 9K3eMILIsSIP ReplicationCommand 1o ceTeBOMY UIEHTU(HDUKATOPY
00BEKTA U 3aIUCHIBACT B HETO KO/ KOMAHIbI yHUUTO)eHust. OOpaTTe BHUMAHUE, YTO
eca st 06bekTa Oblla OT/[aHa KOMaH/Ia YHUUTOKEHUS, OHA 3aMEHUT KO/ JII0OOH mpe-
JBIIYIE KOMAH/IbI, TOCKOJIbKY B METOIOJIOTUHN HOCJIETHETO COCTOSTHIST GECCMBICJIEHHO
MOCBLTATh OOHOBJICHUS [I7st 00BEKTA, KOTOPBIN yike Obl yHUUTOKEH. [Tocie mepemadn
KOMaH/ bl ReplicationManager 3aIl0JTHUT CJeyIONUI IPEJIOKEHHDIH eMy I1aKkeT [1pu
noMoiu Metoza WriteBatchedCommands (), mpeacTaBJI€HHOrO B IUCTUHTE 7.11.

JInctuHr 7.11. 3anucb OTAAHHbIX KOMaHA

void ReplicationManager: :WriteBatchedCommands(
OutputMemoryBitStream& inStream, InFlightPacket* inFlightPacket)
{
ReplicationManagerTransmissionDataPtr repTransData = nullptr;
// 060iTN BCe KOMaHAbl U MPU HEOBXOAMMOCTU BHINONHUTL PErJIMKaLMK
for(auto& pair: mNetworkIdToReplicationCommand)
{
ReplicationCommand& replicationCommand = pair.second;
if(replicationCommand.HasDirtyState())
{
int networkId = pair.first;
GameObject* gameObj =
mLinkingContext->GetGameObject(networkId);
if(gameObj)
{

ReplicationAction action =
replicationCommand.GetAction();
ReplicationHeader rh(action, networkId,
gameObj->GetClassId());
rh.Write(inStream);

uint32_t dirtyState =

replicationCommand.GetDirtyState();
if(action == RA Create || action == RA_Update)
{

}

gameObj->Write(inStream, dirtyState);

// co3paTb AaHHble ANA nepejayu, ecau 3TO elje He 6b1O cAenaHo
if(!repTransData)
{
repTransData =
std: :make_shared<ReplicationManagerTransmissionData>(
this);
inFlightPacket->SetTransmissionData
('RPLM',repTransData);
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}

// cOXpaHWTb BCe, 4YTO 3anWcaHO B MakeT, U OYUCTUTb COCTOAHME
repTransData->AddReplication(networkId, action,
dirtyState);
replicationCommand.ClearDirtyState(dirtyState);
}
}
}
}

void ReplicationCommand::ClearDirtyState(uint32_t inStateToClear)
{

mDirtyState &= ~inStateToClear;

if(mAction == RA_Destroy)

{
mAction = RA_Update;

¥
¥
bool ReplicationCommand::HasDirtyState() const
{

return (mAction == RA_Destroy) || (mDirtyState != 0);
¥

WriteBatchedCommand() HauMHaeT C 00X0/1a MacCUBa KOMaH/ pernkaruu. Ecim obHa-
PY>KMBaeTCs ceTeBO NeHTH(hUKATOP C KOMAH/IOH, MMetolel TPU3HaK N3MEeHeHUs NN
KOJl KOMaH/Ibl yZIaJICHUS, OH 3anicbiBaeT ReplicationHeader 1 cocTOAHNE B TOYHOCTH,
KaK 9TO JIeJIAJIOCh B TJIaBe 5. 3aTeM CO3/1aeTcst 9K3eMILIsIp ReplicationTransmissionData,
ecJiu OH elile He ObLI co3aH, 1 gobaBsiercs B InFlightPacket. Dra oneparus BbIIOJ-
HSETCS He B Hauajle METO/Ia, a TOJIBKO II0CJIE TOTO, KaK OyAeT BhIACHEHO, YTO COCTOSTHUE
00beKTa U3BMEHUIOCH U TPEOYET PEITMKAIINN. 3aTeM B OTIPABJSIEMbIE JJAHHBIE JI0-
GaBJIsieTcsl ceTeBOI MAEHTU(DUKATOP, KO Ollepaiiii U GUTHI COCTOSIHUS, B PE3YJIBTaTe
HOJIy4aeTCst TTOJHAsE KOIUS BCEro, uTo ObLIO 3alicato B makeT. Hakonerr, B komame pe-
MJTUKAIUN COPACHIBAETCS IPU3HAK HAJIMYUST MI3MEHEH W, YTOOBI HCKJIFOYUTH TIOBTOPHYIO
PENIMKAINIO TAHHBIX, TOKa OHU He n3MeHsATcs. [1o 3aBepiieHnn MeTo/1a Mbl TIOJTydyaeM
MaKeT, coJepsKallnil Bce JaHHbIe IS PelJInKaIliK, lepelaHHble UTPOBOU MOJIEJIbIO,
u InFlightPacket ¢ undopmaImeil, ICoIb30BAaHHON B XOJI€ PEITUKAIIAN.

Kora ReplicationManager y3Haet o cyab0e makeTa ot DeliveryNotificationManager,
OH OTBETUT BBI30BOM OJIHOTO M3 JIBYX METO/IOB, ITPE/ICTABJIEHHBIX B JIUCTUHTe 7.12.

JinctmHr 7.12. OTBeT Ha U3BeLleHne 0 COCTOSSHUM AOCTaBKMU NakeTa

void ReplicationManagerTransmissionData::HandleDeliveryFailure(
DeliveryNotificationManager* inDeliveryNotificationManager) const

{

for(const ReplicationTransmission& rt: mReplications)
{

int networkId = rt.GetNetworkId();

GameObject* go;

switch(rt.GetAction())

{

case RA_Create:
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// BOCCO3paTb, €C/M ele He YHUYTOXEeH
go = mReplicationManager->GetLinkingContext()
->GetGameObject(networkId);

if( go )
{

mReplicationManager->BatchCreate(networkId,
rt.GetState());
}
¥

break;
case RA_Update:
go = mReplicationManager->GetLinkingContext()
->GetGameObject(networkId);

if(go)

mReplicationManager->BatchStateDirty(networkId,
rt.GetState());

}
break;

case RA_Destroy:
mReplicationManager->BatchDestroy(networkId);
break;

}

}
}

void ReplicationManagerTransmissionData::HandleDeliverySuccess
(DeliveryNotificationManager* inDeliveryNotificationManager) const
{
for(const ReplicationTransmission& rt: mReplications)
{
int networkId = rt.GetNetworkId();
switch(rt.GetAction())
{
case RA_Create:
// nocne noATBEpPXAEHUA MOXHO MOCbINATb KakK KOMaHAy
// ObHOBNEHWs, a He co34aHuA
mReplicationManager->HandleCreateAckd(networkId);
break;
case RA_Destroy:
mReplicationManager->RemoveFromReplication(networkId);
break;

HandleDeliveryFailure() peayiu3yIOT Maruio yCOBEPIIEHCTBOBAHHON MOJIEPSKKHI HA/IEK-
HocTu. Eciu noTepgaBinuiics makeT coepskal KOMaHy CO3/IaHUs, OH IIOBTOPHO MOCHLJIACT
KOMaHy cosfianust. Ecom makeT cojiepskasn KOMaHIy N3MEeHEHHs], yCTaHABINBAIOTCS COOT-
BETCTBYIOIIIE OUTHI COCTOSHISI, YTOOBI HOBbIE 3HAYEHMsI GBI OTIPABJIEHBI [IPU MIEPBOIl
JKe Bo3MOKHOCTU. Hakonerr, ecyin makeT coziepskaji KOMaHIy yAajJeHus, IOBTOPHO I0-
CblJIaeTCst KOMaHa yanenus. B cayuae yenentHoit joctaBku HandleDeliverySuccess()
BBITIOJIHSIET HEKOTOPBIE COMYTCTBYIONTNE onepainu. Eciiu makeT cozepskaa KOMaH1y
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CO3/IaHVIsT, KO/l KOMAH/IbI CO3/IAHUS 3AMEHSIETCST KOJOM KOMAH/IBI I3BMEHEHUSI, 4TOObI 00h-
€KT He CO3/IaBAJICS TOBTOPHO, KOTJIA B CJIEYIONIMIA Pa3 UTPOBast MOJIEJb COODIIUT O €r0
usMenenuu. Eciu maker cozepskal KOMaHay y/ajdeHus, COOTBETCTBYIOIUI ceTeBoi
naeHTuduKaTOp yaausgercs uz maccuba mNetworkIdToReplicationCommandMap, ToTOMY
YTO JIJI HETO He JOJIKHO IOCBIIAThC HUKAKUX IPYTUX KOMAH/] PeIIMKAIIN.

OnTMMM3aUMs Ha OCHOBE OTNpaBJ/IEHHbLIX MAKETOB

B pa6oty ReplicationManager MOKHO BHECTH CYNIECTBEHHYIO ONTUMHU3AIIIO, TAKKE
MOAICMOTPEHHYIO B peajiu3aiuu gucrerdepa (aHToMOB 13 Urphl «Starsiege: Tribes».
ITpescTaBbre CAEAYIONIYIO CUTYAIIIO: aBTOMOOWIIb ABHIKETCS 10 HTPOBOMY MUY B Te-
yenue 1 c. Ecm cepBep MmochIaeT KIMEHTY cOCTOsTHIE aBTOMOOMIIst 20 pas B CEKYHLY,
Kayk/Iblil makeT Gy/ieT coiepkaTh OGHOBICHHYO MO3UINI0 aBTOMOOMIIsA. Ecu maxer,
otmpaBieHubIil criyctd 0,9 ¢ mocie Havana ABUKEHUS, MOTEPSAETCS, MOKET TTPOUTH
200 wmc, ipeskae ueM ReplicationManager Ha cepBepe OOHAPYIKUT 9TO U TOIBITACTCSI
MOBTOPUTH Tiepeiady. K aToMy MOMEHTY aBTOMOOUIIb MOXKET YK€ OCTAaHOBUTHCs. Tak
KaK CepBep MOCTOSIHHO TTOChLIAT OOHOBJIEHUSI B TIPOIECCE ABUKEHUST aBTOMOOUJIS, Ha
MyTH K KJIMEHTY YK€ MOTYT HaXOJMUThCS TTAaKeThl ¢ 0OHOBJIEHHON HH(pOPMaIHe 0 Me-
CTOMOJIOKEHUH aBTOMOOUIIsT. OUEBU/IHO, UTO HECCMBICJEHHO TTOCBIIATH TEKYIIIE KOOP-
JIMHATHI ABTOMOOUJIS, €CJIU TIAKET € TEMHU JKE TAHHBIMU YiKe HaXOAUTCS B IyTu. Ecyiv Ob
y aucrieryepa ReplicationManager Gbljia BOBMOKHOCTD aHATM3UPOBATH OTIIPABICHHBIE
JlaHHbIe, OH MOT ObI U36€KaTh U3OBITOYHON OTIIPABKH TeX JKe AaHHbIX. K cuacTbio, Takast
BO3MOXKHOCTD ecTh! Korzia ReplicationManager BIiepBbIe y3HAET O TIOTEPE TTaKeTa, OH BbI-
IMOJIHAET MOUCK B clTMCKe mInFlightPackets nucneruepa DeliveryNotificationManager
U 1IpoBepsieT aK3eMIIIp ReplicationTransmissionData BO BceX HailIeHHBIX MTaKeTax.
Ecsmt 06HapyKUTCsI, 9TO COCTOSTHUE JIJIsI TAHHOTO OOBEKTA 1 CBOWCTBA YIKE OTIIPABJIEHO,
TO JIeTAETCS BBIBOJI, YTO MOBTOPHAs OTIIPABKA JIaHHBIX HE TPeOYETCs: OHU yIKe B Iy TH!
B ymictunre 7.13 npuBoanTCd U3MEHEHHAs peasn3alus BapuanTa RA_Update B MeTo/Ie
HandleDeliveryFailure(), KOTOpas JeJiaeT BCE, YTO OITMCAHO BbIIIIE.

Jinctunr 7.13. MNpenoTBpalleHne n3bbITOUHOW NOBTOPHOW OTNPAaBKMU AAHHbIX

void ReplicationManagerTransmissionData: :HandleDeliveryFailure(
DeliveryNotificationManager* inDeliveryNotificationManager) const

{

case RA_Update:
go = mReplicationManager->GetLinkingContext()
->GetGameObject (networkId);
if(go)
{

// obbickaTb BCe OTMpaBJfieHHble MaKeThl,

// c6bpoCUTb MPU3HAK HaNWMYUSA U3MEHEHUW

uint32_t state = rt.GetState();

for(const auto& inFlightPacket:
inDeliveryNotificationManager->GetInFlightPackets())

{
ReplicationManagerTransmissionDataPtr rmtdp =
std::static_pointer_cast
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<ReplicationManagerTransmissionData>(
inFlightPacket.GetTransmissionData('RPLM"));
if(rmtdp)

for(const ReplicationTransmission& otherRT:
rmtdp->mReplications )

{
if(otherRT.GetNetworkId() == networkId)
{
state &= ~otherRT.GetState();
}
}

}
}

// ecnn npu3HaK U3MEHEHWA COCTOAHMA He 6bll cHbpouweH,
// NOBTOpUTbL nepepavy
if( state )

{

mReplicationManager->BatchStateDirty(networkId, state);

}
}

break;

JlanHas peajMsalys cHayaja olpeaessieT OUThl COCTOSHUS B MOTEPSBIIEMCS MaKe-
T€e, COOTBETCTBYIONIME UBMEHUBIIUMCS CBOMCTBaM 00beKTa. 3aTeM OHa BBIITOJIHSAET
UTEpaINN 10 BCEM OTIIPABJIECHHBIM ITaKeTaM B CImcKe mInFlightPacket nucmeryepa
DeliveryNotificationManager. /Iyt KasK0TO MaKeTa JIeIaeTcs MOMbITKA HAWTHU 3aITUCh
0 TepeJaHHbIX JaHHBIX, CO3/IaHHYIO AuUcIieTyepoM ReplicationManager. Eciu takas
3aMuch OOHAPYKUBAETCS, BBITIOJHSIETCS TIOUCK B COAEP/KAIINXCS B HEH 9K3EMILISIPAX
ReplicationTransmission. Eciu cereBoii upentudukarop o0bekTa B HallieHHON o11e-
panyy periMKa COBIAJAET ¢ CETEBBIM MAEHTU(MUKATOPOM 00beKTa B IPOIABIIEM
MAKETe, B UCXOHOM 3HAYEHUU COCTOSTHUST COPACBIBAIOTCST BCe GUTHI, YCTAHOBJIEHHBIE
B HalizieHHOM coctostHuu. TeM cambiM ReplicationManager mbiTaercs usbexarh mepe-
CBLIKH JII0O0H MH(pOPMaIK, KOTOPas ysKe HaXOAUTCS B IyTH. EC/M K OKOHYaHHUIO IIPO-
BEPKU BCEX ITAKETOB B UCXOJHOM COCTOAHUU HE OCTAHETCA HU OJJHOIO YCTAaHOBJIEHHOIO
6uTa, 3HAUUT, IIOBTOPHA Iepeaya Kakoro Obl TO HU OBLJIO COCTOSIHUS He TpeOyeTcsl.

BrlmeynoMsinyTast «OnNTUMHU3AIHT» MOKET TTOTPE6OBATH 3HAUNTEIBHBIX 3aTPAT Bbi-
YUCJUTETBHBIX PECYPCOB B TOM CJIydae, KOTr/la TepseTcs MOJHbIH naket. O HAKO Takas
IOTEPS MIPOUCXOANUT OTHOCUTEIBLHO PEAKO, & M3-3a TOTO, UTO TI0JI0CA IIPOITYCKAHN YaCTO
OKa3bIBaeTCst HoJIee IOPOTOCTOSIIIM PECYPCOM, YEM TTPOIIECCOPHOE BPEMSI, ITAaHHAST OTITH-
MU3AIHST MOJKET [aBaTh HEMaJIble BBIro/bl. Kak 0OBIYHO, IIPUMEHUMOCTD OIITUMU3AIIUN
BO MHOTOM 3aBUCHUT OT KOHKPETHBIX YCJIOBUI B UTPE.

MMuTaums peanbHbIX yCNoBUA paboTsl

YuursiBasi olacHOCTH, MOJKUAIONINE Ballly UTPY B peajJbHOM MHUpe, Ba)KHO CO3/1aTh
TECTOBOE OKPYIKEHHE, CTOCOOHOE UMUTHPOBATE 3a€PKKY, (DIYKTYATINH ¥ TTOTEPIO MaKe-
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TOB. C 3TOH 11eJ1bI0 MOKHO CKOHCTPYMPOBATH MO/LYJIb TECTUPOBAHMS, pacIiolaralonuics
MEK/Y COKETOM U OCTAJIbHON UTPON U UMUTHUPYIOUIUN peajbHble YCIOBUS PAaOOTEL.
JIJtst IMUTAIIAHT TTOTEPD TTAKETOB OTIPEIETNTE BEPOSITHOCTD, C KOTOPOit GYIyT 0TOpach-
BaTbCS NAKETbl. 3aTeM, IIPU MOCTYIJIEHNN 04ePeTHOTO ITaKeTa, ¢ IIOMOIIbIO F'eHepaTopa
CJTyYalHBIX YMCeJI PeltuTe, COPOCUTh MAKET WU HPOIYCTUTD €r0 B npuioxkeHue. st
UMUTAITIH 3a71epPKeK U DIYKTyaIit BRIOEPUTE CPEAHION0 BEMMINHY 3aI€PKKI T TTapa-
MeTpBI pactipeesienus daykryanuit. Korga 6yger mosyden ouepesiHoi makeT, caemayer
paccyrTaTh MOMEHT BPEMEHH, KOT/[a TTAKET IIPUOBLT OBl B PEaIbHBIX YCJIOBUSX, 100aBUB
BEJUYUMHY 3a[ePKKU 1 DIAYKTYaluu K (haKTHIECKOMY BPEeMEHU MPUOBITUSI. 3aTeM,
BMECTO HEME/JICHHOH TIepe/laull MmakeTa B Urpy st 06paboTKU, HYKHO OTMETHUTH €T0
pacYeTHBIM 3HAYEHUEM BPEMEHH TPUOBITHS U BCTABUTH B OTCOPTUPOBAHHBIN CITMCOK
makeToB. HakowHerr, B KayKIOM KaJpe UTPBI He0OOXOANMO HCCIE0BATH OTCOPTUPOBAHHBII
CIUCOK U TepeIaTh st 06paboTKU TOIBKO T€ MAKETHI, PACYETHOE BPEMsT MPUOBITHS
KOTOPBIX 0Ka3aJI0Ch MEHbIIE TeKyIero BpeMenu. B nuctunre 7.14 nokasano, kak Bce
9TO MOXKHO OPraHU30BaTh.

JIucTuHr 7.14. UMuTaumus notepb, 3agepikek u pykryauui
void RLSimulator::ReadIncomingPacketsIntoQueue()

{
char packetMem[1500];
int packetSize = sizeof(packetMem);
InputMemoryBitStream inputStream(packetMem, packetSize * 8);
SocketAddress fromAddress;

while(receivedPackedCount < kMaxPacketsPerFrameCount)

¢ int cnt = mSocket->ReceiveFrom(packetMem, packetSize, fromAddress);
if(cnt == 0)
{
break;
}

else if(cnt < 9)

// obpaboTaTb owunbky
}
else
{
// cnepyeT nu obpaboTaTb naket?
if(RoboMath: :GetRandomFloat() >= mDropPacketChance)
{
// Ba, NomMecTWTb NakeT B o4vepefb AN 06paboTKM no3gHee
float simulatedReceivedTime =
Timing::sInstance.GetTimef() +
mSimulatedLatency +
(RoboMath: :GetRandomFloat() — ©.5f) *
mDoubleSimulatedMaxJitter;
// BCTaBUTb B CMUCOK C Y4eTOM COPTUPOBKM MO BpeEMEHM
auto it = mPacketList.end();
while(it !'= mPacketList.begin())
{

--it;
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if(it->GetReceivedTime() < simulatedReceivedTime)

{
// BonxeH npubbiTb Mocne 3TOro 3/emMeHTa,
// no3ToMy OTCTYNUTb Ha War Hasah U npepbiBaTb LMK
++it;
break;
}
i

mPacketList.emplace(it, simulatedReceivedTime,
inputStream, fromAddress);
}
}
}
¥

void RLSimulator::ProcessQueuedPackets()
{
float currentTime = Timing::sInstance.GetTimef();
// 3arnaHyTb B MNepBblil MakeT...
while(!mPacketList.empty())
{
ReceivedPacket& packet = mPacketList.front();
// nopa obpabaTbiBaTb?
if(currentTime > packet.GetReceivedTime())
{
ProcessPacket(packet.GetInputStream(),
packet.GetFromAddress());
mPacketList.pop_front();

}

else

{

}
}
}

break;

COBET [ns elle 6o0nee TOYHON MMUTALMM MOXHO Y4YECTb TOT (haKT, YTO NaKeTbl 06bIYHO TEepsIHOTCS
VW 3aepXXMBAIOTCS rpynnaMu creaytowmx Apyr 3a ApyroM nakeToB. Koraa aHanus cnyyaiHoro uncna
MOKa3bIBAET, YTO NaKET AO/MKEH BbITb NOTEPSIH, MOXHO 3aZ€MCTBOBATh €LLE OAWH reHepaTop ClyyaiHbIX
yumcen, YTobbl C ero NOMOLLbIO ONpeaennTb YMCIO NOCIeayIOLMX NAaKETOB, KOTOpble TakXXe AC/MKHbBI No-
TepsATbCS.

B 3aknoyeHune

PeanbHblil MUP — JKECTOKOE MECTO JIJIsi MHOTOIOJIb30BATENAbCKUX UTP. VITPOKU XOTAT
MOJIy4YaTh HEMe/IJIEHHYIO PEaKIINIo Ha CBOU JIEHCTBUS, & CUJIThI TTPUPOIBI TTPETISITCTBYIOT
aTomy. Jlaske 6e3 CeTeBOr0 KOMIOHEHTA B BUICOUTPAX €CTh MHOKECTBO TIPUYUH, BBI-
3BIBAIOIINX 3a/I€PKKH, BKJIOYAsS OTPAHUYEHHYIO YACTOTY OIPOca YCTPOUCTB BBOJA,
3alep/KKY Ha MOJATOTOBKY M300PAKEHNS U 3aIEPKKY, CBIZAHHYIO ¢ OCOOEHHOCTSIMM
paboThl MOHUTOPA. B peasbHoil ceT MHOTOIOIH30BATEABCKIE UTPHI CTATKIBAIOTCS
€ 3a/Iep>KKaMU paclipoCcTpaHeHMs, 33/IcPKKaMU Ha riepeiady U 3a/ep>KKaMi B OYepe/ii.
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B apcenaiie pa3paboTYrKOB UTP UMEIOTCS CPEICTBA [T 60PBOBI ¢ AITUMU 3aIEPIKKAMH,
HO OHU MOTYT OKa3aTbhCs CJAUIIKOM JIOPOTOCTOSAIIUMY U HEe TTOMOUTH JIJIs1 BAllIei UTPBI.

ODarykTyaiuu yCaoBUl B CETH MOTYT HPUBOAUTD K 3AIa3/[bIBAHUIO AKETOB, TOCTABKE
UX He 110 TOPSAKY WU Aaxe K moTepe. YToObl JaTh UTPOKY BO3MOKHOCTH TIOJTYUUTh
YIIOBOJIBCTBUE OT UTPBbI, BbI IOJKHBI 00ECIIEYUTD OPEIETIEHHbII YPOBEHDb HA/IEKHOCTH
nepegaun. OMuH 13 cI0COO0B rapaHTUPOBATh HANEKHYIO IOCTABKY — UCIOJIb30BAThH
tpancnoptHbiit Tpotokoa TCP. Ho necmotps va To uto TCP aBasieTcst mpoBepeHHBIM
peliieHreM, OH UMeeT HeCKOJIbKO HeZlocTaTKoB. TCP XopoIio nNoXoauT 1715 UTp, B KOTO-
PBIX BAKHO 00€CTIEUNTD HAJIEKHYIO IOCTABKY aOCOIOTHO BCEX JaHHBIX, HO COBEPIIIEHHO
He TOANTCS /71T THITUYHBIX UTP, T/le aKTYaJTbHOCTD IAHHBIX BaskHee Ha/IeKHOCTH JI0CTaB-
Ku. JIJIst TaKMX UTP MIPEANOYTUTEIbHEE HCTTO0B30BaTh 1poToK0 UDP kak obecnieurBa-
01U GOJIBILIYIO THOKOCTD.

Ncmonbayst UDP, BB MoTydaeTe BO3MOKHOCTD PEATH30BATh COOCTBEHHYIO TTOIEPIKKY
HaiexkHocT. OCHOBO#T TaKOM peannsalin 0ObIYHO SIBJISIETCS] CHCTEMA OTIOBEIIEHHST, CO-
obraorast urpe 00 yCIeIHo [0CTaBKe MmakeToB uiu 06 ux norepe. Coxpatsist uHGOp-
MAIIIIO O KAKI0M OTIIPABJISIEMOM IIAKeTe, UIPa MOJKET 3aTeM BBIOMPATD, KAK J€HCTBOBATH
TI0CJTe TIOJTyYeH s U3BEIeHNs O Cy/b0e MaKeTa.

Ha ocHoBe cuctembl OITOBENIEHUST MOSKHO [TOCTPOUTD PA3IMYHBIE MOYJIN TIOAIEPKKI
Hajie)kHOCTH, OOBIYHO B OTBET HA COOBITHE TIOTEPH TTAKETa TAKOW MOJLYJIb BBITIOJIHSIET 10~
BTOPHYIO IIepeiady caMoro MOCJIEAHEr0 COCTOSTHNS 0OBEKTa, KaK 9TO JIeJIaeT AUCTIeTYep
danromoB B urpe «Starsiege: Tribes». C 9T0ii LIeJIbI0 OH CIEAUT 32 COCTOSHIEM KaKIOTO
OTIIPABJICHHOTO MAKeTa U, MOJIYYUB YBEIOMIECHUE O MOTEPE MaKeTa, OCYIIECTBISAET T0-
BTOPHYIO Ilepejiauy caMoil mocieiHell Bepcuu 1060t nHOpMaIim, KoTopas yike He
HAXOJUTCS B ITyTH.

[Tpesxne uem pa3BepHyTh UTPY B PEATHHOM MUPE, BAYKHO [IPOTECTUPOBATH CUCTEMY TIO]I-
JIEPKKU HAJISKHOCTU B yIIPABJISEMOM OKpYyskeHnn. Ha 0ocHOBe TeHepaTopoB CIIyJaitHbIX
urcen u Gydepa BXOISIINX MaKETOB MOKHO CKOHCTPYHUPOBATH CHCTEMY, IMUTHPYIOITYIO
HOTEPIO MAKETOB, 3a/ep:KKu 1 durykTyaiui. C ee IIOMOIIBIO BbI CMOJKETE OIIEHUTD, KaK
NEHCTBYET MOAEP;KKA HAMEKHOCTU W BCS UTPA B TEJIOM TIPU PA3JUYHBIX YCIOBUSX
paboThbI CETH.

[ToKOHYNB ¢ HU3KOYPOBHEBBIMU MPOGIEMAMU PEATBHOTO MUPA, MOKHO BILIOTHYIO
MOIOUTH K 3ajiepsKKaM OoJiee BBICOKOTO ypoBHsL. [iaBa 8 «Yiyurnennas o6paboTka 3a-
JIepKeK» PACCKa3bIBAET, KAK CO3/IaTh Y UTPOKOB OIIYIIEHNE TOYTH MOJHOTO OTCYTCTBUS
3amepiKex.

Bonpockl Ana noBTOpEeHUs

HazoBuTe IATH COCTABISIONINX HECETEBBIX 3a/[EPIKEK.

HazoBuTe ueThIpe COCTABIIAIONINE CETEBBIX 3aI€PKEK.

OnurmuTe Mo 0HOMY U3 CI0CO60B BOPLOBI ¢ KAXKIOI 13 CETEBBIX 3a/I€PIKEK.
Kaxk pacmmdpossiBaercs ab0pesuarypa «RTT» 1 uTo oHa o3Hauaer?

G W

Uro takoe «paykryarusi»>? Kakue npuauHbl MOTYT BbI3bIBAThH (DJIYKTyaI[Un?
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6. JlonmomauTe peanmmsanuio DeliveryNotificationManager: :ProcessSequenceNumb
er() Tak, 4roObl OHA IIPABUJILHO 00pabaThiBaia CUTYaLKIO [IePexo/a HOPSAILKOBOTO
HOMepa M3 MaKCUMaJbHOTO 3HaueHN B 0.

7. JlobGassbre B Kiacc DeliveryNotificationManager Oydepusaliiio 1 coOXpaHeHIe BCex
IIAKEeTOB, IIOJIyYeHHbBIX B OJJHOM Ka/[pe, /10 TOro Kak DeliveryNotificationManager
PELINT, YTO KaKUe-TO IAKEThI yCTAPEJIn 1 UX HYKHO OTOPOCUTb.

8. O0ObsacHuTe, Kak ReplicationManager MOKET HCIIOJIB30BaTh DeliveryNotifi-
cationManager JI715T TIOZ/IEPSKKU YCOBEPIIEHCTBOBAHHOM HA/IEZKHOCTH TI0 TIPOTOKOITY
TCP u orripaBKU camMbIX CBEKUX JIAHHBIX B CJIy4ae MOTePU MAKEeTOB.

9. HUcnonbsyiite DeliveryNotificationManager u ReplicationManager, 4yToObl pea-
JIN30BATh UTPY B MATHAIIKH /I IBYX UTPOKOB. ChIMUTHPYHTE peasbHble YCI0BUS
paboThl, YTOOBI YBUIETh, KaK Ballla PeaJu3alts CIPABJIAETCS ¢ II0TEPEll TaKeToB,
3ajiepKKaMu 1 (PIyKTyarusMu.
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YnydieHHas obpaboTka
3aepxeK

3apepXKkn — Bparv pa3paboTumMKoB MHOrOMob30BaTENbCKMX Urp. Balla 3agava —
BbI3BaTb Y WIPOKOB OLLYLUEHWE, YTO UrPOBOI CEpBEP PAacrosiaraeTcs B COCEAHEN
KOMHaTe, XOTS B AEWCTBUTENBbHOCTM OH MOXET HAaXOAMTbCA HA MPOTUBOMOSIOKHOM
KOHLIE CTpaHbl. B 3TOI rnaBe UCCNeayroTCA HEKOTOPbIE MPUEMbI, MOMOraloLLMe CO3-
[aTb TAKOE OLLUYLLIEHVE.

KnneHT kak NpocTon TepMUHan

Pacemorpum torosornio «kiaueHT-cepsep». Tum Cynnu kak-To Hamucan: «The server
is the man!» (CepBep — 310 uesnoBek!). DTUM OH XOTEJ CKA3aTh, YTO B CETEBOU CHCTEME
«Unreal» cepBep ABJISITICS €IMHCTBEHHBIM Y3JI0M, BJIAICIOIINM UCTUHOM 1 XPAHSIIIIM CO-
CTOSTHUE UTPBI. TO TPATUITOHHOE TpebOBaHME TIOGOTO KIUEHT-CEPBEPHOTO OKPYIKEHIST,
YCTONYMBOTO K B3JIOMY: CEPBEP — €/IMHCTBEHHBIN y3€J1, BBITOJHSAIONNH CYIIeCTBEHHBIE
UTPOBBIE ONepaIii. DTO 03HAYAET, IYTO BCET/Ia €CTh HEKOTOPAast 3a7lepiKKa MEKIY MO-
MEHTOM, KOT/[a UTPOK MPEANPHHUMAET Kakoe-Tnbo AeHCTBIe, U MOMEHTOM, KOT/[a OH
HauMHAeT HAOJIOaTh PE3yJIBTaT 9TOro JeiicTBus. PucyHok 8.1 wurocTpupyer ato Ha
prMepe 1INKJIa TpreMa,/TOATBEePKIACHNS TaKkeTa.

B arom nipumepe epemst npuema,/noomeepacoenus (Round Trip Time, RTT) Mexkay kiu-
entoMm A 1 cepepoMm coctasisieT 100 mc. B momenT 0 urposoit nepconak urpoka A Ha
KJIMeHTe A HaXOJUTCA B COCTOSTHUN TTOKOST, ¢ KoopanHaToi Z, pasoii (. 3ateM urpok A
Ha)KUMaeT KJIABUIITY, OTBEYAIOTIYTO 32 MPBIKOK. EC/M 10TyCTUTD, 4TO 3ajIep:KKa MpH-
MEPHO cuMMeTpuyYHa, To yepe3 50 mc, uan 1/2 RTT, naker, Hecymmunii BBOJ UTpoKa A,
NOCTUTHET cepBepa. [IpuHgB BBOJ, cepBep HAUHET BBITIOJHEHUE MPBIKKA U TPUCBOUT
KOOpAMHATE Z UTPOBOTO MepcoHaska 3HaueHune 1. OH OTIPaBUT HOBOE COCTOSTHIE, KOTO-
poe pocrurtet Kianenra A emie yepes 50 mc, win 1/2 RTT. Kiment A o6GHOBUT KOOP/IH-
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HATy Z UTPOBOTO MEPCOHAKA B COOTBETCTBUU C COCTOSIHUEM, TIOJTyYE€HHBIM OT CepBepa,
u 0TOOPA3UT pe3yJibraT Ha 3KkpaHe. TO eCTh ¢ MOMEHTA HAKATUSI KJIABUIIU POUIET
nosrabIX 100 Mc, Tpeskiie YeM UTPOK A YBUIUT Pe3yJIbTart.

0 mc 100 mc
OTnpaBuTh Naket MonyyeH naket
KriveHt A | C KOMaHzoi C KoopANHaTO
«MpbhKOK» Z=1
N
o &°
eﬁaq <©
‘7/70 'b""a
Cer, o
<\0Q
MonyyeHa Mepenava naketa
Cepge KoMaHaa COCTOSAHMSA
pBep «[pBHKOKY, C koopAvHaTon
HavaTb Npbbkok | Z =1
50 mc

Puc. 8.1. Livkn npuema/noaTeepxxaeHust naketa

BoiBoj 13 aTOTO IpHUMEPA CJEAYIONINI: Pe3yJIbTaThl BLIIOJHEHIS KOMaH/[bl Ha cepBepe
nosiByigioTes Beerna Ha 1/2 RTT panbine, ueM ux yBUAMT yJaleHHbIH UTPOK. Apyrumn
CTOBAMH, €CJTM UTPOK HAGIIOMAET TOJHKO OKOHYATETHHDBIE PE3YIBTATHI BHITTIOMTHEHNST
UTPOBOI MOJIENTH, TIOJTyYeHHbIE OT cepBepa, HabII0aeMoe UTPOKOM COCTOsTHIE Oy/IeT
BCer/a cTapiie TeKymero MCTUHHOTO COCTOSHUSA Ha cepBepe He MeHee yeM Ha 1/2 RTT.
B 3aBucHMOCTH OT 3aTPYsKEHHOCTH CETH, (DUBUIECKON YAATEHHOCTH 1 0COOEHHOCTEN
pPaboThI MPOMEKYTOUHBIX AMMapaTHBIX CPEACTB ATO BPeMs MoKeT gocturath 100 mc
u 6oJIblIILe,

HecMoTps Ha cyniecTBEHHYIO 3a/I€PKKY MEXKAY BBOJOM U OTBETOM, MHOTHE PaH-
HIe MHOTOIT0JIb30BaTeJIbCKIEe UTPHI JefiCTBOBAJIN MMEeHHO Tak. OpurnHagbHas urpa
«Quake» ObLIa OAHON U3 T€X UIP, KOTOPbIE BBIKIIN, HECMOTPS Ha IOA00HYIO 3a1€PK-
Ky. B «Quake» n MHOTUX IPyTUX KIUEHT-CEPBEPHBIX UTPAX TOTO BPEMEHU KJIUEHTHI
MTOCBLJIAJIN BBOJI HA CEPBEP, a CEPBEP BBITIOJIHSII UTPOBYIO MOJIETh U PACCHLIAN PE3YJib-
TaThl 0OPATHO KJAMEHTaM /I 0ToOpaxkenus. KIneHThl B 9TUX Urpax AeHCTBOBAIU KaK
npocmoie mepmunaiv: (dumb terminals): mpocTbie TepMUHAIBI He BBINTOJHSAIOT HUIKAKAX
dbyHKIMIT, KpoMe 0ToOpakeHUsT MH(GOPMAI[UU Ha 9KPaHe U OTIIPABKU COOBITHIA MBIIIITH
UJIM BBOZIA € KJIaBUATYPbl. IIOCKOIBKY OHU BCETO JUIIb 0TOOPaXkKaau COCTOIHNE, 110~
JIYYEHHOE OT cepBepa, OHU HEe MOTJIU 0TOOPA3UTh HENPaBUIIbHOE cocTostHIe. Jake
[IPU TOM YTO 9TO MOIJIO IIPOUCXOJUTh C 3a€PIKKOM, KaKoe ObI COCTOSTHUE HU ITOKa3aJl
IIPOCTOI TEPMUHAJ, OHO BCeraa ObLIO NCTHHHBIM JJIs HEKOTOPOTO MOMEHTA BPEMEHN.
ITockobKy BO BCeil cucteMe COCTOsHUE Beera ObLIO COrJIaCOBAHHBIM ¥ HUKOT/A
OHIMOOYHBIM, TOT METO/I CETEBBIX B3AMMOEHCTBUI MOKHO KIacCU(pUIUPOBATh KaK
KoHcepsamusuvlil anzopumm. IlycTb 1 11eHO0M 3aMeTHOI /1715 TOJIb30BaTe IS 33/I€PKKH,
KOHCEPBATUBHBIN aJITOPUTM 110 KpaitHel Mepe HUKOT/Ia He /laBajl HelPaBUJIbHBIX pe-
3yJIbTATOB.

[ToMuMoO 3aj1epKKH, TTPOCTHIM TEPMIHAJIAM CBONCTBEHHA elife ojiHa mpobiaema. Ha
puc. 8.2 TpUBOAMTCA MPOAOJKEHNE TPUMEPA, B KOTOPOM UTPOK A BBITIOJTHSAET MTPBIZKOK.



naBa 8 e YnyuyweHHas 06paboTka 3aaepxxek

248

ATHAYSD 8 €ed GT 90LaMeL BMHREOWaLD YOLOLORh D BYXKIGdL SUHBHLOLIGg *Z'8 *OUd

oW €81 on /91 OWQGL JdWEEL OW /Ll OW Q0L oW €8 oW /9 oW Qg oW €¢ on /| ow o
8=27 6=2 olL=27 6=2 8=27 L=Z 9=Z7 g=Z7 v=2Z €=Z =7 l=Z
eHooda| | | xeHoodal | | xxeHoods| | | eHooda|] | eHooda|] | xeHooda| | | xeHooda| | | eHoods| | | eHooda| | | eHooda) | | xeHoods| | | xeHooda| |

6=27 G=7
xeHooda| | | eHoodal ]

G=Z
xeHooda| |

G=7
eHooda| |

G=Z7 =Z
eHooda| | | xeHooda |

=Z
xeHoodal |

L=Z
eHooda| |

L=z
xeHooda| |

oW €81

ON /L1

oW 0§ oW Q




NHTepnonsaumns Ha CToOpoHe KneHTa 249

baaronaps ncnospzoBanmio motHoro rpadudeckoro npoieccopa (GPU) kiment A
MOsKeT paboTath co ckopocThio 60 kaapos B cexyHay. CepBep Takke MOKeT paboTaTh
co ckopocThio 60 kaapos B cekyHay. Ho n3-3a orpaHnyeHuii poycKHON cliocOOHOCTH
JIMHUHY CBSI3U MEK/LY CEPBEPOM ¥ KJIHEHTOM A cepBep MochlIaeT 0OHOBJICHHSI He Jalile
15 pas B cekynmy. JlomyctuM, 4TO B Havase MPbIKKA UTPOBOM MEPCOHAK TIEPEMEIIAETCST
BBEPX CO CKOPOCTHIO 60 eIMHMUIL B CEKYH/LY, CEPBEP MOCTENEHHO YBEJIUMINBAET KOOPMHA-
Ty Z nepcoHaka Ha 1 B KaxkaoM Kajpe. OHAKO OH MOKET TIOCHLIATh OGHOBJIEHUST KJIU-
EHTY TOJIBKO Yepes Kaxk/ble YeThIpe Kazipa. Korma kineHT A mpuHUMAaeT COCTOSHUE, OH
0GHOBJISIET KOOPJMHATY Z UTPOBOTO MIEPCOHAKA, HO TOT/IA IEPCOHAK JIOJIKEH B TEUEHUE
YeThIPeX KaJ[POB OCTABATHCS HA OIHOM MECTe, II0KA He TOCTYIIUT HOBast HHGOPMAIIHs
¢ cepBepa. ITO 03HAYAET, YTO UTPOK A OyJIeT BUIETH OJIHY 1 Ty K€ KAPTUHKY Ha SKPaHe
4eThIpe Kaapa moapsz. /laske pu TOM, 4YTO UTPOK MOTPATUII HEMAJIbIe JIEHbIU HA TIPO-
uspoautenbibiii GPU, criocoOHbIil pasBuBaTh CKOPOCTH 10 60 KaApOB B CEKYHIY, OH
HOJIYYUT BO3MOKHOCTD UTPATh € YaCTOTON 15 Ka/[[pOB B CEKyH/y M3-32 OrPAaHUYEHUIT
ceTr. ITO 0OCTOSITENHCTBO OIPEIEIEHHO MOKET BBI3BIBATH HEIOBOILCTBO.

CymectByet u TpeThs mpobema. [To06HOTO Pofia 3aMEePKKY B IIYTEPE OT TIEPBOTO JINTIA
He TOJIbKO BBI3BIBAIOT OIYyTIEHNE TIJIOX0N OT3BIBYMBOCTH, HO TaKKe MEIIaloT BECTH T10-
€[IMHKU C IPYTUMU UTPOKaMHL. Be3 CBOeBPEMEHHOTO OOHOBJIEH WS TIO3UIIUE TIPOTUBHUKOB
OUYEHb CJIOKHO MOHSTH, Ky/la CJeflyeT HeJauThes. VIrPOK MOKeT CHJIbHO PacCTPOUTHCS,
ecJIn, CTpesisis B IPOTUBHUKA, OH OOHAPYIKUT, YTO TIPOMA3AJI TOJIBKO JIUIIb TIOTOMY, YTO
(baxTryeck mpoTUBHUK Haxoauicsa B 3ToM Mecte 100 Mc Tomy Hazazn. MHokecTBO 110-
JOOHBIX HECTBIKOBOK MOTYT 3aCTABUTh UTPOKA TIEPEKIIOUUTRCS HA JAPYTYIO UTPY.

CosmaBast UTPy B MOZIEJIN KJIMEHT-CEPBEP, HEBO3MOKHO N30EKATD IIPOOIEM, CBA3aHHBIX
C 3aZICPKKaMU. HO €CTb BOBMOKHOCTb YMEHbBIINTD UX BJINAHUE Ha BOCIIpUATHE UTPOKa,
U B CJAEAYIONMX Pasfeax Mbl UCCIEAYEM HEKOTOPBIE YACTO UCTIONb3yEMbIE TPHEMBI
00paboTKY 3a/IepPIKeK.

MHTEpNONsSLUMS Ha CTOPOHE KSIMEHTA

[ToaTopMakMBaHue, BhI3BAHHOE HU3KOM 4aCcTOTON OOHOBJIEHUSI COCTOSHIS CEPBEPOM,
MOJKET 3aCTABUTh UTPOKOB AyMaTh, 4YTO UIPa JeHCTBYeT MeIJIeHHee, YeM Ha CaMOM JEJIE.
OpuH 13 cr1oco60B CMATYNUTH CUTYALUIO — UCIIOIb30BATh UHMEPNOLIUUIO HA CTNOPOHE
xauerma. IIpu MCIOIb30BAHNU MHTEPIIOJIALMK HA CTOPOHE KJIMEHTa UTPOBbIE IIEPCOHA-
JKH He [IepeMelaloTest CKauKooGPasHo ¢ MOJIyYeHeM HOBOI OPIUY JaHHBIX C cepBe-
pa. BMecTo aToro Besikuii pas, Korjaa KJIMEHT IoJyYaeT HOBOe COCTOsAHIE 00beKTa, OH
IJIABHO MHTEPIIOJIMPYET 9TO COCTOSIHUE B TEUEHUE HEKOTOPOI'0 MHTEPBAJIa BPEMEHH. JTO
HasbIBaeTCst LoKaIbibimM Puirvmpomn eocnpusmus (local perception filter). Ero pabory
WLTIOCTPUPYET puc. 8.3.

ITycts TP (Interpolation Period) — 310 nepuod unmepnonsiyuu B MULTHCEKYHAX, TO
eCTh MHTEPBAJ BPEMEHHU, B TeUeHNEe KOTOPOTO KINEHT Oy/IeT MHTEPHIOJINPOBATh CTapoe
cocrostHue B HoBoe, a PP (Packet Period) — nepuod naxema B MULINCEKYHIAX, TO ECTH
MHTEPBAJ BPEMEHU, B TEUEHIE KOTOPOTO CepBep KT BO3ZMOKHOCTH TIOCJIATH HOBbII
naxer. KiveHT 3aBepiiaeT WHTEPIOJAINIO crycTtst [P Mc mocsie mpubbiThs akeTa.
CootBercTBenHo, ecau [P menbiiie PP, kineHT 3aKOHUYUT UHTEPITOJISIUIO PAHBIIIE,
yeM pUOYIET HOBBIN MAKeT, 1 UTPOK Bce elle OyaeT HabM0aaTh CKauKooOpasHoe
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usMeHeHue KapTUHKU. UT00bI 06eCeyrTh IIaBHOE U3MEHEHUE COCTOSHMSI UTPbI B KasK-
JIoM Kazpe, Bemunia IP nojkna ObiTh He Menbie PP. B aTom ciydae, Korja KineHTt
3aBEPIINT WHTEPTIOJISINIO 710 33/IaHHOTO COCTOSTHUS, OH YrKe TTOIYYUT CJefyoliee co-
CTOSTHUE Y CMOYKET ITOBTOPUTH ATOT MPOIIECC CHAYAIA.

Kax Bbl HaBepHSIKa IIOMHUTE, TPOCTOM TEPMUHAJ, HE BBIITOJTHAIONUN MHTEPIIOJSAIINIO,
Bcerzia orcraet ot cepepa Ha 1/2 RTT. Eciiu He 0To6pasuTh BHOBL PUOBIBIIEE CO-
CTOSTHME cpa3sy ke, KapTHHKa Hepejl MTPOKOM OyaeT oTcTaBaTh emie 6oJibiine. Vrpor
C UHTEPIOJIAINMEN Ha CTOPOHE KIMEHTA OTOOPAKAIOT COCTOSTHUE, KOTOPOE OTCTAeT OT
dakrnueckoro npumepto Ha 1/2 RTT + IP mc. [Toatomy, 4T0ObI yMEHBIITUTD 33I€PKKY,
Beanunna IP gosskHa ObITh MUHUMAIBHOM. DTO TpeboBanue, a Takke TOT (haKT, YTO
JUISL yCTPAHEHUsI CKAYKOOGPa3HOT0 M3MEHEHYSI COCTOsTHMS Besmunna [P o/kHa 66ITh
GoJibile uan paBHa Bemunbe PP, oznavaior, yro Bennuuna IP goikHa ObITh B TOY-
HOoCTU paBHa Beauyune PP.

C 970l T1eIThI0 cepBeEP MOKET COOBIUTH KIUEHTY, KaK 4acTO OH TIPENOJIaraeT MoChl-
JIATh TAKETDI, UJIW KIUEHT CaM MOJKET BBIUNCTUTH Besmunny PP ammmpuyeckum myrem,
M3MePsIsT YACTOTY MOCTyTLTeHns aketoB. OOpaTnTe BHUMaHIE, YTO CEPBEP MOTIKEH
YCTaHOBUTD MEPHO]I TAKETA, OTIUPASICh HA MTPOIMYCKHYIO CTOCOOHOCTD, & He Ha 3a/IEPKKH.
CepBep MOKET MOCBLIATE TTAKETHI ¢ TOM YaCTOTOH, ¢ KAaKOI X CIOCOOHA TPOITYCTUTD CETh
MESKIY CepBEepPOM 1 KIMEHTOM. DTO 03HAYAET, UTO BOCTIPHHUMAaeMast ITPOKOM 3aJIepiKKa
B UT'Pax TAKOT'O PO/, UCIIOIb3YIONNX MHTEPIOJISIINIO Ha CTOPOHE KJINEHTA, 3aBUCUT He
TOJIbKO OT CETEBBIX 3a/IEPIKEK, HO U OT IIPOITYCKHOI CIIOCOOHOCTH CETH.

[Ipomomxas TpeabI Iy i TPUMEp, €CJId TPUHATD 32 TAHHOCTD, YTO CEPBEP TOChLIACT
JAHHBIE C YACTOTON 15 MaKeTOB B CEKYH/LY, IIEPHO/ TaKeTa cocTaBuT 66,7 Mc. DTO 03HA-
vaet gobassenne sagepxkku B 66,7 mc k 1/2 RTT, pasroii 50 mc. OnHAKO ¢ UHTEPIIOIS-
el KapTUHKA MeHseTcst OoJiee IIaBHO, YeM 6e3 MHTEPIIOISIIUN, 1 9TO 0OCTOSATEIbCTBO
CrocoGCTBYET MOSIBJIEHIO (oJiee OIAarONPUATHBIX OILYIIEHUI Y UTPOKA, O1aroapst 4emy
npobiiemMa 3a/1€PAKKI CTAHOBUTCS MEHEE OCTPOIA.

Urppl, 1o3BoJIgIONTIE UTPOKY YIIPABJIATH KAMEPOIt, TIOJIy4aioT TOTIOJHUTENbHOE ITPEenMy-
I[ECTBO, TIOMOTAIOIIee OCTA0UTD OIIYIIeHUE 3aePKKU. ECIN MeCTOTIOMOKEHIE KaMephl
He OKa3bIBAET CYNECTBEHHOTO BJIUSHUS HA PA3BUTHE CUTYAINH B UTPE, €€ TIePEMEITIEHTI
MOJKHO TIOJIHOCTBIO 00pabarbiBaTh Ha CTOpOHe KianeHTa. IlepeaBuskenne u crpeibda
TPEOYIOT Mepe/iaui JaHHbBIX Ha CEPBEP U 0OPATHO, TOTOMY UTO 9TH JICHCTBUSI OKA3bIBAIOT
npsMoe BaUsTHUe Ha urpy. Ho mpocToe mepemertienne kaMepbl MOXKET HITKAK He CKa3bl-
BaTbCA Ha MOJEJMPOBAHNH, N €CJIN 3TO TaK, KIMEHT MOXKET O6HOBJI${Tb KapTUHKY Ha
9KpaHe, He J0KUIasICh OTBEeTa 0T cepiepa. JIokaibHas 0OpaboTKa AeicTBHil ¢ KaMepoil
MTaeT UTPOKY TIOCTOSTHHYIO 0GPATHYIO CBsI3b, KOT/IA OH TIHITACTCS TIepeMeNiaTh ee. B mape
C TIJIAaBHOW MHTEPHIOJAIUEH 9TO MOKET IIOMOYb elile 60JbIlle 0CTAOUTh HETATUBHBIE
OTIYTIIEHUST, BRI3BAHHBIE YBEJINYUBIIEHCS 3a/1€PKKOM.

VHTepmoaanms Ha CTOPOHE KJIMEHTA CINTAETCS KOHCEPBATUBHBIM aJITOPUTMOM: He-
CMOTPS Ha TO 4TO MHOT/IA ATOT [IPUEM MOXKET IIOMOYb ITPEJICTAaBUTh COCTOSIHUE, KOTOPOE
cepBep HUKOT/IA He Tlepe/laBall SBHO, OH OTOOPAKAET BCETO JIUIID TPOMEKYTOUHBIE CO-
CTOSTHUSI MEK/Ly IBYMSI TOUKaMH, KOTOPBIE CepBep e CTBUTENbHO MOIeTnpoBat. K-
EHT CIVIAKMBAET TIePeX0/l U3 OTHOTO COCTOSIHUA B IPYTOe, HO OH HUKOT/IA HE MbITaeTCs
yrajJiaTh, UTO JIeJIaeT cepBep, U IOTOMY HUKOT/Ia HE OKaKETCS B HEBEPHOM COCTOSTHUM.
Opmmako, Kak GyeT MoKas3aHo B CIEAYIONNX Pa3/ieiaX, 3T BEPHO He JJIs BCEX MTPUEMOB.
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[MpOrHo3MpoBaHME Ha CTOPOHE KIIMEHTA

WNaTepnonsanms Ha CTOPOHE KJIUEHTA MOXKET CTJIAJIUTD TeUCHUE UTPBI, HO OHA HUKAK He
OpUOIUBHUT UIPOKA K TOMY, YTO B J€HCTBUTEIbHOCTH IIPOUCXOIUT Ha cepiepe. Jlake
€ 04€Hb KOPOTKKM IIEPUOJIOM MHTEPITOJISIINN UTPOK BCe PaBHO Oy/ieT HabJIio1aTh COCTO-
SHMe, OTCTAIOIIEE OT COCTOSHK Ha cepsepe He Meree ueM Ha 1/2 RTT. Urtobbl nokasarhb
COCTOSTHIE, MAKCUMAJIbHO IPUOJIMIKEHHOE K MCTHHHOMY, UTPa JOJIKHA TEPEKTIOUNTHCSI
C MHTEPIONSIIN Ha axcmpanonsayuto. C TOMOTIBIO SKCTPAMTOJSIINN KIMEHT MOKET Ha
OCHOBE TIPUHSITOTO CTAPOTO COCTOSTHUS MPeyTajiaTh O0Jiee CBeKee COCTOSTHIE U OTO-
OpasuTh ee Ha sKpaHe. IIprueMbl, OCYIIECTBIISIONIME TOAOOHYIO SKCTPAIIOJISIIUIO, YaCTO
Ha3BIBAIOT MPOZHOZUPOBAHUECM HA CINOPOHE KAUCHMA.

YT00BI 9KCTPANIOIMPOBATH TEKYIIEEe COCTOSTHIE, KIUEHT J0JKEH MMETh BO3MOKHOCTD
BBITIOJTHUTB TY K€ MOJIEITh, KOTOPAst BBITIOJIHSETCS Ha cepBepe. [lomyuns HoBoe cocTosI-
HI€e, KJIMEHT 3HAET, YTO OHO oTcTaet oT ucTuHHoro Ha 1/2 RTT mc. Yto6br npubausuTh
COCTOSIHUE K MCTUHHOMY, KJIUEHT BBITIOJHSIET MOIETUPOBAHNE HA JOMOJHUTETHHBIN
unTepBas 1/2 RTT. B pesyssrare Ha akpaHe OKasKeTCs TOBOJTBHO TOUHAS HKCTPATIOJISTIAS
COCTOSTHVSI UTPOBOI MOJIeNTH Ha cepBepe. JLJist mofiiep:kanus akTyaabHOCTH 9TOTO COCTO-
STHUST KJIMEHT TIPO/IOJIKAET BBITIOJIHSTH MOJIETUPOBAHHUE B KAKIOM KaJ[pe U 0TOOPaKATh
pes3yJIbTaThl Ha 9KpaHe. B Kakoii-To MOMEHT KJINEHT IPUMET OT cepBepa MakeT ¢ HOBBIM
cocrostaueM u cmojenupyet ero 3a 1/2 RTT mc, B pesysibrate 4ero OHO MIeabHO CO-
BIIQJIET C COCTOSIHUEM, KOTOPOe KJIUEHT yyKe PACCUMTAJ, OMUPAsICh Ha MPebIAyIiee
MOJIYIeHHOE COCTOSTHUE.

Yro0bl BBIIOJIHNATH aKcTpanossnuio Ha 1/2 RTT, rpebyercs cHavaia onpeaesuTh Be-
mrunay RTT. Tak Kak yacel Ha cepBepe 1 KJIMEeHTe MOTYT ObITh PACCHHXPOHU3HPOBAHBI,
MIPOCTEHUITNI TIPHEM, KOT/Ia CepBep BKII0YAET OTMETKY BPEMEHU B MTAKeT, a KJIUEHT MPO-
Bepser ee, He cpaboraeT. BMeCTO 9TOT0 KJIMEHT JOJKEH OIPEAEIUTD MOJHBINA Mepuo/
RTT u paznenuts ero nonoJiam. Ha puc. 8.4 nmokasano, kak aTo c/ieath.

0 mc 100 mc
Maket Mpuem naketa
KnneHT A C OTMETKOW C OTMETKOW RTT =
BpEMeHU: BpPEMEHMU: 100 mc — 0 mc
0 mc 0 mc

OTnpaBka
Mpuem naketa nakerta
Cepeep C OTMETKOM | ¢ cocTosH!em
BPEMEHMU: N OTMETKOWA
0 mc BpEMEeHM:
0 mc

50

MC

Puc. 8.4. Onpepenenne nepvoaa RTT
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KinenT nocolnaet cepBepy akeT ¢ OTMETKOM BPEMEHH 110 JIOKAJIbHBIM YacaM KJIUEeHTA.
ITosyuus ero, cepBep KOMUPYET OTMETKY BPEMEHU B HOBBIH MTAKET U MOCHLIAET 0OPATHO
kymenTy. Korjia KJImeHT mprMeT HOBBIH TTaKeT, OH BBIYUCIUT PA3HOCTh MEKITY TEKY MU
MOKA3aHUAMU CBOMX YaCOB U OTMETKOM BPeMEHU B I1aKeTe U IOJYYUT TOUHOE KOJInye-
CTBO BpeMeHH, TIOTPeOOBaBIIeeCst Ha TIEPECHLIKY MTAKETA CEPBEPY U TIOJIYUYEHUE OTBETA, —
orteHky RTT. Mcnomp3ys aTy nHDOpMaNNio, KINEHT CMOKET OIeHUTh, HACKOIBKO CTapa
ocrajbHas MH(GOPMaIng B IAKeTe, U 9KCTPAIIOJINPOBATH [10JIy4eHHOE COCTOSIHUE.

BHMUMAHME He 3a6biBaliTe, 4To 1/2 RTT — 3T0 Kb NpUBAMKEHHas OLEHKa Bo3pacTa AaHHbIX. Tpa-
vk He 06s13aTeNbHO TeYET B 060MX HaMpaB/eHNsIX C OAMHAKOBOW CKOPOCTbIO, @ NOTOMY haKTUyeckoe
BpeMsi nepesayv nakeTa Mexzay CepBepoM U KIMEHTOM MOXeT 6biTb 6onblue nnn meHblwe 1/2 RTT. Ho,
Kak 6bl TO HY 6bIn10, 1/2 RTT — AOCTAaTOYHO XOpoLuasi OLEeHKa A/ MHOTUX NMPaKTUYECKUX MPUMEHEHUI.

B urpe «Robo Cat Action», o6cyskaaBiieiicst B TraBe 6, KJIMEHT yiKe MOCBLIAET CePBEPY
HAKETBI C OTMETKON BPEMEHH, II09TOMY OCTaJIOCh JIMIIb OPraHU30BaTh BO3BPAT CEPBEPOM
caMoli rmocJje/THedl OTMETKY BpeMeHu KianueHTy. B muctunre 8.1 mokasanbl u3aMeHeHus
B NetworkManagerServer, KOTOPbIE PEATU3YIOT ITY OIEPAIIHIO.

Jinctmur 8.1. Bo3BpaT KJIMEHTY ero 0OTMEeTKU BpeMeHu

void NetworkManagerServer::HandleInputPacket(
ClientProxyPtr inClientProxy,
InputMemoryBitStream& inInputStream)
{
uint32_t moveCount = 0;
Move move;
inInputStream.Read(moveCount, 2);
for(; moveCount > ©; -moveCount)
{
if(move.Read(inInputStream))
{
if(inClientProxy->GetUnprocessedMovelist().AddMoveIfNew(move))
{

}
}
}

inClientProxy->SetIsLastMoveTimestampDirty(true);

}

bool MoveList::AddMoveIfNew(const Move& inMove)
{
float timeStamp = inMove.GetTimestamp();
if(timeStamp > mLastMoveTimestamp)
{
float deltaTime = mLastMoveTimestamp >= 0.f?
timeStamp — mLastMoveTimestamp: ©.f;
mLastMoveTimestamp = timeStamp;
mMoves.emplace_back(inMove.GetInputState(), timeStamp, deltaTime);
return true;

}

return false;
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}

void NetworkManagerServer::WritelLastMoveTimestampIfDirty(
OutputMemoryBitStream& inOutputStream,
ClientProxyPtr inClientProxy)

{

bool isTimestampDirty = inClientProxy->IsLastMoveTimestampDirty();
inOutputStream.Write(isTimestampDirty);
if(isTimestampDirty)
{
inOutputStream.Write(
inClientProxy->GetUnprocessedMovelist().GetLastMoveTimestamp());
inClientProxy->SetIsLastMoveTimestampDirty(false);

}
}

Kasknprit Bxongmuii makeT BBOjIa cepBep IepesiaeT MeToy HandleInputPacket, koTo-
pbiii BbI3biBaeT MeTo/i AddMoveIfNew CIIMCKA TIepeMellleHu i 1719 KaxK0To epeMelieHus
B maxere. AddMoveIfNew IIpoBepsAeT OTMETKY BPEMEHU B IIEPEMEIEHNN, CDABHUBA C OT-
METKOH BPEMEHU CaMOTO TIOCJIeTHETO TPUHATOTO TiepeMentenns. Eci ora okaspiBaeTcst
Gouiee cBesKeil, MeTo H00ABIISIET IIEPEMEIIEHNE B CIINCOK 1 OOHOBJIET 3HAYEHNE CaMOI
nocseHelt ormeTku Bpemen. Ecii AddMoveIfNew 100aBII Kakoe-TuG0 epeMelieHue,
MeTos HandleInputPacket oTmMedaeT caMyIo ITOCJIEAHIOI0 OTMETKY BPEMEHU KaK W3-
MeHUBIIYIOCs, 4ToObI NetworkManager 3HaJI, 4TO JOJIKEH IIOCAaTh ee KaueHnty. Korza,
HaKOHEII, IPUIET BPeM: ITOCIATh MaKeT KIANEHTY, NetworkManager 06Hapy>KHT, qTo
OTMEeTKa BPEMEH! KJIMEeHTa U3MEHUJIACh, M 3aITUIIIET ee B rakeT. KianeHT npumMer aty ot-
MeTKY BpeMeHH, HaliieT Pa3HOCTb MEKTy Hell U TeKYIIUM BpeMeHeM U TOJIYYUT TOUHBIN
MHTEPBAJI BpeMEH!, IIPOIIEAIIero ¢ MOMEHTa OTIIPABKIU BBO/IA Ha CEPBEP /10 MOJIYyUCHUS
COOTBETCTBYIOIIErO OTBETA.

PacyeT TpaeKkTopun ABUXKEHUS

BosbmmHCTBO acnekToB UIPOBOTO MOJIEJTMPOBAHUS UMEIOT JIeTePMUHUPOBAHHYIO
IIPUPOLY, TIOITOMY KJIUEHT MOKET IIPOU3BOJUTD 9KCTPAIOJSINIO, TIPOCTO BBIITOJIHAS
KOIIMIO cepBepHOTro Koja. Mogesb rosieta 1myJin B BO3/IyXe OJJMHAKOBA UTO Ha cepBepe,
YTO Ha KJneHTe. Msun OTCKaknBaloT OT CTEH U OT I10J1a U IIOYUHSIOTCST OZTHOMY U TOMY
JKe 3aKOHY BCEMHUPHOTO TATOTeHUs. Ecam KaneHT nMeeT KOMUIO IPOTPAMMHOTO KO/Ia,
MO/IEJINPYIOIIEro MOBEeHNEe UCKYCCTBEHHOTO NHTEJJIEKTa, OH CMOXKET MOJIEINPOBATh
Jlake JIBUYKEHUE UTPOBBIX 00EKTOB, HA/IEIEHHBIX HCKYCCTBEHHBIM HHTEJLIIEKTOM, 4TOOBI
MaKCUMATbHO CHHXPOHU3UPOBATH WX € cepBepoM. OIHAKO CYIIECTBYET OINH KJIAcC 00b-
eKTOB ¢ aBCOMOTHO HEIETePMUHUPOBAHHBIM TIOBEACHNEM, He TIOJIAIONIIXCST TOUHOMY
MOJIEJTPOBAHUIO: 00BEKTBI, KOTOPBIE YITPABJISIIOTCS YeIOBEKOM. KIIMEHT He MOKET 3HATh,
YTO [yMAIOT yAAJE€HHbIE HTPOKH, KAKKe ACHCTBUS OHU COOUPAIOTCS HHUIIMUPOBATH WJIH
Ky7Zla IBUTATBCS. ITO YCIOXKHAET 9KCTPAIIOJIAINIO. B 9TOM cityyae srydliee peleHue s
KJIMeHTa — JleJlaTh IPe/IIIoI0XKeHNs, a 3aTeM KOPPEKTUPOBaTh UX 110 Mepe T0JyYeHUsT
0GHOBJIEHMT ¢ cepBepa.

Pacuem mpaexmopuu deudicenuss B ceTeBo nrpe — 9TO 1polecc 1mpeacrka3anusd 110~
BeAeHNA CYHIHOCTU Ha OCHOBE IIPEAIIOJOKEHNA, YTO OHA TPOOJIKUT ZeJaTh TO, YTO
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JleaeT B HACTOSIIIUI MOMEHT. Eciiv yrpaBisieMbIil 4eJIOBEKOM MepcoHak GEKUT, MOKHO
MIPEIOJIOKITD, YTO OH MPOAOJLKUT GET B TOM JKe HarpaBjieHuu. Eciu yrpaBisieMbiit
YEJIOBEKOM CaMOJIET BBITIOJNHAECT BUPAK, MOKHO IIPEAITOJIOKUTD, YTO OH MPOJOJIKUAT
BBIIIOJTHSTH BUPAXK.

Korma MozenupyeMblii 00bEKT yIIPaBJISIETCS YeJTOBEKOM, PACUET TPAEKTOPUH JBIKEHUST
JIOJKEH TTPOU3BOUTH TOT Ke TTPOTPAMMHBIN KOJI, YTO U HA cepBepe, HO B OTCYTCTBUE
W3MEHSTIOErocsl BBOJIa UTPOKA. JTO O3HAYAET, UTO B JIOTIOJTHEHUE K KOOPJAWHATAM
00bEKTOB, YIIPABJISEMBIX UTPOKAMH, CEPBEP H0JIKEH TIePeChliaTh BCE MapaMeTphl, Hc-
[0JIb3yeMbI€ B MOJIEJTUPOBAHUH OyIYIIUX KOOPAUHAT. B UX 4KCII0 BXOAAT CKOPOCTD,
YCKOPEHWeE, COCTOSTHUE TIPBIKKA WM KaKue-TO JPyTrue BEJTUIMHBI, B 3aBUCUMOCTH OT
creru@uKU UTPhL.

[Toka yjajieHHbIe UTPOKU MPOJIOJIAKAIOT JEJIaTh TO, YTO OHU JIEJIAIOT, PACYET TPAEKTO-
pUU ABVIKEHUST MO3BOJISIET KINEHTAM TOYHO MPEACKA3bIBATH TEKYIIEe COCTOSHIIE Ha
cepsepe. Ho cTouT yaieHHoMy UTPOKY CIeTaTh HEOKUTAHHOE JIEHCTBIE, U COCTOSTHUE
UTPOBOIA MOJIEJTU HA CTOPOHE KJIMEHTA OTKJIOHUTCS OT UCTUHHOTO COCTOSTHUS, TIOITOMY
OHO JTOJKHO OBITH CKOPPEKTUPOBAHO. Tak Kak PacueTh OMUPAIOTCS HA TPEITTON0KEHUST
U BBITOJIHATOTCS 70 MOTYYEHUsT (DAaKTHUECKON MH(MOPMAIINH, PACUET TPACKTOPUH [IBUKE-
HUS HEe CYUTAETCSA KOHCEPBATUBHBIM JITOPUTMOM — €T0 HA3BIBAIOT ONMUMUCTIULECKUM
aneopummom. OH HAZIEETCST Ha JyUIIiee, 9aCTO AT TOYHBIH TIPOTHO3, HO MHOT/A PE3YJTb-
TaTBl PACYETOB OKA3BIBAIOTCS OMMHOOUHBIMHU 1 TPEOYIOT KOPPEKTUPOBKI. ITY CUTYATIIO
WILTIOCTPUpPYET puc. 8.5.

€ MogenupoBaHue OBUXEHUS ¢ lMpepckasaHve gBUxKeHUs
nepcoHaxa b Ha cepBepe nepcoHaxa b Ha knueHTe
184 mc 184 mc
Mo3: (134, 50) Mo3: (134, 50)
Ckop: (0, 1) Ckop: (0, 1)

0 mc 67 mc 117 mc 50 mc 117 mc
Mo3: (0,0) To3: (67,0) TIos: (134, 0) Mos: (50, 0) Mo3: (117, 0)
Ckop: (1,0) Ckop: (1,0) Ckop: (0, 1) Ckop: (1, 0) Ckop: (1, 0)

Puc. 8.5. OnNBOYHbIN pacyeT TPaeKTopuUn ABUKEHUS

[Tycts Bpemsa RTT cocrasasger 100 mc, a ckopocTb cMeHbI KajipoB — 60 KagpoB B ce-
kynmy. B moment 50 Mc kineHT A mosydaer nH(GOPMAIIMIO, 4TO MEPCOHAK UTPoKa b
Haxoautcst B Touke (0, 0) u gBuKeTCs BAOJIb 0cu X B CTOPOHY TTOJIOKUTEIbHBIX 3HAUE-
HUIi O CKOPOCTBIO 1 eIMHUIIA B MUJIIMCEKYH/TY. Tak Kak 9TO COCTOSHUE UMEJIO MECTO
1/2 RTT tomy Hazaz, kIveHT A mpejrosaraet, YTo mepcoHax b mpojoskaer 1BUTaThCst
C TIOCTOSTHHOW CKOPOCTHIO U yepe3 50 Mc, TO eCTh K MOMEHTY OTOOPaKEHsI Ha CTOPOHE
kivenTa A, nosoken okazarbest B Touke (50, 0). /lanee B Teuenue 4eTbipex KaipoBs, 10
MTOJTYYIEHUS CJIETYIOTNIETO MAKeTa ¢ COCTOSTHUEM, KIIMEeHT A TPOI0IKaeT MOJIEINPOBATh
JIBIDKeHUe TepcoHaka b B kaxgom kajpe. B yerBeprom kajpe, B Moment 117 mc, on
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MIPOTHO3UPYET, YTO TlepcoHax b jomken okazarbes B Touke (117, 0). B ator MomeHT
OT cepBepa MPUXOAUT TIAKET, COTJIACHO KOTOpoMy repcoHaxk b nmeer cxopocts (1, 0)
u HaxoauTes B Touke (67, 0). Kimment cHoBa BeITosiHSAET sKcTpanossiiuio Ha 1/2 RTT
1 0OHAPYKUBAET, UTO UCTHHHASI [TO3UIIUST TIEPCOHAYKA COBITAJIA C BBIYMUCJIECHHOM.

[Toka Bce xopomio. Kiament A npojoJikaeT MOAeIMPOBATh ABUKeHUE MepcoHaxka b
U B YETBEPTOM Kajipe TPE/ICKa3bIBAET, YTO TOT oKaxkeTcd B Touke (184, 0). Ho B aToT
MOMEHT OH TIPUHKMMAET TTaKeT, B KOTOPOM CepBep COOOIIAET, YTO MePCOHAkK HAXOAUTCSI
B Touke (134, 0) u ero ckopocts ctasa (0, 1). Beposrtho, urpox b ocranosuiics, 3ametnn
MPOTUBHUKA, U Penini atakoBath ero. Mosesuposanue Ha 1/2 RTT Buepen naet B pe-
gyaprare mosuiuio (134, 50) — coBepIieHHO He Ty, YTO MPeACcKa3all aITOPUTM pacyeTa
TPAeKTOPUU JBUKEeHUsT Ha KineHTe A. VITpOK BBITIOJIHII HEOKUIAHHOE, HEllPeICKa3y-
eMoe JIeHCTBIe, N3-3a UETO COCTOSTHUE JIOKAJIbHOI MOJIe/IN Ha KJINEeHTe A OTKJIOHIJIOCH
OT UCTUHHOTO COCTOSTHUSI UTPOBOTO MUPA.

Korza kmenT 06Hapy KUT, UTO JTOKATbHAST MOJIC/Th UMEET CYIIECTBEHHBIE PACXO/KICHUS,
y HETO €CTh TPH CocoOa UCTIPABUTH CUTYAIIHIO:

O MrHoBeHHO€E HCTIPaBJIeHHEe COCTOSHUA. VITPOK MOXKET 3aMETUTH CKAYKO0Opa3HOe
mepeMertenre 06 HEKTOB, HO 9TO JydUIile, YeM TTPOIOIKATD 0OTOOPAKATH HETOUHYIO
mozesb. He 3a6biBaiiTe, 0/iHAKO, 4TO BHOBb MOJYYEHHOE COCTOSTHIE BCE EIIle OTCTAET
OT UCTUHHOTO cocTosgHus Ha cepBepe Ha 1/2 RTT, moaTOMy KJIMEHT JOJIKEH HC-
MIOJTb30BATH AJITOPUTM PacueTa TPAEKTOPUN IBIKEHNUS U TOCTIeHEe COCTOSTHUE JIJIsT
nporHo3upoBanud nozuiiuu yepes 1/2 RTT.

Q MUntepnosnsamus. Kak pacckasbIBasoch Bblllle, UTPa MOXKET IJIABHO UHTEPIIOJUPOBATH
M3MeHeHUe COCTOSTHUS B TeUeHMe HeCKOJIBbKNX KafpoB. TO eCcTh MOKHO BBIYMCIUTD
U COXPAHWUTDH OTKJIOHEHWE 7T KaKIOTO MapaMeTpa ¢ OMMHO0YHBIM 3HaYeHeM (1T0-
3UIUS, YTOJI TIOBOPOTA U [IP.), KOTOPOE 3aTeM YYUTBIBATH B KAJKIOM MOCJIEIYIONEM
Kazpe. Kak BapraHT MOKHO TIPOCTO MEPEMECTUTH OOBEKT JI0 TTOJOBUHBI Ty TH K HC-
THUHHOMY COCTOSIHUIO U JK/IaTh, IIOKA C cepBepa IPUJIET ceyloliee COCTOSIHUE, 4TO-
ObI IPOIOJIKUTE KOppekiuio. OUH U3 MOMYJISPHBIX METO0B, OCHOBBIBAIOIIUICS
HA UHTEPTIONSINN KyOMUECKUM CIJIAIHOM, 3aKJII0UAeTCsS B CO3/IaHIH TPAEKTOPUH,
COOTBETCTBYIOMIEH 06EMM TO3UTIHSIM U CKOPOCTH JIJIS TIABHOTO TIEPEMEIEHNUST U3
IIPe/ICKa3aHHOTO COCTOSIHUS B CKOppeKTHpoBanHoe. Ccpliika Ha JONOJHUTEIbHYIO
uH(bOpMAIHIO 06 3TOI METOANKE TPUBOIUTCS B pasjiesie «JIJish TOTOTHUTETHHOTO
YTEHUS>.

0 Koppexknus cocrosHus BToporo nopsaka. Jlaxe njiaBHas MHTEPHOJIAIUS MOXKET
BBI3bIBATh HEPUSITHDBIE OLLYIIEHNS U3-32 BHE3AITHOTO U3MEHEHUST CKOPOCTH TTOUYTH
CTAIMOHAPHOTO 00beKTa. [IJIsT CTTAKUBAHUS HTUX M3MEHEHNH UTPA KOPPEKTUPYET
IapaMeTpbl BTOPOTO TOPS/IKA, TaKUe KaK YCKOPEeHUe, TIPUBOJIS MOJIEb B IIPABUIIb-
HOE COCTOSTHUE. DTOT MPUEM TPeOYeT CJIOKHBIX MATEMATUIECKUX BBIYUCIIEHHIT, HO
crocobeH ciesmath KOPPEKIINIo MeHee 3aMeTHO1.

O06bBIYHO B HI'paX NCIIOJIb3YIOTCA KOM6I/IHaL[I/II/I IepedncJaeHHbIX METOAOB UCXOA N3 BEJIN-
YW HbI paCXOH(JIeHI/Iﬁ 1 ocobeHHoCcTel UTPbI. B nmHaMmmuHbIx UTpax, TAaKNX KaK Iy TEPhI,
JUTA KOPPEKINN HESHAUYUTEbHDBIX OTKJIOHEHUI 0OBIYHO NCIIOJIb3YETCA UHTEPIIOJIATIINA,
a /UL KOPPEKIIMU CYHIECTBEHHBIX — MIHOBEHHOE UCIIPpaBJIEHUE. B menee muHaMmaHBIX
Hrpax, TakKux Kak UMHUTAaTOPbI IMOJIETOB UJIN MOJIEJIN TUTAHTCKUX MEXaHNYECKUX pO60-



MporHo3mpoBaHMe Ha CTOPOHE KIMEHTa 257

TOB, UCTIOJIb3YETCS KOPPEKIIUS COCTOSHISI BTOPOTO TIOPSI/IKA JITIST TIOOBIX PACXOKICHUH,
KpOMe 0COOEHHO OOJIBIINX.

Pacyer TpaekTopun ABUIKEHHUS XOPOMIO TTOIXOIUT JIJIsSI MOJIEIMPOBAHNS Y/laJIeHHBIX
WTPOKOB, TIOTOMY YTO JIOKQJIBHBIN UTPOK B IEHCTBUTEIHHOCTI HE 3HAET TOUHO, UYTO OHU
nesaioT. Korga urpok A BUANT, 4To 1epcoHax urpoka b nepecexaer urposoe 1ose Ha
9Kpalle, pacdeTHOe I10JI0KeHu e IIepcoHa)a OTKJIOHAETCS 0T UCTUHHOTO, TOIbKO KOIA
nrpok b MeHsieT Hanpassienne, HO UTPOKY A TPY/THO OIIPEeSTUTh, KOT/IA 3TO TIPOUCXO/IUT;
(baxTyecku UTPoK A He MOXKET 3HATh, KOT/la UTPOK b M3MeHUIT BBOJI, €CJIM TOJBKO OHU
He HaXO/sITCA B OJHON KOoMHaTe. IloaToMy 17151 Hero MMUTAIMS BBITJISI/IUT HEITPOTHUBO-
peunBo, Jaxe IIPU TOM, YTO KJINEHTCKOEe IIPUJIOJKEHIE BCer/ia IIPe/ICKa3biBaeT pa3BUTHE
co6brtuii Ha 1/2 RTT Briepen o MOMeHTa, epPeatHoOro ¢ cepBepa.

MporHo3npoBaHue 1 NepenrpoBKa LWaroB KnNeHTa

Pacder TpaekTopumn IBMIKEHUS HE MOXKET CKPBITDH 33/IEPKKY OT JJOKAJTbHOTO UTPOKA.
[TpemcraBbre, YTO UTPOK A Ha KJIMEHTe A HAYMHAET ABUKEHUE BIlepe. AJITOPUTM pac-
YyeTa TPAEKTOPUU KCIIOJIb3YeT COCTOSIHIE, IPUCIAHHOE CEPBEPOM, TOITOMY C MOMEHTA,
KOT/Ia OH HAXKMET Ha KJIaBUIIY «BIIepel», U 0 MOMEHTA, KOT/Ia BBOJL TIOMA/IET Ha CepPBeP,
npoiizer 1/2 RTT, u TosbKo 110CsIe 9TOTO cepBep CKOPPEKTUPYET CKOPOCTH €T0 1TepPCco-
Haxa. 3areMm nonagoburcs eme 1/2 RTT, uToObl n3MeHNBIIEECS 3HAYEHIE CKOPOCTH
BEPHYJIOCH K KJIUEHTY A, M TOJIBKO TIOCTIE HTOTO UTPA CMOKET 33/I€HICTBOBATH AJITOPUTM
pacuera TpaekTopun. B pe3ysibrate Bo3HUKaeT 3ajieprkka ainHoi B iepuon RTT mexmy
MOMEHTOM, KOT/Ia UTPOK HAXKMET KJIABUIITY, 1 MOMEHTOM, KOT/Ia OH YBUJIUT PE3YJILTaT.

CymiectByer Jsyunias agbrepHaTuBa. Irpok A BBOIUT BCe CBOM KOMAaH/IbI HETIOCPEI-
CTBEHHO Ha KJIMEHTE A, IOITOMY UTPa HA KJIMEeHTe A MOKET HATIPSIMYIO UCTIOJIb30BATh
BBOJI JIJIs1 MOZiesinpoBanus. Kak TObKO UTPOK A Ha)KMET KJIABUIILY <«BIIEPE/», KJIUEHT
MOJKET HauaTh MOJICIUPOBATD JIBUKEHIE €T0 MepcoHaka. Korzia naker BBOJA IOCTUTHET
cepBepa, OH TaK:ke HAUHET MOJICTMPOBAHNE, MI3MEHSISI COCTOSTHIE repcoHaska A. OiHaKo
He BCEe TaK MPOCTO.

IIpo6GieMa BO3HUKAET, KOIZIa CEPBEP MOCBLIAET O0OPATHO KJIMEHTY A IAKET ¢ COCTOSHUEM
ero repconaka. Kak BbI TOMHUTE, KOT/IA UCHOJIB3YETCs ITPUEM ITPOTHO3MPOBAHUS HA CTO-
POHe KJIMEeHTa, Bce BXOJISTINE COCTOSHUS JIOJIKHBI MOJIETTUPOBATHCS C OTIepeKEeHNEM Ha
nonosHuTeabHyI0 Besnunny 1/2 RTT, 4To6b! IpUBECTH JIOKAJIBHYIO MOJEIb Kak MOKHO
GJIMKE K ICTHHHOMY COCTOSIHMIO UTPOBOTO MUPa. MoJegupyst TelCTBUS yIaJIeHHBIX
WUTPOKOB, KJIMEHT MOKET MPOCTO MCIOJIb30BATh AJITOPUTM pacueTa TPAeKTOPUH U TPO-
THO3MPOBATH MOJIOKEHUE TIEPCOHAKEN Y/IaJIEHHBIX UTPOKOB, UCXO/IsI U3 MIPE/ITOJI0KEHUS
HensMeHHOCTH BBozia. OGBIYHO OGHOBJICHHOE BXOJISAIIIEE COCTOSTHIE TOYHO COOTBETCTBYET
COCTOSTHUIO, CITPOTHO3MPOBAHHOMY KJIMEHTOM, a €CJIN HET, KITMEeHT MOKeT TIIIAaBHO CKOP-
PEKTUPOBATh MECTOTIOJIOXKEHNE TIePCOHAXKEN YIaJeHHbIX UTPOKOB, UCIIOJIb3Ysl IPUEM
unTepnosasuun. Ho a1ot c1riocod He roautest 1 nepcoHasKeil JOKaJibHbIX UTPOKOB. JIo-
KaJIbHBIE UTPOKU TOUHO 3HAIOT, T/Ie HAXOAATCS UX MEPCOHAKH, U CPA3y 3aMETST MOIBITKY
unTepnossuuu. OHu He JoJKHBL HaboaaTh o derT apeiica niu criakuBaHust, KOria
M3MEHSIOT CBOU BBOJ. B mzease mepeMennennst TOKHBI BBITJISETD 75 JOKAJbHOTO
UTPOKa TaK, Kak ecJii Obl OH UTPaJ B OJHONOJIb30BATENbCKYIO HECETEBYIO UIDY.
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O/1HO U3 BO3MOKHBIX PElIeHUH COCTOUT B IIOJTHOM UTHOPUPOBAHUU COCTOSIHUS JIOKAJIb-
HOTO TIEPCOHAXKa, MOJIYYeHHOTO OT cepBepa. KimeHT A MOXKeT Onpe/ieIuTh COCTOSHHE
TepcoHaka A, OCHOBBIBASICh MCKITIOUNTETHHO HA Pe3YJIbTaTax JIOKATBHOTO MOJIEIIPO-
BaHUsA, U UTPOK A GyzieT HabII0aTh TIaIKOE, HEIPOTUBOPEYNBOE MTEPEMEIEHUE CBOETO
nepcoHaxka 6e3 Kakux-a0o 3azepkek. K coanieHnio, n3-3a 3T0ro MOryT BO3HUKHYTh
PaCXOKIEHUS MEK/TYy COCTOSTHIEM TTePCOHAKa Ha KIWEHTe A M ICTHHHBIM COCTOSTHIEM Ha
cepsepe. Ecoint nepconask urpoxa b Bpeskercs B iepconazka urpoxa A, kjameHt A He cMo-
JKET TOYHO CIIPOTHO3UPOBATh, KAK cepBep 00paboTaeT 3TO CTOJKHOBeHUE. TOJIBKO cepBep
3HAeT NCTHHHOE MECTOIOJIOKeHNe TTepcoHaska b. KameHT A mmeeT U pacdeTHYTO
amMpPOKCUMAIINIO, TOITOMY OH HE B COCTOSTHUM 06paboTaTh CTOJIKHOBEHIE B TOYHOCTH,
Kak aTo ciemnaet cepBep. Ha cepBepe nepconak A MOKET OKa3aTbCs B OTHEHHOM siMe,
HO TIPOCKOYNTH MUMO ¥ OCTaThCst €3 MOBPEKICHUN Ha KJIMUEHTE M TEM CaMbIM BbI3BATh
Hepasbepuxy. Tak Kak KIMEHT A UTHOPUPYET JI000€e BXOJAIIEE COCTOSTHYE TIePCOHaXka A,
KJIMEHT ¥ cepBep HUKOT/Ia He CMOTYT CHHXPOHU3UPOBATH CBOU MOJIEJIH.

K cuactbio, cymiecrByer siyuiiiee petierue. [Toyaus cocrosinue repconaxa A ¢ cepse-
pa, KJIMEHT A CMOKET UCIIOIb30BaTh BBOJ UTPOKA A, 4TOOBI TIOBTOPHO CMOJIEINPOBATDH
J0ObIe U3MEHEHNUS B COCTOSHUY, MHULMUPOBAHHbIE 00pab0TKOIl COCTOSHIUS HA CEPBEPE.
Bwmecto nporanosupoBanus Ha Bennunny 1/2 RTT ¢ npumenenuem anropurMa pacueTa
TPAeKTOPUH IBMKEHUS KIUEHT MOKeT cMojienpoBath natepsas 1/2 RTT, ncnonpays
TOYHO M3BECTHBIN BBOJ I10JIb30BATENsA A, KOTOPHII ObLI 3a7€fiCTBOBAH [IPH I€PBOHA-
YaJIbHOM MOJIeTUPOBaHUN. BBesis MoHATHE waza M CBsI3aB COCTOSHIE BBOIA C OTMETKOM
BpeMeHU, KJINEHT CMOKET Y3HATh, UTO Jlesiall UTPOK A Bce 3To BpeMs. Besiknii pas, momy-
4ast TAKeT C COCTOSTHUEM JIOKAJIbHOTO TTEPCOHAXKA, KJIMEHT CMOKET BbISICHUTD, KAKHE eTo
IIary cepBep He yCIes MOTyYNTh, TPUCTYTIasd K BRIUUCIEHUIO 9TOTO COCTOTHNUS, U 3aTeM
NPUMEHHUTD UX JIOKaJIbHO. EC/In He cIydrioch HIYero HeOKMIAHHOTO B BUIE COOBITHS,
WHUIIUUPOBAHHOTO Y/IAJIEHHBIM UTPOKOM, B PE3YJIBTaTe JOJKHO TOJYUUTHCS TO JKE CaMOe
COCTOSIHME, KOTOPOE KITUEHT ysKe CIIPOTHO3UPOBAL.

Yro6bI 106aBuTh B urpy «Robo Cat Actions moasep:KKy meperurpoBKH IaroB, CHaYaIa
JO0ABKM IIATH B CIIMCOK M COXPAHUM, [TOKa CepBep He yuTeT UX IPU pacueTe HOBOIO CO-
cTOsHM UTphl. B muctunre 8.2 nokasanbl HEOOXOIMMBIE IJISI 9TOTO M3MEHEHUSL.

Jinctuur 8.2. CoxpaHeHue wWaros

void NetworkManagerClient::SendInputPacket()
{
const Movelist& movelList = InputManager::sInstance->GetMovelList();
if(movelList.HasMoves())
{
OutputMemoryBitStream inputPacket;
inputPacket.Write(kInputCC);
mDeliveryNotificationManager.WriteState(inputPacket);

// 3anucaTb Tpu MNOCNEAHUX Wwara ANA HagexHocTu!
int moveCount = movelList.GetMoveCount();
int firstMoveIndex = moveCount — 3;
if(firstMovelIndex < 3)
{

firstMoveIndex = 9;

}
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auto move = movelList.begin() + firstMoveIndex;
inputPacket.Write(moveCount — firstMovelIndex, 2);
for(; firstMoveIndex < moveCount; ++firstMoveIndex, ++move)

{
}

SendPacket(inputPacket, mServerAddress);

}
}

move->Write(inputPacket);

void
NetworkManagerClient: :ReadLastMoveProcessedOnServerTimestamp(
InputMemoryBitStream& inInputStream)

{

bool isTimestampDirty;
inInputStream.Read(isTimestampDirty);
if(isTimestampDirty)

{

inPacketBuffer.Read(mLastMoveProcessedByServerTimestamp);
mLastRoundTripTime = Timing::sInstance.GetFrameStartTime()

— mLastMoveProcessedByServerTimestamp;
InputManager: :sInstance->GetMovelList().

RemovedProcessedMoves (mLastMoveProcessedByServerTimestamp);

}
}

void Movelist: :RemovedProcessedMoves(
float inLastMoveProcessedOnServerTimestamp)

{
while(!mMoves.empty() &&

mMoves.front().GetTimestamp() <=
inLastMoveProcessedOnServerTimestamp)

{

mMoves.pop_front();

}
}

O6paTuTe BHUMaHUE, 4TO Terepb SendInputPacket He OYMINAET CIMCOK IIATOB TTOCTE
orrpasku maketa. [IIaru poo/LKaloT XPAHUTHCST B CITUCKE, YTOOBI HX MOKHO OBLIO HC-
MOJTH30BATD /IS TIEPENTPOBKH TIOCJIE TIOJYUEeHUST COCTOSTHUS OT cepBepa. [Ipu aTom Mbl
[I0JIy4aeM JIONOJHUTEIbHOE IPEUMYIIECTBO: TaK KaK Telepb HIark XpaHsaTcs N0JIble,
4eM MaKeT, KJAUMEHT MOCBLJIAeT TPU MOCJAEeIHUX Iara u3 crnucka. To ectsb ecan Jodoi
MaKeT BBOJA OYJIET MOTEPSH TI0 TIyTU K CEPBEPY, Y IIara OyAeT elle Be BO3MOKHOCTH
1o6PaTHCS /10 cepBepa. ITO He TAPAHTHPYET HAJIEKHOCTH, HO CYIIECTBEHHO YBETMINBAET
BEPOATHOCTbH yCIIexa.

Korma kinuenr MOJIYYUT MAKET C COCTOAHNEM, OH BBI3OBET ReadLastMoveProcessedOnSe
rverTimestamp jJist 0OpabGOTKHM 1IAr0B ¢ OTMETKAMI BPEMEHU, KOTOPbIE BEPHYJI CEPBEP.
OG6Hapy KUB TAKOH Iar, OH BBIYTET OTMETKY BPEMEHH M3 3HAYCHUSI TEKYITETO BPEMEHH,
uT06bI onpeseantsh BemunHy RTT, KoTopasi IPUTOAUTCS st pacdyeTa TPAeKTOPUU
JBUIKEHUSI. 3aTeM BbI30BeT RemovedProcessedMoves, YTOObI YAAINUT IIArK ¢ OTMETKAMU
BpPEMEHHU, MEHBIITUMU JIaHHOM OTMETKHU WJIM COBIAJAIONIMMU C Heil. ITO 03HaYaeT, 4YTo
110 3aBepiiieHuN ReadLastMoveProcessedOnServerTimestamp JOKaJIbHBIN CIIUCOK ITIATOB
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Ha KJIHEHTE OY/IET COEePIKaTh TOJIBKO T U3 HUX, KOTOPbIE ellle He JOCTUTIIN cepBepa
U TOTOMY JIOJIKHBI ObITH IPUMEHEHBI K JII0OOMY COCTOSTHUIO, TIOJIy4EHHOMY OT CepBepa.
B muctunre 8.3 mpuBOASTCS TOTMOTHEHNS K METOTY RoboCat: :Read ().

Jinctuur 8.3. Nepeurposka wiaros

void RoboCatClient::Read(InputMemoryBitStream& inInputStream)
{

float oldRotation = GetRotation();

Vector3 oldLocation = GetLocation();

Vector3 oldVelocity = GetVelocity();

//... Kof 4TeHMA COCTOAHMA OnyleH ...
bool islLocalPlayer =

(GetPlayerId() == NetworkManagerClient::sInstance->GetPlayerId());
if(isLocalPlayer)
{

DoClientSidePredictionAfterReplicationForLocalCat(readState);
¥
else
{

DoClientSidePredictionAfterReplicationForRemoteCat(readState);
¥

// ecnn 3TO He MakeT C KOMAHAOW CO3[aHUA, CrnaguTb Nilbble CKayku
if(!IsCreatePacket(readState))
{
InterpolateClientSidePrediction(
oldRotation, oldLocation, oldVelocity, !isLocalPlayer);
}

}

void RoboCatClient::DoClientSidePredictionAfterReplicationForLocalCat(
uint32_t inReadState)

{
// nepenrpaTb waru, TOJAbKO €C/U MOJyYeHbl HOBble KOOPAUHATHI
if((inReadState & ECRS_Pose) != 0)
{

const MovelList& movelList = InputManager::sInstance->GetMovelist();

for(const Move& move : movelist)

float deltaTime = move.GetDeltaTime();
ProcessInput(deltaTime, move.GetInputState());

SimulateMovement(deltaTime);
}
¥
¥

void RoboCatClient::DoClientSidePredictionAfterReplicationForRemoteCat(
uint32_t inReadState)
{
if((inReadState & ECRS_Pose) != 0)
{
// cmopenupoBaTb [BWXEHWE Ha [OMONHWUTENbHbIi MHTepBan RTT
float rtt = NetworkManagerClient::sInstance->GetRoundTripTime();
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// pa3buTb Ha dparmeHTb pasmepom framelength, 4To6bI HE npoiTn
// CKBO3b CTEHY U He COTBOPWUTb HUYEro U3 paga BOH...

float deltaTime = 1.f / 30.f;

while(true)

{
if(rtt < deltaTime)

{

SimulateMovement(rtt);
break;

}

else

{

SimulateMovement(deltaTime);
rtt -= deltaTime;

}
}
}

Mertoz Read cHauasia COXpaHsIeT TEKYyIIee COCTOSTHHE OOBEKTa, YTOOBI TTO3/IHEE OH CMOT
y3HaTh, TPEOYETCS JIN CrIAKUBATh KaKue-HUOY b KOPPEKTUPOBKU. 3aTeM OH OOHOBJIS-
€T COCTOSTHUE, YNTas ero U3 MakeTa, Kak OlMChIBATIOCh B IIpebIAynuX riaasax. [locie
OOHOBJIEHUST 3AITYCKAETCST AJITOPUTM TIPOTHO3UPOBAHUS HA CTOPOHE KJINEHTA, YTOODI
CIBUHYTH 1oJ1y4eHHoe coctosiiue Brepes Ha 1/2 RTT. Ecim permunpoBanHbiil 00beKT
KOHTPOJIUPYETCS JJOKAJTBHBIM UTPOKOM, BbI3bIBaeTcsI DoClientSidePredictionAfterRep
licationForLocalCat, 4TOGBI IPOUBBECTH IIEPEUTPOBKY X0/Ia. B IIPOTUBHOM CJIyyae Bbi-
3pIBaeTcs DoClientSidePredictionAfterReplicationForRemoteCat, YTOOLI BHIIOJIHUTD
pacyer TpaeKTOPHUU JBUKEHUS.

DoClientSidePredictionAfterReplicationForLocalCat cHauasa MpoBepsieT, ObLIN JIK
MOJTy4eHbI HOBbIE KOOPAWHATHL. Ecjn HeT, 3HAaUMT, AOTMOJHNTENIbHOE MOJIeTNPOBaHNE
e Tpebyercst. B TpOTUBHOM CJIydae MeTOJT BBITIOTHSIET 0GXO0T BCEX OCTABIITIXCST TITAr0OB
B CIIMCKE U ITPUMEHSIET UX K JIOKJIbHOMY TlepcoHaky RoboCat. TeM caMbIM MOJIeTUPYIOT-
cs1 BCe JIeliCTBUSI UTPOKa, TI0Ka He yYTeHHbIe cepBepoM. Eciin Ha cepBepe He CJIy4nIoch
HUYETO0 HEOKUAAHHOTO, 3Ta (GYHKIINA J0JKHA OCTABUTbh KOTA B TOM K€ COCTOSHUHU,
B KaKOM OH ObLJI TIpesk/ie, 10 BbI30Ba MeToj1a Read.

Ecaum nomyuyena nadopmarus 06 yIaJeHHOM KoTe, DoClientSidePredictionAfterRep
licationForRemoteCat cCMOZEJNPYET HOBOE MECTOIOIOKEHNE, UCIIOIb3YsI TTOCIeIHEe
usBecTHoe cocTosuue. [l 9Toro Bul3biBaeTcsl SimulateMovement ¢ COOTBETCTBYIONIUM
MHTEPBAIOM BpeMeHH, 6e3 06paboTKU BBO/A BHI30BOM ProcessInput. M cHOBa, eciu Ha
cepBepe He ITPON30IIIJI0 HUYETO HeOKUIaHHOTO, YAQJIEHHBIN TIEPCOHAXK J0JIKEH OCTaThCs
B TOM JK€ COCTOSHHHU, B KAKOM HaXOJ/MJICS 10 BbI3oBa Read. OHAKO B OT/IMYME OT JIO-
KaJIbHOTO ITEPCOHAKA BEPOATHOCTD HEOKUAAHHOTO U3MEHEHUA COCTOAHUA YIAJTEHHOTO
IepcoHaka HaMHOTO BBIIIE: VAAJeHHbIe UTPOKU YaCTO OTAAIOT Pa3andHble KOMaH/bI,
U3MeHAd HallpaBJIeHue ABUKEHNS, YBEJINYNBAA NN YMEHbIIIasd CKOPOCTh U T. 1.

ITocJte IpOrno3MpoBaHys Ha CTOPOHE KAMeHTa MeTo/] Read () B 3aK/IIOUEHHE BBI3bIBAET In
terpolateClientSidePrediction(), 4To6br 06paboTATD JIOOBIE U3MEHEHUS COCTOSIHMUSL.
[Toryuns crapoe cOCTOSTHUE, METO/I MHTEPIIOJSINI CMOKET ONPEAETINTD, HACKOJIBKO
BEJIMKU OTKJIOHEHUS], €CJIM OHU BOOOLIE MMEIOTCS, M CIJIAAUT [IEPEXO0]] M3 CTAPOIO CO-
CTOSHMS B HOBOE.
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COKpbITUE 3aAEPXKKM C MPUMEHEHNEM XUTPOCTEN
M ONTUMUCTUYECKOrO aIropuTMa

3arnas/plBaHIe Peakiini He eINHCTBEHHbIN TPU3HAK, COOOIIAOIINI UTPOKY O 3a/IePIKKE.
Korma urpox Ha)kMMaeT KJaBHUIILY, YTOObI IPOU3BECTU BBICTPEJI, OH OKUAET, YTO €ro
PYKbe BBICTPEJUT HeMeJieHHO. Korjia urpok BIMOJIHSIET OPOCOK, aTaKyst IPOTUBHUKA,
OH OJKM/IAeT, YTO ero MEePCOHAK HEMEIJIEHHO GPOCUT OrHeHHBIN miap. IlepenrpoBka
maroB He oOpabaTbiBaeT OA0OHbIE CUTYAIIMHU, I09TOMY He0OXO0AUMO uTO-TO enle. Kax
MPABUJIO, CO3/IAaHNE CHAPS/IOB HA KJIUEHTE OPTaHU30BaTh CJAUITKOM CJI0KHO, TIOTOMY
YTO OHU CO3/IAIOTCST CAMUM CEPBEPOM, a UX COCTOSTHUS TIEPECHIJIAIOTCS KITUEHTaM TT0CIe
CO3/IaHMsI, HO eCTb OoJiee TIPOCTOE PelIeHueE.

IToutu Bce IeliCTBYS B BUIEOUTPAX UMEIOT HEKOTOPbIE BU3YANLHbLE NPUSHAKU, COOOTITA-
IOTIME, YTO YTO-TO MPOU3O0MLIO. Bembimka coobimaeT o BeiCcTpese u3 Gaactepa, a BOJ-
MeGHUKN IEATOT TTACChl PYKaMU 1 G0PMOUYT 3aKINHAHUS, TPEKIE YeM BBITLICCHYTh
donTan orrss. OGBIYHO AJTUTEITBHOCTH BOCIIPOU3BE/ICHUS HTUX TIPU3HAKOB HUKAK He
MEeHBIIIe BpeMeHN TIepeadynl TaKkeTa Ha cepBep ¥ MOJMYIeHNsT OTBETa. DTO 03HAUAET, YTO
MPUITOKEHUE-KINEHT MOJKET IaTh JIOKATHHOMY MTPOKY MTHOBEHHYIO OOPATHYIO CBSA3b
B OTBET Ha JII000I BBO ¥ BOCIIPOM3BECTH COOTBETCTBYIONIMIT aHUMAIIMOHHBII 9 deEKT,
OKUIAs, TIOKA MOJIETTUPOBAHIEe OY/IET BHITTOTHEHO Ha cepBepe. To eCTh KIANEHT TOJIKEH
JIUTIb BOCIIPOM3BECTH HAYAJIbHBIH aHMMAIMOHHBIN 2(DhEKT U 3BYK, HO HE CO3/1aBaTh
cam cHapsi. Eciu Bce cl0KUTCS yIauyHo, IOKA KJAUEHT BOCIIPOU3BOAUT BU3YaJIbHBIN
acddexT, cepBep IpUMeT TTaKkeT BBO/IA, CO3/IACT OTHEHHBIH IIap U MePeIIeT ero KINeHTY
K MOMEHTY, KOT/[a €T0 TIOsIBIeHNE OY/IeT BBITJISAAETh KaK JJOTHYHBIN Pe3ybraT GpocKa.
AJroputM pacueTa TpaeKTopuu casuHeT cHapsz Buepen Ha 1/2 RTT, u Bce Oyner Bbl-
TJISIZIETD TaK, Kak ecJii Obl KTPOK OPOCHJI OTHEHHBII 11ap Oe3 3aepsKKu. Ec/iin BOSHUKHET
Kakas-To TpobiemMa — HATPUMED, €CTH CePBEp 3HAET, YTO HEJABHO UTPOK GBI JIUIIEH
BO3MOKHOCTH CTPEJISITh, HO aTa MH(OPMAIUs elile He ObliIa Tepe/laHa KJIHEeHTY, — OIITH-
MUCTUYHBIH aJITOPUTM BOCIIPOU3BEIET AaHUMAITMOHHBIN 2(D(hEKT BbICTPeJia, a CHAPSI]] He
nosiBuTcs. OHAKO TO TOBOJIBHO PeAKAst CUTYAIINS, ¥ C Heil MOYKHO MUPHTBCS, VAUTHIBAST
OYeBU/IHbIE TPEUMYIIIECTBA.

Bo3BpaT Ha CTOPOHE cepBepa

ITpuMeHeHMe pasHOOOPA3HBIX MPUEMOB ITPOTHO3UPOBAHKUS Ha CTOPOHE KJIMEHTA MOJKET
JIaTh UTPOKAM OIIlyIIIeHHE XOPOIIel OT3bIBUMBOCTH UTPBI JaKe IIPU HATTMYUHN YMEPEHHBIX
3ajiepskek. OIHAKO CYIIECTBYET ellle OJIMH TUIIMYHbIN BUJI UTPOBBIX JIEHCTBUI, TIJIOX0
MOJIIAIONINXCST TIPOTHO3UPOBAHUIO HA CTOPOHE KJINEHTA, — IPUMEHEHNE OPY KU MTHO-
BEHHOTO IeHiCTBUS Ha OOJIBIINX paccToAHMsIX. Korma Urpok, BOOpY KeHHBII CHAIIEPCKOI
BUHTOBKOI, JIOBUT MTPOTUBHUKA B IEPEKPECTDE TIPUITETA U HAKUMAET CITyCKOBOI KPIO-
YOK, OH O’KUJIAeT YBUIETh TOUHOE nonaianue. Ho n3-3a HETOYHOCTH pacyeTa TPAeKTOpUn
JBUZKEHUS BITOJIHE MOSKET TOJYYUTHCH, YTO IPOTUBHUK, HAXOIANUICSA TOYHO HA JINHAN
MPUIIETUBAHUS HA CTOPOHE KJIMEHTA, HA CePBEPE OKAXKETCS HEMHOTO B CTOPOHE. ITO MO-
JKeT CTaTh MPOBIEMON 17T UTP, MOJATAIOIUXCS] HA PEATMCTHIHOCTD U UCIIOIb3YIOTIITX
Opy>Kre MTHOBEHHOTO JIeHCTBUA.
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Perrenne a1oit mpo6eMbl GbLIO HAWIEHO W PEasTn30BaHO B TOMYJIAPHOM UTPOBOM
nBuskke Valve Source Engine, JjieriieM B ocHOBY Takux urp, kak «Counter-Strike», rue
OH OTBEYaeT 3a OMIYIIeHe TOUHOCTH cTPeabObl. CyTh PEIIeHNUsT 3aKII0YAETCS B TOM,
9TOOBI BEPHYTH COCTOSTHIE HA CePBEPE K TOMY, YTO HaOIIOMAT UTPOK, KOT/IA PUTIENH-
BaJICsI ¥ TIPOM3BO/IHJT BBICTPEJL. 10 eCTh ec NTPOK YBEepeH B MeaTbHOM MPUIIeTMBAHNH,
nomaianne OYeT CTOTPOTIEHTHBIM.

C 3T0ii 11eIbI0 B METO/BI IIPOTHO3UPOBAHNUS, 0OCYKAABIINECS BBIIIE, CAELYET BHECTH
HECKOJIbKO KOPPEKTUPOBOK:

O HUcnoab3oBaHue MHTEPIOJISIUH Ha CTOPOHE KJIHEHTa (Ge3 pacyeTa TPaeKTOPHii
nepcoHaskeii yaajaeHHbix urpokoB. Cepsep J0JKEH TOUHO 3HATH, YTO HAGIIOMAIIN
UIPOKHU B JIE060I MOMEHT BpeMeHH. [T0CKOIIbKY MpreM pacyeTa TPAeKTOPUH OIPaeT-
¢s1 Ha oTlepesKarolee MOJIeJIMPOBaHIE, OCHOBAHHOE HA HEKOTOPBIX TIPE/OIOKEHHSIX,
OH MOJKET ITPUBHECTU M3JIHIIHIE CITOKHOCTH JIJIsI CEPBEPA U OTOMY JI0JIKEH ObITh
otkJroYeH. YTo6b 0cIabuTh BIUsTHIE JIFOOBIX (DJIYKTYAINil UK 3a/IePIKEK, KIUEHT,
B CBOIO OY€PElb, I0JIKEH MCIIOIb30BATh TIPUEM WHTEPIOJISINN, KakK ObIIIO OMHUCAHO
panee B 97O rJiaBe. [lepuo/i MHTEPIOJISAIINN JOJKEH TOYHO COBIA/IATh C TIEPUOIOM
MaKeTa, UIMTEJBbHOCTh KOTOPOTO OTIPEAEISIETC cepBepoM. VIHTepIosIus Ha ¢To-
pOHe KJIMEeHTa BBOAUT AOMOJHUTETHYIO 3a/IePAKKY, HO, KaK OKa3bIBAeTCs, OHa MPaK-
THYECKU He 3aMeTHA /IS UTPOKA M3-3a ePEeMIPOBKU MIATOB U JAeHCTBYS alfOPUTMA
BO3BpaTa Ha CTOPOHE cepBepa.

QO HUcnosap3oBaHue MPOTHO3WPOBAHNS U TEPEUTPOBKH IAr0B /IJIsl TEPCOHAKA JIOKAJIb-
HOro urpoka. HecMoTps Ha TO 9TO KJIWEHT He 0KEH TTPOTHO3MPOBATD MTOBEICHIE
yAaJeHHBIX UTPOKOB, 3TO JIOJKHO OCYHIECTBIATHCS IS JJOKAJIbHOTO UTpoKa. bes
MIPOTHO3WPOBAHUS U TIEPEUTPOBKM ITATOB JIOKATHLHOTO MTEPCOHAKA JIOKATBHBIN UTPOK
HOCTOSHHO OYIeT 3aMedaTh 3aePKKH, BhI3BaHHbIE IIepeladeii JaHHbIX 110 CeTU U Pa-
607101 anropur™a uHTEpHoAsryu. OIHAKO 32 CUET HEMEIJIEHHOTO MOIEIMPOBAHUS
€ero JIeiicTBUI JIOKAJIbHBIIM UTPOK HUKOI/[A He OyeT 4yBCTBOBATh OTCTaBaHUsI, He3a-
BUCHMO OT BEJIMYUHBI 32/I€PIKKH.

0O BxkialoyeHue nmpeacTaBiIeHUs KJIMEHTa B KaXK/bli IaKeT BBO/A, IOChIJIaeMblii Ha
cepsep. KineHT 10/KkeH 100aBIsITh B KasKAblil TAKET BBOJA MICHTU(DUKATOPHI Ka-
JIPOB, ME3K/1y KOTOPbIMU OH BBIIOJIHAET HHTEPIIOJIAIMIO B IAHHBII MOMEHT, U IIPOLIEHT
BBITIOJTHEHUA UHTEPIOJAINN. ITO IACT CePBEPY TOUHYIO MH(MOPMAIUIO O COCTOSHUN
WNTPOBOTO MUPA HA CTOPOHE KJINEHTA.

O XpaHeHue Ha cepBepe KOOP/IMHAT BCEX 00HEKTOB, CBSI3aHHBIX C HECKOJIbKHMH MO~
cieqHuME Kagpamu. Kor/a cepBep Mmosyyaer OT KJIMEHTA TaKeT BBOJA C KOMAH/I0M
Ha BBICTPEJI, OH JIOJUKEH HAUTH B CBOEM XPAaHUJIUIIE /[BA KA/[PA, MEK/IY KOTOPBIMU
KJIMEHT BBITOJJIHAJT MHTEPIIOJIAINIO B MOMEHT BbICTPEJIA, 1 UCIIOJIb30OBATb IIPOIEHT
BBITIOJTHEH WS HHTEPIIOJSAIN U3 TIAKeTa JIJI BO3BPaTa BCEX COOTBETCTBYIONIUX 00b-
eKTOB K COCTOSIHHIO, B KOTOPOM OHH HAaXOJIUJIMCh B MOMEHT BBICTPEJIA. 3aTe€M T10CTPO-
UTDH MPAMYIO JUHUIO OT MTO3UIUN TI€PCOHAKa, LITO6I)I OITIpEZC/INTD TOYKY ITOIIa/laHWA.

Bosspar na cropone cepBepa rapaHTHPYeET, UTO B CJIydae TOYHOTO ITPUIIeIUBAHUS UTPOK
HOMAJeT B IeJib Ha cepBepe. DTO ACT BBICTPENUBIIEMY UTPOKY YYBCTBO TIyOGOKOTO
ynosyeTBopenus. OTHAKO MeTOo]] He JINIIEeH HeIoCTaTKOB. Tak Kak Bo3BpaT Ha cepBepe
IIPOMCXOUT Ha BEJNYMHY 3a/I€P’KKH IEPECIIKY IIaKeTa MEK/Y CEPBEPOM U KIIMEHTOM,
UTPOK-KePTBA MOKET UCIBITATh pazoyapoBanue. Hanpumep, urpok A MOXKeT 1ymarb,
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9TO HAXOAUTCS B GE30MACHOCTH, TaK Kak ybeskas oT urpoka b u ckpsuics 3a yraom. Ho,
ecau y urpoka b 0coGeHHO HEHAIEKHOE TIOJIKIIOUEHIE K CETH, OH MOKET BUIETH MUD,
orcraronuit ot mupa urpoka A Ha 300 mc. To ecTb Ha €r0 KOMTIBIOTEPE UTPOK A MOT elIie
HE CKPBITbCA 32 yryioM. Eciii OH IPUIIENTCS U BBICTPEIUT, CEPBEP BBIIIOJTHUT BO3BPAT
1 COOOIIUT UTPOKY A, UTO TOT 3aCTPEJIEH, JaKe IPY TOM, YTO UTPOK YBEPEH, UTO yCIIeJ
HBIPHYTH 3a yroJi. Kak o6braHO B paspaboTKe WP, BCce UMEET CBOIO 1ieHy. [loaTomy wc-
HOJIb3YITE OIMCAHHbIE IIPUEMbL, TOJIBKO €CJIM OHU TTOAXOAAT K crieliuduKe Balleil UIpPbL.

B 3akntoueHune

3a/lepsKKU MOTYT HApYITUTh HEMTPOTUBOPEYMBOCTD BOCIIPUSATHS MHOTOIIOJIb30BATEb-
CKOI UTPBI, OJJHAKO CYIECTBYET HECKOJIbKO CTPATEruii, IOMOTAIONIMX PeAYLHPOBATD
npobsiemy. DakTuvecku IPUMEHEHUE OHOTO W HECKOJIBKUX M3 9TUX TPUEMOB CTAJIO
00s13aTeIbHBIM YCJIOBUEM B COBPEMEHHBIX UTPax.

W HTeprosanys Ha CTOPOHE KJINEHTA C JIOKAJIBbHBIM (QUIBTPOM BOCTIPUSTHS CTIasKHBa-
€T TPOIIECC U3MEHEHMsI COCTOSIHUSA, He JOIMYCKast €ro CKaYKO0OPA3HOTO 0TOOPasKEHUS.
[leprox MHTEPIONATIH, PAaBHBIN MTEPUOY MEKY U3MEHEHUSMU COCTOSTHUS, COXPAHSIET
I[eTOCTHOCTH BOCIIPUSATHS U3MEHEHNI NTPOKOM, HO YCHJIMBAET OIIYTIeHNE 3a7ePIKKH.
ITOT MpUeM HUKOT/IA He 0TOOPA3UT HA CTOPOHE KIMEHTA ONMOOUHOE COCTOSTHYE.

[Iprem TPOTHO3UPOBAHUS HA CTOPOHE KJINEHTA MACKUPYET 33JIeP>KKU U CHHXPOHU3HUPYET
COCTOAHYE UTPLL Ha CTOPOHE KJIUEHTa C UCTUHHBIM COCTOSIHUEM Ha cepBepe, UCII0/Ib3Y sl
HKCTPATIOJISITIAIO BMECTO HHTEPTIOJSTINH. J[OCTUTHYB KIHEHTa, 0GHOBIEHUS YCTAPEBAIOT
1o menbireil Mepe Ha 1/2 RTT, moaroMy KJIMeHT MOKET IPUOIU3UTD TIOJyYE€HHOE CO-
CTOSTHUE K UCTUHHOMY, CMOJIETMPOBaB X0 urpsl ee va 1/2 RTT.

Pacuer TPAEKTOPUN ABUKEHIUA TIOMOTAa€T Ha OCHOBE ITOCJ/TIETHETO N3BECTHOI'O COCTOAHMA
o0beKTa IKCTPalloJInpoBaTh €ro COCTOSAHHUE B 6yz[ymeM. ITOT AJITOPUTM ONITUMUCTUYIHO
IpearnoJaraeT, 4To yaaJleHHble UTPOKU HE USMEHAT CBOM BBO. OI[HHKO BBO/ USMEHACTCA
DOBOJIbHO 9aCTO, ITO3TOMY HE PpE/IKa CUTYallyd, KOr[a CEPBEP MOCBJIAET KJIAMEHTY COCTO-
SIHUE, OTJIMYaloieeCcsa OT €ro SKCTPAIlOJIAINN. Koraa 9TO MMPONUCXO/JIUT, KIIMEHT UMEECT
MHOKECTBO CII0COO0B BCTPOUTDL BHOBbD ITOJIYYEHHOE NICTUHHOE COCTOAHNE B CBOIO MO/JIEJIb
1 CKOPPEKTHUPOBATH KaPTUHKY, 0T06pa>1<aeMyfo Ha 9KpaHe.

[Iporao3upoBaHe 1 IEpEeUTPOBKA X0/a TOMOTAIOT KJIWEHTY HEMeJIEHHO MOJIeJINPO-
BaTb Pe3yJIbTaThl, OMUPASICh Ha BBOJ JIOKAJIbHOTO Urpoka. [Ipu momydenun cocTossnus
JIOKAJTHHOTO UTPOKA C cepBepa KJIUEHT MojieipyeT ato coctostane Ha 1/2 RTT Breper,
nepenrpbiBas Jito6ble X0bl, KOTOPbIE elile He Oblin 06paboTatbl cepBepoM. JacTo aTo
MIPUBOJIUT TIOJIYYEHHOE OT CepBepa COCTOSTHUE B COOTBETCTBUE C MOJIEJIbIO HA CTOPOHE
KJHeHTa. B ciryyae HeOKMIaHHOTO COOBITHST HA CTOPOHE CEPBEPa, HATPUMEDP CTOJKHO-
BEHWSI C J[PYTUMU UTPOKAMU, KJIMEHT CMOKET TIJIAaBHO BHEJPUTH 3TO COCTOSTHUE, CKOP-
PEKTHUPOBAB JIOKAJIbHYIO MOJIEJIb.

JLJist TIOTHOM KOMITEHCAIIE 3a/IEPKKU TIPU 00pabOTKe CJIydaeB MPUMEHEHUST OPY KIS
MTHOBEHHOTO JIEHCTBHS UTPBI MOTYT MCTIOTH30BATh TIPUEM BO3BPATa Ha CTOPOHE cepBepa.
CepBep COXpPaHAT MO3UIN 0OBEKTOB /TSI HECKOJIBKUX TTOCTIEHUX KaIPOB 1 (hakTHde-
CKHU BO3BPAIIAET COCTOSTHIE K MOMEHTY Ha CTOPOHE KJIHEHTa, KOra ObLI IIPOU3BEIEH
BBLICTPEJT. ITO TIPUAET CTPEIISIONIEMY OTIYIeHne COOCTBEHHOI METKOCTH, HO MOJKET
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BbI3bIBATh HEIIOHUMaHME Y ITOCTPA/JaBIINX UTPOKOB, IMTOJYYalOUINX paHEHU YIiKE 1TOCJIE
TOI'0, KaK OHM OKa3aJIMCh B 6e30I1aCHOCTH.

Bonpockl Ana noBTOpeHns

1. Yrto o3Havaer BbIpaskeHNEe «KJIMEHT KaK MPOCTON TepMUHA»? B yeM OCHOBHAs BbI-
roJIa JIJIst UTP OT UCTIOJIb30BAHNS TAKUX KJITUEHTOB?

2. B uem 0CHOBHOE ITPEUMYIIECTBO UHTEPTIOJISIIUN HA CTOPOHE KJINeHTa? A OCHOBHOI
HEeJI0CTaTOK?

3. Kax cibHO 0TCTaeT OT ICTHHHOTO COCTOSTHIE UTPBI HA KJIUEHTE, IeHCTBYIONEM KakK
[MPOCTON TEPMUHAJI?

4. B yeMm pasHuIila Mex/1y KOHCEPBATUBHBIM M OIITUMUCTUYHBIM ajiroput™Mamu? [1pu-
BeJIUTE MIPUMEPBI 000X,

5. Korpa onpaBianto npumenenue pacuera tpaekropun JaBrkenusi? Kak ¢ ero mo-
MOII[BIO TPOTHOZUPYETCSA MECTOTIOJIOKEHUE OOBEKTOB?

6. IMpuBexute Tpu cr1ocob6a KOPPEKTUPOBKHU IIPEACKAZAHHOTO COCTOSTHUS, €CJIH OHO
OKa3bIBAETCST HETIPABUJILHBIM.

7. Onmimure CHUCTEMY, IIOMOTI'AIONYI0 JIOKaJIbHOMY UI'DOKY HE 3aMe€4YaTb 3a/IEPIKEK B OT-
HOIIIEHUH €r0 COOCTBEHHBIX JIeNCTBUA.

8. Kakyio mpobiieMy peliiaet mprueM Bo3Bpara Ha CTOPOHe cepBepa? B ueM ero riiaBHOe
JIOCTOMHCTBO? A OCHOBHOU HEZIOCTATOK?

9. Hob6asbre B «Robo Cat Action» momep:kKy KiyOKOB, CIOCOGHBIX MTHOBEHHO TI0-
pakaTb IPOTHBHUKA, M pealu3yiiTe BO3BPAT Ha CTOPOHE CEpBEpa /IS OIPEIEICHUS
MOPaKEeHNUS LEIN.
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MacwTabupyemocTb

HeobxoaMMOCTb MaclITabrpoBaHust Urpbl BNeYeT 3a 060 HEOBX0ANMOCTb peLLEHMS!
MHOXECTBa HOBbIX 3a/1a4, OTCYTCTBYIOLMX B Urpax Hebosbloro MacwTaba. B aToii
rnaBe paccMaTpVBAOTCS HEKOTOpblE MPOBMEMbl, BOZHUKAOLWMNE C YBENMYEHNEM
MacliTaba urpbl, U NPUMEPbl UX PELLEHMS.

Obnactb BUANMOCTU U peneBaHTHOCTb 06bEKTOB

B riase 1, B o6cysxaenun Mmozesn «Tribes», yIioMUHaIOCh IIOHSATIE 064ACTU UOUMOCTIU,
WK peiesanmuocmu, 00bekTa. B 9TOM KOHTEKCTEe CYMTaeTcsl, YTO OOBEKT HAXOUTCS
B 00JTaCTH BUAMMOCTH, UJIU SIBJISICTCS PEJICBAHTHBIM JIJIsI KOHKPETHOTO KJIMEHTA, W 3TOT
KJIMEHT J0JIKeH HH(GOPMUPOBATHCA 000 BCeX U3MEHEHUAX B 00bekTe. s HeGOoMbIIX
UIP JOIYCTUMO CYMTATh BUAUMBIMU, UM PEJeBAHTHBIMU, BCe OOBEKTHI /IS BCEX KJIM-
€HTOB B UTPE. DTO €CTECTBEHHO 03HAYAET, UTO BCE M3MEHEHUS B 0OBEKTAaX Ha CTOPOHE
cepBepa OyIyT mepechliaTbes BeeM KineHtam. OIHAKO TaKoii MOAX0/ He TOAUTCS [JIst
6O0JIbIION UTPBI — GOJIBIION HE TOJBKO B cMbIcje o0beMa TpaduKa, HO U B CMBICJIE
BpeMeHr 06pabOTKU Ha CTOPOHE KaueHTta. B urpe ¢ 64 urpokamu sHamue o gefcTBusax
UTPOKOB, UbM TIEPCOHAKU HAXOJSATCS HA PACCTOSTHUU HECKOJBbKUX KMJIOMETPOB, He-
aKTyasrbHO. B 3TOM ciydae pacchlika HHGOPMAIIUKA O TAKOM IaJEKOM HUTPOKE BCEM
yYaCTHUKAM MOJKET OKa3aThCsl HAIIPacHOH TpaToit pecypcoB. COOTBETCTBEHHO, UMEET
CMBICJI He TIOChLIATh KIreHTy A urdopMaimio 06 obobekre JK, eciu cepsep nmocunTaer,
YTO KJIMEHT CJIMIIKOM JajieK OT 00beKTa. JJoIoJHITe IbHASA BBITOAA OT YMEHbIIEHNs 00b-
emMa MHHOPMAITUHY, TTOCBLIAEMON KaK/IOMY KIUEHTY, — COKpaIlleHue BO3MOKHOCTEN st
«4UTEPCTBa», 0 YeM IoApoOHee pacckasbiBaercs B riase 10 «BesonacHocTh».

OnHako onpesiesieHre peJieBAaHTHOCTH PEIKO OKa3bIBaeTCs MpocToit 3amaveii. [1pes-
CTaBbTE, UTO HEKMIT 0OBEKT (DAKTUUECKHU SIBISIETCS] TIEPCOHAKEM, MTPEICTABIISTFOIIIM
JPYroro urpoka. JIomycTuM, 4To B paccMaTpUBaeMoil Urpe ecTb TabJ10, 0ToGpaKarolee
YPOBEHbB 3/I0POBbsI KaK/IOTO MEPCOHAXKA, HE3ABUCUMO OT PACCTOSTHUS JI0 HETo. B aToM
CIIeHApUH YPOBEHbD 3/I0POBBSI BCET/IA SIBJIAETCS PEJIEBAHTHBIM, IaXKe eCJIH ipyras uHbOop-
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Mallusl 0 IIepcoHae pesieBaHTHaA He Beera. To ecTb cepBep Beeria 0JKEH IIPUCHLIATD
YPOBHHU 3I0POBbSI JIPYTUX UTPOKOB, JIAsKE €CJIU MPoUast HHPOPMAIIUS O HIUX MOKET ObITh
HepeseBanTHON. Kpome Toro, pasibie 06HeKTH MOTYT OOHOBIISITHCS ¢ PA3HON 9acTOTOTH,
B 3aBUCHMOCTH OT UX TIPUOPUTETOB, YTO 0OABJSAET HaM MPobieM. Pajiu mpocToThl B 9TOM
pasziesie GyjiyT pacCMaTPUBATHCST BOIIPOCHI OTIPEIEIEHUST PEIEBAHTHOCTH OGBEKTOB TOJIb-
KO TIeTMKOM (a He OTAeTbHBIX UX cBOMCTB). Ho moMHMTE, 9TO B KOMMEPUECKUX UTpax
PEJIEBAHTHOCTD OOBIYHO OTIPEAETSETCST H0Iee CIOKHBIM 06Pa3OM.

Bepuemcs k ipumMepy urpst ¢ 64 urpoxamu. Mjeio cuurath yaaaeHHbie 00beKThl Hepe-
JIEBAHTHBIMU HA3bIBAIOT NPOCMPAHCMEEHHIM N00X000Mm. HecMOTPsT Ha TO 4TO 1TpoCTast
MTPOBEPKA PACCTOSHIIS SIBJISIETCST OUEHB OBICTPBIM CIIOCOOOM OTIPEIEIEHUS PeJIeBaHTHO-
CTH, 0OBIYHO OHA HEJIOCTATOYHO HAJIEKHA, YTOODI CITYKUTh €IMHCTBEHHBIM MEXaHU3MOM
OIpejiesIeHNsT PeJIeBAHTHOCTH. UTOOBI TIOHSITh TPUYUHBI, PACCMOTPUM TIPUMEP UTPOKA
B IITyTEPE OT MEPBOTO JinTa. /[OMyCTIM, 4TO B IEDBOHAYATIBHOM TIPOEKTE UTPHI MTPeycMa-
TPUBAJIACH TTOJIEPIKKA TOIBKO JIBYX BUIOB OPYIKUSL: IIMCTOJIETA U IITYPMOBON BUHTOBKH.
Ha ocHOBe 1oJIosKe Uit TPOEKTa MPOrPAMMUCT PEIIUJ OTIPEE/ISITh BUUMOCTD OO BEKTOB,
HCXO/S U3 TaJbHOOOWHOCTH OPYIKHUST, — BCE, YTO HEIOCITAEMO JJIsl IITYPMOBOI BHUH-
TOBKHU, CYUTACTCS HAXOAANIMMCA BHE ITPe/IesIoB BUAMMOCTU. B 1ipoliecce TecTupoBaHus
00BbeM ceTeBOTO TpadrKa HAXOAUJICS B OYCTUMBIX rpezesiax. OIHAKO Mo3/Hee MPo-
eKTUPOBIIUKHU PENIJIN 100aBUTh CHANIIEPCKYIO BUHTOBKY, IAIbHOCTD CTPEIBOBI KOTOPOI
B JIBa pa3a MPEBBIIIAET JaTbHOCTD CTPEILOBI IITYPMOBOIT BUHTOBKH. B pesysisrare umcsio
peJIeBaHTHBIX OOBEKTOB CYIECTBEHHO YBEJIUUUIOCh.

Nmetorcest Taxske pyrie mpo6aeMbl, 00YCIOBIEHHbIE HCTTOTL30BAHNEM PACCTOSTHUS KAk
eIMHCTBEHHOTO TIPU3HAKA OTPE/IEJICHIUST PEJIEBAHTHOCTH 00BeKTOB. VITPOK B cepennte
UTPOBOTO MUPa ¢ GOJIBIIEH BEPOSITHOCTHIO OKAKETCS B IOCATAEMOCTH JIPYTHX OOBEKTOB,
JeM UTPOK, HaXOAMIHICcs Ha lepudepnn. KpoMe TOTo, NCMOIB30BAHNE OJJHOTO TOTBKO
PACCTOSTHUS TPUCBAMBAET OIMHAKOBBII BeC 00bEKTAM BIIEPE/IH 1 MTO3a/[1 UTPOKA, UTO HE
coBceM BepHO. [Ipu TpocTOM TPOCTPAHCTBEHHOM IOXO0/I€ K OMPE/CTIEHUIO PeJIeBaHT-
HOCTH OOBEKTOB PETEBAHTHBIMU GYIYT CUNTATHCS BCE OOBEKTHI BOKPYT UTPOKA, TAKe Te,
KOTOPBIE OT/IEJICHBI OT HETO CTeHO. Jta cutyarus nzobpaxena Ha puc. 9.1.

Puc. 9.1. PeneBaHTHOCTb OKpY>KatoLLMX 06bEKTOB MO OTHOLLEHMIO K UIPOKY,
OTMeYEHHOMY KPeCcTUKOM, A0/MKHa 6bITb pa3Hoi
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B ocragiieiicst yacTu pasjiesia Mbl COCPEIOTOUMMCST Ha OAX0/aX O0JIee CIOKHbBIX, YeM
rpocTasi IpoBepKa pacctosinusd. MHOTrHMe U3 9TUX IIPUEMOB TaKsKe YaCTO UCII0JIb3YIOTCs
IUIST OTIPEIETEHUST NPAMOLL GUOUMOCTIU C TIENHIO OTITUMUBAIIIH 0TOOPAsKEHUS Ha paH-
HUX HTaIax, 4To MO3BOJISIET UCKIIOYUTH U3 00pabOTKN HEBUAMMBIE 00BeKThI. OIHAKO,
YVUYUTBIBAsI IPUPOLY 3a/lePsKeK B CETEBbIX UTPaX, B METOJIUKY OIpe/eseHIsT TPAMON
BUMMOCTH OOBIYHO TPEeOYETCsI BHECTH OTIOTHUTEIbHBIE U3MEHEHUST, UTOOBI €€ MOKHO
GBIJIO UCIIOIL30BATD JIJIsT OTIPEIETICHUST PEJICBAHTHOCTH OGBEKTOR.

CraTnyeckue 30Hbl

OpuH U3 TPUEMOB, TIOMOTAOIIUX YMEHBIIUTD YUCJI0 PEJIEBAHTHBIX 0OBEKTOB, 3aKJII0-
YAETCSA B TOM, YTOOBI Pa3bUTh MUP Ha HECKOJIBKO cmamuueckux 30n. IIpu aToM pere-
BAHTHBIMU OY/IyT CYUTATHCS TOJIBKO OOBEKTHI, HAXOAAIUECS B OJHOM CTATUYECKOI
30HE C UTPOKOM. DTOT MPUEM YaCTO UCIIOIB3YETCs B UTPaxX ¢ OOIMMU MUPAMU, TAKIX
kak MMORPG. Hanpumep, ofiHO# U3 MOA00HBIX 30H MOKET ObITh TOPOJ, T/I€ UTPOKH
BCTPEYaloTCst /17 0OMeHa TOBapaMH, IPYTOit 30HOI MOKET GBITh JIeC, T/Ie UTPOKHU Cpaka-
I0TCSI ¢ MOHCTpaMu. B 3ToM ciryuae He MMeeT CMBbICJIa TOCBUIATh UTPOKAM, HaXO/SAIINMCS
B Jiecy, nHGOPMAIIo 06 UTPOKAX, HAXOAATINXCST B TOPO/IE.

Cy1iecTByIOT Ba PasHbIX cr1ocoba 00paboTKK ePexo0B Yepes rpatuiibl 30H. OquH
U3 HUX 3aKJII0YaeTCs B OTOOpakeHUN dKpaHa 3arPy3KH 30HbI, Ky/la OCYIECTBISETCS
nepexo/. JTO JaeT KIUEHTY J0CTATOYHO BPEMEHHU, YTOOBI TIPUHITH HH(MOPMAIIIO 000
Bcex 00beKTax B HOBOII 30He. J[J1s1 GoJiee IIaJKoro rnepexojia MoxKeT ObITh JKeJIaTeJbHO
OpPraHu30BaTh IJIABHOE MIPOSIBJIEHIE,/PACTBOPEHIE 00BEKTOB B 3aBUCUMOCTH OT M3Me-
HEHUS UX pesieBaHTHOCTU. Ecyii npu mepexojie Mexy 30HaMU JaumadT He T0JKeH
U3MEHSIThCS, er0 MOKHO IIPOCTO XPAHUTh Ha CTOPOHE KJIMEHTa, YTOObI 30Ha 32 CIIMHOIL
UTPOKa He ncye3asa moanocTbio. OIHaKo UMeliTe B BUJLY, UYTO COXpaHeHue JaHamadra
Ha CTOPOHE KJIMEHTA COIPSIKEHO ¢ HEKOTOPbIMU IpobieMamu GesonacHoctu. OaHo
U3 pelleHuii nmpeoaaraer mudpoBaHiie IaHHbIX, O YeM MoAPoOHee PacCKasbIBAETCsI
B riase 10 «be3omacHoCTh».

HepocTaTKOM CcTaTUYECKUX 30H SBJSIETCS TO, YTO OHU IPOEKTUPYIOTCS HA OCHOBE
MPE/IIIOMI0KEHNST O PABHOMEPHOM pacTpefieJIeHUN NTPOKOB Mexk1y 30HaMH. OHAKO
9T0 TpeboBaHKe OUYeHb CI0KHO YAOBJIETBOPUTH B MaccoBbix urpax MMORPG. B me-
CTaX BCTPeY, TAKUX KaK TOPO/A, Beerna Oynet 6oJee BHICOKAS KOHIIEHTPAIIS HTPOKOB,
YeM B OTJAJIEHHBIX 30HaX. JTa CUTYAIUs MOKET OCJOKHSTHCS HAJTUINEM MTPOBBIX
COOBITHUI, 3aCTABJAIONUX UTPOKOB COOMPATHCS B OJHOM MeCTe, Halpumep, st 60st
¢ 0COGEHHO CUIBHBIM TPOTHBHUKOM BBICOKAsT KOHI[EHTPAIMS UTPOKOB B OIHON 30He
MOJKET OTPUIATETTHHO CKAa3bIBAThCS Ha TPOU3BOAUTETIHHOCTH UTPBI JIJISI BCEX UTPOKOB
B 30He.

Pentenus, npensTcTBYIONIME TTEPENOJHEHUIO 30HbBI, MOTYT PA3JUYATHCA B PA3HBIX
urpax. B MMORPG <«Asheron’s Call», Hanpumep, eciii UTPOK TIOIBITACTCS BOUTH
B 30HY, T/I€ CIUIIKOM MHOTO UTPOKOB, OH OYIIET TEIETOPTUPOBAH B COCEHIOI 30HY.
Jlasxke 1pu TOM, 4TO HTO HE UEATBHOE PEIIeHNE, OHO MTPEKPACHO MOJXOAUT ISt TP, HE
CIIOCOGHBIX PAbOTATh ¢ GOJIBIIUM KOJIMYECTBOM UTPOKOB B OIHOI 30He. [[pyriie Urphl
MOTYT Pa3bUBaTh 30HBI Ha MHOKECTBO HK3EMITIISIPOB, O YeM MOAPOOHO PACCKA3BIBACTCST
J1ajee B 9TOU TJIaBe.
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HecMoTpst Ha HaZeKHOCTb, IIOKA3aHHYIO B UTPaX ¢ OOIUM MUPOM, CTAaTUYECKKE 30HBI
00BIYHO HE UCIOJIb3YIOTC B CIOKETHBIX UIPaX 110 ABYM IpruunHamM. Bo-1iepBbix, B 60J1b-
HIMHCTBE CIOKETHBIX UTP CPAXKEHUS IPOUCXOJAT Ha 3HAUNTEIHHO MEHbIIIEH TEPPUTOPUH,
yeM B MaccoBbix urpax MMO, gajke Ipy TOM, 4TO MMEIOTCS HEKOTOPbIE U3BECTHBIE
nckouenus, rakue kak «PlanetSide». Bo-BTopbix, 4T0, HosKaiLyii, eie 6oJee BasKHO,
TEMTT OOJTBITMHCTBA CIOKETHBIX UTP MPEATIONATACT HEIOYCTUMOCTD 3a/IEP/KEK TIPH Tiepe-
CEeUYEHMH TPAHILL MEKIY 30HAMUL.

Ncnonb3oBaHne nupammabl BUAUMOCTU

Kak Bbl IOMHUTE, B TPEXMEPHDIX UTPAX 00LACTIb NOJLS 3PEHUS. UIMEET BUJ| yCeUEHHOM 111-
PaMUIbI, IPEACTABJISIONIEH 00IaCTh MUPa, KOTOPast 3aTeM MIPOEINPYETCsT Ha IBYMEPHYIO
ILJIOCKOCTD 17151 0TOOpaskeHus Ha skpane. O61acTh 110151 3pEHUs OIUCHIBAETCSI FOPU30H-
TaJIbHBIM YTJIOM T10JIsl 3DEHUSI, OTHOIIIEHUEM HIMPUHbBI K BICOTE U PACCTOSTHUEM MEXK/TY
GJIVKHEH 1 aibHEl TIocKocTAME oTcedeHust. Korga npumeHsieTcst npeodpasoBaHue
IPOEKINHU, OOBEKTHI, HAXOASIIUECS BHYTPH II0JIsI 3PEHHUs IIOJHOCTHIO UJIM YACTUYHO,
CUMTAIOTCS BUAUMBIMU, TOT/IA KaK APyTrue 00beKTbl — HEBUMMbIMU.

O6uactb 10J1sT 3peHusT 0OBIYHO (POPMUPYETCS TYTEM OTCEUEHUS TI0 nupamuoe euou-
mocmu. Hanpumep, ecin 06bEKT HAXOAUTCS 3a IIPeAeIaMy IUPaMU/bI, OH CUUTAETCS
HEBUMMbIM, U UTPa He JOJIKHA PACX040BaTh BPEMs Ha IIEPECBLIKY TPEYTOJIbHUKOB 00b-
eKTa B BepIINHHLIA meiinep. OauH 13 cioco60B peaan3oBaTh OTCEYEHHE MO TINPAMUJIE
BUJMMOCTH — IIPEJCTABUTH 00IACTD OIS 3pEHKs B BUJE IPOCTPAHCTBA, OrPAHUYEHHOTO
IIECTBIO IVIOCKOCTSMU — CTOPOHAMH YCEUEHHON upaMubl. Toraa yIpomentoe mpei-
craBienne oObEKTa, TAKOTO Kak chepa, MOKHO NPOBEPUTH HA MECTOTIOJNOKEHNE OTHO-
CHUTEJIBHO ILIOCKOCTEH, YTOObI OMPEeJe/UTh, HAXOAUTCS I 00bEKT BHYTPH TUPAMUJBL.
[ToxpobHoe MaTeMaTUYECKOE OIICAHME 9TOTO METOa MOKHO HaliTu B Knure Kpucrepa
IPUKCOHA, CChIJIKA Ha KOTOPYIO TIPUBOANTCS B KOHIIE TJIABDL.

OrceueHue Mo MmipaMuzie BUANMOCTH, OTIPEAEISTIONIei 06J1acTh ToJist 3peHust, uMeeT G0JTb-
110€e 3HaYeHue, HO, IPUHUMAsE BO BHUMaHUE 3a[€PKKHU, UCTIOJIb30BaHUE OJHOTO TOJbKO
HTOTO TPUEMA JIJIst OTPe/ieJIeHHsT BUIUMOCTH 00BEKTa B CETEBOI UTPe BJIedeT 3a cOO0i
HeKOoTOpbIe IpobeMbl. Harpumep, eciim uenosb30BaTh TOJILKO 00IaCTb IO/ 3PEHs],
00BEKTHI 32 CIIMHON MIPOKA JOJIKHBI CYUTATHCS HEBUAUMBIMU. ITO 0OCTOATEIHCTBO
nepepacteT B mpobJemy, eCiiu IOy CTUTD, YTO UTPOK MOKET MTHOBEHHO TIOBEPHYTHCS Ha
180 rpaaycos. OnpesesieHHO MOTPEOYETCs: HEKOTOPOE BPEMs, TOKa KOMaH/[a Ha [TOBOPOT
JIOCTHTHET CEePBEPa, a CepBEp, COOTBETCTBEHHO, BEPHET COCTOSIHISE 00BEKTOB, OKa3aBIIIX-
¢s1 B I0JIe 3peHvist. BO3HUKINAs B pe3yJibrare 3aePiKKa MOKET OKA3aThCsT HEIOITY CTHMOI,
0COOEHHO e/ 0OBEKT 3a CIIUHOI — 9TO MEPCOHAXK MPOTUBOOOPCTBYIONIETO UTPOKA.
Kpome Toro, aToT mozxoz Bee elle urHopupyer Hajaudue cred. Onucannas npobiaema
nusobpaskena Ha puc. 9.2.

O/HO U3 peleHnii — KCIoJIb30BaTh 06a MOAX0/4a: Ha OCHOBE IIUPAMU/IbI BUJUMOCTI
1 Ha OCHOBE OTIpe/IeJIEHNsT PacCTOSIHMSA. B yacTHOCTH, MPOBEPKY Ha pacrosokeHue
OJmsKe JajIbHEN IJIOCKOCTU OTCeYeHUsT MOKHO 0OBbEJUHUTD ¢ IPOBEPKOM Ha MOIafa-
HUE B UPaMULY BUAMMOCTU. B 3TOM ciiyuae Bce 0GBEKTHI, HAXOASIIUECS K UTPOKY
6JinyKe BHIOPAHHOTO PACCTOSTHMS WM TIOTafaonire B 06J1acTh MOJIsT 3PEHNUST, MOKHO
ObLIO ObI CYNTATH BUAMMBIMHE, A BCE OCTAIbHbIE — HEBUAUMBIMU. TOrna mpu ObICTPOM
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MOBOPOTE YAaJTCHHbIE 0OBEKTHI TIO-TIPEKHEMY OYayT 160 TOTAjaTh B TOJE 3PEHIS,
60 BBINIAJIATh U3 HETO, U CTEHBI BCE TaK JKe OYLyT UTHOPUPOBATLCS, HO BUUMOCTD
O6MDKHIX 0O0HEKTOB UBMEHSITHCST He OyeT. IImocTpariyst 3ToTo penens n300pakena
Ha puc. 9.3.

Puc. 9.2. O6beKT BHE MOt 3pEHUSI HEMOCPEACTBEHHO 3@ CMIMHOW UrpoKa
(0603HauYeHHOro KPecTUKoM)

Puc. 9.3. ObbeanHeHre npamnabl BUAVMOCTY C MEHBLUMM PaanyCcoM
ANS onpeaeneHns peneBaHTHOCTU 06beKToB
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[pyrne npuemMbl onpeaeneHnst BUANMOCTM

[IpencraBbre ceTeByI0 UTPY, UMUTHUPYIONLYIO aBTOTOHKH 10 3aAMKHYTOI Tpacce, IpoXo/is-
mieit uepes ropos. JIio6omy, KTo e3/1i1 Ha aBTOMOOUIIe, OYE€BUIHO, YTO MIPOTSIKEHHOCTh
BUJINMOTO YY9aCcTKa OPOTH MOKET CYNIECTBEHHO U3MEHSThCS. Ha MpsMbIX MJIOCKUX
ydacTKax Jiopora BuaHa jajeko. OnHaKko B IIOBOPOTAX IMPOTAKEHHOCTh BUAUMOTO
y4YacTKa 3HAYMTEJNbHO cOKpalaercd. TOUHO Tak jKe OHAa COKPAIIAeTCs TTPU IBUKEHNN
¢ TOpBI Wi B Topy. Mieto onpezgeseHust MPOTSKEHHOCTH BUUMOTO yUacTKa MOKHO
HENOCPE/ICTBEHHO BHEJPUTD B CETEBYIO UTPY aBTOrOHOK. B yacTHOCTH, ecau cepBepy
M3BECTHO MECTOIOJIOKEHIE ABTOMOOUIISI UTPOKA, OH CMOJKET OIPEAEUTh, HACKOJIBKO
JIaJIeKO BUJIHA Tpacca ¢ 9TOH TouKu. Buaumast 06acTh MPaKTHUECKH HaBepHsIKA Oyer
HAMHOTO MEHbIIIe, 4eM 00JIaCTh, OTPAHUYEHHAsT TUPAMUION BUMMOCTH, YTO B Ujeaje
JIOJIKHO TIPUBECTH K YMEHBIIIEHUIO Yncia 00EKTOB B 110JIE 3PEHUSI.

Ommcanmast wjest IpUBeJIa K MOSIBIEHNIO TPHeMA OTIPENTENTEHIUST NOMEHUUATHO BUOUMO20
nabopa oovexton (Potentially Visible Set, PVS). Ilpuem PVS ucnoabsyercs s mo-
JIyueHus oTBeTa Ha Bonpoc: «Kakue 00beKThbl TIOTEeHI[MATbHO BUANMBI C TOI WM UHOI
TOYKM B UTPOBOM MUpe?» HecMOoTpst Ha CXOACTBO CO CTAaTMYECKUMU 30HAMU, 00JIaCTH
B PVS 06b19HO0 HAMHOTO MEHbIIIE, YeM OT/ebHbIe 30HbI. CTaTHuecKas 30Ha MOKET
BKJTIOUATh TOPOJL C MHOYKECTBOM 3/1aHKH, a 0671acTh PVS — 0T/1e/IbHYI0 KOMHATY BHYTPU
3nanust. Kpome Toro, B pelieHn Ha OCHOBE CTaTHYECKIX 30H PEJIEBAHTHBIMU CYUTAIOTCSI
TOJILKO OGBEKTHI, HAXOATINECS B TOMH JKe CTATHYECKON 30HE. ITUM OHO OTINYAETCS OT
perienus Ha ocHoBe PV'S, B KOTOPOM pesieBaHTHBIMY OY/LyT CUNTATHCS TAKIKE OOBEKTHI,
HAXOJAIMECS B COCEIHUX 00IACTSAX, CANTAIONIMXCS MOTEHIINATBHO BUIMMbIMH.

Tunmunas peanmm3ansa PVS ACJNUT MUP Ha MHOKECTBO BBIITYKJIBIX MHOTOYT'OJIbBHUKOB
(I/I]II/I, 1pun H€O6XOI[I/IMOCTI/I, Ha MHOKECTBO BBIITYKJIbIX MHOFOFpaHHI/IKOB). I[JIH KayK/10ro
BBIITYKJIOTO MHOTOYTOJIbHUKA 3apaHee BbIYNCIACTCA MHOKECTBO APYTHUX, TOTEHIINAJIBHO
BU/IMMBIX BBITYKJIBIX MHOT'OYTOJIbHUKOB. Bo BpeM:A BBITIOJIHEHUA CEPBEP OIIPEACIIACT,
B KaKOM MHOT'OYTOJIbHUKE HaXO/IUTCs UTPOK, 1 Ha OCHOBE IIPE€IBApUTEJIbHO CT€HEPUPO-
BaHHBIX MHOTOYTOJIbHUKOB OIIpe/e/IAA€T MHOKECTBO BCEX MMOTEHITNAJIbHO BUIMUMBIX 00b-
€KTOB. 3aTeM 9TH 0OBEKThI MOTYT IOMEYATbCA KaK peJieBaHTHbBIE [JIA TaHHOTO NT'POKa.

Pucynok 9.4 wimoctpupyer pesyibrar pa6othl PVS B THIIOTETHYECKOI UTPe, MMHU-
TUPYIOTIEN aBTOTOHKHU. MeCTOoTo/I0KeHe NTPOKA OTMEYEHO Ha PUCYHKE KPECTUKOM,
3aKpallleHHas YaCTh MPEJICTABJISIET TIOTEHIINATBHO BUANMY0 00JacTh. B hakTuueckoit
peajiM3aiui MOKHO ObLIO ObI HEMHOIO PACHIMPHUTh HOTEHIIMATBHO BUAMMYIO 00JIACTh
B 0001X HalpaBJeHHUAX. B aTOM ciydae 0ObeKThI, HaXOAAIUECs Ha HeOOIbLUIOM yaa-
JIEHUU OT BUAMMOI 00J1aCTH, TaKKe MO Obl OTMEYaThCs Kak BuaUMble. B urpe,
UMHUTHUPYIOIIEil aBTOrOHKH, TJI€ aBTOMOOUJIM MUaTCst ¢ OEIeHOM CKOPOCThI0, 0COOEHHO
BasKHO YYECTD 3aI€PKKY BO B3aUMOIEICTBHX C CEPBEPOM 1 0OECIIEYUTDH CBOEBPEMEHHOE
00HOBJIEHNE BUIUMbIX OOBEKTOB.

Cucrema PV'S xopo1no moxoauT /i NIyTepoB OT MePBOTO JHIA, TaKuX Kak «Doom»
i «Quake», Tie MOEAMHKY IIPOUCXOAAT B OTPaHUYEHHOM IpocTpaHcTse. s urp
0Z06HOTO POjia TaKkKe MOKHO TOPEKOMEHI0BATh UCII0Ab30BaTh POJACTBEHHYIO METO-
JIIKY, Ha3bIBaeMYIO nopmaiamu. B cucreme ¢ moprajaMu Kaskaash KOMHATa CIUTAETCS
OT/IEJILHON 00J1aCThIO, 8 KasKIast ABEPh MJIM OKHO — TTOPTAJIOM. ITupamMuy BUANMOCTH,
006pazyemMyio opTajioM, MOKHO OOBEAUHUTD ¢ 00JIACTBIO T10JIS 3PEHUS 1 TEM CaMbIM
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3HAYMTEHHO YMEHBIIUTD YHUCJI0 PEEeBAaHTHBIX 00beKTOB. Takas cucrema Tpedyer 6oJb-
1rero oobeMa BoiaucaeHni, ueM PVS, HO ecJiv B UTPe yiKe UCIOIb3YIOTCS TOPTAJIbI JJIsT
YMEHbBIIICHUST HATPY3KKM Ha KJINEHTOB, JOMOJHUTD €€ OTpee/IeHIEeM BUAUMOCTH 00'b-
eKTOB Ha CTOPOHE cepBepa Gy/IeT He 0YEHbD CIIOKHO.

Puc. 9.4. MNpumep ncnonb3oBaHus PVS B Urpe, UMUTUpPYIOLLEN aBTOrOHKM

AHaJIOTHYHO, B HEKOTOPBIX UTPaX € yCIIEXOM MOKHO HCIIOJb30BaTh IIPUEMbBI Hepap-
XUYECKOTO OTCEUEHNsT, TaKhe Kak IBOMYHOe pasbuenue mpoctparcTsa (Binary Space
Partition, BSP), xeadpodepeso (quadtree) wim okmodepeso (octree). Kaskabrit us sTux
pUEMOB pa3drBaeT 0OBEKTHI B UTPOBOM MUPE Ha IPEBOBUHbBIE CTPYKTYPHL JleTaibHoe
006Cy KIeH e TIOJOOHBIX TIPHEMOB MOKHO HAUTH B y7Ke YIIOMUHaBIelcs kKaure Kpucrepa
Ipukcona. VimeiiTe B BULY, YTO UCHOJIBL30BAHKE JIOOOTO U3 TAKUX MPOABUHYTHIX TIPH-
€MOB OTIPEIE/IEHUST BUAUMOCTH OOBEKTOB CYIIECTBEHHO YBEINUUBAET BPEMST, HEOOXOIU-
MOE JIJIsl PACYETOB. DTO CTAHOBUTCSI OYEBU/IHBIM, €CJIH YUECTD, UTO MIPOIECC ONPEIeJICHIST
BUIMMOCTH JIOJIKEH OBITh TIOBTOPEH JIJIsT KAsKIO0TO KJIMEHTa, TTOKIIOYEHHOTO K CEPBEPY.
Ecau To7bKO TIepest BAMHU He CTOUT 33/1a4a 00eCTIeYnTh PETTMKAIINIO BCeX 0OBEKTOB,
HCIIOJIb30BaHKE ITHX HEPAPXUUECKUX CUCTEM OIPEIe/IeHIsI BUAUMOCTH 00bEKTOB e/[Ba
JIF MOJKHO TIPU3HATH HEOOXOAUMBIM. [[J1s1 GOMBITMHCTBA CIOKETHBIX UTP BIIOJHE J10CTa-
TOYHO XOPOILO OTJIaKEHHOI crcteMbl PV'S, a Bo MHOIMX UIpax MOKeT He TpehoBaThest
U YPOBEHD JIETATBHOCTH, 00ECTIeunBaeMBbIi crcTemMoit PVS.

PeneBaHTHOCTb HEBMAMMbIX OOBEKTOB

BaskHO OTMETHUTD, 4TO BUJAMMOCTH KOHKPETHOTO 0OBEKTA He BCET/Ia HATIPSIMYIO OIpejie-
JISIET €T0 PEIEBAHTHOCTD. Bo3bMeM J1JIs1 TpUMeEpa UTPY, B KOTOPOU UTPOKU MOTYT GpocaTh
rpamathl. Ecii TpanaTa B3pBIBAETCS B COCEAHEH KOMHATE, BAsKHO, YUTOOBI 0OBEKT, TIPEI-
CTaBJISAIONMI IpaHaTy, ObLI MepelaH BCeM KJIMEHTaM, HAXOAAIINMCS TOOIU30CTH, lasKe
€CJIM TpaHaTa UM He BUIHA. ITO O0BSCHSIETCS TEM, YTO UTPOK OJKUIAET YCJABIIIATH 3BYK
B3PbIBa IPAHATHI, IAJKe €CJIM TpaHaTa Oblia HEBU/MMA B MOMEHT B3DBIBA.
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OtHIM U3 BO3MOKHBIX PEIIEHUIT 9TOi POOIeMBbI sIBJIsieTCst 06paboTKa TPaHATbI, OTJIH-
Jaromasacs ot 06paboTKU MPOYUX 00BEKTOB. Hamprimep, perimKkauio TpaHaThl MOKHO
OCYLIECTBJIATD, OIIMPASICH HAa PACCTOSIHUE [I0 UTPOKA, a He Ha ee BUAUMOCTL. Jpyroil
BapuaHT — repeaaBaTh a(pheKT B3pbIBa KIUEHTAM, JIJISI KOTOPBIX IPAHATa HE SIBJISETCS
peJieBaHTHBIM 00beKTOM, uepe3 RPC. DTOT BTOPOil MOAX0/] IO3BOJISIET YMEHBITUTD 00b-
€M JITaHHDBIX, TIE€PEChIJIAEMbIX KJINEHTAaM, KOTOPbIE TOJIZKHBI BOCIIDOM3BECTU 3BYK B3PbIBa
(1, BOBMOIKHO, BUBYaJIbHbIH a(hheKT), 3a cUeT UCKJII0UeHHs TIpoliecca Tepeaadn (hakTu-
qeckoro o0bekTa — rpanaThl. [Ipu aToM wH(OPMAIIUST 0 B3PbIBE TPAHATHI MOKET ObITH
rnepejiaia KjineHTaM, KOTOpbi€ B Z[eflCTBHTeJIbHOCTPI HEe MOTYT yCJIbllIaThb €ro, HO €CJIn
9TO 0COOBIIL CIy4ail 1 B UIPe HE yIaCTBYET OTPOMHOE YHCI0 OOBEKTOB, JAHHBII IIpHIeM
He JI0JIKEH 3HAYUTETHHO YBEIUYUTH 00beM Tpaduka.

Ecnu B urpe mmpoko UCIoib3ytoTest ayinoadheKThl, Ha cepBepe MOYKHO JIaXKe BbI-
YHCIATH MHGOPMAIUIO O 3ByKaX CTOJKHOBEHUsI C MTPerpagoi, 4To6bl OMPENeUTh X
pesieBaHTHOCTH, HO 17151 G0s1bIIIel peaucTHYHOCTH TaKHeE BHIUKCIIEHHS BOOOIIIE CJIeIyeT
POU3BOANTD HA KJIUEHTE — €/[BA JIH Bbl BCTPETUTE KOMMEPUYECKYIO UTPY, CIOCOOHYIO
BBIUMCJIUTD PEJIEBAHTHOCTH ay/noaddexrta Ha cepBepe ¢ TaKol CTENeHbBIO TOYHOCTH.
Pemenng na ociose RPC wim onpezeienus pajauyca BIOJIHE JOCTATOYHO st GOJIb-
HINHCTBA UTP.

CerMeHTMpOBaHME CEPBEPHON
cpeapbl BbIMNOMHEHMS

Wpes cezmenmuposanus cepBepHON Cpe/ibl BHIIOJHEHUS 3aKAI09a€TCSA B TOM, YTOObL
HACTPOUTH 00PabOTKY MTPOBOM MOJAEIU OJHOBPEMEHHO Ha HECKOJbKUX CepBepax.
BobIMHCTBO CIOKETHBIX UTP IO CBOEH TIPUPOJIE UCTTOTB3YIOT 3TOT MOAX0/I, TTOTOMY
YTO KasK/asl akTUBHAS UIPa UMEET OrPaHUYEHHOE YHCJIO aKTUBHBIX UTPOKOB — 0OBIYHO
ot 8 110 16. Uncsio UTpOKOB B UTPe B 3HAUUTETHHON CTETIEHN OTIPE/IEISIETCS 3aMbICTIOM
UTPbI, HO TaKasl OPTaHU3ALIA UMEET CBOK OECCIIOpHbIE TEXHIYECKUE BhIroabl. aesa co-
CTOUT B TOM, YTO TIPY HAJTMYNN HECKOJIBKIX OT/EJIBbHBIX CEPBEPOB HATPy3Ka Ha KaKOH-TO
OT/I/IBHBII cepBep He IOJIKHA 0KAa3aThCsl HETOIHEMHOTA.

[TpuMepaMu Urp, B KOTOPBIX MCIIOJIb3YeTCs IpHeM cerMmenTupoBanus, caysxkar «Call of
Duty», «League of Legends» u «Battlefield». TTockosbky Kaskibiii cepBep BBITIOJIHSIET
CBOW 9K3EeMILJISIP UTPBI, IEHCTBUS NTPOKOB B PA3HBIX UTPAX HUKAK HE MEIIAIOT JIPYT JAPYTY.
OnHako MHOTHE U3 9TUX UTP COXPAHSIIOT CTATUCTUYECKYI0 MH(MOPMAIIHIO, OTTBIT, YPDOBHU
U ZIpyrHe cBeleHus B o01ieil 6ase JaHHbIX. ITO 03HAYAET, YTO KaxK/[blil CePBEPHBDIIT IIPO-
I[eCC UMEET JI0CTYT K HEKOTOPOI Oase MaHHBIX, SIBJISIONIEHCS YaCThIO UTPOBOI CJIy/KObI —
HOHATHS, 60JIee TIOAPOOHO paccMaTPUBAEMOro B IiiaBe 12 «rposblie cyKObl».

[Ipuem cermenTUpPOBAHUS CEPBEPHOI CPEJIbI BBITIOJIHEHWST YACTO UCIIOJIb3YETCSI, KOT/Ia
OJINH KOMTIBIOTEP B COCTOSTHUH BBITIOJIHATD CPa3y HECKOJIBKO CEPBEPHBIX IPOIeccoB. Bo
MHOTUX UTPaX ¢ GOJABIINM OI0/ZKETOM Pa3paboTYMKaM IPEJOCTABIIAIOTCS KOMIIBIOTEPHI
B BBIYMCJIUTEIbHBIX IIEHTPAX, CIIOCOOHbIE BBIIIOJIHSATH HECKOJIBKO CEPBEPHBIX ITPOIIECCOB.
B Takux urpax 4acth UTPOBOU apXUTEKTYPBI TOJIKHA OOCIYKUBATH PACIIPEIE/ICHUE TPO-
1IECCOB Ha KasK0M KoMitbiotepe. OJIHO U3 PeleHni COCTOUT B TOM, YTOObI PEaIN30BaTh
MacTep-IIPOIIEeCC, PelIaloIlnil, Korjaa JoJKeH ObITh 3allylleH HOBbI UIPOBOIi IIpolece
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U Ha KakoM KoMIibtorepe. Korja urpa saBepiiaercs, CepBepHbIii IIPOLece MOKET Hepe/]
BBIXOJIOM 3allcaTh JI0Obie HeOOX0[uMble JaHHble B 6asy. 3aTeM, KOrja UIPOKHU pelar
HayaTh HOBBIW CEaHC, MACTEP-IIPOIIECC OMPEAETUT, KAKOW U3 KOMITBIOTEPOB HATPY/KEH
MeHbIIIE BCEro, U 3allyCTUT Ha HEM HOBBIN cepBEpHBI mpoiecc. s 3amycka cepBepos
TaKzKe MOKHO UCII0/1b30BaTh 06/1aunblii xoctuHr (cloud hosting), o uem pacckasbiBaercst
B raBe 13 «O061auHbIil XOCTUHT /ISt BBIAEJIEHHBIX CEPBEPOB».

CermenTupoBaHue cepBEepHON cpe/ibl BBIIIOJHEHNS TaKXKe UCII0JIb3yeTcs Kak pac-
HIMPEeHKe IpreMa OpraHu3aliy CTaTUYeCKUX 30H, IPUMEHSIEMOTO B MACCOBBIX UTPaX.
B uvacrnocty, kaxkaas craTudyeckas 30Ha WM KOJUIEKIUSA CTaTUYECKUX 30H MOXKET
06CTyRMBATHCST OTAETBHBIM CEPBEPHBIM TIporieccoM. Hampumep, momyaspHast urpa
«World of Warcraft> BritoyaeT MHOKECTBO KOHTUHEHTOB. Kaskablil KOHTHHEHT
06CTYKUBAETCST OTIENBHBIM CEPBEPHBIM MpoTteccoM. Kora urpox mepemerntaercst
C OJTHOTO KOHTWHEHTA Ha JPYTOH, Tlepeji HUM BBIBOJIUTCST 9KPaH 3arpy3Ku, KOTOPBIN
oToGpakaeTcst, oKa COCTOSTHUE TIEPCOHaXKa He OY/IeT MepeiaHo CepBEPHOMY TIPOTIECCY,
00CIyKUBAIOIIEMY HOBBI KOHTUHEHT. Kaskiblii KOHTHHEHT COCTOUT U3 HECKOJIbKITX
CTaTUYECKUX 30H. B oTimume 0T KOHTUHEHTOB TepecedeHre TPAHUI] CTATHYeCKUX 30H
MPOUCXO/IUT HE3aMETHO, TIOTOMY 4TO BCE 30HbI HA KOHTHHEHTE 00CTY/KUBAIOTCS OJTHUM
U TeM ke cepBepHbIM mporeccoM. Ha puc. 9.5 mokasamo, Kak MOrja Obl BBITJISIIETH
KoHbuUrypanus mogo6Hoii runorerndeckoit urppi MMORPG. Kaxblil 11ecTiyrosib-
HUK IIPE/ICTABJISIET CTATUYECKYIO 30HY, a IyHKTUPHAS JUHUSA — IIyTh UTPOKA MEXKILY
JIBYMs1 KOHTMHEHTaMHU.

EBpona Vo
(nepBbIli cepeep) (BTOpPOW CepBep)

Puc. 9.5. CerMeHTMpoBaH1e CEPBEPHOI Cpeabl BLIMOMHEHUS B rMnoTeTMYeckoi urpe MMORPG ans
06cny>xnMBaHns 0TAENbHbBIX KOHTUHEHTOB, HO HE CTAaTUYECKMX 30H

Kax u B ciryyae co cratuuecKuMy 30HaMU, CETMEHTUPOBAHUE CEPBEPHOIL CPE/IbI BBITIOJI-
HEHUS OTTPABIAHHO, TOJBKO €CJIM UTPOKU PABHOMEPHO PACTIPe/IeIEHBI MEK/TY CepPBEPaMHU.
Eciii kakoMy-TO OZHOMY cepBepy MpUIeTcst 0OCTyKUBATh CIAUIIKOM GOJIBIIOE YKCIIO
UTPOKOB, OH MOKET CTOJKHYThCA € IIPOOAEMOil HEXBATKU IIPOU3BOAUTEIbHOCTH. JTa
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npobiiemMa He XapakTepHa JIUIst UTp ¢ (PUKCUPOBAHHBIM YHCIOM UTPOKOB, HO OHA MOJKET
MIPOSIBJISITHCSL B MaccoBbIX urpax. Crocod pelenust mpodIeMbl 3aBUCHT OT XapaKTepa
urpsl. HeKoTopble UTPBI TPOCTO OTPAHUYUBAIOT YHCIIO UTPOKOB M BHIHY/KIAIOT UX KIATH
cBoell ouepenu, noka cepsep He ocsoboaurcs. Mrpa «Eve Online» sameniger remi
paboThL. TaKoil PEKUM HA3BIBAIOT pescumom pacmsicenus spemenu (time dilation). On
MTO3BOJISIET CePBEPY 00CIYKUTH BCEX HTPOKOB, KOTOPBIX B IPYTOM CUTYAIIHE OOCTYKUTh
6BITTO GBI HEBO3MOIKHO.

KnoHupoBaHue

[Tpuem xronuposanus (instancing) nojpasyMeBaeT HaJIu4Ke OAHOI 001Ieil UTrpbl, IO/
JEPKUBAOIIEH HECKOIBKO OTIEIBHBIX HK3eMILISIPOB. ITOT IIPHUEM OOBIYHO UCIIOIb3YETCsT
B UTPax ¢ OOTIMM UTPOBBIM MUPOM, TJI€ BCE TIEPCOHAKU HAXOSATCS HA OTHOM 1 TOM Ke
cepBepe, HO MOTYT IPUHAJJIEKATh PA3HBIM dK3eMILIgpaM urpbl. Harpumep, MmHOTHE
maccoBbie urppl MM ORPG ucnonb3yioT KIOHUPOBAaHHUE € 1ETHI0 OPTaHU3AIHT CUCTE-
MBI T10/I3eMesIUi 11 (PUKCUPOBAHHOTO Yucsa UTPOKOB. IIpu TakoM 1ozaxo/ie Tpymnibl
UTPOKOB MOTYT JIEHCTBOBATH 10 3apaHee MOJTOTOBJIEHHBIM CIIEHAPHSIM, CBOOOHBIM
OT BMEIIATEIbCTBA JAPYIUX UTPOKOB. B OOIBIINHCTBE WP, PEATU3YIONIAX TAKOTO PO
KJIOHMPOBaHMEe, UMEIOTCS IIOPTAJIbl MJIN II0XOKHE KOHCTPYKIINMH, TIOMOTAIOIINe UTPOKaM
HepeMenaThest u3 o0Iei 30HbI B KJIOHBI.

VHora KJIOHUPOBAaHUE UCTIONB3YETCs /IS PEIIEHUsT TPOOIEMbI TIEPEOJTHEHNsT 30H.
Hamnpuwmep, urpa «Star Wars: The Old Republic» ycranasinsaer orpanudenie Ha
YUCJIO0 UTPOKOB, KOTOPBIE MOTYT OJIHOBPEMEHHO HAXOIUTLCS B HEKOTOPOIH 30He. Ecin
YUCJIO0 UTPOKOB CTAHOBUTCS CJAMIIKOM OOJIBIITIM, U3 OPUTHHAILHOTO HK3EMILISIPA 30HbI
KJIOHUPYETCS BTOPOIT 9K3eMILISIP. ITO MOPOKIAET HEKOTOPDIE CIOKHOCTH JIJIST HTPOKOB.
Ecom 1Ba nrpoka permim BCTPETUTLCS B KAaKOH-TO 30HE, OHU MOTYT OKAa3aThCsl B IBYX
Pas3HbIX 9K3eMILIsIpax (KaoHax) a1oii 30Hb1. B urpe «The Old Republic» Ha ator cayuait
TIPEYCMOTPEHO PeTeH e, TO3BOJISIONIEE UTPOKY TTEPEMEIATHCS B 9K3EMILISIP, TIPIHA-
JIEKAIIWH TPYTITIE.

C TOYKM 3peHUsT MPOEKTUPOBAHUSI IPUEM KJIOHUPOBAHUST GOJIBIIE TIOIXOUT JIJIs UTP
C OJTHUM WJIU € HeOOIBIITNUM YHUCJIOM UTPOKOB, UMEIOIINX TIEPCOHAKE, CBI3aHHBIX C 00-
M MEpOM. HeKoTopbie UTPBI HCMOTB3YIOT KIOHUPOBAHKE KAk CIIOCOO OpraHu3aI[ini
30H Ha MyTH MOMCKOB. OIHAKO 3TOT IIPUEM UMeET CBON HEIOCTATOK — KJIOHWPOBAHUE
CHUZKAET ONIyIeHNe eIMHCTBA MUPAa.

C TOYKM 3PEHNST TIPOUIBOAUTENHLHOCTH, TTOKA CTOMMOCTH 060POTa IKIEMILIIPOB HAXO-
JIUTCST TIOJT KOHTPOJIEM, KIIOHUPOBAHUE MOYKET OBITh BBITOAHBIM. [IpHEeM KJIOHUPOBAHMS
crocobeH rapaHTUPOBATh PEJIEBAHTHOCTH He Gosiee X UTPOKOB B KaXK/IbIii MOMEHT BpeMe-
HH, 0COOEHHO €CJTH 30HbI CTOCOOHBI TOPOKIATH OTAENBHDIE KIOHBI. Bosee TOTo, KIOHH-
POBaHME MOJKHO JIaKe COBMECTHTDH C CETMEHTUPOBAHUEM CEPBEPHON CPEJIBI BBITIOIHEHYIS,
4TOGBI IOMOJTHUTEHHO CHU3UTh HATPY3KY Ha OIPe/IeIeHHbIe CepBEPHbIE Iportecchl. Tak
KaK BXOJ[ B 9K3EMILJISIP TPAKTHIECKH BCET/IA COTIPSIKEH € BBIBOZIOM 9KpPaHa 3arpy3KH Ha
KJIMEHTE, HET MPUYIH, KOTOPBIE TIPETSITCTBOBAIHN GBI TIEPEMEIIEHUIO KITHEHTa Ha JAPYTOil
cepBep, Kak 9T0 peain30BaHo IIpU HepeMelieHnn Mexy kontuHernramu B « World of
Warcraft», o6cysKiuBaeMbIMU Pa3HBIME CEPBEPAMIL.



276 MaBa 9 e MacwTtabupyemMocTb

CucteMa NpUopUTETOB M YacTOTa OOHOBNEHUS

B HEKOTOPBIX UTPax MPON3BOIUTETHHOCTD CepBepa — He camoe y3Kkoe MecTo. OCHOBHAsI
npobieMa 3aKITI0YaeTcst B 00beMe JAHHbBIX, KOTOPhIE IPUXOUTCS epeiaBaTh KINEHTaM
Mo ceTu. Jta MpobaeMa 0cOOEHHO OCTPO CTOUT B UTPAX JIIST MOOGUIBHBIX YCTPOHCTB,
KOTOpPBIE JIOJIKHBI YUUTHIBATH OCOOEHHOCTH PaboThl MOOUIBHOI ceTn. B riase 5 06-
CY/KIQINCH HEKOTOPBIE TIYTH PETeHus MoA06HON TPOOIEeMBI, TaKne KaK qaCcTHIHasT
perukaius 06bexToB. OHAKO eCiiM Ha aTalle TeCTUPOBAHUSI BHIACHUTCS, YTO UTPa
MPETBSIBISIET CTUTITKOM BBICOKIE TPEOOBAHMS K TIOJIOCE TIPOMYCKAHMSI, CIEYET pac-
CMOTPETb HEKOTOPbIE J0TIOJHUTEIbHbBIC TPUEMBI.

OjiHO U3 peleHuil 3aKIF0YaeTCst B TOM, YTOOBI IPUCBOUTH Pa3HbIM 00bEKTaM PasHbIE
nipropuTeThl. OGBHEKTHI € BBICHIUM MPHOPUTETOM MOTYT MIEPEaBaThCs B TIEPBYIO OUEPEIb,
a 0OBEKTBHI C HU3IIUM TIPHOPUTETOM — TOJIBKO B OTCYTCTBHE BBICOKOIIPHOPUTETHBIX 00'b-
€KTOB. ITOT MPUEM MOKHO PACCMATPUBATE KaK CIIOCOO HOPMUPOBAHUS MOJOCHI TIPOTTY-
CKAHUSL: KOT/[a UMEETCsI OTPAaHUYEHHASI T10JI0CA TIPOITYCKaHMst, OHa OY/IET UCIIOJIb30BATHCS
TOJILKO JIJIsT TIepeiadn Hanboree BaXKHBIX 0OBEKTOB.

[Ipu ucrosb30BaHUM CUCTEMBI IPUOPUTETOB Ba)KHO MHOT/IA JlaBaTh BO3MOKHOCTD
nepeaaBaTh HU3KOMPHOPUTETHBIE 0OBEKThI, HHAYE 9TH 00BEKTHI HUKOT/IA He OYayT 00-
HOBJISITBCS Ha KJMeHTax. [[J1s1 3TOro MOKHO OTpeIeIUTh pa3Hylo YacTOTy pelIuKaIun
pasHbIx 06beKTOB. Hampumep, BaskHbIE 0GBEKTHI MOTYT OGHOBIISITHCST TTAPY Pa3 B CEKYHILY,
MeHee BasKHbIE — KayK/Ly1o mapy cekyH 1. YacToTy 0OHOBJIEHUST MOKHO COBMECTHTD C CH-
CTEMO PUOPUTETOB U HA X OCHOBE BBIUNCJISATH HEKOTOPBIN TMHAMWYECKUH YPOBEHb
MPUOPUTETA, KOT/IA TIPHOPUTET HU3KOTIPHOPUTETHBIX OOBEKTOB CTAHOBUTCSI TEM BHIIIIE,
1eM OOJTbITE BPEMEHH MPOIIIIO ¢ MOMEHTA MTOCJIETHETO €T0 OOHOBIEHS.

AHaJIOI’I/I‘{HYIO CUCTEMY IIPUOPUTETOB MOKHO IPUMEHUTD K y/aJIEHHBIM BbI30BaM IIPO-
nenyp. Ecmm OnpeaeJI€eHHBIE BbISOBbI OKA3bIBAIOTCA HE COOTBETCTBYIOIUMU COCTOAHUIO
WTPbI, UX MOKHO UCKJIIOYATb U3 II€pe/ladin B OTCYTCTBUE JIOCTATOYHOI HpOHyCKHOI'/JI
CIOCOOHOCTU. DTO HATIOMUHAET HaJIC)KHYIO 1 HEHAZEJKHYIO TTepea1y IMMaKeTOB, OTINCHI-
BaBIIIYIOCA B I'JIaB€ 2.

B 3aknoyeHune

Coxkparienne o6beMa JTaHHBIX, MEPEIABAEMbBIX KAKIOMY KIUEHTY, ABJIACTCS BaKHON
3amaveii, KOTOpast OJKHA PEMATLCS TI0 MEPe YBeINUeHnst MacmTada CeTeBON MTPHI.
OJtHO U3 pEeIIeHnl COCTOUT B YMEHBIIEHUN OBIIEro YHcia 00bEeKTOB B 06JaCTH BU/I-
MOCTH KOHKPETHOTO KJreHTa. CaMBbIii IPOCTOM CIT0c06 — curTaTh 0COOEHHO TaJIEKUe OT
KJIeHTa 0GBEKTHI He MOMAJIAoNNMK B €r0 061aCTh BUMMOCTH, OJTHAKO TaKOH TIOXOI,
HE YYUTHIBAIONII MHAUBULYAJIBHBIX OCOOCHHOCTEH UTPBI, HEe BO BCEX CIYUAsIX JAET I10-
JIOSKUTENTbHbBIE PE3YILTaThl. J[pyroii moaxo1, 0co6eHHO MOTYJISPHBIN B UTPax ¢ 00IINUM
MUPOM, — JIeJIEHUEe UTPOBOTO MUPA HA CTATUIECKUE 30HBL. B ATOM cirydae TOJbKO UTPOKI
B OJIHOM 30HE GY/IyT CYUTATHCSA PEJEBAHTHBIMU IO OTHOIIECHUIO IPYT K JAPYTY.

[[JIH CHUKEHUA YMCJia peJ€BaHTHDIX 00BEKTOB MOKHO TAKKE SaﬂeﬁCTBOBaTb IIpUEeMbI
orpeaeseHnud BUANMOCTH. [[a>1<e B TOM CJ1ydae, Kor/la UCII0JIb30BaThb IIPUEM OIIpe/ieJie-
HUA TOIMaaHuA B IIMPaMUy BUAMMOCTU HE PEKOMEHYETCA, B KOM6I/IHaHI/H/I C IIpueMoM
onpeneseHn:A pejieBaHTHOCTU TI0 PACCTOAHNIO OH MOJKET JaBaTh HEIIJIOXHE PE3YyJIbTaThl.
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B wrpax ¢ 4eTKUM CEKIIMOHUPOBAHUEM MTPOBOTO TIPOCTPAHCTBA, TAKUX KAaK IITyTePbI
B OTPaHUYEHHOM ITPOCTPAHCTBE UJIN ABTOTOHKH, C YCIIEXOM MOKHO UCIT0JIb30BaTh PVS.
ITpuem PVS nospojisger onpegeanTb, Kakue 001acTi BUAHBI U3 KOHKPETHON TOUKKU
B ypoBHe. CyIIecTBYIOT U JIPYTHE METOUKH ONpPe/IeTICHUS] BUANMOCTH, TaKWe KaK Iop-
TaJlbl, CIOCOOHBIE IaBATh JOMOJHUTETbHBIE BBITOJBI B OTACIBHBIX caydasx. Hakorerr,
B HEKOTOPBIX CUTYAIUSX BUIUMOCTD OGBEKTA HE MOKET CITY;KUTh KPUTEPUEM €T0 peJie-
BaHTHOCTH, KaK, HAIIPUMEp, B CUTYallM1 CO B3PIBOM I'PAHATHI.

CermMeHTUPOBaHNE CEPBEPHOIL CPEIbl BBIITOJIHEHUS TaKKe MOXKHO MCIIOJIb30BATh /IS
YMEHbBIIIECHUS HArPY3KN Ha KK/l OTAEIbHBIN cepBep. ITOT IIPUeM MOJIXOANUT U IS
CIOKETHBIX UTP ¢ (DUKCHPOBAHHBIM YHCJIOM UTPOKOB, W JIJISI UTP ¢ OTPOMHBIM OOIIIM
MUPOM, T/I€ OT/IETBHbIE 30HBI MOTYT OOCJIY;KUBATHCS PA3HBIMU CEPBEPHBIMU MTPOIECCAMI.
AHaJIOrMYHO, METO/IMKA KJIOHHPOBAHUS 1I03BOJISIET CO3/1aBaTh CAMOCTOSITE/IbHbIE KOITUU
OT/ETBHBIX 0OIACTEN 0BIIEro MUpa, JIyUIie KOHTPOJIUPYEMBIE ¢ TOUKH 3PEHUS TTPOM3BO-
JIUTEJIHHOCTH U KOHCTPYUPOBAHMUS.

CyTecTByIOT TaksKe TIPHEMBI, He CBSI3aHHDIE C PEJIEBAHTHOCTHIO OOBEKTOB, KOTOPbIE
MOXKHO MCIIOJIb30BATD [/ OrpaHndyeHns Tpacduka B ceTeBbIX urpax. Oqun u3 Hux
3aKJII0YAETCs B HA3HAYEHUU TIPUOPUTETOB PA3HBIM OOBEKTAM U Y/IaJIeHHBIX BbI30BAX
nporeyp, 4robbl Hanbosee BaskHast MHGOPMAIHS TTEPEJABAIACH B TIEPBYIO 0YEPE/b.
Jlpyroe pelienre 0OCHOBAHO HA YMEHBIIEHUN YaCTOTHI PEIIMKAIUN OOHOBIEHUI JJIsT
BCEX 00BEKTOB, KPOME HanbO0JIee BasKHBIX.

Bonpockl Ana noBTOpeHus

1. Hepe‘-II/IC]II/ITe HEAO0CTAaTKNU OIIpe/iejiIieHnA peJIEBAHTHOCTHU 00BbEeKTa TOJNBKO 110 pac-
CTOAHMIO /10 HETO.

2. YTo TaKoe «CTaTHYEeCKUE 30HbI» 1 KaKIe IIOTEeHI[Ma/IbHbI€ BbITO/JbI OHU HGCyT?

3. Kak MO’KHO MCII0JIb30BaTh MUPaMUIy BUAMMOCTH AJst Bbi6Gopa 00bekToB? Y10
[OJIYYHTCS, €CIM PENIEBAHTHOCTh OOBEKTOB OIIPEJENATh TOJAbKO ¢ IPUMEHEHUEM
MMUPAMU/IBI BUTUMOCTH ?

4. YT0 Takoe <«II0TEHIMAJbHO BUAMMbBIA HAOOP» U YeM ITOT IIPUEM OTIUYAETCS OT
CTAaTUYECKUX 30H?

5. Ecumi urpa ¢ o6IuM MIUPOM CTPAIAET OT MEPETIOJHEHUS 30H, KAKUE PEIIEHUST 9TOM
pOOIEMBI BbI MOTJIN OBI TIPEITIOKUTD?

6. IlepeuncanTe HECKOJIBLKO PENIEHUH, OTJIIMYHDLIX OT YMEHBIIECHHS YHCIa PEJIeBaHTHBIX
06BEKTOB, /7T CHYKEHUS TPeOOBAHUIT CETEeBO UTPHI K MTPOMYCKHOM CITOCOOHOCTH.

[ns AONOMHUTENLHOrO YTeHUs
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be30onacHOCTb

A3apTHble UFPOKM BCeraa Uckasnaum crnocobbl CKybHUYaTb. C pOCTOM MOMyNspHOCTY
CEeTeBbIX Urp 3alMTa OT HECaHKLUMOHMPOBAHHOIO AOCTYNa K Urpe cTana Hernpe-
MEHHbIM ycioBMeM obecneyeHns 6e30MacHOCTU UrpoBoi cpeabl. B aToi rnaee
paccMaTpYBalOTCA HEKOTOPbIE PAcpPOCTPaHEHHbIE YS3BMMOCTU M Croco6bl 60pbObI
C HUMMU.

[lepexBaT NakeToB

B o6bruroM peskume (hyHKIIHOHUPOBAHUST CETH TTAKETHI IIPOXOST YePe3 HECKOIBKO
Pa3HBIX KOMITBIOTEPOB, BCTPEYATOTINXCS Ha I TH OT OTIIPaBUTEJIS K TTosrydaresio. [Ipo-
MEXKYTOUHBIE MAPIIPYTH3ATOPHI JOJKHBI CYUTAThH 3aTOJOBKH MTAKETOB, YTOOBI OTIpe-
JIeJINTh, Ky/Jla X HAIIPaBJIATh. M Kak yKe TOBOPHUJIOCH B TJIaBe 2, MHOTIA MEXaHU3Mbl
peoGpasoBaHUsT CETEBBIX aPECOB TIOAMEHSIOT ajfipeca B makeTax. OMHAKO, yUUTHIBAST
OTKPBITYIO TIPUPOJLY TePeIaBAeMbIX JAHHBIX, HUYTO HE MEIIAeT JI0OBIM KOMITBIOTEPaM,
BCTpEYAoNMMCs Ha ITyTH, UCCJIe/[0BaTh JaHHbIE B ITaKeTax.

WNuoraa takoe uccseloBaHNe MOKET BBITIOJTHATLCSA B XOJI€ CTAHIAPTHBIX CETEBBIX OITe-
panuii. Hanpumep, HEKOTOpbIe MapIIPyTU3aTOPBI IIPOBOAT TIIyOOKOE UCCIIe0BaHIE
COIEPKIMOTO MTAKETOB C LEJIbI0 00€CIIeYnTh ONPeeJIeHHbIN Yposeis Kauecmaa 00Cayici-
eanust (quality of service) u B mepByI0 04epe/ib IPOIYCTUTH BHICOKOTIPUOPUTETHBIE MTAKe-
Tbl. CrcTeMa TOIIEPIKKI KauecTBa 00C/Iy KUBAHKSI aHATU3UPYET COAEPIKUMOE TTaKETOB,
U €CJTH TIAKET OTIPEJIETISIETCS €10 KaK 4acTh MMOTOKA Tepeiaun (haiiyia MexXIy y3IaMu, eMy
npucBanBaercst 6oJjiee HU3KUI TPUOPUTET B OTIUYNE OT TTAKETA € JAHHBIMU FOJI0OCOBOTO
MOTOKa, TiepezaBaeMoro 1o mmpotokoy VolP (voice-over IP — rosioc yepes IP).

Ho cymiectByer hopma rccieloBaHus TAKETOB, KOTOPask BBIOIHSIETCS He Beerya ¢ 6ia-
rumu Hameperusivu. [loz nepexsamom naxemos (packet sniffing) o6prato mogpasyme-
BAETCsT OTIEPAIINS YTEHVST JAHHBIX M3 TTAKETa C TeTbI0, He CBSI3aHHOM ¢ obecrederem
HOPMAJBHOTO (DYHKIIMOHUPOBAHUS CeTH. J[e/IaThCss HTO MOKET ¢ CAMBIMU PA3HBIMK
TEJIIMHU, BKJTIOYASt TIOTIBITKY MEPEXBATUTh UMST TTOJb30BATESA U NAPOJIb U MOIIECHHH-
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YECKUM TIyTEM TIOJYYUTh KaKUe-JI100 JOTIOMHUTETbHBIC IPEUMYIIIECTBA B CETEBOM UTpe.
B ocraBiieiicst yacTu 3TOTO pasjiesia OCHOBHOE BHUMAHUE OYJIET YAETEHO KOHKPETHBIM
npreMaM IepexBaTa IIaKeTOB B CeTEBBIX UTPax.

ATaKa «HE3aKOHHbI NOCpeaHNK>

Araxa Busia <mesakonwiil nocpednur» (man-in-the-middle) BosmoskHa, ecom Ha sy T
MEJKILY OTIPABUTENIEM U [TOJydaTesieM HAXOJAUTCS KOMIIBIOTED, CIIOCOOHBII mepexBa-
TBIBATh MAKETHI BTallHE OT OTIIPABUTENIS M MOJIydaTesl, ITa CUTyalisd n3o0pakeHa Ha
puc. 10.1. Creyer oTMETUTD, YTO CYIIECTBYET MHOKECTBO CIIOCOOOB OPraHU3AI[H ATAK
sToro Buzia. JInbast madopmarius, nepegaBaeMast KOMIIbIOTEPOM € HE3aIIUIIEHHBIM HJIH
00IIEI0CTYITHBIM TIOAKIOUeHneM K ceTrt Wi-Fi, MoskeT ObITh mepexBayeHa APYruM KOM-
HBIOTEPOM B 3TOH ke ceTH. (VIMeHHO 0aTOMY peKOMEHIyeTCsl NCI0JIb30BaTh Mg po-
BaHHbIN KaHaa VPN mpu pabote ¢ obienoctyiHoit cerbio Wi-Fi riae-Hubyb B MECTHOM
Kade.) B poBoHOII ceTr maKeThl MOTYT IePeXBaThIBaThCs Ha MAlIMHE-ILI03e JT100
BPEJIOHOCHBIM MTPOTPAMMHBIM 0O€eCIieueHIEM, JIOO0 He B MePY JIIOOOBITHBIM CHCTEMHBIM
aIMUHUCTPATOPOM. KpoMe TOTo, ecsii 10 KaKO#-TO MPUYNHE TTPAaBOOXPAHUTEIbHBIE
OpTaHbl HAIEJUINCH HA BAIILy UTPY, OHKM TaK;KE MOTYT CIIOCOOCTBOBATH YCTAHOBKE TIPO-
IPaMMHOTO 06eCeYeHus y MocTaBIuKa yeayr MHTepHeTa, 4TOOBI TIONYYUTh AOCTYII
K JTAHHBIM.

Anuca Bo6
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Puc. 10.1. ATaka BuAa «HE3aKOHHbI NOCPEAHMK», B XoAe KoTopoin Knvs
YuTaEeT Nepenucky mMexxay Anncoi n obom

TexHuuecku UTPOK MOKET MpeHAMEPEHHO YCTAHOBUTD CIEI[UAJIbHOE TTPOTPAMMHOE
obecrieueHme st epexsaTta Tpaduka Urpbl. ITO MPOOIEMATHYHO ceIaTh Ha 3a-
KpBITOI Ti1aTdhopMe, TAKON KaK UTPOBasi KOHCOJIb, HO CJIEyeT MTOMHHUTD, YTO UTPOK
C IIepCOHAIbHBIM KOMIIBIOTEPOM Beerza OyieT MMeTh IIOJIHbII 0CTYII KO BCEM JAaHHbIM,
repeaBaeMbIM 110 ceTi. [10aToMy B ajibHeleM 00CysKICHUHT aTak BUIa «HE3aKOHHBIT
HOCPEIHKK> OyIeT MPeANOIaraThCs, YTO «IOCPEIAHIUK» — 9TO TPEThsl CTOPOHA, HE M3-
BECTHAsl HU OTIPABUTEJIIO, HU TI0JIy4aTeJIIo.

OOGBIYHO TPOTUBOCTOSTHUE ATAKaM «HE3aKOHHBIN TIOCPETHUK» OCYIIECTBIISIETCS TyTeM
mrdPOBAHMS BCEX MTepe/ilaBaeMbIX JIaHHBIX. B ceTeBoil urpe, mpex/ie yeM MpucTynaTh
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K BHEZIPEHUIO KAKOW-THO0 cHCTeMBI (D POBAHYISL, CJIEIYET OIEHUTD, COICPAKUT JIU UTPa
ysI3BUMbIE JlaHHbIe, Tpedyiomue mudpoBanust. Eciiu urpa BbIIOTHSIET KaKue-HuOYy/Ib
MUKPOTPAH3aKI[UH, KOTJa UTPOK MMOKYIAET KaKue-Tu0O0 UTPOBbIE 3JIEMEHTBI, JIOObIE
NaHHbIe, CBSI3AHHbIC C TTOKYIMKAMU, 06s13aTeIbHO HOJKHbI mudpoBaThes. Eciu urpa
COXPaHSIET WK JIasKe POCTO 06pabaThiBaeT NHMOPMAIIUIO O KPEAUTHBIX KapTax, pu-
JMYECKH 00s13aTeIbHBIM TPEOOBAHNEM MOJKET CTaTh COOJIOICHUE CTaHAapTa 3aIlUThI
urdopMalyy B uHAycTpun 1miarexubix kapt (Payment Card Industry Data Security
Standard, PCI DSS). Onnako gaxe ecjii B UTpe HE COBEPIIAETCS HUKAKUX MOKYIIOK,
Jir0bast UTpa, Tie UTPOK aBTOPU3YETCs B CBOEH yueTHO# 3amvicu, Takoil kak MOBA win
MMO, nomxHa mudpoBath TaHHBIE, UMEIOIIIE OTHOIIEHE K TIPOIECCY aBTOPH3AIIHH.
B 060X 9THX CJIydasix TPETHE U0 MOKET UMETh MAaTEPHAIbHBII CTUMYJT [JIS [IepexBaTa
wHGOPMAITUN 0 KPEIUTHOW KapTe W JaHHBIX aBTOpu3aIuu. [loaToMy 04eHb BaskHO,
4TOGBI UTPa 3alUIIAIIA IEHHBIC TaHHbIE, TPUHAJICKAIHE UTPOKY, OT HE3aKOHHOTO 110~
CPEIHUKA.

C IpyToii CTOPOHDL, €C/IM €IUHCTBEHHBIE JAHHbIe, KOTOPBIE UTPa IEPELAET 110 CETH, — 3TO
cocrosinme 00beKTOB (1 Apyras mogobHas urdopmanms ), obecredenne 6e30macHOCTH
nepecraeT ObITh HACTOJILKO aKTyaIbHbIM. Takue JaHHble MOKHO OCTaBUTh He3agppo-
BaHHBIMU, 1 9TO He [OBJIeYeT 3a c000i Oobmmx npodaem. OxHako mudpoBaHue JaH-
HBIX BCE €IIe MOJKET ITPUTOJIUTHCA JIJIA TIPEIOTBPAICHNA aTaK BU/la «IIepeXBaT IMTaKETOB
Ha LIEJIEBOM KOMIILIOTEPE», O KOTOPBIX OYJET paccKa3aHo Jalee.

Eciu BoI IPpUIIJIN K BBIBOAY, YTO UI'DPa IMOCBUIAET JaHHbIE, KOTOPbIE /JOJIKHDI 6bITb 3a-
IIUIIEHBI OT TIOCTOPOHHETO, UCIIOJIb3YITe CUCTEMY H(MPOBAHIS, TOKA3aBIIYIO0 CBOIO
HaJIesKHOCTh, B yacTHOCTH, 1JIsl IIepejaurl CeKpeTHON MHMOPMAIIUU XOPOLIO MOAXOANT
cucTeMa wudposanus. ¢ omxpvimoim kuouom. lpencrassre, uro Amca u Bob pemnmim
HACTPOUTH 0OMEH 3andPOBAaHHBIMU COOOIIEHUSIMU APYT ¢ ApyroM. [Ipeke yem Ha-
YaTh OOIIATHCS, OHU JOJIKHBI CTeHEPUPOBATh 3aKPBITHIE 1 OTKPBITHIE KJIIOUM. 3aKPhIThIE
KJIIOYM OCTAIOTCS B JIMUHOU CO6CTB€HHOCTI/I TOI'O, KTO UX CreHeprupoBaJjl, — OHN HUKOI'la
He JOJUKHBI TIepeiaBaThest KoMy Ob To 1u 6610, Korma Annca n Bob ¢BsKyTCst IpyT
C ZIPYIOM B IIEPBBIN pas, OHK 0OMEHSIOTCS OTKPBITBIMU KJIIOUaMu. 3aTeM, Korga Ajmca
HOArOTOBUT coobuienne st boba, oHa 3ammudpyer ero ¢ HOMOIIbIO OTKPHITOrO KJII0Ya
Boba. [TocJie aToro coobienne MoKHO Oy/eT pacimupoBaTh TOJBKO € TIOMOIIBIO 3aKPbhI-
Toro kiarova boba. To ectb coobiierus ot Anuchl a1 Boba ¢CMOKET IIPOUNTATh TOJIHKO
Bo6, u nukro apyroii, a Bob, co cBoell CTOPOHBI, CMOKET IIOCAaTh coobueHne Auce,
POYMTATH KOTOPOE CMOKET TOJBKO OHa. B 9TOM 3aKitouaeTcst cyTh M POBaHUSI C OT-
KPBITBIM KJTI0ouoM (puc. 10.2).

B urpe, umeronnieii cepsep aBTOpU3aliny, KIUEHTaM liepelaeTcsl OTKPBITBIN KJII0Y cepBepa.
Korzia KIHEHT moskeIaeT aBTOPU30BATHCS, €T0 UM U TApOJIb MNMPYIOTCS ¢ TOMOIIBIO
OTKPBITOTO KJIFOUA cepBepa, U TaKOH MaKeT ¢ JaHHBIMI TSI aBTOPHU3AITIHI MOKHO pac-
i poBaTh TOJIHKO MPU MOMOIIH 3aKPBITOTO KJII0Ya CepBEpa, KOTOPBIH, XOTEJI0Ch Obl
Ha/IeSIThCS, I3BECTEH TOJIBKO cepBepy!

Haubosiee oy isipaoil cucteMoii mudpoBaHUs ¢ OTKPBITHIM KJIIOYOM B HACTOSIIIEE
BpeMs saBjsieTcs cucrtema RSA, paspaborannas Pusectom, [llamupom u Anenbma-
HoM B 1977 romy. B RSA OTKpPBITHII KII0Y OCHOBAH Ha OYEHb OOJIBILIOM 10AYNPOCTIOM
(semiprime) 4mcJie, B TOM CMBICJIE, UTO OHO SIBJISIETCST TIPOM3BE/IEHUEM /IBYX TTPOCTHIX UN-
ceJl. 3aKPBITHIN KJII0Y OCHOBBIBAETCS HA PABJIOKEHNUH TTOJTYITPOCTOTO YHCJIA HA IIPOCThIE
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Anuca

Mpusert, Bo6! —»  LUudposaxve

l OTKpbITbIV
ko4 boba

EADCFFBO

08372145
MpueeT, 506! <€—— PaclumndgposbiBaHue 4—h
3aKpbIThi
Bo6 ko4 boba

Puc. 10.2. Annca n Bob nepenwucbiBatoTcs,
MCMonb3ys WKpoBaHME OTKPBITbIM KITIOYOM

MHOKUTeH. HameKHoCTh cucteMbl 00yCA0BIEHA OTCYTCTBUEM aJITOPUTMA PA3JI0-
JKEHWST 9McesT Ha TTPOCThie MHOKUTEN 32 TOTMHOMUAJIBHOE BPEMs, a Pa3JioKeHne
1024- unu 2048-6MTHBIX YMCET METOJOM IIPOCTOTO Hepebopa B HACTOMIEE BPeMs
HPaKTHYECKH HEBO3MOIKHO 32 0003puMOe BpeMsl, [ake Ha CAMOM MOIIHOM B MUPE
CYTIEpKOMITbIOTEPE.

YuuThiBast IIMPOKYIO0 U3BECTHOCTD asropuTMa RSA, 6o Gbl HAPaCHOI TpaToil Bpe-
MEHM IIBITAThCA Peaqn30BaTh ero CBOMMU cUsIaMi. BmecTo aToro Mbl pekoMeH 1yeM BOC-
M0JIb30BATHCSI OTKPBITON peasmsariieil RSA, Haripumep, BXogisiiieil B coctaB OMOJIHOTEKH
OpenSSL. Tak kak OpenSSL BbIIlycKaeTcst 0 CBOOOAHOI TUIIEH3UEH, 9Ty OHOIHOTEKY
MO’KHO MCIIOJIb30BATD Jlaske B KOMMEPUYECKUX MTPOEKTaX.

B3JIOM RSA

CyLLecTBYET HECKOMbKO CLieHapveB B3/ioMa RSA, 1 noboii U3 HUX MOXKET 0Ka3aTbCs (aTasibHbIM
B KPaTKOCPOYHOW nepcrekTue. MepBbli CLeHapuii — co3haHne JOCTaTOYHO MOLLHOTO KBaHTOBO-
ro komnbtoTepa. CyLlecTByeT KBaHTOBbIM afiroOpUTM pasfoXeHUs1 YACIA Ha NPOCTbIE MHOXWUTENM
3a rnonuHomuanbHoe epemsi — anroputm LLopa (Shor’s algorithm). OgHako K MOMeHTY Hanuca-
HUS 3TVUX CTPOK CaMblii MOLLHbIN U3 UMEIOLLMXCS B MUPE KBAHTOBbIX KOMIbIOTEPOB CyMen /uLlb
pa3noXuTb YACIO0 21 Ha MHOXUTENN 7 1 3, MO3TOMY MOXET MOHaA0bUTLCS elle MHOro JIET, Npe-
XAe YeM MOSIBUTCS KBAHTOBbIV KOMMbIOTEP, CMOCOBHbIV pa3naratb 1024-6utHble uncna. [pyroii
cLeHapuii — OTKPbITUE anropuTMa LENoYUCIIEHHOrO PasfioXKeHUs! 3a MOSIMHOMUANbHOE BpeMst
[N151 06bIYHBIX KOMMbLIOTEPOB.

daTanbHOCTb 3TUX CLEeHapueB OObSICHSETCS LUMPOKMM MCMOMb30oBaHWeM RSA v mopobHbIx an-
ropuTMOB Ans obecneveHnst 6e30nacHOCTY B3aumoaencTeuii B UHTepHeTe. Ecnim cuctema RSA
OyaeT B3M0MaHa, MHorve Kawuu, ucnosb3yemble B HTTPS, SSH n noaobHbIX MM MpoTOKOaX,
nepectaHyT 6blTb 3aKpbITbIMA. BONBbLWIMHCTBO KpMMTOrpadoB CXOAATCA BO MHEHWM, YTO CUCTe-
Ma RSA B KOHeYHOM cyeTe byaeT B31OMaHa, U MMEHHO MO3TOMY B HACTOsILEe BPEMSI aKTUBHO
BeAyTCS UccneaoBaHusi B 061act Kpuntorpaum, Lenbio KOTOPbIX SBASETCA CO34aHWE HOBbIX
CUCTEM, B3/10MaTb KOTOPblE 3@ MOIMHOMUANbHOE BPeMs HeMb3s AaXe C MOMOLLbI KBAHTOBOMO
KOMMblOTEPA.
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lNepexBaT NakeToOB Ha LieIeBOM KOMMbOTepe

Wrak, npoTUBOCTOATH aTaKaM BU/IA «HE3aKOHHDBIM TOCPEAHUK> [TPUXOJUTCS TOJBKO
B UTPax, MePEJAIINX YsI3BUMbIe JaHHbIe, HO IIPU 9TOM Jit00ast ceTeBast Urpa ysi3BUMa
ISt 37I0HAMEPEHHOTO TiepexBaTa TaKeToB Ha I[eJIeBOM KoMIIbloTepe. B aTom carydae
mdpoBaHue ABJISAETCA JUIIb MEPOI yCTpallleH!s], HO He MTOJIHOIIeHHOM 3amuToil. [leso
B TOM, YTO UTPa, Ha KaKoi Obl mmatdopme ona o paboTasa, BCerna MoKeT ObITh B3JIO-
MaHa, TT03TOMY MTU(pPOBAHNE JAHHBIX HE TOMEITAET 3JI0YMBINIIEHHUKY Y3HATh, KaK MX
paciudposath. [71e-T0 B urpe J0JKeH ObITh KOJI, pealu3yIonuil pacimdpoBbiBaHe
MOJIyYEeHHBIX JaHHBIX. [ocie BhiscHEHNS cXeMbl PaciudpPOBBIBAHUS TaHHBIE MOKHO
GyIeT YUTATD € JIETKOCTHIO, KaK €CJIU GBI OHU He MHU(POBATICH OTTIPABUTETIEM.

C npyroii cTOpoHbBI, PeBEePC-UHKUHUPHUHT KOJIA, OCYILECTBJISAIONIEr0 Pacin@poBKy, 1 10-
HCK 3aKPBITOTO KJII0YA Ha KJIHeHTe TPeGyIoT HEKOTOporo BpeMenu. [Toatomy mmdposa-
HIE OCTAETCsI OHUM U3 CIIOCOOOB OCJIOKHUTD JKU3Hb MMOTEHIIHATBHBIM MOIIEHHIKAM.
ITOMY 3Ke CITOCOOCTBYET TIOCTOSTHHAST CMEHA KJTI0Uel i poBaHus U UX MECTOIOJIO-
JKEHUST B TaMsITH. B 3TOM cirydae paciim@poBka TOoTpedyeT OT MOIIIEHHUKA TIOBTOPSITH
IIPOIECC PEBEPC-UHKUHUPIHTA BCSKII pa3 ¢ TOsIBJIeHHEeM 00HOBJICHHOW BEPCUH UTPBL.
AHaJIOTHYHO, TIOCTOAHHAS CMeHa B Urpe (popmarta u MOps/Ka CleJ0BaHu [TaKeTOB 110-
CITYKUT JIOTIOJTHUTEIBHBIM 3aCJIOHOM Ha ITyTH MOIICHHUKOB, ITOJIAraloNUXcd Ha yCTa-
peBIIi (hopMar MaKeToB, U 3aCTABUT HEUNCTBIX HA PYKY UTPOKOB TPATUThH BPEMS HA
u3yveHne HoBOToO hopMara 1 pa3paboTKy HOBOU peasusaliiny MoleHHndectsa. To ecTh
peryJsigpHoe u3MeHerure hopMaTa aKkeToB 1/UIH KJIouell mrhpoBaHUS CAETACT CO3-
JIaHue MOIIEHHUYECKUX CIIEHAPHEB JIJIsT Balleil urpsl GoJiee 3aTpaTHBIM, XOTEI0Ch OB
HaJIeAThCSI, UTO GOTBITHHCTBO TAKMX UTPOKOB, 3aHUMAIOIINXCS] MOTIIEHHIYECTBOM, PAHO
WJTU TTO3/[HO TIPEKPATUT CBOU HOMBITKY. HO, Kak ObI TO HU OBLIO, CJIE/LyeT IIPU3HATD, YTO
BBI HUKOT/[a HE CMOJKeTe BOCIIPETSITCTBOBATH MTePeXBaTy IMaKeTOB Ha I[eJIeBOM KOMITbIO-
Tepe OTAEAbHbIMU JIUITAMU.

Crout paccMOTPETD 11eJIU, C KOTOPBIMU UTPOKAMIE OCYIIECTBJISIETCS TIEPEXBAT AKETOB
Ha [[eJIEBBIX KOMITbIoTepax. OOBIYHO UTPOK, CUJISAIINN 32 IIEJ€BBIM KOMITHIOTEPOM, TIbI-
TAETCS UCTIOIb30BATD UHDOPMAUUOHHBILL YUMUHZ, TO €CTb ITBITAETCS MOJYIUTh CBEJICHUS,
KOTOPbIE OH HE JIOJIKEH 3HATh. TUIMYHBII c1I0c06 GOPbOBI ¢ MOIIEHHUYECTBOM B 9TOM
cilydae 3aKJI0UAETCsT B OTpaHUYeHUN 00beMa WH(DOPMAIINHY, TIEPEaBAEMO KayKIOMY
y3Jy. B urpe ¢ apXuTekTypoil «KJINeHT-cepBEP» cepBep B COCTOSTHUU OTPAHUYUTD KO-
JINYECTBO JIAHHBIX, TIOCBLIIIAEMBIX KiIneHTy. Harpumep, mpezcrasere, 4To ceTeBas urpa
MOJIIEP’KUBAET HEBUIMMBIN PEKUM TTepeMenienns urpokos. Ecim cepsep Bee erie 1o-
chlTaeT OOHOBJIEHUS JIJISI IEPCOHAKEH, IEHCTBYONINX B HEBUIUMOM PEKUME, UTPOK
CMOJKET BBISACHUTh UX MECTOTIOJIOJKEHUE ITyTeM aHain3a rnaketos. C Apyroil CTOPOHSI,
ecJiu Tiepeiada OGHOBJIEHII MECTOIOIOKEHNUST OYIEeT IIPUOCTAHOBJICHA, TTOKA IEPCOHAK
HAXOJUTCST B HEBUIMMOM PEsKUME, KJTUEHT HIKAK HE CMOKET OMPEEJUTD TEKYIILYTO TI0-
3UIIMIO TIEPCOHAKA.

MBbI peKOMEH/[yeM BCerjia UCXOAUTH 13 TOT0, 4TO JI0ObIe JaHHbIe, II0ChLIAEMbIE KasKIOMY
Y3J1y, MOTYT GBITH UCCJIEIOBAHBI HTPOKOM, MBITAOIIIAMCS CMOTIIEHHIYATE. TO €CTh ecyin
urpa Oyjer nepegaBaTh KaskA0MY y3JIy TOJIBKO CaMyl0 BaKHYIO U JeiiCTBUTEIBHO He-
006X01MMY10 MH(POPMAIIHIO, 9TO CY3UT HOJIe IJIs MOLIeHHIYeCcTBa. TAKOM MOAXO0 IIpolie
peasn30BaTh B TOMOJOTUH «KJIUCHT-CEPBEP», IOTOMY YTO B TOIIOJIOTUN «TOYKA-TOYKA»
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Tpe6yeTCH ITOCBIJIaTh KaK/IOMY Y3JIy BC€ JlaHHbIE, UMEIOIIE OTHOIIEHNE K UT'PE B I1€JIOM.
B ronosorun «rouka-roukas JOJIZKHDBI MCITOJIb30BATbCA /IpyTHe IPprUeMbl HpOTHBOI[GfI-
CTBUS MOIIEHHNYECTBY.

[lpoBepka BBOAA

B mpoTuBomOMoKHOCTD TpUeMaM TiepexBaTa IMaKeToB, O KOTOPhIX PacCKa3bIBAJIOCh BBIIIIE,
TEJIBIO POBEPKU 8600a SIBIISIETCS TIPEAOTBPAIEHIE ACHCTBIIA, KOTOPbIE UTPOK HE NMEET
IIPaBa BBIIOJHATH. ITOT METO/I 6OPbObI ¢ MOIIEHHUYECTBOM OJMHAKOBO XOPOLIO II0AX0-
JIAT KaK JIJIL UTP € TOTIOJIOTUEH «KJIUEeHT-cepBep», TaK U [IJII UTP C TOTIOJOTHEN «TOYKa-
Toukay. CyTb METO/IOB Ha OCHOBE TTPOBEPKHU BBOJIA CBOJUTCS K TIPOCTOH MPEIITOCHLIKE,
YTO UTPA HUKOI/IA He JOJIKHA CJIETIO BBIITOJHATD KOMaH/Ibl, [I0JIy4YeHHbIE U3 CEeTEBbIX
naxeroB. Komania oJKHa ObITh CHavasIa IIPoBepeHa Ha I0IyCTUMOCTD B IAHHOM MeCTe
1 B TaHHOE BpeMs.

Hampumep, mpesictaBsTe, 4TO OT UTPOKA A TTOJTyUeH MakeT ¢ KOMaH0i «oroub». [o-
JIydaTesib HUKOT/IA He JI0JIKEH TIPE/II0JIAraTh, YT0 UTPOK A nmeeT 6e3yCcI0BHOE TIPABO
BBICTPENTD U3 PY&Kbst. OH M0JKeH cHaYama yOeInThCsT, 4TO UTPOK A MMeeT YKa3aHHoe
OpYy’KHe, UTO OPYIKIE 3aPsKEHO U TOTOBO K cTpebOe. Ecan kakoe-To U3 yCIoBUi He
BBITIOJTHEHO, 3A1IPOC HAa OTKPBITHE OTHS JIOJIKEH OBITH OTBEPTHYT.

anee ciepyer yoequThest, 4T0 KOMaH/a JIJist UTPOKa A TI0JIy4eHa OT KJIUeHTa, KOTOPbIN
ympasJsieTcst urpokoM A. Kak Bbl HaBepHsiKa moMHwuTE, 06€ Bepcuu urpbl «Robo Cat»
B Iy1aBe 6 BBITIOJIHSIIOT TAKYIO TTPOBEPKY. B KiMeHT-cepBepHOI BEPCUU UTPBI KAKIOMY
KJIMEHTY COOTBETCTBYET CBOM MPOKCH-OOBEKT Ha cepBepe, II0ITOMY KOT/la Ha cepBep
MOCTYTIAeT KOMaH/Ia, OH TIPOITYCKAET TOJBKO KOMAH/IbI, COOTBETCTBYIOIIHUE Y3JIY, CBI3aH-
HOMY C IaHHBIM ITPOKcH-00bekToM. B RTS-Bepcui ¢ Tomnosorneii Touka-rouka Kaxiaast
KOMaH/[a 3aIyCKaeTCsl ONpeieJIeHHBIM UTPoKoM. Koria mpuHuMaeTcst ceTeBoi makeT
€ KOMaHJION, OH OKa3bIBAETCS CBSI3aH C ONpPe/leJIeHHBIM y3J10M. KoTa moixoauT BpeMs
BBIIIOJTHUTH KOMAH/LY, Y3JIbl OTBEPIHYT JIIOOBIE KOMaH/Ibl, OTHOCSIINECS K TIEPCOHAKAM,
He TTPUHAJIESKAIITIM y3JIaM, TIPUCTABIIAM 3T KOMAH/IBI.

B cityuae oOHAPYIKEHUS] HEJIOMYCTUMOI KOMaH/[bl MOJKHO OTKJIIOYUTD HAPYIIUTEJS] OT
UIPbI, HO TIOMHUTE, YTO HEAOMYCTHMAast KOMaHAa MOTJIa ObITh MOJIYYeHa M0 ommbKe —
BO3MOJKHO, 13-32 3a/IePKKU B ceTu. [Ipe/icTaBbre, HAIIPUMED, YTO UTPOK MOJKET IIPOU3-
HOCHTH 3aKJIMHAHUST, Halla/last Ha CONePHUKOB. [Ipe/nookum Takke, 4To B 9TOI Urpe
OJIHU UTPOKK MOTYT BBI3BIBATH HEMOTY Y IPYTUX UTPOKOB, TO €CTh MOCJIEHUE HE CMOTYT
IIPOM3HOCKUTH 3aKJMHAHUS B T€YeHHe HEKOTOPOro nepuoja Bpemen. Terepb npes-
CTaBBTE, YTO y UTPOKA A BBI3BAJIM HEMOTY U CEPBEP JOJIKEH MOCTAaTh COOTBETCTBYIOIIHIA
makeT UTpoky A. Briosrie BO3MOXKHO, 4TO B PO ¢ MOMEHTA, KOT/Ia CEPBEP TTOCIIA
TaKOA ITAKET, 0 MOMEHTa, KOT/Ia UTPOK A IPUHSLII €T0, OH NPOoU3Hec 3akinHanue. To ecTh
UTPOK A MOJKET MOCJIATh HEAOIYCTUMYIO KOMAaH/LY, HO He [0 3J10My yMbicay. [Toatomy
6BIT0 OB OMMTHOKOHN OTKII0YATh UTPOKA A. OOGLITHO B TAKWX CUTYAIMSX TTPUMEHSIETCST
GoJiee KOHCEPBATUBHBIN MOXO/I, 3aKJIIOYAIOIIMICS B TIPOCTOM UTHOPUPOBAHUM HEZO-
IIyCTUMOTO BBO/IA.

HecMmorpst Ha TO 4TO MPOBEpKa BBOJIA KJIMEHTA HA CEPBEPe WK IPYTOM y3Jie (B TOIOJIO0-
IUU «TOYKA-TOUKA» ) BBIIOJIHSIETCS JOCTATOYHO JIETKO, BBIIOJHUTD HA KJIUEHTE TAKYIO
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JKe TIPOBEPKY KOMaH/I, MOJYYEHHBIX OT CEPBEPA, COBCEM HE TIPOCTO. ITO He GyIeT mpo-
GJIEMOI, €CJIN UTPA BBIMOJHSIETCS] HA CEPBEPE, KOTOPBIU YIIPABJISIETCS Pa3pabOTUNKAMU,
HO BCe MEHSIETCsI, eCITH cepBep YIPaBJISETCS NTPOKAMU.

B Mozienu ¢ yriosTHOMOYEHHBIM CEPBEPOM TOJIBKO CEPBEP UMEET MOJTHYIO HH(POPMAITHIO
0 COCTOAHUU UIPBL. [09TOMY eciin OH COOOIAET KJIMEHTY, YTO TOT PaHeH, KIUEHTY
CJIOKHO OYJIET TPOBEPUTH, HACKOJIBKO 3aKOHHO TaKoe co001eHre. ITO BBOITHE BEPHO,
MOTOMY UTO B TUITUYHOW KOH(MUTYPAIUU KIUEHT HE UMEET BO3MOKHOCTU HATIPSIMYIO
B3aMMOJIENCTBOBATH C JIPYTUMH KJIUEHTAMU. TO eCThb KJIUEHT A He MOKET TTPOBEPUTH,
NI CTBUTENLHO JIM KOMAHJIA TIPUIILIA OT KJIWeHTa b, — OH BBIHY K/IEH IPUHATD HAa BEPY
nHpopMaImio, MOCTYTUBIIYIO OT CepBepa.

ITpocreiiliee 1 eqUHCTBEHHOE HAAEKHOE pelieHre MPoGeMbl PACCHIIKI MOIIEHH-
YeCKUX JIAHHBIX C CEPBEpPa — He MO3BOJISATh UTPOKAM yIIPABJISITh UTPOBBIM CEPBEPOM.
C nostBIeHMEM yCIyT 00JIauHOTO XOCTUHTA aske UTPOBBIE MPOEKTHI ¢ MaJEeHbKUM
OIO/IKETOM MOTYT TI03BOJIUTH cebe pasMecTUTh cepiep B obsake. HeeMoTpst Ha TO 4TO
9Ta ycJIyra okasbiBaeTcs He OecIIaTHO, ée CTOMMOCTh HECPaBHUMO HUKE CTOUMOCTH
apen bl (PU3MYECKOT0 cepBepa B BbIYUCAUTENLHOM HeHTpe. [TogpobHee 0 10/1b30BaHuN
yeayraMu 00J1ag9HOr0 XOCTHHTA [JIs PasMelleHUsT BbIIEJeHHBIX CEPBEPOB PaCCKa3bl-
Baetrcs B riase 13.

OpHako ecJiu B BateM GIO/KETe He TTPELyCMOTPEHO CPEJICTB Ha OILIATY YCIYT XOCTUHTA
WJIM BbI TIPOCTO PEIINJIN aTh UTPOKAM BO3MOKHOCTb 3allyCKaTh COOCTBEHHbBIE CEPBEPHI,
perenue pobIeMbl 3HAYUTENBHO YeA0KHsIeTCs. OIUH U3 OrpaHMYeHHbIX II0AX0A0B 3a-
KJIIOYAETCS B OPTAHU3AINN COCIMHEHNS «TOUKA-TOUKA> MEKY KINEHTAMU. ITO YBEJIH-
YMBAET CJIOKHOCTD IPOIPAMMHOI peaTi3aliii 1 HOBBIIIAeT TPeOOBaHUS K IIPOIYCKHON
CII0COOHOCTH, HO IIO3BOJISIET BBIIIOJIHATH HEKOTOPbIE IPOBEPKU AAHHbIX, IOCTYIIAIOIIIX
c cepBepa.

Kak 370 paboTaer? PaccMOTPUM THITOTETHYECKY O MHOTOTIOJIB30BATETBCKY IO UTPY «BbI-
mubasb». JomyctiM, uto kiareHT b 6pocaer My B kinenTa A. B cranzapTHOil Mojesu
«KJIMEHT-cepBep» aTa nHopMalns ciadasa Oy/er oTipas/ieHa kireHToMm b Ha cepsep,
a 3areM ¢ cepBepa — KiaueHTy A. YToObl 100aBUTH €llle OJMH YPOBEHb TIPOBEPKH, KJIHU-
eHT B Mor 6bI B MOMEHT GPOCKa OTIIPABHUTH MAKET BCEM OCTAIbHBIM KJIMEHTaM, coo01asdl,
4To M4 Opoiten. Toraa KIMeHT A, IIOJIy4uB OT cepBepa maket ¢ mHdopMalmeii o Gpocke,
CMOJKET TIPOBEPUTH €T0 3aKOHHOCTD, COTIOCTABHB € TTAKETOM, KOTOPBIN OH JIOJKEH OBLT
MOJIYYUTD OT KJIMeHTa b.

K coxxanenuio, HeT HUKaKUX rapaHTHii, YTO TaKas CUCTeMa MPOBEPKH cepBepa Bcerza
OyeT IaBATh TTOJIOKUTEIbHBIE PE3YJIBTaThl. BO-TIEPBBIX, TO, YTO CEPBEP JOCTYIIEH JIJIst
KasKJIOTO KJTHEHTa, elife He 3HAUNT, YTO KK KITHEHT OY/IET TOCTYTIEH BCEM OCTATbHBIM
KineHTaM. B gactHOCTH, 9TO XapakrepHo st Koudurypanwmii cereii ¢ NAT, 6panama-
yapamu u T. JI. BO-BTOPBIX, lajke eciii BCe KJIUEHTBI OY/IyT JOCTYIHBI APYT JIJIS IPYTa,
HET HUKaKUX TapaHTUH, 4TO MaKeThl, TepelaBaeMble MeKIY y3JaMu, OyAyT A0CTUTaTh
azpecatoB OGbICTpee, YeM TaKeThl ¢ cepBepa. To ecTh ecsiu KIUEHT A JOJIKEH MPUHITH
peliienue O JOIYCTUMOCTH UHMDOPMAINH, TIOJIyYeHHOI OT CEPBePa, OH CMOJKET C/IeIaTh
3TO TOJIBKO MOCJIE TTOTyYeHNs COOTBETCTBYIONIETO MaKeTa OT KaneHTa b. 9To o3Hauaer,
9TO KJIMEHT A loJskeH Gyaet Jubo KAaTh MakeT OT KAWeHTa B 1 TeM caMbIM 3ajiepiki-
BaTh OOHOBJIEHHE COCTOSIHUSI UTPBI, INOO OTKA3aThCSI OT IIPOBEPKU U TIOBEPUTH CEPBEPY
Ha CJI0BO.
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M porpaMMHOE BbisABJIEHNE MOLLEHHNYECTBA

O6a noj1xo/1a — MPOTUBO/IEUCTBUE aTaKaM BU/Ia «<HE3aKOHHBII TIOCPEIHUK> U TPOBEPKA
BBOJIa — SIBJISIIOTCSI 110 CBOEH TIPUPOJie 0O0POHUTEIbHBIMI MepaMu. [1Jist IPOTHBOIEN-
CTBHUsI aTaKaM BHJA «HE3aKOHHBIN MOCPEAHUK» MOKHO II(POBATH JAHHBIE, YTOOBI X
HEeJb3s1 ObLIO TPOUnTaTh. J{Jis TPOBEPKHU BBOJA 00ABIISIETCS OTIOTHUTEIBHBIN KO,
IPEIATCTBYOIUI BBIIOJTHEHUIO HEJOMYCTUMbIX KoMaH 1. OHAKO cyliecTByeT OoJiee
arpecCUBHbII CI10C00 IPOTUBOAEICTBIA UTPOKAM, IBITAIOIUMCS CMOIIEHHNYATh.

B nonxone ¢ npozpammubivm evisisienuem MoueHHUYECmaa NCII0Ib3yeTCs IPOrpaMM-
HBIU KOJI, ABJISIONAIICS YacThIO UTPHI, UJIN BHEITHUN MTPOIECC, aKTUBHO KOHTPOJIU-
PYIOIIUII 1I€JIOCTHOCTD UIPhL. BOJIBIIMHCTBO CIIOCOG0B MOIIEHHUYECTBA OCHOBAHO Ha
UCIIOJIb30BAHUK MOUIEHHUYECKOTO IIPOTPAMMHOr0 00eCIedeHns, BHIIOIHIIOMEr0Cs
Ha TOM JKe KOMITbIoTepe, 4To 1 cama urpa. OHU U3 9TUX MPOTPAMM MOAKIIOYAI0TCS
K UTPOBOMY TIPOIIECCY, /IPYTHE BTOPTAIOTCS B TTAMITh UTPOBOTO TIPOIlecca, TPeThb —
00BIYHO CTOPOHHKE IPUJIOKEHUS — IIPeJHasHadeHbl 11 aBTOMAaTU3AI[UN AeiCTBUI,
a HeKOTOpBIe Jlaske OAMEHSTIOT (hailsTbl ¢ TaHHBIMU, UCTI0JIb3yeMble UTPoi. [leiicTBus
BCEX ATUX PA3HOBUIHOCTEN MOIIEHHUYECKUX ITPOTPAMM MO>KHO BBISIBJISITH C TOMOIIBIO
preMa IIPOrPaMMHOIO BbISIBJIEHMS MOIIEHHUYECTBA — MOIHOTO cpeicTBa 60pbObI
C MOTIICHHUKaM.

Kpowme Toro, mporpaMmuoe BbIIBJIEHHE MONIEHHUYECTBA CIIOCOOHO 0OGHAPYKUBATH MO-
IIEHHMYECKHE JeHCTBUS, KOTOPbIe MHBIMU CIIocobaMu He oOHapyskuBaloTcs. Bosbmem
JUIS IPUMeEPa CTPATETHIO PEAIbHOTO BPEMEHH € TOIOJOTHEN «TOYKA-TOUKa», UCIIOJIb3Y-
IOIYI0O MEXaHU3M JCTEPMUHNPOBAHHOTO COOTBETCTBUA. BO]IBH_H/IHCTBO TaKUX CTpaTeFI/Iﬁ
peanusyloT «TyMaH BOMHbBI», CKPbIBAIOIIUIL JaHAmadT UTPOBOTO MUPA B y4aCTKAX, HE
MOCETABIINXCST UTPOBBIMU MOYJIsIMU Mrpoka. OHAKO, KaK PACCKa3bIBAJIOCH B riase 6,
B MOJIEJIN <«TOYKa-TOYKa» KaKABbIN y3ea 00a1aeT moaHoi undopMarnmeil 0 COCTOSTHIH
urpsl. To ecTb KaskAblil y3e/1 XpaHUT B AMATH BCIO MH(MOPMALIMIO O MECTOIOJIOKEHIH
BCEX UTPOBBIX MOI[yJIeI;)I. 3TO O3HAYAET, YTO «TyMaH BOﬁHbI» IEJMKOM U TTOJTHOCTBIO pe-
AJTM3YETCS JTJOKATBHBIM MPOIECCOM U TIOTOMY MOKET OBITh JTMKBUANPOBAH C MOMOIIBIO
MOIIEHHUYECKOH porpaMMbL. TaKOro po/ia MOIEHHIMYECTBO YaCTO HA3bIBAIOT 6310MOM
xkapmwt (map hacking), u xors oHO HOJIB3YeTCS OOJIBIION IOIYIAPHOCTHIO B OCHOBHOM
B CTPpATETHUAX PEAJTbHOTO BpEMEHH, JHO6aH HIpa, peaandyroniasa «TyMaH BOI?IHBD), BOCIIpH-
MMYUBA K B3JIOMY KapTbl. J[pyrue y3/ibl e1Ba i CMOTYT 0OHAPYKUTh B3JIOM KApThl — OHK
OyIyT IIOMy4aTh caMble OOBIYHbIE JaHHbIE, HE COAEPIKALINIE HITIETO MOLO3PUTENLHOTO.
Ho peanusanust mporpaMMHOTO BBISBJIEHUS MOIIEHHUYECTBA C YCIEXOM 0OHAPY/KUBAET
B3JIOM KapTbL

Jpyras monyJistpHast pa3sHOBUIHOCTh MOIIEHHUYECTBA — MCIIOJIb30BaHKe 60M08, KO-
TOpbIE JII/I6O nrpamoT B I/Irpy BMECTO MI'POKa, ]H/I6O IIOMOTarT I/IrpOKy B BBITIIOJIHCHU N
HEKOTOPBIX eiicTBuil. Hampumep, 60THI MHOTO JIET IMMPOKO MCIIOJIb30BAIUCH B Mac-
COBBIX OHJIAH-UTPAX UTPOKAMU, CTPEMSIIUMUCS TTOBBICUTH CBON YPOBEHb WJIN MOJIY-
YUTHh KaKue-To HpI/IO6peTeHI/Iﬂ B UT'PeE, ITOKA OHU CITAT NJIN 3aHNMAIOTCA 9eEM-TO [[pyrI/IM.
B myTepax oT mepBoro Jimia HEKOTOPbIE UTPOKU UCIIOJIb30BAIM OOTOB, TIOMOTAIONINX
B IIPUIIEJMBAHUY, YTOOBI OBBICUTH TOUHOCTh CBOEH cTpeabObl. Obe pasHOBUAHOCTH
GOTOB MOTYT YTPOKATD IIEJIOCTHOCTH UTPBI, 1 00€ OGHAPYKMBAIOTCST TIPOrPAMMHOIT pe-
ajm3anyeil BhIBICHNS MOIICHHUYECTBA.
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B koneuHoM cuete J06asi MHOTOMOJIB30BATEAbCKAS UTPa, PA3pabOTUYNKN KOTOPOH
CTPEMSTCA CIUIOTUTH BOKPYT Hee 3/J0POBOE COOBIIECTBO, J0JIKHA TPElyCMaTPUBAT
MpOrpaMMHOE BBISTBJIEHNE MONIEHHNYECTBA. B HacTosIee BpeMst CyImecTByeT He-
CKOJIbKO TaKuX peteHnid. HeKkoTopblie 13 HUX 3aIIaTeHTOBAHBI U UCIOIB3YIOTCS TOTBKO
ONPE/IETEHHBIMU KOMITAHUAMU — MPOU3BOAUTENSIMU WP, APYTHE JOCTYITHbBI OECTLIIATHO
WM 3a JIeHbr. B ocTasmeiics actn aToro paszgesna Mbl o6cyuM Ba pemenus: Valve
Anti-Cheat u Warden. ITo oueBugHbIM npuurHaM 00beM MyOanKyeMOoil nHbOpMaIIK
0 miarhopmax MPOrPAMMHOTO BBISBJIEHHST MOIIIEHHUYECTBA BECbMa OTPAHMYEH, TOITOMY
oHM Oy/yT OMMCAHBI JIUIIH B 00mmX yepTax. Ecm Bbl pemmTe peaanzoBaTh cCOOCTBEHHOE
perienue, 6ybTe TOTOBBI IOKOMATHCS B HU3KOYPOBHEBOM MAIIMHHOM KOJIE 1 3aHSIThCSI
pesepc-unkuHUpUHroM. Kpome Toro, aske cambie jiydiinue maatdOpMbl POrPAMMHOTO
BBISIBJICHUS MONIEHHUYECTBA MOKHO 0OMaHyTh. [109TOMY MBI pEKOMEH/LyeM MOCTOSTHHO
OGHOBJISATH PEATU3AIIIO BBISIBJICHUS MOIICHHIYECTBA, YTOOBI OBITH BIIEPEAN TEX, KTO
MIUIIET MOIIIEHHNYECKUU KO/,

Valve Anti-Cheat

Valve Anti-Cheat (VAC) — a10 miatdopMa IpOrpaMMHOIO BbISIBIEHUS MOIIECHHIYE-
CTBa, IIPeIHa3HAYEeHHAsT JIJIST UCTIOJIb30BAaHUsI B UTPax, IOCTPOEHHBIX HAa OCHOBE MaKeTa
Steamworks SDK. IToapo6Hoe onucanue 9Toro nakera npusogurcs B riase 12 «rpo-
BbI€ CJIyKObI», a ceifuac nmpocto nosHakomuMcs ¢ VAC. Eciii roBOpUTD B 00IIUX YepTax,
Valve Anti-Cheat nopuep:kuBaeT Crimcox 3a6JI0KUPOBAHHBIX MOJIb30BATEEN /IS KasKA0N
urpst. Kor/a 3a6/10KUPOBAHHBI TI0JIb30BATENb MBITAETCS TIOKIIOUUTHCS K CEPBEPY, TIIE
ncnosnb3yercst VAC, oH TIoyJaeT 0TKas B loctyre. HeKoTopblie UTphI laske Mo/IepsKuBa-
10T 00LIME CIIUCKK — HAIIPUMED, €CJIM UIPOK ObLI 320 J0KUPOBAH B OLHOIL UIPe, OH TaKKe
Gy/ieT 3a0JIOKUPOBAH B JIPYTHX UIPaX. ITO CIYKUT MOIIHBIM CAEPKUBAIOIIIM (DAKTOPOM.

Ha Bepxuem ypoBHe VAC BbIsBIsEeT (haKThl MOIMICHHUYECTBA BO BPEMS BBITIOJTHEHMS,
[POM3BO/S MOMCK U3BECTHBIX MOIIEHHNYeCKUX nporpamMM. VAC HCIIOJIb3yeT HECKOIBKO
METO/I0B ITOMCKaA TaKUX IIPOTpaMM, HO CpeaN HUX €CTb KaK MUHUMYM O/INH, OCYIIECT-
BJISIONIMI CKAaHMPOBaHNE MAMATH UTPOBOTO nporecca. Ecam 00HapysKUTCS, 4YTO UTPOK
I0JIb3Y€ETCSl MOIIEHHNYECKOI POrpaMMOii, OH He GJIOKUPYETCs HEMEAIEHHO, IIOTOMY UTO
HeMelJICHHOEe 6JIOKI/IPOB3HI/I€ MOJKET CITYTHYTb OCTaJIbHBIX MOIMIEHHWKOB. Bwmecto aToro
VAC 1pocto cos3gaer Clucok 3a010KUPOBAHHbBIX 110J1b30BaTe e, YTOObI 3a0JI0KUPOBATDH
UX B HEKOTOPBIA MOMEHT B Oy/1yHieM. JTO JaeT BO3MOKHOCTD BbISIBUTH KAK MOKHO GOJIb-
1Ie MOIIEHHUKOB 1 ITIOTOM 336JIOKI/IPOB3TI) X BCEX OITHUM MaXOM. Takas ITpaKTHUKa OTJIO-
JKEHHOTO GIOKMPOBAHMS HA3BIBAETCS NTPOKAMU 60110t 6anos (ban wave), n oHa IMPOKO
UCIIOJIb3YETCSA MHOTMMMU IL1IaT()OPMaMK [TPOrPAMMHOTO BbISIBJEHUS MOIIEHHIYECTBA.

NmeeTcst TakKe POJICTBEHHBIN MEXAHU3M T10/1 HA3BaHUEM Yucmbiil cepsep (pure server),
peannsoBaHHbIi Ha ABUKKe Valve Source (1 IIOTOMY MOKET MCIIOJIb30BAThCs TOJIBKO
B UT'pax Ha €ro OCHOBG). Yucroiit CEpBeEP MMPOBEPAET JaHHBIE B MOMEHT ITOAKJIIOYCHWA
nosib3oBareist. CepBep CBepsieT KOHTPOJIbHbBIE CyMMbI BCeX (haiijioB, KOTOPbIE JOJIKHbBI
HAXO/UTBCSA HA CTOPOHE KJIMeHTa. [Ipy MOAKIIIOUeHNN K UTPe KIUEHT JIOJIKEH MOCAATD
9TW KOHTPOJIbHbIE CYMMBbI CEPBEPY, N €CJIN OHU HE COBIAIAIOT C KOHTPOJIbHBIMH, KJIN-
€HTY OTKa3bIBAETCSI B COEIMHEHNN. DTa MPOIEypa TaKKe BBIIOJTHSIETCS IPU CMEHE
KapT, KOT/Ia TPOU3BOIUTCS MIEPEXO/l Ha IPYTOl ypoBeHb. Ly UTp, IOy CKAIOIIIX BO3-
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MOKHOCTH M3MEHEHUsI BHEIITHETO BU/IA MIEPCOHAKEH, MOIEPKIUBAETCS GEIBIH CITUCOK
(bailnoB 1 KaTATOrOB, KOTOPBIE HE JIOJIKHBI TPOBEPAThCS. HecMoTpst Ha TO 4TO 9T CH-
cTeMa OPMEHTHPOBAHA NCKITIOYNTETHHO Ha ABIKOK SOoUrce, HEYTO MOA0OHOE BB MOJKETE
peasn3oBarhb B CBOEl urpe.

Warden

Warden — 210 miardgopma IporpaMMHOIO BbISIBJIEHUS MOLIEHHUYECTBA, CO3aHHas
U HCIoJb3yeMas B cBoux urpax kommnanueil Blizzard Entertainment. @yukiun Warden
He Tak oueBuHbI, Kak VAC. OnHako onn ouenb noxosku Ha pynkimu VAC: B riporiecce
urpsl Warden ckaHupyeT IaMsTh KOMIIbIOTEPA B IOUCKAX M3BECTHBIX MOIIEHHUYECKUX
nporpamm. B ciryuae oOHapysKeHus 060 Takoil mporpaMMbl HH(GOPMAIH TIePeIaeTCst
Ha cepsep Warden, u mosib3oBatesib GJIOKUPYETCA B OUEPEAHYIO BOJIHY OAHOB.

Opnnoii u3 cuabHBIX cTopor Warden sBsieTCs BO3MOKHOCTh OOHOBJIEHUST HEIIOCPE]I-
CTBEHHO B TIPOIECCE UTPBI. DTO JAET BAKHOE TAKTHYECKOE MPEUMYIIECTBO — OOBITHO
MOILEHHUKHU XOPOILO OCBEIOMJIEHbI, YTO 0OMaHHbIe IeHCTBUS HE CJIeLyeT IIPOU3BOAUTh
cpasy IOCJIe BBIIYCKa OOHOBJIEHH K UTPE, OCKOIbKY BbICOKA BEPOATHOCTD, YTO JaH-
HBII BUJI MOIIICHHUYECTBA yiKe He padoTaeT, a ake ecii padoTaeT, MOYTH HABEPHSIKA
obnapyskusaercs. Ho ecin 06HOBJIEHUS IIPUMEHSIIOTCS TUHAMUYECKHU, CYILECTBYET
BO3MOKHOCTD 3aCTaTh BPACILJIOX MOIIEHHUKOB, He 3aMeTUBIINX o0noBaenus Warden.
C apyroii CTOPOHBI, aBTOPHI HEKOTOPHIX MOIIEHHUYECKUX TPOTPAMM yYTBEPIKAAIOT, 4TO
UX [IPOrpaMMHoe obeciiedeHne ciioco6GHO ONpesenTh MOMeHT 00HOBIeHnss Warden
U BBITPY3UTH ceOst 10 Toro, Kak Warden 3aBepiiiut 0OHOBJIEHUE.

3awuTa cepeepa

Elite ogHIM BasKHBIM acIIeKTOM 0e30IIaCHOCTHU CETEBBIX UIP SBJSETCS 3alllUTa CepBepa.
Ona 0coO6EeHHO aKTyaJIbHAa JIJISL UTP, KCIIOJb3YIOIINX BbIAEJIEHHBIN cepBep JJIst XPaHEHUsT
001I1er0 UTPOBOTO MUPA, XOTST JIJIST aTAKK MOYKET OKa3aThCsl YSI3BUMBIM JIF000# UTPOBOIL
cepsep. [ToaTomy BbI 10JKHBI 3aMJIAHUPOBATH OTBETHBIE JIEHCTBUS /11T OTIPe/IeJIEHHBIX
THUIIOB aTaK, a TakKe pa3paboTaTh TAKTUKY /IS HElIPEeABUACHHBIX CUTYallni, KOT/a Bbl
He MOXKeTe OTPe/IeJTUTh TUII aTaKu.

PacnpeaeneHHas ataka «0TKas B 06CNy>XMBaHUW»

Ilens pacipenenennoii ataku omxa3s ¢ oocayacusanuu (Distributed Denial-of-Service,
DDoS) — «3aronuTb» cepsep 3alpocamu, 4TOObI OH He CMOT HOPMaJIbHO (DYHKIMOHM-
pOBaTh, U B KOHEYHOM CUETE CJIE/IaTh €T0 HeJJOCTUKIMbBIM U HETIPUTOHBIM K UCITOJIb-
30BaHUIO JIJIs1 OOBIYHBIX ToJb30BaTeeil. CyTh TaKOi aTaku 3aKJII0YaeTCs B Iepeaye
CepBEPY AOCTATOYHO OGOJBIIOTO 0ObeMa JIAHHBIX C [EJTbI0 BHI3BATH MEPEHACHIIIIEHUE
CETEBOTO COEJTMHEHWS NN HACTOJIBKO BBICOKHE PACXObI BBIYUCIUTETLHOW MOIITHOCTH
Ha 06paboTKy, UTO CepBEP HE CMOKET CBOEBPEMEHHO 00pabaThiBaTh (haKTHYECKUE 3aPO-
cbl. IIpakTruecky KaxIbli 10CTaTOUHO KPYIIHBIA UTPOBOIL cepBep WK UIPOBast CIyxkba
Mo/IBeprayifch B Kakoi-to MomeHT DDoS-aTtake.
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Ecaut BBI Hcmionbayere co6CTBEHHOE ammapaTHoe obecredeHe st Pa3BePThIBAHUS
UTPOBBIX CEPBEPOB, IPOTUBOCTOSITH DDoS-atakaM MokeT ObITh CJI0:KHO. BaM morpedy-
eTCsT OPTAaHN30BaTh TECHOE B3aNMOIEHICTBIE CO CBOMM TTOCTABITIKOM yCIyT VIHTepHeTa,
a TaksKe, BOSMOKHO, 0OHOBUTH armaparHoe o6ecriedeHne U OPraH30BaTh PaCTIPEeCHIE
TpaduKa MEXIy HECKOIbKUMU cepBepamu. C Ipyroii CTOPOHBI, €CIU BbI TT0JIb3yeTeCh
yCayraMu 06JavHOTO XOCTHHTA, KaK OMUCHIBAETCS B TaBe 13, HEKOTOPBIE MEPHI 110
npegorspaniennio DDoS-atak npenpuHUMaOTCsd MOCTABIIMKOM YCJAYT XOCTUHTA.
Bce ocroBHbIe T1aTHOPMBI 00JIAYHOTO XOCTHHTA YK€ UMEIOT OIPEIeIEHHbII YPOBEHD
3anmTel oT DDoS, a Kpome TOTO, 32 IOTIOTHUTENBHYIO MIJIATY MPEIOCTABIISIOTCST CTICTTH-
aJIM3MPOBaHHBIE YCIyTH 10 poTuBoeiicTiio DDoS-artakam. Ho kak 6b TO Hu ObLIIO,
HUKOT/Ia HE CJIEyeT HAJIESATHCSI, YTO TOCTABIIHK YCJIYT OOJIAYHOTO XOCTHHTA OJTHOCTHIO
MPEAOTBPATUT BO3MOKHOCTH DDO0S, — MpaBUIbHBIM GY/IET MOTPATHTh KAKOE-TO BPEMSI
Ha BBIPAOOTKY ¥ TECTUPOBAHUE PA3INYHBIX 3AIUTHBIX CTPATETHUIA.

HeBepHble faHHble

Caetyer Takyke ydUTBIBATD, YTO 3JI0HAMEPEHHBIE MOJb30BATENN MOTYT TIOCHLIATH
cepBepy MaKeThl ¢ HEMPaBUABHO C(POPMUPOBAHHBIMU WU JOKHBIME AaHHbIMU. [lesm
Y 3JI0YMBIIIJIEHHUKOB MOTYT OBITh PA3HBIMHE, HO caMast TIPOCTast U3 HUX — «OOPYIIHTh>
cepBep, BbI3BATh €r0 aBapHilHy0 0cTaHOBKY. CaMble KOBapHBIE MOJIb30BATEIN MOTYT
HOTIBITATBCS 3aCTABUTH CEPBEP BBIOJIHUTD BPEAOHOCHBIN TPOTPAMMHBIN KOJI, BHI3BAB
ommbOKy nepenoaHenus Oydepa uin 4To-1ubo mogo0Hoe.

OnuH U3 Jydmmx crnocoboB 3alIUTUTh UTPY OT HEBEPHBIX JAHHBIX — UCHOJIb30BATH
Pa3HOBUHOCTHh aBTOMATU3MPOBAHHOTO TECTUPOBAHNS, TTOJIYUYMBIIYIO Ha3BaHUE He-
uemxoe mecmuposanue (fuzz testing). O6GbIYHO HEYETKOE TECTUPOBAHKE UCTIOIH3YETCSI
JUISL BCKPBITHSE ONTMOOK, KOTOPbIE CTAHAAPTHO He OOGHAPYKMUBAIOTCS B XO/I€ MOJLYJILHOTO
TECTHPOBAHUST UITH TIPOBEPKH KaueCTBa TPOTPaMMHOTO obectiedenust. B cirydae ¢ ceteBoii
UTPON HEYETKOE TECTUPOBAHNE MOKHO OBLIO GBI HCIIOIB30BAT JIJISI TIEPEAUN CEPBEPY
GOJIBIINX 06BEMOB HECTPYKTYPUPOBAHHBIX JAHHBIX C [EJIbIO TIOCMOTPETh, BBI3OBET JIH
9TO aBapUITHYIO OCTAHOBKY CepBepa, U UCIIPABUTD JII0ObIe OMIMOKHU, BCKPBITHIC B XO/I€
TAKOTO TECTUPOBAHMUSL.

YT00bI BHIABUTD KaK MOXKHO GOJIblIe OIIMOOK, PEKOMEHYETCS MCII0JIb30BaTh Ba BUAA
JIAHHBIX: [IOJIHOCTHIO CJIyYaiiHble U GoJiee CTPYKTYPUPOBAHHbBIE, HAIIPUMED ITAKEThI ¢ O3KH-
JTaeMBIMU CUTHATyPaMU, JaKe eCJIN IePEHOCUMBbIC MU JJAHHbIE SBJISIOTCS COBEPUICHHO
CIyYaWHBIMU U HECTPYKTYPUPOBAHHBIMU. BBITIOJTHUB MHOKECTBO UTEPAINii HEUETKOTO
TECTUPOBAHUS U UCIPABUB BBISBJICHHBIE TIPU 3TOM OIIMOKHU, BbI CHU3UTE YS3BUMOCTD
WUTPHI JIJISI HEBEPHBIX JJaHHBIX.

ATaku BpeMeHHbIM aHann3oMm

JI1060# KOJI, CpABHUBAIONINI [TOJYYEHHYIO CUTHATYPY € OKUJAEMOM, TEOPETHUECKH
YYBCTBUTEJECH K amaxam no epemenu (timing attack). BoimosiHsist araky aToT0 BUIA,
ATaKYIONUI MBITAETCST OTPE/IETUTh, KaKasl Peau3aliis airOPUTMa XeITUPOBAHUS UIN
M POBAHKS UCIIOJTB3YETCSI CEPBEPOM, AHATIM3UPYST BPEM:I, 3aTPAUUBAEMOE HA OTKJIO-
HEHUE HeJIOTYCTUMBIX JTAHHbBIX.
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[orycTM, 4TO Urpa J0JKHA CPABHUTD /[BA MACCUBA 110 BOCEMb 32-Pa3ps/IHbIX HEJIbIX
yucesa B KaxaoM. OuH MaccuB, a, IPeACTABIAET OxXumaemMblii ceprudukat. /Ipyroii
MaccuB, b, IPe/ICTaBsIeT cepTUUKAT, TPUCTAHHBIN Moab3oBareneM. Ilepsoe, uto TyT
JKe IPUXO/IUT B FOJIOBY, HAIIMCATD TaKylo (hyHKIINIO:

bool Compare(int a[8], int b[8])
{

for (int 1 = 0; i < 8; ++i)
if (a[i] != b[i])
{

return false;

}
}

return true;

}

Wuctpykimst return false BBITJISIUT 371€Ch KaK BITOJTHe Ge3BPEIHAsT OTITHMHU3AIIIS TIPO-
M3BOJIUTEJIBHOCTH: €CJIN KaKOW-TO 3JIEMEHT HE COBIA/IAET C O’KU/IACMbBIM, HET HUKAKUX
MPUYWH MTPOJIOJIKATH CPABHUBATH OCTAJIBHBIE 3JIeMEHTBbI MAaCCUBOB. OIHAKO U3-32 ATOTO
IpekIeBPEMEHHOTO BO3BPAaTa YIIPaBJICHNS AaHHBIH KO/ YSI3BUM JIJIsT aTaK1 110 BPEMEHH.
[Ipu HenpaBUJIBHOM 3HaYeHWH B b[@] (hyHKIMsE Compare BepHET yIpaBJeHue ObicTpee,
94eM ITPU PABUITLHOM. TO €CTh eCJTH TT0JIH30BATENb OTTPOOYET BCE BO3MOKHDIE 3HATEHIST
11T b[@], OH CMOJKET BBISIBUTH IPABUJIbHOE 3HAUCHIE, AaHATN3UPYS CKOPOCTH, C KOTOPOI
Compare BO3BpaIlaeT ylpaBjeHue. ITOT MPOIECC MOKHO TPOAOJIKUTD IS KAXkKI0TO
MH/IEKCA, I B KOHEYHOM CUeTe T0Ih30BaTeNIb CMOXKeT Y3HATh BeCh CePTU(UKAT.

Petrienvie a1oit mpo6JieMBbl: iepercath (GyHKINO Compare Tak, 4TOObI OHA BCET/Ia TPATHIA
Ha ITPOBEPKY OJTHO U TO K€ KOJMUYECTBO BPEMEHH, HE3aBUCUMO OT TOTO, KAKOI 2JIEMEHT He
COBIIAJIAeT ¢ O3kUIaeMbiM, b[@] min b[7]. C aT0ii 11€J1b10 MO’KHO BOCIIOJIb30BATHCS MOPA3-
psanoii ontepanuein UCKITIOYAIOIIEE MJIN (XOR), kotopasi Bo3BpaliiaeT HOJib, €CJIN
/IBa 3HAYEHUST SKBUBAJIEHTHBI. TO €CTh JIJIT KaXK/I0H TTaphbl 2JIEMEHTOB U3 MAaCCUBOB a U b
MO’KHO BBITIOJTHUTD 1topaspsianyio omnepario MCKITIOYAIOIIEE NJIN (XOR) u cio-
JKUTH Pe3yJbTaThl Topas3psaHoit onepanueit MIJIN (OR), kak mokazaHo HUKe:

bool Compare(int a[8], int b[8])
{

int retval 0;

for (int i = 0; i < 8; ++i)

retval |= a[i] ~ b[i];
}

return retVal == 0;

}

BTopxeHus

Eie omny 60Jbinyio npobiemy st 6€3011acHOCTH cepBepa IPeACTaBIAIOT HOIBITKI
emopaicens 3MOHAMEPEHHBIX TOTb30BaTeNel, HaTprMep, B 001nit urpoBoit mup. [lemn
TaKOTO BTOPKEHUSI MOTYT OBITH CAMBIMU PA3HBIMU: TOXUIEHIE MOJb30BATEIbCKUX
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JIAHHBIX, HOMEPOB KPEAUTHBIX KapT U rapoJeil. Vu, 4To ene Xy:ke, aTakyommi MOKeT
TMOMBITATHCSI CTEPETH GA3y JIAHHBIX UTPBI, TPEKPATUB TEM CAMBIM CAMO €€ CYIIECTBOBAHUE,
W3 Bcex BUIOB aTak BTOP;KEHUS MOTYT UMETh caMble Pa3pyHITeTbHBIE TOCTE/ICTBUS,
U TIOTOMY OTHOCHUTBCSI K HUM CJIEIyeT ¢ 0c000i1 Cephe3HOCTHIO.

CyliecTByeT HECKOJIBKO MTPEBEHTUBHBIX MEP JIJIsI OTPaHUYEHUST BO3MOKHOCTEN BTOP-
skenust. TIpeskiie BCero, ciielyeT CBOeBPeMEHHO OOHOBJISITH BCE TIPOrPaMMHOe obectie-
YyeHKe Ha cepBepax, BKIIoUas OTePallHOHHYI0 cHcTeMYy, Oasbl TaHHbIX, JIOOBIE CPECTBA
aBTOMATU3AIMH, BeO-IIPUIOKEHUA U T. 1. [IpidiHa B TOM, YTO CTapble BEPCUU 3a4aCTYIO
COZIepsKaT KPUTUYECKUE YI3BUMOCTH, UCITPABJICHHbIE B HOBBIX Bepcusx. CBoeBpeMeHHOe
OGHOBJIEHIE TIOMOKET OTPAHUYUTD KPYT BOSMOKHOCTEH JIJIs1 IPOHIUKHOBEHMUST 3710y MBIIII-
JIEHHMKOB BHYTPb UTPOBOTO cepBepa. VIMEHHO Tak yMeHbIleHUe YICIa CIysKO, JefdCcTBY-
IOIKX HA CEPBEPE, YMEHBIINUT YHUCJIO BEPOSTHBIX TOUEK TPOHUKHOBEHUS.

To e OTHOCUTCS K KOMITBIOTEPAM PazpaboTdynkoB. JacTo BTOPIKEHMS HATMHAIOTCST
C TIPOHUKHOBEHUS B TIEPCOHATBHBIE KOMITBIOTEPHI, IMEIOTINE IOCTYT K TIEHTPATbHOMY
cepBepy, ¥ UCHOJIb30BAHUS ITUX IIEPCOHATBHBIX KOMITHIOTEPOB B KAUeCTBe ILIAIIapMa
JUISI BTOPSKEHMS B CEPBEPHYIO cUCTeMy. Takne aTaky Ha3bIBAIOT HANPABACHHLIM PUULUH-
zom (spear phishing attack). To ecTb Kak MUHHMYM caMa OllepallMOHHAsA CUCTEMa U BCe
[POrpaMMbl, UMEIOIINE JOCTYT B IHTepHET WU B ceTh, Takue Kak BeG-Opaysepbl Ha
KOMITHIOTEPAX Pa3pabOTINKOB, BCET/A TOIKHBI CBOEBPEMEHHO OOHOBIATHCS. JIpyToit
cocob MPOTUBOCTOSATH BTOP;KEHUIO HA CEPBEP YePe3 TEePCOHATbHBIE KOMITBIOTEPB —
orpaHuYeHue JOCTYITHOCTH KPUTHYECKU BAXKHOTO CepBEPA U XPAHUJIUIIL TAHHBIX I
TEPCOHATBHBIX KOMITBIOTEPOB. C 9TOM IETHI0 MOKHO BBECTH Ha CEPBEPAX 00SI3ATEMBHYIO
ABYX(aKTOPHYIO MTPOBEPKY MOATUHHOCTH, YTOGBI TPOCTOTO 3HAHUS APOJIsT OBLIO HETO0-
CTATOYHO JIJIsI OJYIEeHUsT TOCTYIIA.

Ho xakwue ObI yCHITHS 7T IPEIOTBPAIIEHUST BTOPKEHYST HI MPEITTPUHIMATNCD, BCETTIA
CJIETEeT CINTATE CBOH CepBep YSI3BIUMBIM JIJIST OTTBITHOTO B3JIOMIIIKA. MaKkcuMaibHO 06e-
30mackre J0ObIe YA3BUMBIE JIAHHBIE, XPAHSIIUECS Ha cepBepe. TO TIOMOJKET YMEHBIITHTh
TSKECTD MOCTEACTBUI JIJIS Ballleid TPl M UTPOKOB B CIIydae, €CIIH 3JI0YMBITITIEHHUKY BCE
JKe y/lacTcsI TPOHUKHYTH Ha Balt cepsep. Hampumep, maposm mosib3oBaTesieil HUKOTIa
He JI0JUKHBI XPAHUTBCSI B OTKPBITOM BUJIE, MHAUE JII0OO0 MOJyUUBIIIT 0CTYI K Haze
JTAHHBIX MOMEHTAJILHO CMOSKET Y3HATD MTAaPOJIN BCEX MOJIb30BaTe e, a 3T0 HeJIOMyCTUMO,
0COBEHHO €CIIH YUECTh, UTO MHOTHE TOI30BATEN UCTIOMB3YIOT OFH U TOT Ke TTapoJh
JUIs1 MHOSKECTBA Y4eTHBIX 3aruceil. [laposn Bcerna 0KHbBI XEIIUPOBATHCA € UCIIOJb-
30BaHUEM COOTBETCTBYIOIIETO alTOPUTMa, Takoro kak Blowfish-amropurm berypt. He
UCITOJIb3YiiTe OoJIee MPOCThie aITOPUTMbI XelnpoBaHst, Takue kKak SHA-256, MD5 wiu
DES, nng napoJieii, moToMy 4TO BCe 3TU yCTapeBlIMe cUCTeMBbl U(pPOBAHUS JIETKO
B3JIAMBIBAIOTCSI HA COBPEMEHHBIX KoMITbioTepax. [1o ananoruu ¢ naposgmu, mudgpo-
BaHUIO JIOJKHA TaKsKe TTO/[BEPraThesT BCs TIaTesKHAsT MHGOPMAINs, Takas Kak HoMepa
KPEIIUTHBIX KapT, ¢ COOJIOIEHUEM COOTBETCTBYIOIUX OTPACIEBBIX CTAHIAPTOB U TIPABIUIL.

Kaxk cBUIeTEeNIbCTBYIOT MHOTOYKCIEHHbIE IyOIKALNN 00 yTeYKaX CeKPeTHOH nudop-
MAI[IH, TIOSIBUBIIIMECS B TIOCIEIHIE TO/IBL, YaCTO CAMO GOJIBIIION YrPo30ii He301MacHOCTH
cepBepa SIBJSAIOTCS He BHEITHKE T0JIb30BaTe M, @ HEYMCThIe Ha PYKY WM OCKOPOJIEHHbIE
coTpyauuku. Takoil COTPYAHIK MOKET IIOIIBITAThCS MOXUTUTD UK OIyOJIMKOBATh HaH-
HbIE, KOTOPbIE HE JI0JIKHBI OBITh €MY JIOCTYIHBL J[J1s1 60phOBI ¢ TIOI0OHBIMU SIBJICHUSIMU
BasKHO MMETh HAJIEXKHYIO CUCTEMY JKYPHAJIMPOBAHUS U PEBU3UI. DTO MOKET JeHCTBOBATh



B 3akntoueHune 291

1 KaK CPEJICTBO YCTPAIEHUST, M KaK MHCTPYMEHT JI0KA3aTeIbCTBA MTPECTYITHBIX JIEHCTBU,
€CJIN JIHCTBUTEIBHO YTO-TO TPOU30HIET.

HaxkoHerr, 00s13aTeIbHO OpraHU3yiTe PEryJsipHOe Pe3ePBHOE KOMMPOBAHUE JIFOOBIX BaK-
HBIX JJAaHHBIX Ha (pU3MUecKre HOCUTENN, HaXO/SIIMecs 3a TpejiesaMu calita. B atom ciry-
qae Jlake ecJId U3-32a JIENCTBUHN 37I0yMbITIIJIEHHUKOB WJIH TI0 KAKKUM-TO JIDYTUM MPUYNHAM
Best 6asa IAHHBIX OY/IET YTPAY€Ha, BbI CMOKETE BOCCTAHOBUTD MOCJIETHIOK COXPAHEHHYO
BepCcHIo IaHHbBIX. BoccTaHoBIeHNE M3 Pe3epBHON KON, KOHEYHO JKe, He CAMbIH JIy Ui
BBIXOJI, HO 9TO HAMHOTO JIyYllle, YeM MOJTHAsT TIOTePsT BCEX UTPOBBIX JAHHBIX.

B 3aknoyeHune

BoabmuHcTBO pa3paboTIMKOB MHOTOTIONH30BATENHCKIX UTP TOJIKHBI TT03a60THUTHCS
o0 6e3onacHoctu. B nepByio ouepeib HEOOXOIMMO TIOyMaTh 0 Oe30IIaCHOCTH TiepejiaBa-
eMBIX JTAaHHBIX. Tak Kak MakeThl MOTYT ITePEXBATBIBATHCS 37I0YMBINIICHHUKAMHY, BAXKHO
mdPOBATDH BCIO YS3BUMYI0 WH(MOPMAITUIO, TAKYIO KaK MapoJii U HOMepa KPEJUTHBIX
kapt. g 9Toil 1esm jrydlie BCero moAXOoAT METO/Ibl, OCHOBAHHbIE HA MU(GPOBAHUU C
OTKPBITBIM KJIOUOM, Takue Kak RSA. B oTHOIIeHNM TaHHBIX ¢ COCTOSTHUEM UTPBI JKeJia-
TEJIbHO MaKCUMaJbHO YMEHBIINTh 00BhEM TIepelaudl TaKUX JaHHBIX. DTO, B YaCTHOCTH,
MIOMOJKET CY3UTb KPYT BO3MOKHOCTEH /1/1s MOIIIEHHUYECTBA B KJIIMEHT-CEPBEPHBIX UTPaX,
MOTOMY YTO B PACTIOPSTKEHNT KIIHEHTA GYIeT MEHbIITe MH(hOPMAIIIH, KOTOPYIO OH CMOJKET
MTO/IJIEJIBIBATD.

[TpoBepka BBojIa TaksKe IOMOKET TapaHTUPOBATDh, UTO HU OJIMH I10JIb30BaTE/b HE CMO-
JKeT BBITTOJTHUTD HeJolycTuMoe jielictBre. Ho HesionmycTUMBII BBOJ| He BCer/ia CBsI3aH
C MOIIIEHHIYECTBOM: B KJIMEHT-CEPBEPHON UTPE MOKET BOSHUKHYTD CUTYaIlNs, B KOTOPOI
KJIMEHT TIPOCTO HE YCIesT TIOMYIUTh MOCAeHne 0OHOBICHUsT, KOT/Ia OTAABAT KOMAHIY,
craBiyio HegomycTuMoil. C APYroi cTOPOHBI, BAXKHO 00ECTIEUUTD TIPOBEPKY BCEX KO-
MaH/I, iepeiaBaeMbIx 1o cetu. CepBep MOXKET TTPOBEPSTH BBOJL KJIUEHTOB, & Y3JTbl MOTYT
IIPOBEPSATD BBOJ IPYTUX Y3JI0B. B oTHOIIEHN! IIPOBEPKU JIaHHBIX, TIOCTYIAIOIINX C cep-
Bepa, CaMblil JeiiCTBEHHBII CII0COO — He MO3BOJATh UTPOKAM 3aIlyCKaTh COOCTBEHHBIE
cepBephl.

Hecmotpst Ha 6ostee arpeccuBHYIO TPUPOJLY, TPOTPAMMHOE BBISIBIEHHE MOTITEHHIYECTBA
MOJKET OKa3aThCsl VUM CPEACTBOM OOPHOBI ¢ MONMIEHHUYECTBOM B UTpe. TummuHbie
WHCTPYMEHTDBI BBISIBJIEHUSI MOIIIEHHUYeCTBA CKAaHUPYIOT NaMATh KOMIIbIOTepa, T/ie Bbl-
OJIHSIETCST UTPA, B TIOUCKAX JI0OBIX H3BECTHBIX MOIIEHHNYECKUX rporpamm. Eciv takast
nporpaMma oGHAPYKMBAETCS, 3aITYCTUBIIUI ee TT0JIb30BATEb GJOKUPYETCst, 0OBIYHO
B KaKOU-TO MOMEHT B OY/IyIIlEeM, BO BPEMsI OU€PEIHON BOJHBI HAHOB.

Hakowerll, Ba)KHO 3allUINATh CEPBEPBI OT PasHOOOPas3HbIX arak. Ilesbio pacmpeaesieH-
HBIX aTaK TUIIA «OTKa3 B 0OCIYKIMBAHUI» SIBJISIETCS «3aTOIJIEHUE> CepPBepa 3allpocaMu,
a IPOTUBOCTOATH UM MOKHO, BOCIIOJIb30BABIINCH yCIyraMu 06J1a4HOTO XOCTUHTA.
[ToBbICUTD YCTOWYHMBOCTD CEPBEPHOTO KOJA K HEBEPHBIM JAHHBIM B MAKETAX TIOMOKET
METO/| HeYETKOro TecTupoBanus. HakoHel, 0ueHb BasKHO CBOEBPEMEHHO OOHOBJISAThH
rporpaMmMHoe obecriedenre u mudpoBaTh ysI3BUMbIe JaHHble, XPaHAIIMecs Ha cepBe-
pe, 4TOOBI HUBEJIMPOBATH TIOCJAECTBUST U YMEHBIITUTh MACIITab paspyIieHuil B ciydae
BTOPIKEHUST 3JI0YMBINITIEHHUKA.
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Bonpockl Ang noBTOpEHUS

1. Ommmre JBa Pa3HbIX c1nocob6a BBIITOJTHEHNS aTaKK BU/1a «HE3aKOHHBIN TIOCPETHUKY .

2. Yrto Takoe mudpoBaHNe ¢ OTKPBITBIM KII0U0oM? Kak 3T0 MOXKET IPUTOIUTHCS JJIsT
3allUTBI OT aTaK BU/IA «HE3AKOHHDII IIOCPETHUK» ?

3. IIpuBemute npuMep, KOraa MpoBepKa BBOJIA MOKET IIPUBECTU K JIOKHOMY cpabaThi-
BAHMUIO, TO €CTh KOT/IA BBOJ TIOJI30BATEST OYIET OMMOOUHO PACTIEHEH KAK MOTIBITKA
MOTIIEHHUYECTBA, XOTS B JIEHCTBUTETHHOCTH OH TAKOBBIM HE SIBJISIETCSI.

4. Kak MOXKHO OpraHU30BaTh POBEPKY JAHHBIX, TTOCTYMAIONINX C CEPBEPA, YTOOBI 1aTh
UTPOKaM BO3MOXKHOCTD 3aITyCKaTh CBOU UTPOBBIE CEPBEPHI?

5. HOquy B3JIOM KapTbl HEBO3MOKHO OIIPEAECJINTD B UT'PaX C MEXaHU3MOM JIETEPMUWHI -
POBAHHOTO COOTBETCTBUA 6€e3 UCII0Ib30BaAHUSA TIPpOTPaMMHBIX CPEACTB BBIABJICHUA
MOIIIEHHUYeCTBa?

6. Omummre KOPOTKO IPUHIMI AeficTBust cucteMbl Valve Anti-Cheat, npensarcrsyio-
11ei MOIITEHHUYECTBY CO CTOPOHBI UTPOKOB.

7. Omnwmmmre Ba PasHbIX Coco6a 3aIUTHI CEPBEPOB OT MOTEHITHATBHBIX BTOP/KEHUIA.
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NrpoBble ABUXKKHN

KpyrnHble cTyauu, 3aHMMatoLMECs: CO3AaHNEM Mrp, O0BbIYHO pa3pabaTbiBalOT U UC-
MoJIb3YIOT COBCTBEHHbIE UIPOBbIE ABWMXKKWM, TOrAa Kak HeGOMbLUME KOMMAHUM Yalle
Mosib3yHOTCS FOTOBLIMM [ABMXXKAMWU. Takol BapuaHT OKa3blBAE€TCS HAMHOMO AELLEBNE
1 acbcbekTBHEE ANt HEBOMbLUINX CTYAMM, BbIMYCKAOLWMX CETEBbLIE UrPbl. B 3TOM chy-
Yyae NporpaMMUCTbI ByayT NuUcaTb CETEBON koa 6onee BbICOKOTO YPOBHS, YEM TOT,
KOTOpbIN NpuBeAeH B 60bLLEN YacTX 3TOW KHUMN.

B faHHOM rnaBe paccMaTpvBalOTCS [ABa OYEHb MOMYSPHbIX COBPEMEHHbIX UIPOBbIX
ABwxka — Unreal 4 n Unity — 1 AEMOHCTPUPYETCS, Kak C MX UCMOMb30BaHWEM peanu-
30BaTb CETEBblE B3aWMOAENCTBUS M MOAAEPXKKY MHOrOMOIb30BATENLCKOrO peXxuMa.

Unreal Engine 4

Urporoii nemskok Unreal Engine B Toit wiu uxoit hopme cymiectByet ¢ 1998 roza, koraa
BbilIa Bugeourpa «Unreal». OaHako 3a mpoIe/iie roabl ABUKOK CHIbHO U3MEHILI-
ca. B atom paszesie o6cyskaaerca sepeust Unreal Engine 4, soinyiientas 8 2014 roxy.
B ocrasnbHoii riase moj nmetrem «Unreals Mbl Gy/ieM MoipasyMeBaTh UTPOBOI IBUKOK,
a He BUIEOUTPY € TeM ke Ha3BaHmeM. PazpaboTunk, ncmomb3yomuii asikok Unreal,
HE JIOJIKEH BOJIHOBATHCS O HU3KOYPOBHEBBIX TOHKOCTSX CETEBBIX B3aUMOJCHCTBUIA.
OH MOKET TIOJTHOCTBIO COCPEIOTOUUTHCS Ha BBICOKOYPOBHEBOI peasin3aliii UTPOBOTO
CIIEHAPUS U JIUTITH TIPOBEPSITD, TPABIJILHO JIK OHa PabOTAET B CETEBOM OKPYKEHNN. ITO
HAIOMUHAET YPOBEHb MOJIEJIU UTPBI B ceTeBoi Mozesn «Tribess.

ITosTomy B raHHOM pasjesie OyayT pacCMaTPUBATHCSI B OCHOBHOM BBICOKOYDOBHEBbIE
aCIIEKTHI TIO/ZIEPKKHU CETeBBIX B3anmoielicTsril B iBmskke Unreal Engine 4. OHako paan
TIOJTHOTBI OOCYSKICHUST IMEET CMBICTT YIIOMSTHY Th HEKOTOPbIE HI3KOYPOBHEBBIE JICTAIH U 1X
COOTHOIIIEHUE C TeMaMH, PACCMATPUBABIIMMUCS B TJIaBaX C TIEPBOI 110 ziecaTyio. Yurate-
JIVL, SKEJTATOTHE TTOOJIIKe TTO3HAKOMUTHCS ¢ HU3KOYPOBHEBBIMU TOHKOCTSIMHI TTO/UTIEPIKKI
ceteit B Unreal Engine, MoTyT Takske GeCIUIATHO CO3/IATh YUETHYIO 3aMTUCH Pa3paboTInKa
Ha caiite www.unrealengine.com v 1OJy4YUTh MOJIHBII JOCTYII K UCXOAHOMY KOJLY.
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CokeTbl n MPOCTbIE CETEBbLIE B3aVIMO,Clel7ICTBVIF|

Jlng moiepsKKM Kak MOKHO GoJiee mupokoro kpyra miatdopm asuskok Unreal
JOJUKEH abCTparupoBaTh TOHKOCTHU peaansaiiu coketoB. Kiaccsl ¢ uarepdeiicom
ISocketSubsystem comepskar peaqnsannuy sl pa3HbIX MIaTGOPM, MOIEPKUBAEMBIX
naBuskkoM Unreal. 9To cBOEro pojia aHaJIor peaausaiuu coketoB bepkiu, mpejacras-
JienHoi B riiase 3. Kak yske roBoprioch, IporpaMMHbIil nHTepdeiic cokeroB B Windows
HEMHOTO OTJINYaeTcs OT MporpaMMHOro nHTepdeiica B Mac nim B Linux, moatomy mozi-
cucrema coketoB B Unreal 10/oKHA yIUTBIBATD 3TH PA3JIUYUSI.

[Toncucrema cokeToB OTBEYAET 32 CO3/IaHUE COKETOB U aapecoB. Ee pynkims Create
BO3BpallaeT yKasaTesb Ha 9K3eMILISIP Ki1acca FSocket, KOTOPBII 3aTeM MOKET NCTIOTTh-
30BaThCA 17T TIEPEAAYN U TIPUEMa IAHHBIX C TOMOIIBIO CTAHAAPTHBIX (PYHKIINI, TAKUX
Kak Send, Recv u T. /. B oT/inune ot Ko1a, MpUBOIMMOTO B TJiaBe 3, GyHKITMOHATIBHOCTD
coketoB TCP u UDP He pasznesiena Ha pa3Hble KITACCHI.

Wmeerest Takke kiace UNetDriver, peau3yomuil npueM, puibrpario, 06paboTky
1 OTIIPaBKY TakeToB. Ero MOKHO cuMTaTh aHaIoroM Kjiacca NetworkManager, peainso-
BAHHOTO B TaBe 6, HO Ha GoJiee BBICOKOM ypoBHe. Tak ke Kak B CJIydae ¢ MoJICUCTEMOI
COKETOB, CYIIECTBYIOT PasHbIe Peajn3aliu, OCHOBaHHbIE HA PA3HBIX TPAHCIIOPTAX, Oy /b
10 IP miu TpaHciopT UrpoBoil ¢irysKObI, TAKON Kak Steam, 0 KOTOPOH paccKasblBaeTCst
B riaBe 12 «VrpoBbie cirysKObI».

B aBusKKe mMeeTcst TOBOIbHO MHOTO HUBKOYPOBHEBOTO KOJIA, PEAIM3YIOIIEro nepeaady
coobmenuii. CylecTByeT Takske GOJIBIIOE YHICIO KAACCOB /151 0OMeHa COOOIIEHISAMU,
He 3aBUCALIMX OT ThIA TpaHcnopTa. OHM UMEIOT JOCTATOYHO CI0KHYIO peali3altio, Ho,
€CJT BaM MHTEPECHO, 0OpataiTech 3a I0MOJHNTENbHON MH(pOPMaIed K J0KyMEeHTaInK
Unreal: https.;//docs.unrealengine.com/latest/INT/APL/Runtime/Messaging/index.html.

NrpoBble 06bEKTbI 1 TOMONOr st

B Unreal ucnosb3yercst HeCKOJIbKO BechbMa ClielU(pUIeCKUX TEPMUHOB it 0003HaYe-
HUS KJFOYEBBIX UTPOBBIX KJIACCOB, MOITOMY TIPEIK/IE YeM JBUTAThCS Aajibliie, 00CY UM
9Ty TepMUHOJIOTHI0. OCHOBHBIM 0a30BbIM KJIACCOM UTPOBBIX 0OBEKTOB SBJISIETCS KIACC
Actor. Kax/iplil 0ObeKT B UTPOBOM MUPE, CTATUYECKUN WJIM AMHAMUYECKUH, BUAUMBII
WJIN HET, SIBJSIeTCS AK3EMIIJITPOM OIHOTO U3 TToKIaccoB Actor. OTHIM 13 BasKHEHIINX
MOJ/IKJIACCOB Actor SIBJISIETCS KJIacc Pawn, KOTOPBIN peasn3yeT BO3MOXKHOCTH YIIpaBJie-
HUA uM. B gacTHOCTH, Kjlacc Pawn UMeeT IepeMeHHYIO-UIeH, CChLIAIONIYIOCS Ha 9K3eM-
mgp kiaacca Controller. Kiacc Controller Takske HacjeayeT KJacc Actor, TO eCTh
Controller TaksKe ABJSETCS UTPOBBIM 00BbEKTOM, TpeOyiomuM o6HoBIeHus. KoHTpo-
Jiep MOKET ObITh 9K3eMILISIPOM PlayerController ujm AIController, B 3aBUCUMOCTH
OT TOTO, KTO yIpaBJseT 9k3eMIIsipoM Pawn. Ha puc. 11.1 usobpaskeHa Majast 4acTh
nepapxuu Kaaccos aBiskKa Unreal.

YTo6BI TIOHATH, KAK 9TH KJIACCHI B3AUMOJIEHCTBYIOT IPYT C IPYTOM, PACCMOTPUM MPOCTO
IIPUMEP OJHOIIOJIB30BATEIbCKOI UTPhI «Boitmubasb». Jlomyctum, 4ro6b GPOCUTH MY,
UTPOK JOJKEH HAKATH KIABUIITY «TIpobes». CobbITHe BBO/IA TTPOOEa TEPEaeTCsT 9K3eM-
msapy PlayerController. 3ateM ak3eMILIsIp PlayerController u3BeniaeT aK3eMILISIP
PlayerPawn, 9TO TOT OJKEH OPOCHUTH MsTd. B pesysbrate PlayerPawn CO3AeT 9K3EMILISIP



Unreal Engine 4 295

Actor

Pawn —> Controller

Player

AlController Controller

Puc. 11.1. OparmeHT nepapxum knaccos Asvxka Unreal

KJacca DodgeBall, Tak:Ke SIBJISIONIErOCs TOKIaccoM Actor. B 1elicTBUTETBHOCTH TIEITh
COOBITUH, TPOMCXOAANINX 3a KyJIUCAMU ABUKKA, 3HAYUTEIBHO IINHHEE, HO U TAKOTO
VIIPOILEHHOTO MPEeACTABACHUS BIOJHE JOCTATOYHO, YTOOBI IOHATDH, KAK 9TU KJACCHI
B3aNMO/IEVICTBYIOT JIPYT C JIPYTOM.

Iz ceresbix urp Unreal mopep:kuBaeT ToJbKO MOJIEND «KIeHT-cepBep». CepBep Mo-
JKeT JIefiCTBOBATD B /IBYX PAa3HBIX peKMMax: Bbl/IeJIEHHBIH cepBep U JIOKAJIbHBIN cepBep.
B pesknme suidenennozo cepsepa (dedicated server) cepBep BHITIOTHSIETCST KAk TPOTIECC,
OT/IEIEHHBII OT BeeX KAMeHTOB. OOBIYHO BBIJETECHHbII CEPBEP BBIOTHIETCS HA OT-
NEJTBHOM KOMITHIOTEPE, HO TO He ABJAETCSA 00sg3aTeIbHBIM TpeboBanueM. B pexime
noxanvioeo cepeepa (listen server) ofuH 13 9K3eMIIISIPOB UTPHI IPUHUMAET Ha ceOs
(bynkimm ceppepa u kameHTa ogHoBpeMeHHO. CyllecTBYIOT HEKOTOPbIEe TOHKOCTH, OT-
JINYAIOITIE UTPY C BBIIEJICHHBIM CEPBEPOM OT UTPBI C JIOKAILHBIM CEPBEPOM, HO OHU HE
GYIyT 371ECh PACCMATPUBATHCS.

Pennunkaums akTopos

YaurbiBas, uro Unreal ucrnosib3yer Mojie/ib «KINEHT-CEPBEP», OH JI0JIKEH Peaim30BaTh
BO3MOKHOCTH TIepeiauul OOHOBJIEHUIT ¢ cepBepa BCEM aKTOpaM Ha KineHTtax. Kak He-
TPY/HO JI0TaiaThes, 9Ta (hYHKIMS HasbiBaeTCst penaukayuetl axmopos. Unreal crpemurcst
COKPATUTh YKCJIO aKTOPOB, TPeOyomuX peminkanun. Tak e kak B Mogenn «Tribes»,
Unreal ompeiesisier MHOKECTBO aKTOPOB, PEJIEBAHTHBIX JIJIST KAKIOTO KireHTa. Kpome
TOT0, €CJI AKTOP MOKET OBITh PEJIEBAHTHBIM TOJIBKO JIJIST OJHOTO KJIWEHTa, OH MOKET
OBITh CO3JAH Ha 9TOM KJIMEHTE, a He Ha cepBepe. Takue akTopbl IPUMEHSIIOTCs], HAIlPU-
Mep, JUist co3anust ahdeKTa pa3eTaioniuxcs 0OCKoJaKoB. Kpome Toro, noiiep:xuBaeTcs
BO3MOKHOCTD YIIPABJIECHUSI PEEBAHTHOCTHIO AKTOPOB TTPY TIOMOIIH HECKOJIBKIX (hJIATOB.
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Hanpumep, dyiar bAlwaysRelevant CyleCTBEHHO yBeIMYMBAET BEPOSATHOCTD IIPU3HAHUS
aKTOpa pesieBaHTHBIM (B IPOTHBOINOJIOKHOCTh CBOEMY MMEHH, TAHHbIHA (JIar #e zapar-
mupyem, uto akTop Beerga (always) 6yieT cuMTaThCs peJieBaHTHBIM ).

3a pesIeBaHTHOCTBIO CJIEAYET eNle OAHO BaKHOE IIOHATHE — poju. B cereBoil MHoro-
MOJIb30BATEIbCKOI NIPe MOKET OZHOBPEMEHHO AEHCTBOBATH HECKOABKO OTAETbHBIX
IKBEMILIAPOB UTPhl. Kakaplii N3 9K3eMIIISAPOB MOKET 3aTPOCUTH CBOIO POJIh B OTHO-
IIeHNHN Ka’X/I0TO aKTOopa, I{TO6I)I OIIpe/ieJINTb, KTO BJIaJEET M. Baxno IIOHUMATDb, 4TO
B OTBET Ha 3aIIPOCHI O POJIU JJIsl KOHKPETHOIO aKTOPA PasHbIM 9K3€MILISIPAM UTPbI MOTYT
BO3BPAIATLCS pasHble 3nadenus. Bepuemcs k mpumepy urpbl « Boimmobansr». B ceteBoii
MHOTOTIO/Ib30BATENBCKON BEPCUU MTPBI MY MOYKET MOPOKAATHCS cepsepoM. To ecTpb
€CJIN CepBEP 3allPOCUT CBOIO POJIb B OTHOIIEHUN MAYA, OH MOJKET TOJIYYUTb B OTBET
pousb «authority» (yIpapisionuii), yKasplBalollylo, 4YTO OH HaAeJeH MOJTHOMOYUSIMU
YHpaBJI€eHUSA AKTOPOM M:A4a. HpI/I 9TOM BC€ OCTaJIbHBIE KJIMCHTDI ITOJIY4alOT B OTBET POJIb
«simulated proxy» (MogenmupytoIIuii areHT), COOOIIAIOIIYO, YTO KIUEHT MOKET JIUIIIh
MOJICTTUPOBATD ACUCTBUS JAaHHOTO aKTOPa, HO He yIpaBadaTh uM. Huske mepevyncienbl
TPU BO3MOZKHBIE POJIK:

Q Authority (yrnpassstonuit). IK3eMILISIPp UTPBI HAJIETEH TOJTHOMOUMSMU YITPABICHUST
AKTOPOM.

Q Simulated proxy (Mozenupytouuii arent). s KineHTa 3Ta poJib 03HAYAET, YTO
AKTOPOM BJIaJIeeT U pacropsikaeTcs cepsep. KImeHT ¢ posibio MoIeTnpyToIIero areH-
Ta MOXKET MOZIEJTUPOBATD JIUIITb HEKOTOPBIE ACTIEKTHI aKTOPa, HAIPUMEp ABMKECHUE.

QO Autonomous proxy (aBTOHOMHBII MOJIEJTUPYIONINiA areHT). Pojb aBTOHOMHOTO
MOJIESTUPYIOIIETo areHTa OueHb I0X0sKa Ha POJTh IIPOCTOTO MOJIETNPYIOIIETro areHTa,
HO [IPEJIIIOJIATAET, YTO MOJETUPYEMBII aKTOP MOKET IPUHUMATh COOBITHST BBO/IA HE-
MOCPEICTBEHHO OT TEKYIIIEr0 9K3EMILISIPA UTPBI, TO €CTh B IIPOLIECCE MOIETUPOBAHUS
AKTOPA J0JIKEH YIUThIBATHCST BBOJ] UTPOKA.

ITO He 3HAYUT, YTO B MHOTOIOJIb30BATEIBCKOI UTPE CepPBeEp BCET/IA SIBIISIETCS MOJIHO-
MTPABHBIM BJIAJIE/IBIIEM BCEX aKTOPOB. B HEKOTOPBIX CITydadx KIAUEHTHI MOTYT MOPOXKAATH
CBOU aKTOPBI, HAIIPUMED, /Isi co3/anust ahdeKTa pasieTalonuxest OCKOJIKOB, U st
TaKMX aKTOPOB OHU Oy/IyT MOTydath posib «authority», mpu aToM cepsep gaxe He Gyer
O/I03p€eBATh 06 WX CYIIECTBOBAHNUL.

OHaKO KasK/bII aKTOP, [T KOTOPOTO CepBep Urpaet poJb «authority», Gyaer nepema-
BaTbCs BCeM KJIMEeHTaM IIPU YCJA0BUU PeieBAaHTHOCTU. BHYTPU aKTOPOB MOKHO yKa3aTh,
Kakue CBOMCTBa J0JIKHDL MU He JOJLKHBL Ilepe/iaBaTbes. buarogaps aToMmy 9KOHOMUTCS
110JI0CA IIPOILYCKAHMS, TOCKOJIbKY II€PEAAIOTCS TOJbKO CBOICTBA, HEOOXOIMMBIE /It MO-
JETMPOBaHKS aKTOPa Ha CTOpoHe KimenTa. Perkanus akropos B Unreal BoimiosHsieTcst
MOJALKO B OZIHOM HAIIPABJIEHUN — OT cepBepa K KIueHTy. KinenT He MoKeT co3/1aTh akTop
1 3aTeM Tiepe/iaTh ero cepBepy (MU IPYTUM KJIUEHTaM ).

Hactpoiika penimkaium He OrpaHiINBAETCs OHUM TOJBKO OTIpeieIeHeM KOTTPY-
eMBIX CBOWCTB. K TprMepy, MOKHO HACTPOUTH PETLTMKAITUIO CBOMCTBA TIO0 YCJIOBUIO.
Takske MOKHO yKa3aTh (DYHKIINIO, KOTOPAs JOJKHA BBI3BIBATHCS Ha KJIWEHTE TTPU
HOJIYYEHUH OIpe/leJIeHHOr0 CBoiicTBa 0T cepBepa. Tak kak urposoii kog B Unreal
Engine 4 mumrercs Ha g3pike C++, IBUKOK UCIIONB3YeET CIOKHbII HaOOP MAaKPOCOB JJIsT
onpezieJieHNsI PasHOOOpasHbIX ITapaMeTpoB perukanuu. COOTBETCTBEHHO, 10OaBIssI
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IIepeMEHHYIO-4JIeH B Ollpejie/ieHre Kiacca, MOKHO TP ITOMOIIIM MaKpPOCOB OIlpejie-
JIUTD JI7IsT Hee mapaMeTphl permukanuu. B Unreal nmeetcst Taxske 10BOTBHO MOTIHAST
cHCTeMa CIleHapHeB HA OCHOBE INarpamMM ¢ HazBanueM Blueprint. Ciemyer OTMETHTS,
4To GoJbIIasg YacTh (GYHKIUI MOAIEPKKI MHOTOIOIb30BATEIBCKOTO PEKUMA TAKIKE
JIOCTYITHA Yepe3 CUCTeMY CIleHapHeB.

Kpowme toro, B Unreal yske peann3oBaHo POTHO3UPOBAHNE IBIKEHUSI AKTOPOB HA CTO-
poHe KJaueHTa. B yacTHOCTH, eci B aKTOPE YCTaHOBUTD (hyiar bReplicateMovement, on
GyJIeT KOMMPOBATHCS 1 TIPOTHO3UPOBATH CBOE MECTOTIONOKEHNE Ha KITUEHTE, OTIUPASCh
Ha WHHOPMAITHIO O CKOPOCTH ABIKeHU. [Ipr HeoOXOANMOCTH MOKHO TaKKe mepe-
OTIPEETTNTH METOJI, OCYIECTBISIONTH TporHo3uposanme. OMHAKO 15T GOTBITIHCTBA
UTP peannsalysd 110 YMOJTIAHUIO [aeT OYeHb HEIJIOXNE PEe3YIbTaThl.

YpaneHHbIM BbI30B Npoueayp

Kax pacckasbisasioch B riiase 5 «Peruinkanus 06beKTOB», yIaJeHHbINH BbI3OB MPOIELY]P
(Remote Procedure Calls, RPC) urpaer BaxHyio poJib B peluinkaiuu. Iloaromy Heyau-
BUTEbHO, uTo B Unreal nMeercst Becbma MotiHast cuctema noaaep:xku RPC, peanusy-
I0Iast TPY TUTIA BBI30BOB: Ha cepBepe, HAa KJINEHTE U MMUPOKOBEIIATEThHbIC.

Cepeepras ynxyus — 310 HYHKINS, BbI3bIBacMasd KJIWEHTOM U BBITTOTHAIONIASCS Ha
cepBepe, € OJIHON OOBINON OTOBOPKOI: cepBep He TO3BOJISIET TIOOOMY KINEHTY BHI3bI-
BaTh (DYHKIINH B JIIOOBIX aKTOPaX, MOTOMY YTO TIOMUMO BCEX MTPOUNX HEMPUSTHOCTEH Ta-
Kast OTKPBITOCTD CIOCOOCTBOBAJIA OBl YBEJIUYEHHIO BEPOSITHOCTH MOIIIEHHIYeCTBa. Bme-
CTO ATOTO TOJBKO KJIUEHT, SIBJSTIONHNCS 81A0eIbUeM AKTOPA, MOKET BBI3BATH CEPBEPHYIO
dymkmmio B aToM aktope. ObparnTe BHUMaHHUE, UTO B TAHHOM CJIyYae CJIOBO <BJIAJIETEI>
MMeeT MHOMU CMBICT, HeKen PoJib «authority» s sxzeMruisipa urpst. [loz Baagenbiiem
371eChb TI0JIpadyMeBaeTcsl 9K3eMILIsip PlayerController, cBsI3aHHbIN ¢ akTopoMm. Hampu-
Mep, ecaii KoHTpoJiep A (tura PlayerController) yrpaBisieT HTPOBBIM OOBEKTOM A
(Trma PlayerPawn), TO KJIMEHT, YITPABJIIONTIH KOHTPOJIEPOM A, CUUTACTCS BJIAICTBIIEM
o6bexTa A. Ecsii BepHYThCS K TPUMEPY UTPBI « BBIITIOAIbI», 9TO 03HAYAET, UTO TOTBKO
KJIUEeHT A MOKeT BbI3BATh CepBepHyIo (GyHKINIO ThrowDodgeBall o0bekTa A, — mo0bIe
JPYTHE TOMBITKI CO CTOPOHBI KJIMEHTa A Bbi3BaTh ThrowDodgeBall B Ipyrux 06bEKTaxX
PlayerPawn 6y11yT IIPOCTO UTHOPHUPOBATHCS.

Knuenmckas @ynxyuss — IpOTUBOIOJIOKHOCTD cepBepHON (hyHKIiu. Korzia cepsep BbI-
3bIBAET KJINEHTCKYIO (DYHKIINIO, BBI3OB [IEPEAETCs KIMEHTY, SIBJISTIONIEMYCSI BIaJIeIblIeM
akropa. Hanpuwmep, ecau B urpe «Boimmbaas» cepBep OMPENENSIET, YT MsTd TTOTIA
B UTPOKa B, 0OH MOKeT BbI3BaTh KIUEHTCKYIO (QDYHKIHIO Y UTPOKa B, 4TOOBI TOT BHIBE
Ha 9KpaH coobiienne: «Bpiour!».

Kak MOKHO 3aKJIIOUMTh U3 HAa3BAHUSI, WUPOKOGewamenvias Gynxiyus OyaeT Bbi3BaHa
B MHOKECTBE 9K3eMIIJITPOB UTPHI. B wacTHOCTH, MMpOKOBenaTeabHast (hyHKIINAS BbI-
3BIBAETCSI CEPBEPOM, HO BBITIOTHSIETCS He TOIbKO HA KIMEHTAX, HO U HA CAMOM CepPBEpE.
[IIupokoBelaTeabHblie GYHKIIMN UCIIOAb3YIOTCS IJIsT U3BEIIEHUST BCEX KIMEHTOB O Ha-
CTYIJIEHUH HEKOTOPOTO COOBITHSL: HAlIPUMep, HIMPOKOBEIATEIbHY0 (DYHKIIUIO CEPBep
MOT ObI BbI3BATh, UTOOBI KasKIbIH KIUEHT CO3/IaJl TOKAJIBHBII aKTOP, BOCIIPOU3BOISATINI
addexT pazseTarommnxcst OCKOJIKOB.
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Bce BMmecTe T TpU THIIA yIATEHHBIX BBI30BOB IIPOIE/YP OTKPBIBAIOT MAcCy BO3MOXK-
nocreit. Kpome Toro, asusxok Unreal npemocrasisier Ha BoiO6op aBa Mexanusama RPC:
HaZeKHbIT 1 Henanexubiil. To ectb Gynkimm RPC s 00paboTKu HU3KOIIPHOPUTETHHIX
COOBITUI MOYKHO OTMETHTH KaK HEHAJIEKHbIE 1 U30€KaTh CHUKEHUST TPOUSBOUTEb-
HOCTH B CJIy4yae IIOTePU IaKeTOB.

Unity

ITepsasg Bepcust urposoro asuskka Unity Obuia Beinyiiesa 8 2005 roxy. 3a mocieaHue
HECKOJIBKO JIET OH TIPHOOPesT GOJIBIIYIO MOMYJISPHOCTD Y MHOTHX Pa3pabOTYMKOB UTP.
Tax ke kak Unreal, gsmkox Unity obsazaet BCTPOCHHBIME CPEACTBAMI CHHXPOHU3a-
i 1 RPC, XOTS 1 HECKOJIBKO OTJIHYAIOIIAMIECS OT HciosbayeMbix B Unreal. B cocras
Bepcun Unity 5.1 Borwia HoBast cereBast Oubimoreka UNET, moatomy B TaHHOM pasziesie
OCHOBHOE BHUMaHUe Oy/IeT yiieneno sToil Hogeleil 6ubsmoreke. B UNET peasmszoBaHo
JIBa pa3HbIX MporpaMMHubix nHTepdeiica (API): BoicokoypoBHeBbiii AP, yioBieTBopsi-
IO TOTPEOHOCTSIM GOJIBIIUHCTBA CETEBBIX UTP, U HU3KOYPOBHEBbIN TPAHCIIOPTHDII
API, KoTOPBIIt MO’KHO UCITOJIB30BATD JIJIST PEAIU3AIMY HECTAH/IAPTHBIX B3AUMO/IENCTBUI
yepe3 Mureprer. B aTom paseste Oyzer paccMaTpuBaThCst BICOKOYypoBHEBbIit APT.

Hecmotps Ha TO 4TO OCHOBHA4 4acTh UrpoBoro ABukka Unity nanucana na C++, paspa-
6orunku Unity He garor gocryna K koxy Ha C++, Paspaborunku, rcnosbayiomnre Unity,
OCHOBHYIO Maccy TIPOTPaMMHOTO Koja Ty T Ha C#, O7THaKO eCTh BO3MOKHOCTB MCTIONB30-
Bath Unity u3 ciierapues Ha JavaScript. BogbITMHCTBO OMBITHBIX Pa3pabOTINKOB OTAAIOT
npennourenvie C#. [IporpammupoBanuio urposoii joruku va C# smecro C++ npucyiim
CBOU JIOCTOMHCTBA M HEJIOCTATKH, HO K Halllel 3a1a4e 3TO He UMeeT OTHOIIIEHNSI.

API TpaHCNOpPTHOIrO YpPOBHA

ITporpammHubIil maTepdeiic TpancnopTaoro yposHst B UNET ciysxut 06epTKOit BOKPYT
1aT(hOPMEHHO-3aBUCUMBIX COKeTOB. Kak MOKHO jlorafiaTbCs, CyIecTBYIOT (DYHKITUN
JUTST CO3/IAaHUST COETMHEHMH ¢ IAPYTUMHI y3JIaMU CETH, Yepe3 KOTOPbIe MOKHO MOCHLIATh
U IPUHUMATD JaHHbie. IIpu co3panuu coeuHeHus Tpedbyercs BbIOPaTh MEKIY Ha-
JIeSKHBIM 1 HeHajlexHbIM coeqrHenusiMu. Ho Bmecto Bbibopa mexay UDP- u TCP-
coeMHeHeM Hy/KHO yKa3aTbh, KAK 9TO coequHeHne OyAeT UCIIoNb30BaThes. IIpu cos-
JIAHUKM KOMMYHUKAIIMOHHOTO KaHa/la YKa)KUTe OJHO M3 HECKOJbKUX 3HAYEHUN U3
nepeuncienus QosType:

Q Unreliable. Coobienus OTIIPABJISIIOTCA 6e3 rapaHTI/Iﬁ JIOCTaBKHU.

O UnreliableSequenced. [locTaBka cooOLIeHUII He TApAaHTUPYETCsI, U COOOLIEHNS, T10-
JIy4eHHble He MO TOPSIZKY, 0TOPACHIBAIOTCS. ITAa PASHOBUIHOCTD COETUHEHST MOKET
HCTIOTb30BATHCS IJTsT OOMEHA TOTOCOBBIMHU COODTIEHISIMI.

O Reliable. /locTaBKa COOOTIEHNI TapAHTHPYETCST, ECJTU TOJIBKO COEIMHEHNE He OyeT
pasopBaHo.

QO ReliableFragmented. Coobuienne MoxeT ObITh pa3dUTO Ha HECKOJIBKO ITaKEeTOB. JTa
PasHOBUIHOCTD COCAMHEHSI MOKET MCIIOJIb30BAThCS JIJIsT TIEPEIad 1Mo CeTH OOJIBIIHIX
(ailyioB, Tak Kak mpegycMaTpuBaer cOOpPKY COOOIEHUI Ha CTOPOHE II0JIyYaTeIsl.
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YcraHoBUTh coeinHEHE MOKHO BBI30BOM (PyHKIMYN NetworkTransport.Connect. OHa
Bepuet uncyoBoil uaentudurarop (ID) coepunenus, KOTOPbIL 3aTEM UCIIOJIb3YeTCs
KaK ImapaMeTp B BBI30BaX JIPYTHX (DyHKIMIT NetworkTransport, TaKUX Kak Send, Receive
n Disconnect. (DyHKIII/IH Receive Bo3BpalaeT 3Hayenue Tura NetworkEventType, BKJIIO-
yaoliee IPUHATbHIE JaHHbIE WK COObITHE, TAKOE KaK COObITHE Pa3beAMHEHNSI.

MrpoBble 06BEKTHI U TOMOMOrUS

CambiM cyriectBeHHBIM oTimureM Unity ot Unreal sijisieTcs OPSIOK CO3aHUS UTPO-
BbIX 00bekToB. Ecin B Unreal ucmonbsyercs oTHOCUTEIBHO MOHOJIUTHAS HMePapXusl
UIPOBBIX 0OBEKTOB ¥ aKTOPOB, To B Unity npumensercs MopyibHbII noaxo. Kiace
GameObject B Unity sBisteTcs, o CyTH, JUITh KOHTEWHEPOM JIJIsT 9K3EMILJISIPOB KJac-
ca Component. Bce urposbie yHKIIUU JI€JIETUPYIOTCS KOMIIOHEHTAM, COIEPKAIUMCS
B JAHHOM 9K3eMILIgpe GameObject. ITo 03BoJsIeT HOJIEE YETKO PA3TPAHUYUTDh Pa3Hble
ACIIEKThI TOBEJICHUS UTPOBBIX 00BEKTOB, XOTS HHOTIA MOKET OCJOKHUTD IIPOrPAMMI-
poBaHue, 0COOEHHO IIPH HAJTMYMK 3aBUCUMOCTEN MEKIY HECKOJIbKIMU KOMIIOHEHTAMU.
OO6bIuHO GameObject BKJIOUYAET OJUH WJIM HECKOJBKO KOMIIOHEHTOB, HACJIELYIOMINX
MonoBehaviour, KOTOpbIEe Peayn3yIoT pa3jandHble (DYHKITMOHATbHBIE BO3MOXKHOCTH JIJIST
GameObject. Tak, Hanpumep, BMecTO KJacca PlayerCat, HelIOCPEJACTBEHHO HACJeIy-
o1ero GameObject, BbI JOJKHBI ONPEIETUTh KOMIIOHEHT PlayerCat, HacJaeayIoNmii
MonoBehaviour, U IPUCOETMHNTH K JIIOOOMY HTPOBOMY OOBEKTY, KOTOPBII JOJIKEH Jeii-
CTBOBaATh, Kak PlayerCat.

[ns xpanenus cocrosnus urpsl B cereBoM API nmskka Unity mcnosb3yercs kiace
NetworkManager. K3eMIIJISIP 3TOTO KIacca MOKeT eHCTBOBATD B TPEX PEsKMMax: KaK aB-
TOHOMHBIII KJIMEHT, KaK aBTOHOMHBIN (BbIIEJEHHBII) cepBep WU Kak THOPUAHBII y3ell,
coBMenaioNnuii GyHKIMKW KJIUEHTA U cepBepa. DTO 03Havaet, 4yTo daktrndecku Unity
TOJI/IEPKUBAET Te JKe CaMble PEKUMBI BBIIETIEHHOTO U JIOKAJIBHOTO cepBepa, KOTOpPhIe
nojiepskuBaioTes apuxkkom Unreal.

Co3naHune 06beKToB U pennkaums

[Tockonbky B Unity ncrosb3yeTcst TONMOJOTHUST «KJINEHT-cepBep», IIpolie/lypa Co3aHus
00BEKTOB B ceTeBO UTpe Ha ocHoBe Unity 3HAYNTENHHO OTINYAETCS OT AaHAJIOTHYHOM
IPOLIEAYPBI B OJIHOIIOJIB30BATEILCKON urpe. B yactHoCTH, KOT/Ia BBI3OBOM (hyHKIIMHT
NetworkServer.Spawn Ha CepBeEpE CO3AETCST UTPOBOI OOBEKT, ITO O3HAYAET, UTO TAHHBII
00BEKT OY/IET KOHTPOITUPOBATHCS CEPBEPOM TI0 CETEBOMY MACHTU(DUKATOPY IKIEMILISIPA.
Kpome toro, urpoBoit 06beKT, CO3/IaHHBIN TAKUM CIIOCOOOM, J0JKEH GbITh CO3/aH Ha
BCEX KJIMEHTaX U KOMMPOBATHCS MPpU 0OHOBJIEHUH. UTOOBI KJIMEHT CMOT CO3/aTh pa-
BUJIBHBII UTPOBOIT OOBEKT, JIsI HETO J0JKHA ObITh 3aPEerHCTPUPOBAHA COOTBETCTBYIO-
mas sazomoeka (prefab). 3aroroska (prefab) B Unity npencrasiser coboil KOILIEKIINIO
KOMIIOHEHTOB, JIaHHBIX U CIIEHAPUEB, UCTTOJIB3YEMbIX UTPOBBIM 00BEKTOM, — B UX YHCJIO
MOTYT BXOJIUTD, HAI[PUMED, TPEXMEPHbIE MOJIEJIN, 3BYKOBbIEe 9(h(HEKTHI U CIIEHAPUH,
peasusyiolye rnoBejieHue. Perncrpaiys 3aroToBKU Ha CTOPOHE KJIMEHTA TapaHTUpyeT
TOTOBHOCTD BCEX IAHHBIX HA CTOPOHE KIMEHTA K MOMEHTY, KOT/Ia CEPBEP COODTITHT KJTH-
€HTY, 4TO TOT IOJUKEH CO3/IATh IK3EMILIISIP IAHHOTO UTPOBOTO OOBEKTA.
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ITocyie cosmanust 0ObeKTa Ha cepBepe CBOMCTBA €ro KOMIIOHEHTOB MOKHO IlepeaaTh
KJIMEHTaM HeCKOJbKUMHE criocobamu. OHAKO /151 5TOro Tpedyercs, YT00bl KOMIIOHEHTbI
HacJie0BaIu Kaace NetworkBehaviour, a He 00bI4HbIi MonoBehaviour. Camblil TpocToii
c110c00 OPraHM30BaTh PEIUINKALUIO IEPEMEHHBIX-UJIEHOB — CHAGANUTD KAKIYIO Iepe-
MEHHYIO aTpuOyTOM [SyncVar]. ITOT criocod MOAXOANT JJIs PEIIMKAIMKI BCTPOEHHBIX
THUIOB, a Takke TUIOB Unity, Takux Kak Vector3. JItoOble TIepeMeHHbIe ¢ aTPpUOYTOM
SyncVar OyIyT aBTOMaTHYECKH [IepeIaBaThCsl KJIMEHTaM [IPU M3MEHEeHUN UX 3HaYeHi —
or Bac He Tpebyercst oTMeYarh X Kak usMenusinnecs. Ho umeiite B Buy, 4To arpudyT
SyncVar MOKHO TIPUMEHSITh TaKKe K TI0JIb30BATEIbCKUM CTPYKTYPaM, U B 3TOM CJIyYae
COIEPKUMOE CTPYKTYPBI OyAEeT KOIIMPOBAThCs KaK OJHO 1iejioe. To ecTh eciiu onpezeie-
Ha crpykrypa ¢ 10 ujeHaMu, HO UBMEHUJICS TOJbKO OAMH, B CETh OYAYT CKOIMPOBAHbI
Bce 10 4IeHOB, a 3TO MOKET OTPUIATEIBHO CKAa3aThCsl Ha TPOITYCKHOM CIIOCOOHOCTH.

Ha tot cayuaii, ecai motpebyeTcst 6osiee TOUHOE yIpaBiieHe PEMIUKaIeil mepemMen-
HBIX, CJIe/IyeT TIePeOoTIPeIeIUTh (DYHKITMU-4JIeHbl OnSerialize u OnDeserialize u Bpy4-
HYTO UATATh 1 3aI1CHIBATD ITIEPEeMEHHbIe, ITo/IIeskalne CMHXPOHN3ann. Takoe perienne
TO3BOJISIET OPTAHM30BATH HECTAHIAPTHBIH CITOCO0 PETLTHKAIIIH, HO OHO HECOBMECTHMO
¢ SyncVar, oaTOMY BaM MPUETCSA BLIGUPATH TOT UM UHOH TTIOJXOL.

BbI30B yaaneHHbIx npoueayp

JBskok Unity Takike MOEpKIUBAET BbI30B yaaneHHbIX npoteayp (Remote Procedure
Calls, RPC), Ho ucrosib3yeMas B HeM TEPMUHOJIOIHSI HEMHOIO OTJIMYAETCS OT TePMH-
HOJIOTHH, TPUBEIEHHON B 310l kHure. B Unity o xomandoii noppasymeBaercst mepe-
Mlaua OTIepariuy OT KIneHTa cepBepy. KoMaHaBl MOTYT MOCBLTATHCS TOMTBKO 0OHEKTAM,
KOTOPBIMY yTIPaBJIsieT UTPoK. Bei3oB xiuuenmcxou pynxuuu RPC, HanpoTus, — niepeaya
omeparu ot cepsepa kimenty. [To anasoruu ¢ arpubyrom SyncVar ¢yukiun RPC storo
THUIIA TTOAAEP/KUBAIOTCA TOJIBKO I TOAKIACCOB NetworkBehaviour.

O6bsaBrenre GYHKINH, MOAJAEPKUBAIONINX YAATCHHBII BBI30B, BO MHOTOM HAITIOMIHAET
00bsIBIIEHIE CUHXPOHU3UPYEMbIX TIEPeMEHHBIX. UTOOBI 0GBIBUTH (PYHKIIUIO KOMaHIOM,
ee caeayer cHAGIUTH atpubyToM [Command], a uMst (DYHKIIUU JOJKHO HAUHHATHCSI
c ipucTtaBku Cmd, HarrpuMep CmdFireWeapon. AHasornaHo, kKaueHTCKY0 hynkimo RPC
caenyer cHab T arpubyToM [ClientRpc], a ee UMst IOJKHO HAUMHAThCS ¢ TPUCTABKH
Rpc. OGe pasHOBUAHOCTH (DYHKIIMI MOTYT BBI3BIBATHCS Kak 0Obrutbie hyukimu CH,
C TOIi JIMIIh Pa3HUIIEH, YTO aBTOMATHYECKH OY/yT CO3[MaHbI JaHHBIE JIJIsI TTEPeJauH 110
cetr v (haKTUYECKUI BBI3OB OY/IET BBIOJIHEH YAJEHHO.

KoopauHauma

Kpowme toro, 6ubamoreka UNET mpegocraBiisieT HeKOTOPbie (DYHKIUN KOOPIU-
HAIUK, 0OBIYHO BBITIOTHIEMbIE UTPOBBIME CJIY;KOAMHU, O KOTOPBIX PACCKA3BIBACTCS
B riaBe 12 «Urpossie ciyx6bi». B orimune ot asuzxka Unreal, riae umerorcs Jimiib
00epTKH JIJIsT UTPOBBIX CJyKG Ha paccMaTpuBaeMoil miargopme, B Unity mpeaycmo-
TPeHa BO3MOKHOCTD 3aMPAITUBATh CIUCOK AKTHBHBIX UTPOBBIX CEAHCOB U BBIOUPATH
HYKHBII ceanc. [Toce BBIOOPA ceanca MOKHO MPUCOEIUHUTHCS K urpe. Irta GhyHK-
[IHOHAJIBHOCTH 00aBJISIETCS B MOJAKJIAacC MonoBehaviour TIpU TOMOIIH 9K3EMILISIPa
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kiacca NetworkMatch, KOTOpBIH 3aTeM 6yz[eT BbI3bIBAaTh 06pa60TqHKI/I OnMatchCreate,
OnMatchList 1 OnMatchJoined.

B 3aknoyeHune

Jluist HeGOBIINX CTYNH, 3aHUMAIONINXCS CO3/[AHIEM KOMITBIOTEPHBIX UTP, BBIGOP TOTO-
BOT'O JIBUKKA MOKET OKa3aThCsl CAaMbIM Pa3yMHbBIM peliieHreM. B aTom ciryyae rporpam-
MUCTBI GY/IyT MHCATh CETEBOI KOl 60JIee BBICOKOTO YPOBHSI, YeM TOT, KOTOPbIN ITPUBEIEH
B GOJIBINEN YacTh 9TOH KHUTH. BMeECTO TOTO 4TOOBI 3a60TUTLCsT 00 OMEPATIUSAX € COKETAMHE
U 0 CEpPUATUBAIINH JIAHHBIX, TPOTPAMMUCTBI IOJKHBI OY/IyT U3y4nTh (DYHKIUK BHIOPAH-
HOTO JIBIIKKA, HEOOXOMMBIE /7SI PEATU3AI[N CETEBO UTPHL.

Urposoit asmskox Unreal Engine cymectsyer yike moutn 20 set. YeTBepTast Bepcust
JIBIIKKA, BhITTynienHas B 2014 roy, 10cTyIHA ¢ TOJTHBIMU UCXOIHBIMU TeKcTamu Ha C++.
HecmoTpst Ha TO 4TO B ABUKKE CYIHIECTBYET MHOKECTBO TIAT(OPMEHHO-3aBUCUMBIX
06epTOoK Uist TAaKUX (DYHKIIMOHAIBHBIX 3JIEMEHTOB, KaK COKETBI U aJ[peca, pe/roJara-
eTcst, 4YTO pa3paboTYMKaM He IPUIETCS HAIIPSIMYIO HCIIOJIb30BaTh 3TH KJIACChI.

CereBas Moziesib iBukka Unreal nojiepskuBaeT TOMOJIOTHIO «KJIUEHT-CEPBEP» C Bbje-
JIEHHBIM WJIN JIOKAJIbHBIM cepBepoM. Bepcust urpoBoro o6bekta Actor obpasyer B Unreal
Mepapxuio, BKIIOYAIONIYI0 MHOKECTBO PAa3HBIX MOAKIACCOB. BasKHBIM acieKTOM 3TOM
Hepapxuu siBJSETCS ujest ceTeBoil posn. Pob «authority» (ynpasssiomuii) oznauaer,
UTO HK3EMILISIP UTPBI YIIPABJISIET TaHHBIM 00BEKTOM, TOT/Ia Kak posin «simulated proxy»
(MoztesIMpyIONuii are’T) u «autonomous proxys» (aBTOHOMHBIH MOJIETTUPYIOITHI areHT)
UCTIOJIB3YIOTCST, €CJIM KITUEHT MTPOCTO OTPakaeT 0OBbEKT, elicTByoInii Ha cepBepe. Kiace
Actor MMeeT BCTPOEHHYIO MOANEPKKY PETUTHKANT 00heKTOB. Peruimkanus neficTBmit,
TaKMX KaK repeMelenne, OCyIecTBIIeTCsT IPOCTON YCTaHOBKOI (hsiara Tuma Boolean,
[IPU 9TOM HECTAH/[APTHbIE [TAPAMETPBI TAKKE MOXKHO TIOMETHUTD KAK TO/IJIeKAIINE PETLIH-
karn. Kpome Toro, TOIepAKUBAIOTCST Pa3Hble CTIOCOOB! YIATEHHOTO BBI30Ba MPOTIENY.

ITepsas Bepcus auskka Unity Obuta BeimymnieHa B 2005 roy, U 3a moc/IeAHUE HECKOJIb-
KO JIET OH TIPHOOPesT GOIBINYI0 TOTyIspHOCTb. Paspaborunkn, ucnomnbsyionme Unity,
OCHOBHYIO Maccy rporpamMmuoro koza nunryT #a C#. B cocras Bepcun Unity 5.1 Bo-
nia HoBast cereBast 6ubmnoreka UNET, nipegocTaBisiionas 3aMeyaTe/IbHblil BBICOKO-
YPOBHEBBIH TTPOrpaMMHBIN HHTEPdEIC K ceTeBBIM omneparusM. BripoueM, B Hell Takske
peasn3oBaH U HU3KOYPOBHEBbBIN TPAHCIIOPTHBIH CJIOM.

TpaHCOpTHDBIN YPOBEHD CKPbIBAET (DYHKIIUU CO3IAHIST COKETOB 1 BMECTO 3TOTO MPEO-
craBJisieT pa3paboTYNKaM BOSMOKHOCTh OPraHU30BaTh Iepeauy IaHHbIX B HECKOJIBKIX
pekIMaX, BKJIIOYAsl HaJeKHbIA M HeHAIe K HbIi, HO OOIbIINHCTBO Urp Ha ocHose Unity
HE UCIOJb3YIOT TPAHCTIOPTHBIN YPOBEHD HEIOCPEACTBEHHO. BMecTo aToro co3marenn
urp 00bIYHO paboTaOT ¢ BhICOKOYpoBHEBBIM API, KoTOpBII, 110 anasoruu ¢ Unreal, o-
nepuBaer paboTy B PEKUME BBIAEICHHOTO 1 JIOKAJIbHOIO cepBepa. Bee KOMIIOHEHTH,
Tpe6yloume CeTeBOU MOMIEP:KKH, TOJKHBI HACIeI0BaTh Kiacc NetworkBehaviour, 10-
GaBJIAIONIMI BOBMOKHOCTD perikanui. OpraHusaiys periMKaiuu OCyIeCTBIsSeTCs]
C TOMOIIIbIO aTpubyTa [SyncVar] Win IyTeM [OACTaHOBKM HeCTaHAAPTHHIX (DYHKIIUI
cepuasIn3aIiui. AHAJIOTUYHBIHN TTOIXO/] MUCTIOIB3YETCS [T YIAIEHHOTO BBI30BA MTPOTIEYP,
KaK Ha CTOPOHe cepBepa, Tak U Ha cropoHe KianenTta. HakoHen, Unity obiagaer ympo-
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HIEHHO TO/IEPKKOI KOOPAMHAIIUY, KOTOPYIO MOKHO UCIIOJIb30BAaTh KaK JIEFKOBECHYIO
3aMeHY TIOJTHOIEHHBIM UTPOBBIM CJIYKOAM.

Bonpockl Ana noBTOpeHus

1.

O6a asuxka, Unreal u Unity, o6agarorT BCTPOEHHOU MOAAEPIKKOIl TOJBKO TOIO-
JIOTUU «KJIWEHT-CEPBEP» U HE TOAIEPKUBAIOT TOMOJOTHIO «TOYKA-TOUYKa>. Kak BbI
JiyMaete, 4eM 00bsICHSIETCST TAKOE PelieHIe?

Kakwue posii MOTYT UMETh aKTOPBI B ceTeBOM urpe Ha ocHose Unreal u B uem 3a-
KJIIOYAETCA UX BAKHOCTD?

OnwuinuTte pasHble CIyYan UCIOJIb30BAHUS MEXaHU3Ma yAaJeHHOTO BBI30Ba MPO-
teayp B8 Unreal.

Onumunre, Kak AefCTBYET MOJEb UTPOBBIX 0OBEKTOB U KOMIIOHEHTOB B Unity.
Kaxkue miperMyIiecTsa u HeIOCTATKU TAKOU MOJIEJIH Bbl MOTJIM Obl HA3BaTh?

Kak B Unity peasim3oBana CHHXPOHHU3AIIKS TEPEMEHHBIX U BBI30B YAATE€HHBIX MTPO-
neayp?

D,J'Iﬂ OOMNOJTHATENBbHOIO YTEHNA
Epic Games. «Networking & Multiplayer». Unreal Engine. https.//docs.unrealengine.
com/latest/INT/Gameplay,/Networking/. IIposepeno 28 susaps 2016.

Unity Technologies. «Multiplayer and Networking». Unity Manual. Attp.//docs.unity3d.
com/ru/current/Manual/UNet . html. TIposepeno 28 suBapst 2016.



NIrpoBble cnyxobl

B Hawwm AHW MHOrME UIPOKM MMEIOT YYETHbIE 3amnncu B UIPOBLIX CIyX0ax, Takmx
kak Steam, Xbox Live nnu PlayStation Network. 9Tu cnyx6bl npegoctaBnstoT maccy
BO3MOXXHOCTEN UrpoKaM W UrpaMm, BKJOYasi KOOPAWHALIMIO, XpPaHEHUE CTAaTUCTUKK,
Harpas, pPeKopAOB M COCTOSIHUS Urpbl B 06nake U MHoroe apyroe. MockosbKy 3Tu
UrpoBble CTyXX6bl NOTYYMIN LUMPOKOE pacnpoCTpaHEHME, UIPOKM OXMAAIOT, YTO BCE
Urpbl, A@Xe OAHOMONb30BaTENLCKUE, BYAYT MHTEMPUPOBAHbI C OAHOM U3 TakUX CITYXO.
B 3Toi1 rnaBe Mbl MOrOBOPUM O TOM, KaK MHTEMPUPOBATL Takne CIy>Obl B BalLy Urpy.

Bbibop nrposom cnyx6bl

ITpu takoMm GoratcTBe BHIOOPA CTOUT 33yMAThCSI, KAKYIO UTPOBYIO CJIIy:KOY WHTErPH-
poBath B urpy. MlHOoTIAa BEIGOP OKA3BIBAETCS TIPENOTIPEiesie mIaThopMoii, a KOTOPOit
noJsKHa fefictBoBath urpa. Hampumep, Bee urpsi st Xbox One OMIKHBI HHTETPUPOBATH
caysx0Oy Xbox Live, moToMy 4TO TIPOCTO HEBO3MOKHO B UTPY ist Xbox One uHTErpU-
poBath cayx6y PlayStation Network. Omnako urpst ast PC, Mac n Linux ocTaBstioT
BO3MOJKHOCTB BEIOOpA. BHe BCAKUX COMHEHUH, caMOH MOMYJISIPHOI CITysKOOM U151 9THX
aThOpM Ha CETOHSAIIHUI JIeHb SIBJSIETCS cayskba Steam, ToiepKrBaeMast KOMIIa-
Hueil Valve Software. Ona cymiectByer yske Gojiee 10 jiet 1 mMeet 6asy, BKIHOYAIOIYIO
TBICSYM UTP. YuuThiBas, uTo urpa «RoboCat RTS» nanucana namu 1714 miargopmbl PC/
Mac, 6y/iet BIOJIHE Pa3yMHO HHTETPUPOBATH B HEE TOIEPKKY UMEHHO CJIy:KObI Steam.

ITpeskie yeM HHTETPUPOBATD CITY;KOY Steam B Urpy, HEOOXOIUMO BBITIOJTHUTH HECKOJIb-
Ko ycsoBuil. CHavajia Halo IPUHSTH JIMIEH3MOHHOe coranieHue «Steamworks SDK
Access Agreement». ITo corJialieHue JOCTYIHO 10 aapecy: https.//partner.steamgames.
com/documentation/sdk_access_agreement. [lajee ciie[lyeT 3apeTUCTPUPOBATHCS KaK
naptHep Steamworks, 171 uero morpeGyercs HOAIKCaTh COTIallieH e O HepasrlallleHIH,
a TaK’Ke MPEeJIOCTAaBUTh COOTBETCTBYIONTYIO MH(MopMalnio. HakoHell, Hy;KHO TOJTy4uTh
nieHTU(GUKaTOP MPUIOKEHNUSI JIJIst CBoel urpbl. ieHTrdukarop npuaoKeHns BbIIaeTcst
TOJIBKO IIOCJIE TOTO, KakK OyIeT HOAMMUCAHO corJiallieHne O ImapTHepeTBe ¢ Steamworks
1 Ballla UTPa MOJIYYUT «3eJIeHbIl CBeT> B Steam.
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OpHaxo ysKe 1ocJIe epBoro 1ara — NpuHATUsA coranenus «Steamworks SDK Access
Agreement» — BbI iostyunTe foctyn K haitram SDK, 1oxymenTaum u mpumMepy UrpoBo-
ro poekTa (¢ HazBaHueM «SpaceWars), yike UMeroIeMy coOCTBeHHbII HIeHTH(HUKATOD
npuIokeHus. /171 1eMOHCTPAIIIOHHBIX T1eJIell TPUMePBI KOZIA B 3TOI TJIaBe UCTIOIb3YIOT
upeHTU(GUKATOP MPUIOKeHus [ist «Space Wars. IToro 6osiee 4eM J0CTATOUHO, YTOOBI
MOHSITh, KaK WHTETPUPOBaTh Steamworks B UTpy mocJie BBITOTHEHIS BCEX OCTATBHBIX
IIArOB U MTOJTyYEHHsI CBOETO YHUKAJIBHOTO UAEHTH(hUKATOPA.

OCHOBHblE HAaCTPOMKM

ITpesxe yeM mmcath Kakoi-aubo Kojl, MMEIOIINii OTHOIIEHE K UTPOBOI ciry:kbe, 1mo-
CMOTPHM, KaK JIydIlle HHTETPUPOBATH ero B urpy. CaMblil IPOCTON MyTh — BCTaBUTH
BBI30BbI UTPOBOM CJIy:KOBI Be3/e, Ijie 9T0 HeoOX0ArMO. B HaleM ciydae MOKHO HEIIo-
cpe/icTBeHHO Bbi3biBaTh (hyHKINN Steamworks SDK Bo Becex (aitax, rie TpedyoTcest
YCJYTH UTPOBOii cay:kObl. OHAKO TaKOil TMOAXOM HE CIIeAyeT PEKOMEHI0BATh K HC-
[I0JIb30BAHUIO 110 ABYM IpUYMHaM. Bo-1epBhIX, 171 5TOro norpedyercs, 4ToObl Bee
paspaboTYMKK B KOJJIEKTHBE UMEJIHM OllpejleJieHHOe TIpejicTaBienre o Steamworks,
MOTOMY UTO KOJI, MCITOJB3YIOMINI 9Ty ¢caysK0y, OyaeT pasbpocan 1mo Beell urpe. Bo-
BTOPBIX, YTO OCOOEHHO BasKHO, 9TO YCIOKHUT MHTErPALMIO ¢ APYTUMU UIPOBBIMU
caysxbamu. [lantas mpobieMa 0COGEHHO aKTyaslbHa [Jist KPOCCILIAT(OPMEHHBIX UTP,
MOTOMY 4YTO, KaK yiKe TOBOPUJIOCH, TIaT(HOPMbI HAKIAIBIBAIOT CBOM OTPAaHIMYEHUST Ha
UCIIOJIb30BaHe UTPOBBIX ciry:k0. IloaToMy Haske mpu ToM ycaosuu, 4to «RoboCat
RTS» moka cymectByet B Bepcuu ToJibKo i PC u Mac, eciu 1mo3jiHee BO3HUKHET
JKeJlaHue epeHectr ee Ha PlayStation 4, monazobures caenaTh nepexoz ¢ Steamworks
Ha PlayStation Network xax Mmoo Gosiee riagkiM. A OCKOIbKY KO/, BhI3bIBAIOIIIL
Steamworks, 6yaeT pasbpocat 110 Bcell Urpe, 9T0 CTaHEeT CePbEe3HbIM MPENATCTBAEM Ha
IIyTH K II0CTaBJICHHOM 11eJIN.

Onucantbie TPO6JIEMBI MOABOJAT HAC K TJIABHOMY apXMTEKTYPHOMY PELIeHUIO 9TOi
IJIaBbL, OIIPEE/IAIONIEMY IIOPSIA0K UHTETPALII UTPOBBIX cyk0. OnpeneIenns B 3aroo-
BOYHOM (haiijie GamerServices . h He CBSI3aHBI HU ¢ KAKUMU (DYHKIUSIMU U OObEKTAMU
Steamworks, moaToMy HeT HeOOGXOAUMOCTH TIOAKJIIOYATh 3aT0JOBOYHBII (aila steam_
api.h. J[o6UTbCS 9TOTO MOMOTJIO IPUMEHEHUE YKA3AMELS HA PeALU3AUUI0 — UIMOMbI
nporpamMmmupoBanust Ha C++, HCIIO/IB3YeMOii [I7ist COKPBITHSI OCOOEHHOCTEH peaTsalium
KaccoB. IToObI 00bSIBUTH YKa3aTelb Ha peaii3alnio, HeoOX0AUMO OIPEAEJUTh KIace,
BKJIIOYAIONINI onepeskaioniee 0ObsBICHIE Klacca Peajlusaliy, U yKa3aTelb Ha HEro.
Buaiaroiapst 5TOMY JIeTajii peaiusalini KJ1acca OTAESIFOTCS OT ero 00bsBieHust. basosbie
KOMIIOHEHTBI YKa3aTeJssl Ha Pean3alnio B Kjacce GamerServices Tpe/ICTaBIEHbI B JINC-
tunre 12.1. O6paTuTe BHUMaHKE, YTO KJIACC UCIIOJIb3YeT unique_ptr BMECTO OOBIYHOTO
yKazaTeJisg, Kak 9TO peKOMEH/IyeTcsl B coBpeMeHHOM C++.

JNiuctuHr 12.1. Ykasartenb Ha peanusauuio B GamerServices.h
class GamerServices

{
public:
// MHOXecTBO [Apyrux obbABNeHWi onyueHo
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//...

// onepexatwwee obbABNeHUE
struct Impl;
private:
// ykasaTenb Ha peanu3auui
std::unique_ptr<Impl> mImpl;
¥

BaskHO OTMETHTD, YTO caM KJTacC peau3aiiui HUKOTAA He 00BSIBISIETCS TOJTHOCTHIO
B 3ar0JI0BOYHOM (haitie. BMecTo sTOro0 seranu kiaacca peanusanuu oObABISIOTCS
B 00BEKTHOM (haiiie — B IaHHOM cirydae B (aiiie GamerServicesSteam.cpp, U TaM Ke
BBITIOJTHSETCST MHUTIMATM3AINA yKa3aTesst mImpl. ITO 03HAYAET, YTO BHI3OBBI JIOOLIX
dynrnuit Steamworks API 6yayT BbIIOJIHATHCS TOJAbKO B 3ToM haitse C++. Ecin
MO3/IHEE TOHA00UTCST MHTErpupoBaTh cy:kO0y Xbox Live, goctatouno Gyaer co3aath
IPYTYIO peannsalinio Kjiacca GamerServices B GamerServicesXbox.cpp u ,ZIO6aBI/ITb
ATOT HOBBIIT (haiiyl B IPOEKT BMECTO PeaIu3aliy Steam, IIpu 3TOM, B TEOPHH, HE MEHSITh
HUKAKOU JPYTON KOI.

Ykaszaresb Ha PeATH3AIIO TTI03BOJISIET aGCTPATHPOBATHCS OT MIAT(HOPMEHHO-3aBUCH-
MBIX JleTaJieii, HO ATOT IPUEM TOPOKAAET MPOGIEMY CHUKEHUS IPOU3BOANTENBHOCTH,
0c00eHHO BaxkHY10 /7ist urp. I1pu ncmosb3oBaHy yKasaTesisi Ha Pean3aluio st Bbl-
30BOB TIO/IABJISIONIETO GOJIBITMHCTBA (DYHKIUI-4IeHOB TOTPeGYETCs BBIIOMHSTH 10-
IIOJTHUTEJBHYIO, IOCTATOYHO J0POTOCTOSIILYIO OMEPAIUIO PA3bIMEHOBAHSI YKA3aTEIsl.
JLuist K1acea, MPOU3BO/AIIETO GOJIBIIOE YUCIIO BHIBOBOB (DY HKIMH-UJICHOB, TAKOTO KAK
YCTPOHCTBO OTOOPasKEHMsI, aleHne IPOU3BOANTENLHOCTH MOKET OKAa3aThCsl BECHMA
sameTHbIM. O/iHaKO B 00beKTe GamerServices He MPU/ETCS JI€1aTh MHOTO BBI30BOB
B KaKoM Kajpe. [03TOMY 371eCh MOXKHO MOKEPTBOBATH IIPOU3BOIUTENbHOCTHIO
B yTOIY THOKOCTH.

Crietyer Takyke OTMETHUTD, 9TO (DYHKITHOHATLHOCTD, IOCTYITHAST B 00heKTe GamerServi-
ces, — JIMIIb Majiast 4acTh BO3MOKHOCTEH Steamworks. 9T0 06bACHIAETCS TEM, 4TO
B 00BEKT BKJIIOUEHBI 00EPTKHU TOIBKO JIJIsT (DYHKIIMOHATBHOCTH, HEOOXOIMMOII B UTPE
«RoboCat RTS»; npu skeslaHnu, KOHEYHO 7K€, BO3MOKHOCTH 00bEKTa MOKHO PACIIUPUTD.
OpHaKo ecyiy Bbl pelnuTe CyNeCTBEHHO PacIIuPUTh BO3MOKHOCTH, MBI PEKOMEH/LYEM
Pa3/IeUTh KOl MHTETPAIIUH C UTPOBBIMU CJIYKOAMI, TIOMECTUB €T0 B HECKOJIBKO (hailJIoB.
Hampumep, BMeCTO TOTO 4TOOBI XPAHUTD OTPEIETEHIS BCEX CETEBBIX (DYHKIUN HETIO-
CPEeACTBEHHO B GamerServices, MOKHO CO3/1aTh KJacc GamerServiceSocket, peayinsyio-
Ui GYHKITMOHATBHOCTD, HATTOMUHATOTIYT0 TCPSocket mim UDPSocket.

NHnumanmsaums, 3anyck M oCTaHOBKa

Muunnanusanus Steamworks MponsBoAnUTCst BBI30BOM SteamAPI_Init. ITa (DyHKIUS He
MMeeT BXOJHBIX TAPAMETPOB 1 BO3BPAIIACT JIOTHYECKOE 3HAYEHUE, coodIIaoriee 00 ycre-
Xe UHUIAIu3ainn. Bpi30B (DyHKITNHN BBIOTHSAETCS B GamerServices: :StaticInit. [Tpu-
MeyaTesbHO, YTO MHUIHATU3AIIHs HTPOBBIX CIYsKO MPOMCXOINT B Engine: :StaticInit
00 MHUIMAIU3AIMN MeXaHu3Ma otoOpaskenus. OObICHSIETCS 9TO TEM, YTO OJHON U3
ocobennocteil Steam aisgercs ogepiieti. OBepJieil 103BOJISIET UTPOKAM, HAIIPUMED,
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0OMEHUBATBCsI COOOLIEHIAMNI B YaTe UJIK UCIIOAb30BaTh BeO-Opaysep, He HOKUAAs UTDBL
Pa6ora oBepJiest OCHOBBIBaeTCst Ha niepexsare Bbi3oBoB (yHkiwmii OpenGL. IToatomy ajist
KOPPEKTHOH paboThl oBepJies SteamAPI_Init J0J/KHA BHI3BIBATHCS 10 MHUIUAIU3ALAN
MexaHu3Ma oToGpaxeHus. B ciyyae ycrexa oHa 3all0JIHUT IPYIIILY IJI06AIbHBIX YKa3a-
Tesieil Ha uHTepdeiic, KoTopbie 3aTeM OYAyT JOCTYIIHbI Yyepes rIobajibHble (QyHKINH,
TaKMe Kak SteamUser, SteamUtils u SteamFriends.

OO6bIYHO UTPa, HHTETPUPOBAHHAS CO CIyk60il Steam, 3aIyCKaeTCst ¢ TOMOIIIBIO KJIH-
enTa Steam. menno tak Steamworks ysHaer ugeHTUGUKATOP NPUIOKEHUS AT
UTPBI, KOTOPast I0JUKHA ObITh 3amytiera. OHAKO B mpolecce pa3padOTKU PEAKO KTO
3aIyCKaEeT UTPY C MOMOIIBIO KJINEHTa Steam — Jarie BaM MPUIETCs 3aycKaTh ee Mojl
yIIpaBJeHueM OTJIauuKa WU KaK aBTOHOMHBIN UCIIOIHAeMbIi (daiia. YToOb Mexa-
Hu3M Steamworks Mor y3HaTh ueHTH(hUKATOP PUIOKEHUST BO BpeMst pa3paboTKu,
B KaTaJIOT C UCITOTHSIEMBIM (hailioM cJielyeT TOMeCTUTh (hailn steam_appid.txt c aTum
uzgentuduraropom. OIHAKO AasKe IIPU TOM, YTO 9TO U30aBJIIET OT HEOOXOAUMOCTH 3a-
MyCKaTh UTPY MOCPEJCTBOM KJIMEHTA Steam, 9K3eMILJISP KJIUEHTa BCe PABHO JIOJIKEH
OBbITH 3allyIleH W 3aPeriCTPUPOBAH B CJYKOE € YIETHBIMU JaHHBIMU MOJIb30BATEJIS.
Ecim y Bac Her kjaueHTa Steam, ero MOKHO TIOJIy4UTh Ha BeO-caiite Steam: http://
store.steampowered.com/about/.

Kpome Toro, uTo6b! TPOBEPUTH UTPY HECKOJIBKUX MOJIb30BaTEIel B Steam ApyT MPOTUB
Apyra, He0OXOAUMO CO3/IaTh HECKOJIBKO TECTOBBIX YUETHBIX 3aruceil. TecTrpoBaHue Ha
JIOKAJTbHOM KOMIIBIOTEPE BBITJISIIAT 3HAYUTEIBHO CJI0KHEe, YeM TeCTUPOBaHUE BEPCUUN
UTPBI U3 TJIaBbl 6, TOTOMY YTO Ha OJJHOM KOMIBIOTEPE HEJb3s 3aIyCTUTh HECKOJIBKO
ax3eMIIsIpoB Steam. [ToaTomy /119 TeCTUPOBAHUS MHOTOIIOJIB30BATEIBCKOTO PEKUMA
BaM IMPHUJIETCA UCIIOJIb30BATh HECKOJBKO KOMIIBIOTEPOB UJIH 3aITyCTUTh HECKOJBKO 9K-
3eMIISIPOB BUPTYaTbHOW MAITUHBL.

Tax kak Steamworks 4acTo NpUXOANUTCS B3aMMOAEHCTBOBATH € YIAJI€HHBIM CEPBEPOM,
MHOTHE (QYHKIMU 9TOT0 MEXaHM3Ma JIeCTBYIOT aCUHXPOHHO. UTOOBI U3BECTUTH MPU-
JIOJKEHUE O 3aBepIIeHNN aCHHXPOHHOTO BBI30Ba, Steamworks mcmosb3yer oOpaTHbIe
BBI3OBBI. J[JIsT rapaHTUPOBAHHOTO BBITIOJHEHHUST 3TUX 00PATHBIX BBI3OBOB UTPa J0JKHA
PEryJISIPHO BbI3bIBATh SteamAPI_RunCallbacks. PekomeHjyeTcst BbI3bIBATh 9Ty (hyHK-
IO OJIMH Pa3 B KAKIOM Kajipe, UMEHHO JIJIs 9TOTO JIAHHBII BBI30B TIOMeETEH B (hyHK-
i GamerServices::Update, KOTOpas BBI3BIBAETCS OJAMH pa3 B KaKIOM KaJpe U3
Engine: :DoFrame.

OcranoBka MexaHu3Ma Steamworks BbIITOJIHSIETCS TaK e IPOCTO, KaK ero MHUIHaIN-
3a11us, mocpeicTBOM (hyHKIUN SteamAPI_Shutdown. OHa BBI3bIBAETCS B IECTPYKTOPE
GamerServices.

Urpsl ¢ Tonosorneii «KJAneHT-cepBeps, KPOMe TOTO, JJOJKHBl MHUIIMATU3UPOBATH/
OCTaHaBJIUBATh UTPOBOI cepBep 1pu nomoiu (GpyHkinii SteamGameServer_Init
1 SteamGameServer_Shutdown. YTOOBI TTOIYIUTH TOCTYT K ATUM (DYHKITHSIM, HEOOXOANMO
MO/IKTIOUYNTH 3aTOJIOBOYHBIH (haiisr steam_gameserver.h. Belziesienubie cepBepbl MOTYT
JIEHCTBOBATh B AHOHMMHOM PEKUME, He TPeGyst OT TI0JIb30BaTe el COOOIIATh CBOU YUeT-
Hble ganubie. Ho Tak kak urpa «RoboCat RTS» ucmosbayer TOIbKO B3aUMOIEHCTBHSI
«TOYKA-TOUKA», KO JIJII 9TOH IJIaBbl HE UCIIOJb3yeT HUKAKUX (QYHKIIUH yIIpaBaeHus
UTPOBBIM CEPBEPOM.
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IMeHa v naeHTUdUKaTOpbl NONb30BaTENEN

B Bepcunu «RoboCat RTS», obcysknasiieiics B riase 6, uaeHTH(GUKATOPbI KTPOKOB XPa-
HUJIKCH Kak 32-paspsiiHbie 1esble yncaa 6e3 3Haka. Kak Bl HaBepHsIKa TIOMHUTE, B TOI
BEPCHH UTPBI NAEHTH(DUKATOPHI HA3HAYAINCH UTPOKAM BeLyIM y3oM. Ipu ncmosbso-
BaHUU UTPOBOIL CITy;KOBI KaXKIBII UTPOK YK€ MMeeT YHUKAIbHbIN UAeHTU(DUKATOP, TPHU-
CBOEHHBIN eMy CJIy:KO0M, T03TOMY He HMEET CMBICJIA TIPUCBAUBATD UM KaKUE-TO JIPYTrue
YHUKaJIbHbIE ueHTH(hUKATOPHL. B caydae Steamworks yHuKambHbIe UIEHTU(HUKATOPDI
Ipe/ICTaBICHBI AK3eMILIAIpaMu K1acca CSteamID. OHAKO MOMYTbHAS OPTaHU3AIIN
KJacca GamerServices moTepsiia GBI CMBICI, €CJTU GBI BCIOY MCTIOMB30BATNCH OOHEKTDI
CSteamID. K cuactbio, uaeHTH(hUKATOPBI CSteamID MOKHO peoOpPa3oBbiBaTh B 64-pas-
PSIIHbIE TIeJIble YICJIa U CO3/IaBaTh UX M3 TAKUX YUCEJI.

IToatomy 4T0ObBI 06ECTIEYUTH COOTBETCTBIE MEK/LY HACHTU(MUKATOPaMI Steam 1 HICHTH-
(buKaTOpamMu UTPOKOB, HEOOXOAUMO U3MEHUTH TUT BCEX TIEPEMEHHBIX, TIPEIHA3HAYEHHDBIX
JUISL XpaHeHUs1 UIAECHTU(UKATOPOB, 00BABUB UX Kak uint64_t. Kpome Toro, Teneps st
MPUCBOEHUS MIEHTU(PUKATOPA UTPOKY 9K3eMTIIIP NetworkManager Ha BeIyIeM y3Je
MOJIKEH 3aMPOCUTD UAEHTHHUKATOP ¥ 00HeKTa GamerServices, B 4aCTHOCTH BLI3BATH
ynkmmio GetLocalPlayerId, mpencTaBIeHHYIO B TUCTUHTE 12.2.

JInctuHr 12,2, OcHoBHble PYHKLUMM ANA NOJTy4eHUs1 UMeH U naeHTudukaTopos
nosib3oBaTenem

uint64_t GamerServices::GetLocalPlayerId()

{
CSteamID myID = SteamUser()->GetSteamID();
return myID.ConvertToUint64();

}

string GamerServices::GetLocalPlayerName()

{
}

return string(SteamFriends()->GetPersonaName());

string GamerServices::GetRemotePlayerName(uint64_t inPlayerId)

{
}

return string(SteamFriends()->GetFriendPersonaName(inPlayerId));

B mmcrunre 12.2 Taxske mMpecTaBIeHb TOXOXKYE TOHKHE 0OEPTKH, TIO3BOJISTIONINE TTOJTY-
YUTH UMSI JIOKATBHOTO UITH YAAJEHHOTO UTPOKA. BMECTO TOTO 4TOOBI BBIHYK/IATH HTPOKOB
BBOJIUTH CBOM MMEHA name, Kak B crapoii Bepcun «RoboCats», MOJKHO HCIIOIB30BAT UMS,
yKa3aHHOe UIPOKOM B Steam.

OG6paruTe BHUMaHME, 9TO, HECMOTPST Ha UCTIOJb30BaHUE 64-Pa3psIIHBIX YKCEN B Kaue-
cTBe WAEHTU(DUKATOPOB TI0Jb30Baresieil B Steamworks, HeT HUKAKUX TapaHTUH, 4TO
AHAJIOTHYHbIE UAEHTU(DUKATOPBI Oy/IyT UCIIOJIH30BATHCS BO BCEX UTPOBBIX CJIYKOAX.
Hanpumep, apyrue ciyskGbl MOTYT UCIIOJIB30BATh VIS MACHTU(UKAIINHN [0JIb30BaTe el
128-paspsiiHble yHUBepcaibHble yHUKaIbHBIE uiaeHTuduraropsl (Universally Unique
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Identifier, UUID). YUTo0bl peruTh 9Ty IpobIeMy, MOKHO 100aBUTH ellle OJ1H YPOBEHb
abCTPaKIMK: HATIPUMED, CO3/IaTh KJacc GamerServicelID, KOTOPbIil 00epPThIBAET BHYTPEH-
Hee Mpe/ICTaBIeH e, NCIIOMb3YeMOe UTPOBOM CIyKOOT ISt MAeHTUDUKATIIN.

BcTynneHve B Urpy U KOopAanHaLmst

Pannss sepcus «RoboCat RTS» Britouasia HeTpUBHAIBHBIH 00bEM KO/Ia, peaju3yio-
1mero cO0p HOBBIX UIPOKOB B IpeabirpoBoM ¢oiie (pregame lobby), rae onn oxugaor
BCTyIUTeHUsT B urpy. Kaskapiit HOBDIH y3€s OJKeH CHAYaIa OTIIPABUTD MTAKET TIPUBET-
CTBW BELYTIEMY Y3JTY, I0’KAATHCS OTBETHOTO MIPUBETCTBY U, HAKOHEII, TIPE/ICTABUTHCS
BCEM OCTAJIbHBIM y3JIaM, YUYaCTBYIOIIUM B UTpe. B 1pumepe /s 9T0ii riaBbl BeCh KO/,
peaju3yIoIHii IPOIEYPY BCTYIUIEHUS B Urpy, Obl1 yaaieH. Ciay:xba Steam, mogo6HO
GOJIBIIMHCTBY JPYTUX UTPOBBIX CIYKO, peanayer cOOCTBEHHYIO MPOIEAYPY BCTYILIE-
Hust B UTPy. [109TOMY MBI PEKOMEH/IyeM UCIIOIb30BaTh Cpe/IcTBA Steam, 0COOEHHO ecTn
YUYeCTb, YTO OHU 06JIa7a10T HosTee MUPOKIM (DYHKITMOHATIOM, YeM aHAJOTHYHAS TTPO-
Heaypa, pearsoBantas B «RoboCat».

B o6rem carygae mpotiece BCTYIIEHHST B MHOTOIOIb30BATENBCKYIO UTPY € MOMOTIHIO
Steam BBITJIAUT IPUMEPHO TaK:

1. Wrpa orbickuBaet noaxoiiee hoiie, OMMPasiCh HA TTOIb30BATETbCKIE TAPAMETPDI.
B 4ymcio Takux napamMeTpoB MOKET BXOJUTDb PEKIM UTPBI U JIasKe YPOBEHb MacTep-
cTBa (ec/i urpa mpeaycMaTpPUBAET JieJIeHI e UTPOKOB 110 YPOBHSIM).

2. Ecim Haiifleno oiHO UM HECKOJIBKO MOAXOAIINX (holie, UTPa aBTOMATUYECKU BbI-
Oupaer OJ{HO U3 HUX WU IPEJOCTABJISAET M0JAb30BATEII0 BO3MOKHOCTD BEIOOPA 13
crimcka. Ecom moaxozsiee doiie He HalizieHo, UTPa MOXKET co34aTh ero. B mo6oM
cJIydae, 1mocJjie Bbibopa min cospanus oiie UTpoK BCTYIAeT B HETO.

3. Haxozmsaco B ¢olie, MOKHO ZOIOJHUTENBHO HACTPOUTH HEKOTOPBIE IaPaMETPEI
IIPeICTOAIIE UTPBI, TaKKe KaK BEIOOP MepcoHaskeil, KapTel U T. 1. B aToT MoMeHT
B (poite MoryT 3aiiTu apyrue urpoku. Kpome Toro, urpoku B ognom ¢oiie MOryT
0OMEHMBATHCA COOOIIECHISAMH B 4aTe.

4. Kak TOJbKO TIOAITOTOBKA UTPHI K 3aITyCKY OY/IET 3aKOHYEHA, UTPOKU TTPUCOETITHSITCST
K Hell 11 MOKUHYT (hoiie. OGBIYHO TIPU HTOM BBITTOTHIETCS MOAKTIOYEHNE K UTPOBOMY
cepBepy (BBIZIEICHHOMY WU Pa3MEIeHHOMY Ha KOMITBIOTEPE OTHOTO M3 UTPOKOB).
B urpe «RoboCat RTS» cepBep oTCyTCTBYeT, TI09TOMY TIEPE BEIXOAOM U3 (hoiie
UTPOKU YCTAHABJIUBAIOT COEIMHEHNS IPYT C IPYTOM.

Tak kax B «RoboCat» orcyTeTBYIOT Kakue-1u60 MEHIO WU CPEICTBA BBIGOPA PEKIMOB,
UTpa HAYMHAET TONCK (oife TOUTH cpasy mocie nHumam3amm Steamworks. TTomck
ocytiecTBisieT (hyHKIUS LobbySearchAsync, ripezictaBienHas B suctuare 12.3. B 10-
HCKe HCIOJIb3YeTCs eIMHCTBEHHDIH (huIbTp — Ha3BaHUe UTPbI, KOTOPLIM TapaHnTupyer
obmapyskenue doite ToapKo st urpbl «RoboCat». Ho mipu kemanuit MOKHO TTIPUMEHNTD
Jiro0bIe ApyTHe (QUIBTPHI, BBI3BAB COOTBETCTBYOMINE (DYHKIIMH YCTAHOBKU (DUJIBTPOB
1epes BbI30BOM RequestLobbyList. O6paTuTe BHIMaHNE, YTO LobbySearchAsync Tpebyer
BEPHYTH TOJIBKO OJIUH Pe3yJIbTaT, TOTOMY YTO UTPa MPeyCMaTpuBaeT aBTOMATUUECKIH
BXO/I B TIepBOe HaiiieHHoe (oiie.
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NuctuHr 12.3. MNMouck cdoie
const char* kGameName = "robocatrts";

void GamerServices::LobbySearchAsync()

{
// rapaHTupoBaTb Bblbop ¢oite urpel Robo Cat RTS!
SteamMatchmaking()->AddRequestLobbyListStringFilter("game",
kGameName, k_ELobbyComparisonEqual);

// noTpeboBaTb eAMHCTBEHHbIi pe3ynbTaT
SteamMatchmaking()->AddRequestLobbyListResultCountFilter(1);

SteamAPICall_t call = SteamMatchmaking()->RequestLobbylList();
mImpl->mLobbyMatchListResult.Set(call, mImpl.get(),
&Impl: :0OnLobbyMatchListCallback);

Wcnosp3oBanne CTPYKTYpbl SteamAPICall_t B LobbySearchAsync TpeGyeT JOMOJIHI-
TesIbHBIX HosgcHennil. B Steamworks SDK Bce acHHXPOHHBIE BBI30BbI BO3BPALIAIOT
CTPYKTYpPYy SteamAPICall_t, koTopas (paKTHUUEeCKU SIBISETCS JeCKPUTITOPOM aCHH-
XPOHHOTO BbI30Ba. [locie moyyeHus JeCKPUITOPa HYKHO COOOIIMTh MEXaHU3MY
Steamworks, kakast pyHKIMS T0JKHA OBITH BBI3BAHA [0 3aBEPIICHUN aCHHXPOHHOTO
BBI30Ba. ITa CBS3b MEXKIY JECKPUITOPOM aCHHXPOHHOTO BbI30Ba U (hyHKIHEH 00-
PaTHOTO BBI30BA YCTAHABIMBAETCSI C TTIOMONIBIO 9K3eMTsgpa CCallResult. B man-
HOM CJIy4dae dTOT 9K3eMILJIIP XpaHUTCA B 110Jie mLobbyMatchListResult Kjacca pe-
anu3anuu. JTo 1moJie u GyHKIus OnLobbyMatchListCallback ompe/esieHbl BHYTPU
GamerServices: :Impl:

// Pe3ynbTaT Bbi30Ba, Korfa npuobpeTaeTcAa cnucok doie
CCallResult<Impl, LobbyMatchList_t> mLobbyMatchListResult;
void OnLobbyMatchListCallback(LobbyMatchList_t* inCallback, bool inIOFailure);

B nanHOM KOHKpETHOM cirydae peasn3aiins OnLobbyMatchListCallback, mpeacTaBieH-
Hast B yucTuTe 12.4, nMeet mapy ocobGeHHOCTel, Ha KOTOPBIX CJAEAYET OCTAHOBUTHCSI.
O6paTuTe BHUMaHUE HA JIOTMYECKUH mapameTp inIOFailure. Ero umeior Bee hyHKIMN
06paTHOTO BbI30Ba. 3HAUEHME true B 3TOM [TapaMeTpe TOBOPHT, YTO BO BPEMs aCHHXPOH-
HOH oTeparuu MPon30IIa onmbKa 1 GYHKIUA T0JKHA HEMEICHHO 3aBEPITHTHCS.
Ecan o6uapy-xeno umeroreecs doiie, (QyHKIM IONBITAETCS BOITH B HETO. B IpoTUBHOM
cilydae oHa cosaact HoBoe doiie. B 06oux cirydasx BbI3bIBAETCS €Ille OJHA aCHHXPOH-
Hast QYyHKIMS, TIOITOMY 3/ICh YIIOMUHAIOTCS IOTOTHUTENHHO /IBE (DYHKIUT 06PATHOTO
BBI30Ba: OnLobbyEnteredCallback u OnLobbyCreateCallback. VX peanusaiiuu MOKHO
HaiiTu B puMepax Koga. CaMoe BasKHOE B 3TUX (DYHKITUIX, HA UTO CJAEAYET 00OPATUTh
BHUMAHWe: KOT/[a UTPOK BXOAUT B hoite, NetworkManager n3Bemaercst 06 9ToM cOOBITHI
BBI30BOM (DyHKI[UU EnterLobby.

JNInctuHr 12.4. ®yHKuus, Bbi3biBaeMas Mo 3aBepLieHumn noucka doiie
void GamerServices::Impl::OnLobbyMatchListCallback(LobbyMatchList_t* inCallback,
bool inIOFailure)

{
if(inIOFailure) {return;}
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// ecnn ¢oile HaipeHo, BOWTU, MHA4Ye — co3jaTb ero
if(inCallback->m_nLobbiesMatching > @)

{
mLobbyId = SteamMatchmaking()->GetLobbyByIndex(0);

SteamAPICall_t call = SteamMatchmaking()->JoinLobby(mLobbyId);
mLobbyEnteredResult.Set(call, this, &Impl::OnLobbyEnteredCallback);

}

else

{
SteamAPICall_t call = SteamMatchmaking()->CreateLobby(

k_ELobbyTypePublic, 4);
mLobbyCreateResult.Set(call, this, &Impl::OnLobbyCreateCallback);

}
}

Dyukiust NetworkManager: : EnterLobby Hiuem 0COOEHHBIM He IpuMevaTebHa, KpoMe
TOTO, YTO BBI3BIBAET APYTYIO (DyHKINIO B NetworkManager ¢ mMeHeM UpdateLobbyPlayers.
ODyukius UpdateLobbyPlayers BbI3bIBA€TCS, KOT/IA UTPOK BIIEPBBIE BXOAUT B (hoiie
1 KOT/Ia IPYTOil UTPOK BXOAUT WK mokuaaet doite. biarogaps atomy NetworkManager
BCET/Ia UMEET aKTYATbHBII CITUCOK UTPOKOB, HAXOAATTIXCS B (hoiie. ITO BaXKHO, TOCKOJIb-
Ky TIOCJIe yaJleHns TTaKeTOB MPe/ICTaBAeHNS TaHHasT (DYHKITUS OCTAeTCs e/IMHCTBEHHBIM
CPEICTBOM y3HATh 06 U3MEHEHUH CIMCKA UTPOKOB B (hoiie.

Yr0o6bl rapaiTupoBaTrhb BbI30B UpdateLobbyPlayers Bcerja, Korja U3MeHsIETCs COCTaB
UTPOKOB B (oiie, HeoOX0IMMO 00€CTIeUNTh BHI30B YHUBEPCATbHOW (hyHKIMN. PasHuiia
MESKY YHUBEPCATbHBIMU (QYHKIIMAME 0OPaTHOTO BBI30BA M PE3yJIbTaTaMi BbI30BOB
B TOM, UTO Pe€3YyJIbTaThl BBI30BOB CBA3aHbI C KOHKPETHHBIMU aCUHXPOHHBIMU BbI30BaMU,
TOTJIa KaK YHUBEPCAJIbHBIE (DYHKIIUH 0OPATHOTO BBI30Ba — HET. TO €CTh YHUBEPCATbHBIE
dyHKIMH 00paTHOIO BBI30BA MOKHO PACCMATPUBATh Kak CII0CO0 MOANMCKH HA YBEIOM-
JIEHUS O KOHKPETHBIX COOBITHAX. Besakuil pas, Koraa 1moib3osaTeib mokuaaeT Ghoie min
BXO/IUT B HETO, TPOUCXOANUT 00paTHBIN BbI30B. OObsBIEHNE YHUBEPCATBHBIX (DYHKITHIT
00paTHOrO BBI30BA BBIIOJIHSIETCSI C TIOMOIIIBIO MaKpoca STEAM_CALLBACK BHYTpH KJiacca,
OTKJIMKAIOIIErocsl Ha 0OpaTHbIil BbI30B. B laHHOM cJlydae — 3TO KJacC peajnsalini,
a MpUMEHEHNE MaKpOca BBITJIAUT TaK:

// O6paTHbI BbI3OB, KOrpaa nosib3oBaTesb NokuaaeT/BxoaAuT B ¢oite
STEAM_CALLBACK(Impl, OnLobbyChatUpdate, LobbyChatUpdate_t,
mChatDataUpdateCallback);

ITOT MaKpOC yIIpoIaeT 00BABJICHIE UMEH (byHKuI/Iﬁ 06paTHor0 BbI30Ba U COOTBET-
CTBYIOIIUX MM II€PEMEHHBIX-4JICHOB. HepeMeHHbIe-‘-UIEHI)I JTOJTKHBI OBITh nepedncaeHbl
B CIIMCKe MHUIMaIn3aiuu GameServices: : Impl, Kak IOKa3aHO HUKE:

mChatDataUpdateCallback(this, &Impl::OnLobbyChatUpdate),

Peanusaiiust OnLobbyChatUpdate Bbi3biBaeT pynkiuio UpdateLobbyPlayers sk3eMILisipa
NetworkManager. TakiM crioco60M rapaHTHpyeTcs BbI3oB UpdateLobbyPlayers Kas/blii
pas, Korjia UTPOK BXOAUT Uau nokuzaet goite. Tak kak ¢pyHkinu UpdateLobbyPlayers
HEOOXOMMO MOJyYaTh MACCUB ¢ WAEHTU(DUKATOPAMU ¥ UMEHAMU UTPOKOB B HUTPE,
KJ1acc GamerServices mpezocTaBisieT QyHKINIO GetLobbyPlayerMap, TpeicTaBIeHHYIO
B sncTunre 12.5.
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JNuctuHr 12.5. Co3gaHue MaccMBa BCEX UFPOKOB B doiie

void GamerServices::GetLobbyPlayerMap(uint64_t inLobbyId,
map< uinté4_t, string >& outPlayerMap)
{
CSteamID myId = GetLocalPlayerId();
outPlayerMap.clear();
int count = GetLobbyNumPlayers(inLobbyId);
for(int i = @; i < count; ++i)
{
CSteamID playerId = SteamMatchmaking()->
GetLobbyMemberByIndex(inLobbyId, i);
if(playerId == myId)
{
outPlayerMap.emplace(playerId.ConvertToUint64(),
GetLocalPlayerName());
}

else

{
outPlayerMap.emplace(playerId.ConvertToUint64(),
GetRemotePlayerName(playerId.ConvertToUint64()));

Ha cayyait, ecoiu [oHa00UTCA MO IEPIKKA 0O6MeHa TeKCTOBBIMU COOOIIEHUSIMU MEXIY
urpokamu B doiie, Steamworks mpegocrasisier GyHKIMO SetLobbyChatMsg, ocy-
IECTBISIONIYIO Tlepeady coobuienuii. B mape x Heil mpegocraBisiercss 06paTHbIil
BbI30B LobbyChatMsg_t, KOTOPbII HEOOXOUMO 3aPEruCcTPUPOBATD, YTOOBI 110J1yYaTh
YBEIOMJIEHUS O TIOMyYeHUuH HOBBIX coobmenmit. Tak kak B «RoboCat» otcyTcTByeT
unTepdeiic 11 obMeHa cooOIEHUAME, 9Ta (hYHKIIMOHATILHOCTD He GblIa BKIIOUEHA
B KJlacc GamerServices. OqHako yTOOBI 106aBUTh HEOOXOAMMBIE (byHKuI/H/I-06epTKI/I,
OTPeGyeTCsT COBCEM HEMHOTO BPEMEHTL.

Korma Bce OyzeT roTOBO K 3amycKy, B UTPE C TOMOJOTHEN «KIUEHT-CEPBEP» CIEAyeT
BBI3BATh (PYHKIINIO SetLobbyGameServer, CBA3bIBAIONTYI0O KOHKPETHBIN cepBep ¢ doiie.
CBs3b MOKHO YCTaHOBUTD 110 [ P-azipecy (114 BBIZIEJIEHHOTO cepBepa) Win 10 UIEHTH-
ukaropy Steam (77151 cepBepa, 3aIyIIEHHOTO Ha KOMITBIOTEPE UTPOKA). ITO MIPUBEET
K 06paTHOMY BBI3OBY LobbyGameCreated_t y BceX HTPOKOB, KOTOPBIH COOOIIUT MM, UTO
MIPUIILIIO BPEMs MOIKIIOYUTHCS K CEPBEPY.

Ho Tak kak «RoboCat RTS» — urpa ¢ TomoJiorueii «Touka-Toukas, faHHast (QyHKIHO-
HAJIHOCTD B HEll He MCII0JIb3yeTcst. BMecTo aToro, Korjaa Bee OyaeT roTOBO K 3allyCKYy,
urpa BoirosHser Tpu mara. Cuavyana ¢oiie 3aKpbIBAETCS JIJIsT [IPUEMA HOBbIX UTPOKOB,
U HUKaKUe IPYTre UTPOKKU He MOTYT BOITH B HETO. 3aTeM OCYIIECTBISIETCST 0OMEH MH-
(hopmarmeit Mexky y37amMu C 11eJIbI0 CHHXPOHU3WPOBaTh Hauasio urpbl. Hakonert, cpasy
1ocJie 3aIyCcKa Urpbl, BCe UTPOKHU MOKUAAIOT (oite. Korna nociennuii urpok ocraBut
(oiie, oHO aBTOMaTHUeCKH yHIUTOKAETCs. DyHKIMM, 3aKpbiBatotiie (oite 1 0CBOOOK-
Jlatonme ero, oObaBJIeHbI B GamerServices ¢ UMeHaAMU SetLobbyReady 1 LeavelLobby. 9T
DYHKIMK SBJSIOTCS OY€Hb TOHKMMU 0O6E€PTKaMK, BbI3bIBAIOLIMME COOTBETCTBYIOIINE
dymukim Steamworks.
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CeTeBble B3aUMMOAENCTBUS

MHorue UrpoBsble cay;KObl TaKKe MPeJOCTaBIAI0T 00EPTKU /It CETEBbIX B3aUMO/IEi-
CTBUI MEKLY ABYMSI [OJIb30BaTENSIMHU, IOAKIIOUEHHBIMU K caysk6e. Steamworks, Ha-
MpUMED, MPEAOCTABISET TPYIIY (DYHKIIHUH AJIsI Tepe/ladil TAKeTOB JIPYTUM UTPOKAM.
Knacc GamerServices Bko4yaeT 00epTKU ik HEKOTOPBIX U3 HUX, KaK II0KA3aHO B JIKC-
tuHre 12.6.

JInctuHr 12.6. CeteBble B3aMMOAENCTBUA «TOUKa-TOUKa>» C nomoulbio Steamworks

bool GamerServices::SendP2PReliable(
const OutputMemoryBitStream& inOutputStream,
uint64_t inToPlayer)

{
return SteamNetworking()->SendP2PPacket(inToPlayer,
inOutputStream.GetBufferPtr(),
inOutputStream.GetByteLength(),
k_EP2PSendReliable);
¥

bool GamerServices::IsP2PPacketAvailable(uint32_t& outPacketSize)
{

}

return SteamNetworking()->IsP2PPacketAvailable(&outPacketSize);

uint32_t GamerServices::ReadP2PPacket(void* inToReceive, uint32_t inMaxLength,
uint64_t& outFromPlayer)

{
uint32_t packetSize;
CSteamID fromId;
SteamNetworking()->ReadP2PPacket(inToReceive, inMaxLength,
&packetSize, &fromlId);
outFromPlayer = fromId.ConvertToUint64();
return packetSize;

OG6paruTe BHUMaHHE, YTO HU B OJ[HO# M3 3TUX CeTeBbIX (DYHKIUI He yroMuHaTcst [P-
ajpeca COKEToB. DTO 0OBSICHIAETCS TeM, 4TO Steamworks mo3BoJIsIeT MOChLIAT MAKEThI
KOHKPETHBIM I10JIb30BaTEJISIM TOJILKO 110 UX ueHTudukaropam, a He o IP-agpecam. Ha
TO €CTb JIBe TPUYNHBL. BO-TIepBbIX, TaKOE PelieHre JaeT AOTIOTHUTEIbHYIO 3aIUTY, T0-
ToMy uTo [P-ajipeca octaioTcsi HeM3BECTHBIMHU JIPYTUM MOJIb30BaTEsIM. BO-BTOPBIX, UTO,
MOJKAJTY I, cCaMO€ BasKHOE, HTO MO3BOJISIET Steam He3aBUCHMO OCYIECTBIATH TPeodpazo-
BaHMeE CETEBBIX ajipecoB. Kak yike roBOpUIIOCh B riiaBe 6, 0/iHa 13 po6JieM, CBSI3aHHbBIX
C TIPSIMBIMU CCBHIJIKAMU Ha a/Ipeca COKETOB, 3aKJII0UAeTCS B TOM, UTO aJ[pec MOKET TPH-
HajlIexKaTh Apyroii cetu. OHAKO [TPU UCTIOIb30BAHUK CETeBbIX (hyHKIMIT Steamworks
9Ta pobIeMa HEJIUKOM PEIIAeTcs: caMOoii ci1y:k00ii Steam. MbI IIPOCTO MOChLIAEM [TaKeT
OTIpe/IeTIEHHOMY TI0JIB30BaTeNI0, a Steam TBITAeTCS TTOCAATh JaHHbIE ATOMY TT0JTh30Ba-
testio uepe3 NAT, ecsin ato Bo3amoxkno. Ecam mapmipytusarop ¢ NAT okasbiBaercs He-
MIPEOIOJIUMBIM TIPEISITCTBUEM, Steam OyIeT UCIOIb30BATh CEPBEP-PETPAHCISITOP. ITO
rapaHTUPYyeT JOCTHKUMOCTD BCEX MOJIh30BaTeIeH, TIOAKIIOUEHHBIX K Steam.



CeTeBble B3aUMOAENCTBUS 313

Homosmaurensio Steamworks moiepsknBaeT HeCKOJIBKO Pa3HbIX PEKUMOB MEPEIayn.
B urpe «RoboCat RTS» et BropocreneHHON nHGOPMAIHH, T0ITOMY BCE MAKETHI
TEPECHIIAIOTCA Yepe3 HaLe/KHbIE COeAUHEHNA, KaK 9TO MOYKHO 3aMETHUTD I10 TTapaMeTpy
k_EP2PSendReliable. DTOT pesKUM IIO3BOJIAET II€PECHLIATh OJIOKU AaHHBIX 0OBEMOM
10 1 Mo6aiit ¢ aBToMaTHYecKOl (pparMeHTalueil makeroB u cOOPKOIl X HAa CTOPOHE
mosrydatesisi. OHAKO CYIIECTBYET BO3MOKHOCTD HCT0b30BaTh 1 UDP-mogo0HbIe
B3aMMO/IEICTBYS, IJIs1 Yero JL0CTaTOYHO nepenarthb napamerp k_EP2PSendUnreliable.
Taxske OJIeP;KUBAIOTCS PEsKUMbI HEHA/IEXKHOM 1Tepeiaur TPy HaJIUYNN yCTaHOBJIEH-
HOTO COEIMHEHWS U HaJleKHOH Mepeiaui, OCYIIeCTBIsoNIel Oydepusariiio ¢ mpume-
HenuneMm asroputma Hefirma.

Korza nepenava mnakera ornpejieJIeHHOMY T10JIb30BATEJIO BBITIOJHIETCS € IIOMOIIBIO
SendP2PPacket BIIEpPBBIE, HA €T0 JJOCTABKY MOKET TTOTPEOOBATHCS 10 HECKOJIBKUX Ce-
KYHI, TOTOMY 4TO cTy:k6e Steam Hy;KHO HEKOTOPOE BPeMsT, 4TOOBI TTPOJIOKITH MAPIITPYT
MESKLy OTIIPABUTENIEM U TIoJIydaTesieM. KpoMe Toro, Korjia rmoJiyyaresib IPUHUMAET TTaKeT
OT HOBOI'O II0JIb30BAaTEJIA, OH TaKyKe JOJIKEH IIPUHATH 3alIPOC HAa OTKPLITHUE CeaHca OT
OTIIPaBUTEJIA. ITO JEJIAETCA C 1[eJIbI0 IPeJJOTBPATUTD ITOJyYeHe HexKeslaTeIbHbIX 1a-
KETOB OT OMPE/IETIEHHOTO TI0Jb30BaTeist. YToObI TIPUHATH 3aTPOC HA OTKPHITHE CeaHca,
KKZIBIH Pa3, KOT/Ia TAKOU 3ampoC MOCTYAET, BBI3IBAETCST (QYHKIINST 0OPATHOTO BBI30-
Ba. AHAJIOTMYHO, KOT/IA [TOIIBITKA OTKPLITH CeaHc 3aBepliaeTcs Heyaadell, BbI3bIBaeTCs
npyras pyHkus obpaTHoro Be3oBa. Peanmsaius obenx gpyHkiuii B urpe «RoboCat»
npejicTaByieHa B iuctunre 12.7.

JincTuHr 12.7. ®yHKunn 06paboTku co6biTUI OTKPLITUSA CEaHCa B TOMOJIONMU «TOUYKA-TOYKa»
void GamerServices::Impl::0nP2PSessionRequest(P2PSessionRequest_t* inCallback)

{
CSteamID playerId = inCallback->m_steamIDRemote;
if(NetworkManager: :sInstance->IsPlayerInGame(playerId.ConvertToUint64()))

{
SteamNetworking()->AcceptP2PSessionWithUser(playerId);

}
X

void GamerServices::Impl::0nP2PSessionFail(P2PSessionConnectFail_t* inCallback)

{

// CBA3b C UrpoKOM noTepsHa, COObWMTb 06 3TOM AMCMeTHepy cCeTu
NetworkManager: :sInstance->HandleConnectionReset (
inCallback->m_steamIDRemote.ConvertToUint64());

YT00bl UCIIPABUTh CUTYAIMIO, KOTJa Tlepeada MePBOro MakeTa 3aHMMAEeT HEKOTOPOe
BpeMst, TIpolielypa nHulmaausay B urpe «RoboCat» 6bL1a HemHoro usmereHa. Korza
Ha BeJyIlIeM y3Jje Bce OyeT TOTOBO K 3allyCKy UIPbI, UTPOK HayKMMaeT KJaBuiny Enter.
OxHaKo BMeCTO TOro, yToObI HauaTh 0OpaTHBIN 0TCUeT, NetworkManager BXOAUT B HOBBIIA
PEXUM «TOTOBHOCTU». Haxomsch B 9TOM peskiMe, OH MOCHITIAET MaKeT BCEM OCTATbHBIM
y3saM. B cBoto o4epesib KasK bl y3eJ1, TTOJIyInB TTaKeT TOTOBHOCTH K HaYasy, pacchliaeTr
CBO¥1 TTaKeT TOTOBHOCTH BCEM OCTAJIbHBIM y3J1aM. Biraroiapst aTomMy Bce y3Jibl OTKPBIBAIOT
CEAHCHI IPYT C IPYTOM /IO Havasa UTPHI.
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Korga Beaymiuii yses mosrydaer ImakeTbl FOTOBHOCTH OT BCEX OCTAJbHBIX Y3JI0B, OH BXO-
JIIT B COCTOSTHUE «3aIyCK» U PACCHIJIAET ITAKeThl 3aITyCKa UTPLI, Kak u pexe. Ciaenyer
OTMETHUTD, 4TO H€3 TPOMEKYTOTHOTO COCTOSTHUST TOTOBHOCTH Y3JbI HE OTKPOIOT CEAHCDI
JIPYT C IPYTOM JI0 HavaJla UTPBL, ¥ TOT/Ia Ha JOCTaBKY NTAKETOB C HYJIEBBIM XO/IOM MOKET
VUTH /10 HECKOJIBKUX CEKYH/I, @ 9TO O3HAUYaeT, YTO KaK/IbIl UTPOK 3aMETUT 3/I€PKKY
B HayaJje UTphl.

Jl1s1 BKJIIOYEHMS HOBOTO CETEBOTO Koja 00paboTKa nakeros B NetworkManager ObLia
HOJIHOCTBIO TIepercana B 9Toil Bepcun «RoboCat». Teneps BMecTo Kiacca UDPSocket
It 06pabOTKU MaKeTOB UCIIOJIb3YIOTCS (DYHKIUM, IIPEeJOCTaBAsdIeMble KJIacCOM
GamerServices.

Cratuctunka nrpoka

[MomynsapHOit 0COGEHHOCTBIO UTPOBBIX CAYIKO ABISETCS BO3ZMOKHOCTD TIOJYUYEHUST pas-
JIMYHBIX CTATUCTUK. Biaromaps et MOKHO TOCMOTpPeTh CBOM TIOKa3aTesd UK ToKa3a-
TEJIU CBOETO IPYTa, YTOObI OIIEHUTD YCIEXU, KOTOPHIX YAaJI0Ch I0CTHYb B TON UM WHON
urpe. O6BIYHO CYNIECTBYET BO3MOKHOCTD 3alIPOCUTH CTATUCTUKY UTPOKA Y CepBeEpa,
a TakKe U3MEHUTD ee 1 3alcaTh HOBble 3HaueHus Ha cepBep. HecMmoTpst Ha cy1iecTBy-
IOIYI0 BO3MOKHOCTDb YUTAaTh CTATUCTUKU HEIIOCPEICTBEHHO C cepBepa U 3alliChIBaTh
UX Ha cepBep, Mbl PEKOMEH/IyeM KaIIIMPOBATh UX B MaMATH Ha CTOPOHE UTPoKa. MIMenHo
TaKoM M0/IX0/] peajn30BaH B Kjacce GamerServices.

B urpax na octose Steamworks uMeHa ¥ TUIIBI 3HAYEHUN CTATUCTUK ONPEAEIAIOTCS
JUIsE KOHKPETHOTO MaeHTHdUKaTopa IPUIoKeHus Ha caiite Steamworks. [TockosbKy
B KO/I€ TIpUMepa JIJisl ITOH TJIaBbl UCIIOIb3yeTCs uaeHTuduKaTop urpsl «SpaceWars, Mbl
MOJKEM HCIOJIb30BaTh TOJbKO CTATHCTUKK, KOTOPbIE B CBOE BPeMs ObLIN OIpe/e/IeHbl
muist urpbl «SpaceWars. Ho cama peanusaiust moepsKKy cTaTHCTHRHI OyaeT paboTath
¢ J0ObIM HaOOPOM CTaTUCTHUK, JIS1 9TOrO BaM IOHAZOOUTCS TOIBKO U3MEHUTD OIIPeie-
JICHUS CTaTUCTUK.

Ciryx6a Steam mojiiepsKUBaeT TP THITA CTaTUCTUK. [[estouncieHHble U BellleCTBEHHbIE
CTATUCTUKU XPAHAT 1eJIble U BelleCTBEHHbIE Ynca. TpeTuii TUII CTATUCTUK HAa3bIBACTCS
«average rate» (cpeaHsig CKOPOCTbh). I CTATUCTUK HTOTO TUIIA OIIPEEIIeTCS pa3sMep
CKOJTB3SIIIETO OKHA JIJIsT yepeiHeHust. [1pu BBITOTHEHUY YTEHWS 9TOW CTATUCTUKY C Cep-
Bepa BO3BpallaeTcs eJMHCTBEHHOE BellecTBeHHOe 3HaveHre. Ho korja BoiosHsercs
ee U3MeHeHue, Hy>KHO yKa3aTh 3HaUeHUe U UHTEPBaJ BDEMEHH, B TeUECHUE KOTOPOTO 3TO
3HaueHUe ObLIO JOCTUTHYTO. 3aTeM ciyskba Steam aBTOMAaTHYECKU BBIYHUCIISIET HOBOE
ckosbasiiee cpepnee. C TaKUM T10/1X0/I0M MOKHO CYIIECTBEHHO BJIMATH HA CTaTUCTUKY,
TaKhe KaK «4UCJI0 30JI0TBIX MOHET B Yac», U3MEHsS UX C POCTOM MacTEPCTBA UTPOKA,
Jlaske TIPU TOM YTO MTOJTh30BATENb MOT BCTYIUTD B UTPY MHOTO YaCOB Ha3a/l.

I[Tpw onpe/ieleHNY CTATHCTHK ISt UTPHI Ha caiiTe Steamworks, KpoMe BCero mpovero, He-
00XO0I1MO 3aIOJHUTH CTPOKOBOE cBocTBO «API Name». Bee dyukimu SDK, ocymiect-
BJISIOII[ME YTEHUE UJIH 3AMTUCh KOHKPETHBIX CTATUCTHK, OyyT TPeOOBATH TEPelautl 9TON
CTPOKH COOTBETCTBYIOMIEl cTarucTrke. C 9Tol 1ehio MOKHO 106aBUTD B GamerServices
hyHKIMU 1715t pabOTHI CO CTATUCTUKAMHE, TIPUHUMAIOTIIE CTPOKY Kak mapamerp. OHako
mpobJsieMa B TOM, YTO JIJIST PEATU3AIIH TAKOTO TTOIX0/Ia TPeOYeTCst TOMHUTD TOUHBIE
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nmena API j71s1 Bcex craTUCTHK, K TOMY JKe BCer/ia CylIeCTBYeT BEPOSTHOCTD JIOITYCTUTD
GaHaIbHYTO orleyaTKy. KpoMe Toro, moCKOIbKY CTATUCTUKU XPAHSITCS B JIOKAJTLHOM KIIIIE,
KaKIBIN 3aTTPOC K JIOKATHHOMY K3TITy MOXKET MOTPeOOBATD BBITIOTHEHST OTTPEIEIEHHOTO
Bu/a xenmpoBarust. O6e 5TH TPOOIEMBI JIETKO PEITAIOTCsT KCIIOIb30BAHUEM MIePeUrcIie-
HUS /U1 OIIpe/ieieHns] BCeX BO3MOYKHBIX CTaTUCTHK.

OnuH 13 BO3MOKHBIX BAPHAHTOB: OIIPE/Ie/INTD IePEeUnCIeHNne, a 3aTeM OT/IeIbHO OIIpe-
nesuTh MaccuB ¢ umeHamu APT i Kakoro sHauenust B iepednciaennu. Ho npobiema
B TOM, YTO TIPH U3MEHEHUH OITPEe/IeJIEHUsT CTATUCTUKU HY’KHO He 3a0bITh U3MEHUTD Hepe-
YUCJIeHre U MacCuB CTPOK. Kpome Toro, ecm Kakue-To (hparMeHThI UTPhI HATTMCAHBI
Ha sI3bIKe CIIeHAPUEB, MPUJIETCS MPOCMOTPETh 1 9TU (PPAarMeHTHI, TOTOMY UTO T/e-TO
B CIIEHAPUSAX MOXKET TTIOTPEOOBATHCS TIEPEOTIPEAECIUTD T JKe caMble Tiepeurcierust. He-
06XOIMMOCTD IOMHUTD O CBOEBPEMEHHOM OOHOBJIEHUH KOJIa BO BCEX TPEX MECTAX MOKET
CTaTh MPUYUHON OMMUOOK 1 PA3IPaKeHIsI.

K cuacTpio, cyniecTByeT HHTEPECHBIH MPUEM, OCHOBAHHBIH Ha 0COOEHHOCTSIX PAGOTHI
npernpoiteccopa C++. On HazpiBaeTcsa X-makpoc (X macro) u M03BOJSAET OMPEEIATh
CTAQTUCTHUKY B OTHOM MecTe. JTH OTIpeIeIeHII 3aTeM aBTOMATHIECKY HCIIOTb3YIOTCS Be3-
1e, T7ie HeOOXOIMMO, U TAPAHTHPYIOT CHHXPOHUIAIIIO. X-MaKPOC TTOJHOCTBIO YCTPAHSIET
BEPOSITHOCTD TIOSIBJICHUST OITHOOK M3-32 U3MEHEHUSI CTATUCTUK, MOJIEPKUBAEMbIX UTPOIA.

YT06bI pean3oBaTh X-MaKpoc, CHauaja HyKHO co31aTh (ail ¢ onpeaeeHusIMI BeeX
QJIEMEHTOB U ]IIO6BIX JAOITOJIHUTEJIbHDBIX CBOICTB 9THUX 2JIeMEHTOB. B JAaHHOM CJjry4dae
oTIpe/ieIeHIsT XPaHsITCs B OT/eIbHOM (aiise Stats.def. Kasknas craTuctuka onpeje-
JIAETCA ABYMA KOMIIOHEHTaMU: €€ UMEHEM 1 TUIIOM /IaHHDbIX. OHpe&eJIeHI/IH CTaTUCTUK
MOTJIH ObI BBITJISIIETh TaK, KaK MOKA3aHO HIKE:

STAT(NumGames , INT)
STAT(FeetTraveled, FLOAT)
STAT(AverageSpeed, AVGRATE)

Jlajiee B GamerServices.h 100aB/ISIOTCS [[Ba MEPEUNCICHNUSI, CBSI3aHHbBIE CO CTATHUCTH-
kamu. OniHO U3 HUX, StatType, HU4YeM He puMeyaTesibHo. OHO IPOCTO ONpesesideT TpU
MO/I/IeP>KUBAeMbIX THUTIA CTATUCTUK: INT, FLOAT 1 AVGRATE. /[pyroe nepeuncienue, Stat,
HaMHOTO CJIOXKHEE, TTOTOMY YTO MCTO0JIb3yeT X-MaKpoc. JTO MepeuncaeHne MPUBOANTCS
B smctunre 12.8.

Jinctuur 12.8. O6baBneHne nepeuncnenuns Stat c ncnonbsosannem X-makpoca
enum Stat

{
#define STAT(a,b) Stat_##a,
#include "Stats.def"
#undef STAT
MAX_STAT

s

31ech cHavaJIa OIPe/IesISIeTCs] MAaKPOC ¢ UMeHeM STAT, TPUHUMATOIUI /IBa MapaMeTpa.
OG6parure BHUMAHUE, YTO 9TO YKCJIO COOTBETCTBYET YUCIY IAaPAMETPOB B KasKAO0M 3aI1i-
cu B (paiise Stats.def. B jannoMm cirydae BTOpOIi TapaMeTp TOJHOCTBIO UTHOPUPYETCS
MaKpOCOM. DTO 0OBSICHIETCS TEM, YTO JJIsl JAHHOTO MePEYMCIeHUs TUII CTATUCTUKHU He
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HMeeT HUKAKOTo 3HadeHwst. Jlaee MCIOMb3yeTcst OnepaTop ## Mperporeccopa, YroObn
00OBEIMHUTD CUMBOJIBI COJIEP;KUMOTO HIEPBOTO MTapaMeTpa ¢ MPUCTaBKOil Stat_. 3arem
nozakJovaercs ¢aiis Stats.def — 9Ta MHCTPYKIUS IIPOCTO KOMUPYET COLEPIKUMOE
(aiina Stats.def B 0ObsiBICHME TIepeuncieHust. [T0CKOIBKY B 5TOT MOMEHT MaKpOC
STAT y3Ke ollpejiesieH, OH 3aMellaeTcsl pe3yJIbTaToM ero pa3BepTbiBaHusl. Tak, Halpu-
Mep, TIEPBBIiT 9TIEMEHT TIEPeUrCcIenns OyIeT OTpeiesieH Kak Stat_NumGames, TOTOMY 4TO
HUMEHHO B 9Ty MOCJIEI0BATEIBHOCTD CUMBOJIOB OY/IECT PA3BEPHYTO MaKPOOIIPe/Ie/eHIE
STAT (NumGames, INT).

B zaxmrouenne anaympyeTcs onpeeseHre Makpoca STAT U OTipeieIseTCs TOCTeTHIHT
2JIEMEHT TiepeuncaeHust MAX_STAT. To ecTh Tpiok ¢ X-MaKpoCcOM He TOJTHKO TIOMOT OTIpe-
JIEJIATH BCE YJIEHBI [IePEYNCIIeHUA, COOTBETCTBYIONNE CTAaTUCTUKAM, IIEPEYNCICHHBIM
B Stats.def, HO TakkKe 10OABUII DJIEMEHT, OTpaKaAIONTNI o0111ee YMCII0 CTATUCTHK.

Bces npesnects npuMenennst X-Makpoca B TOM, UTO Ty JKe UANOMY MOKHO MCII0JIb30BATh
BCIOJY, T/ie HeOOXOANM CIMCOK CTaTUCTHK. [IpH TaKOM MOX0/IE TTOCTe N3MEHEHUST
ornpe/eseHui B Stats.def 10CTaTOYHO IPOCTO MEPEKOMITHIMPOBATD KOJI, YTOOBI 3aI1y-
CTUTD BOJIEOCTBO MAKPOCOB 1 OOHOBUTH BECH KOJI, 3aBUCSTIN OT 9THX OTIPETETEHNT.
Kpowme Toro, Tak kak copep:kumoe Stats.def nMeeT oueHb IIPOCTYIO CTPYKTYPY, €T0
JIETKO MOKHO OBIIO OBl MPOAHAIU3UPOBATH B CIIEHAPHUSAX, €CJAU OHU UCTIOJNb3YIOTCS
B Urpe.

[Ipuem X-maxrpoc ncnosb3yercst Takke B 00BABJIEHNN MaCCUBA CTATUCTUK, B (atise pea-
smzanuu. CHavana o0baBIIsgeTcs cTpyKTrypa StatData, 11pecTaBsonas KalumpoBaHHbIe
3HAUYEHUA OT/I€JTbHBIX CTAaTUCTUK. Yro6bl HE YCJOXKHATD peaan3alnio, B StatData BKIIIO-
YEHBI 3JIEMEHTHI TSI XpaHEHUS BCEX TPEX CTATUCTUK — I[€JIOUNCIEHHOMN, BelleCTBEHHOM
U CPeJIHETO 3HAYEHUST CKOPOCTH, KaK MOKa3aHo B Juctunre 12.9.

Jinctunr 12.9. Crpykrypa StatData
struct StatData

{
const char* Name;
GamerServices: :StatType Type;

int IntStat = 0;
float FloatStat = 0.0f;
struct
{
float SessionValue = 0.0f;
float SessionLength = 0.0f;
} AvgRateStat;

StatData(const char* inName, GamerServices::StatType inType):
Name (inName),
Type(inType)
{1
¥

[lasee B k1acce GamerServices: : Impl MMeeTCS MaCCUB-4JIeH, OObSABICHHBIH Kak

std::array<StatData, MAX_STAT> mStatArray;
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O6paTI/ITe BHUMaHME, YTO B OIIpEAEJIEHUN MaCCHBa IIPUCYTCTBYET 3HAYCHHNE MAX_STAT,
KOTOPO€ U3MEHAETCA aBTOMATUYECKU U OIIpEAeIAET YNCJIO 3JIEMEHTOB B MaCCHUBE.

Haxkomneri, B crincke MHUIIMAIN3AIIMA KOHCTPYKTOpa GamerServices: : Impl B UTPy BCTY-
naeT X-makpoc. C ero momMoIpio KOHCTPYUPYeTCs KayK/IbIH a71eMeHT StatData B MaccuBe
mStatArray, Kak nmokasaHo B inctunre 12.10.

Jinctunr 12.10. UHmymnanusaumsa mStatArray ¢ noMmowbio X-Makpoca

mStatArray ({
#tdefine STAT(a,b) StatData(#a, StatType::##b),
#include "Stats.def"
#undef STAT

F s

ITOT BTOpoii X-MaKpoC MCIOIb3yeT 00a sJIeMeHTa 13 MaKpoolpeesieHust STAT. [Tepbiii
AJIEMEHT C MOMOIIBIO OTlepaTopa # MPeodpasyeTcst B CTPOKOBDINA JIUTEPAT, 2 BTOPOH —
B COOTBETCTBYIOIIHII 2JIeMEHT TlepedncieHns StatType. Tak, HampuMep, onpezieseHne
STAT(NumGames, INT) 6yzeT mpeo6pa3soBaHo B 9K3eMILTSp StatData:

StatData("NumGames", StatType::INT),

[Tpuem X-MaKpoC TakKe UCIIOAb3YETCS JJTsl OTPEAETIEHNs CIIMCKA Harpaj U TabJIuIbl
PEKOPJIOB, IOCKOJIbKY OHM COCTOSAT U3 MHOKECTBA 3/IEMEHTOB, TPEOYIOIUX CUHXPOHU-
3anuu ¢ onpeaesnenusamu cratuctuk. C Apyroil CTOpOHBI, HECMOTPS Ha YA0OCTBO, HTUM
[PHEMOM HE CJIEIYET 3/I0yTIOTPEOIATD, TTOTOMY YTO OH JIEJIAeT IIPOrPAMMHBIN KO TPYAHO
yuTaeMbiM. U1 TeM He MeHee 9TO 0Y€eHb MOJIE3HBII HHCTPYMEHT, KOTOPbIii I0JKEH ObITh
B apceHasie pa3paboTunKa Ha CJrydaw, Hog00HbIe OMMCAHHOMY BHIIIIe.

[Mocre peammsarmy X-Makpoca OCTaIbHAS YaCTh KOA JIsT 06pabOTKI CTATUCTHK CTa-
HOBUTCS Ha CBOE MECTO OTHOCUTEJBLHO IPOCTO. B GamerServices nmeercs sanuieHHas
(dyHKIMs RetrieveStatsAsync, KOTOPast BHI3BIBAETCS BO BPEMsI MHUIIMAIU3AINN 00b-
exTa GamerServices. Korma cepBep mprcbliaer ctatnctuky, Steamworks Bormossser
obparnbiii Boi3oB. O0e ot GhyHKIUK TIpeAcTaBaeHbl B auctunre 12.11. O6parture
BHHUMaHUeE, 4TO B OnStatsReceived UCIOIB3YIOTCS HE «KECTKO 3aIIUTHIE» OIIpesesie-
HUST CTATUCTHK, a MHGOPMAIIs 13 MaccuBa mStatsArray, KOTOPBII aBTOMAaTUYeCKN
reHepupyetcs X-makpocoM. Kpome Toro, /71 Hy>K/ OTIaJIKU KOJ| 3aIIUChIBAET B Ky PHAJ
3HAYEeHUSsI CTATUCTHUK ITPU TIEPBOIi 3arpysKe.

Jinctmur 12,11, N3BnevyeHne CTaTUCTUK U3 cepBepa Steam
void GamerServices::RetrieveStatsAsync()

{
X

SteamUserStats()->RequestCurrentStats();

void GamerServices::Impl::0OnStatsReceived(UserStatsReceived_t* inCallback)
{
LOG("Stats loaded from server...");
mAreStatsReady = true;
if(inCallback->m_nGameID == mGameId && inCallback->m_eResult == k_EResultOK)

{
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// 3arpysuTb CTaTUCTUKHK
for(int 1 = @; i < MAX_STAT; ++i)
{
StatData& stat = mStatArray[i];
if(stat.Type == StatType::INT)

SteamUserStats()->GetStat(stat.Name, &stat.IntStat);
LOG(,,Stat %s = %d", stat.Name, stat.IntStat);
}

else

{
// B OTBeT Ha 3anpoc cpeaHeil CKOpPOCTU BO3BpalwaeTcs
// eOMHCTBEeHHOe BelleCTBeHHOe 3Ha4YeHue
SteamUserStats()->GetStat(stat.Name, &stat.FloatStat);
LOG("Stat %s = %f", stat.Name, stat.FloatStat );

}
}

// 3arpy3uTb Harpagsl
//...
¥
¥

B xyacce GamerServices nMeroTcst Takyke (yHKITMH 7151 U3BJIeYEHNST M MI3MEHEHUs 3Ha-
yeHunit crarucTrk. OYHKIUS YTEHUST BO3BPAIIAET KOMHUIO 3HAUYEHHST U3 JIOKATBHOTO K3IIIa.
DyHKIINS 3aCH U3MEHSIET 3HAYEHIE B JIOKAILHOM K3IIIe U TIOCHLITAET ero Ha CEPBEP.
TakuMm c11oco60M rapaHTHPYETCsE CHHXPOHU3AIUsT CTATUCTHK B JIOKAJIbHOM KAIIE M Ha
cepBepe. Peammzarium GetStatInt m AddToStat A/ TIeIOUNCTEHHBIX 3HAYEHU TIpei-
crapyienbl B siuctunre 12.12. 3anuch BelllecTBEHHbBIX 3HAYEHUN U CPejIHeN CKOPOCTH
BBITIOJTHSIETCST AaHAJIOTMYHO, OJTHAKO, KaK YIIOMIUHAJIOCH BBITIE, KOT[Aa M3MEHSIETCST CPEeTHSIS
CKOPOCTb, CEPBEPY TIOCHLIAETCS JIBA 3HAUEHMSI.

JNinctuir 12,12, ®dyHkuum GetStatInt n AddToStat
int GamerServices::GetStatInt(Stat inStat)

if(!mImpl->mAreStatsReady)
{

LOG("Stats ERROR: Stats not ready yet");
return -1;

}

StatData& stat = mImpl->mStatArray[inStat];
if(stat.Type != StatType::INT)

LOG("Stats ERROR: %s is not an integer stat", stat.Name);

return -1;
¥
return stat.IntStat;
}
void GamerServices::AddToStat(Stat inStat, int inInc)
{

// NpoBepuTb FOTOBHOCTb CTAaTUCTUKM

//...
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StatData& stat = mImpl->mStatArray[inStat ];

// ITO uenoYncneHHaa CTaTUCTUKA?

/]
stat.IntStat += inlInc;
SteamUserStats()->SetStat(stat.Name, stat.IntStat );

B nacrosimiee Bpems «RoboCat RTS» ucIonp3yer cTaTUCTUKY /IS CIEKEHUS 32 UHUCIOM
YHUYTOKEHHBIX BPAXKECKUX KOTOB, a TAK)KE 32 YMCJIOM CBOUX ITOTEPSIHHBIX KOTOB. Ko,
OOHOBJIAIOIINI CTATUCTUKY, HAXOUTCS B RoboCat . cpp. ITo100HbIN OAX0, KOT/a KO
OOHOBJIEHUS CTATUCTUK pa3bpOCcaH MOBCIOALY, Te OH HE0OXOAUM, ITMPOKO UCIIOIb3YeTCsI
B UTPax, MOJJIEPKUBAIONIUX CTATUCTUKU.

Harpagbl nrpoka

Jlpyroii nomyasipHoii 0COOEHHOCTHIO UTPOBBIX CJAYKO SIBJISAETCS MOANEPIKKA HArPa/.
ITocse BbInoOIHEHNA HEKOTOPDIX ONACHBIX 3aJaHUil UTPOKY IIPUCYKAAeTCs Harpaja.
Harpazbt MOTYT MIPHCYKIATHCS 32 OHOKPATHBIE COOBITHSI, TaKME KaK YHUUTOKEHIE
NPOTUBHUKA WU TIo6e/la B UTPE C ONPe/IeJIeHHBIM YPOBHEM CJI0KHOCTH. U3 npyrux
Harpaji MOXHO Ha3BaTb TaKue JOCTUKEeHM:, Kak HaKOIJIEHHble 3Ha4eHUs CTAaTUCTUK 32
HEKOTOpOe BpeMst, Hartpumep umcio moben B 100 Maryax. HekoTopbie HTPOKM HACTOIHKO
0003KAIOT HATPAJIbI, YTO CTPEMSITCST TTIOJIYYUTh UX BCE.

B Steam narpazibl 06pabaThIBAIOTCS TOYHO TaK K€, KAK CTATUCTUKU. MHOKeCTBO Ha-
TPajt ST KOHKPETHON UTPHI OTIPEIEITeTCsT Ha cafite Steamworks, 1 10 9Toi mpmumHe
urpa «RoboCat» MojkeT HCTOIB30BATH TOJBKO HATPA/BI, KOTOPBIE GBIIH OMPE/ICICHBI
s «SpaceWars. [lo anasornu co cTaTUCTUKAMU Peain3aiiug Harpaji UCioiab3yeT
X-makpocel. Onpesiesiennst Harpaj HaXoAsATcs B daiine Achieve.def, 1 Ha UX OCHOBe
KOHCTPYHUPYETCS COOTBETCTBYIOIIee TepeynciieHre Achievement. Takske nmerorcst cTpyk-
Typa AchieveData 1 MacCHUB 9TUX CTPYKTYP ¢ UMerieM mAchieveArray.

Dyuknms RequestCurrentStats AOMOMHUTENBHO 3aMpamnBaeT HHGOPMAIIIIO O Te-
KyIIUX Harpajgax ¢ cepsepa Steam. CooTBeTCTBEHHO, DYHKIIMA 06PaTHOIO BbI30BA
OnStatsReceived MOMOJHUTEIBHO BBIIOJHACT KalTUpoBanue Harpal. Joctikenus
KOIUPYIOTCA B IUKJIE, KOTOPBIM BBI3bIBaeT (hYHKIIMIO GetAchievement u mepesaet eit
JIOTHYECKOE 3HaueHue, YToObI yKas3aTh, 0JyYeHa JIM JaHHas Harpaa:

for(int i = @; i < MAX_ACHIEVEMENT; ++i)

{

AchieveData& ach = mAchieveArray[i];
SteamUserStats()->GetAchievement(ach.Name, &ach.Unlocked);
LOG("Achievement %s = %d", ach.Name, ach.Unlocked);

}

Tak:ke UMeeTCst HECKOJIBKO TPOCTHIX 0GEPTOK JIJIST OMIPEAETCHUST COCTOSHUST HATPAJL
(mosydeHa WM HeT) U 71 (DaKTUYECKOTO TPUCYSKICHNS YKa3aHHOW Harpajbl. Kak
U B CJIy4yae cO CTATUCTUKAMM, TPOBEPKA COCTOSTHUST HATPa/Ibl BBITTOJIHSETCS B JIOKAJTLHOM
Ka11e, a GYHKINS IPUCYIKIEHNST I3MEHSIET MPU3HAK B KAIIle 1 3alTMCHIBAET €T0 Ha CepBep.
CooTBeTcTBYIONINI KO/ IPUBOAUTCS B inctunre 12.13.
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Jinctuur 12.13. NMpoBepka v NpUcyxaeHue Harpan
bool GamerServices::IsAchievementUnlocked(Achievement inAch)

{
// TNpoBepuTb FOTOBHOCTb CTAaTUCTUKM
//...
return mImpl->mAchieveArray[inAch].Unlocked;
}
void GamerServices::UnlockAchievement(Achievement inAch)
{
// TNpoBepUTb FOTOBHOCTb CTAaTUCTUKM
/] ..
AchieveData& ach = mImpl->mAchieveArray[inAch];
// WrHopvpoBaTb YXe NPUCYXAEHHYW Harpagy
if(ach.Unlocked) {return;}
SteamUserStats()->SetAchievement(ach.Name);
ach.Unlocked = true;
LOG("Unlocking achievement %s", ach.Name);
}

Yro KacaeTcs MPUCYKACHMS HArpajl: Harpaly sKeJaTeJbHO MPUCYKIATh CPasy IOCTIe
TOTO, KaK OHa 3apaboraHa. MHaye Urpok Oyuer HeJoyMeBaTh, YBUJEB, UTO YCIOBUS
le/IcyH{ZIeHI/IH Harpa/ibl BBITIOJIHEHBI, a Harpajaa He IIprucBOcHa. C ﬂpyroﬁ CTOPOHBI,
B MHOTI'OIIOJIb30BATE/IbCKOI UIPE MOKET OKa3aThCs IPEAIOYTUTEIbHEE CTABUTH HATPaIbL
B OYepe/Ib U IPHUCY/KAATh UX B KOHIIE MaTya. B aToM cirydae urpox ne Oyer BBe/ieH B 3a-
GurysKIeHne cooOIeHreM Ha SKpaHe O MPUCYKACHNN HarpajIbL.

Tak kak Harpaznbl B «RoboCat RTS» BblmaroTcst HCXO[AsI U3 YKMCIA YHUUTOKEHHBIX
B UTPE KOTOB, COOTBETCTBYIOIIUI KOJI, CJASAANUN 32 JOCTUKEHUAME, ObLI 100aBIeH
B (pyHKIIMIO-4sIeH TryAdvanceTurn kiacca NetworkManager. Biarogapst aToMy B KOHITE
KaKIOTO XO/Ia UTPa POBEPSIET, 3apaboTal I UTPOK HATPAJLY.

Tabnuupbl pekopaos

TaGuIIbl PEKOP/OB AAI0T BO3MOMKHOCTD OIIPE/IE/IATh MECTa, 3aHUMaeMble UTPOKAMU, 110
PasIMYHBIM acleKTaM UIPbI, HAIIPUMED 110 YUC/Iy HaOpaHHBIX OYKOB WJIH 110 BPEMEHH,
3a KOTOpOe ObLI IPOiiieH HEKUI ypoBeHb. Boobiie roBops, 3aHUMaeMoe MeCTO MOKHO
OIIPE/IEJIATH B IJI06ATBHON HePapXuK UK OTHOCUTEIbHO BAIINX APY3€H, TAK/Ke 3aperu-
CTPUPOBAHHBIX B UTPOBOH cry»k0e. TabIMIbl PEKOPIOB B Steam co34al0Tcsl BpyYHyIo, Ha
Be6-caiite Steamworks, wim mporpammHuo, ¢ momorbio pyrkiuii SDK.

Tak ke Kak U B cJIydae cO CTATUCTUKAMH M HarpajiaMi, peansaius GamerServices
UCTIOTb3YeT X-MaKpOC JIJIsT OTIpe/esIeH ST TIePeuncIeHusT peKop/ioB. B manHoM ciydae
PeKOp/IbI oTpe/ienstioTest B ¢aiisie Leaderboards.def. Kaxas 3anuch B aTom daiise
COZIEP’KUT Ha3BaHHe PEKOP/a, IPU3HAK MOPSI/IKA COPTUPOBKH M OIIMCaHMe 3HAUEHU],
KOTOPBIE JTOJKHBI 0TOOPasKaThCSI TIPH TIPOCMOTPe TabIUIIbl B Steam.

[Topsanox mostyuyeHust peKop/ioB HECKOIBKO OTINYACTCA OT TOJYYEHUS CTATUCTUK UJIN
Harpa/i. Bo-1iepBbIX, B K&K/blii MOMEHT BPEMEHU MOKHO TTOJIYYUTh TOJBKO OJINH PEKOP/L.
Korma pexopa Gyet HatiieH, 1o1KkeH OBITh BHI3BAH KO/, N3BIEKAIONINH PE3yIBTATHI.
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To ectb ecji B Urpe NoTpedyeTcs MoCcae0BaTeIbHO HAITH BCE PEKOP/IbI, KO/, U3BJIeKa-
0N Pe3YJIBTATHI, IOJKEH 3aIlIPOCUTD MOJyUYeHHE CEAYIONIETO PEKOP/A, U ATOT IPO-
I[eCC JIOJKEH TIOBTOPSITHCSI 10 TEX MOP, MOKa He OYAyT HalieHbl Bce pekopibl. Kak aTo
JleJtaeTcs, okaszaHo B jauctutre 12.14.

Jinctunr 12.14. NMouck Bcex pekopAoB
void GamerServices::RetrievelLeaderboardsAsync()

{
}

FindLeaderboardAsync(static_cast<Leaderboard>(0));

void GamerServices::FindLeaderboardAsync(Leaderboard inLead)

{

mImpl->mCurrentLeaderFind = inLead;

LeaderboardData& lead = mImpl->mLeaderArray[inLead];

SteamAPICall_t call = SteamUserStats()->FindOrCreatelLeaderboard(lead.Name,
lead.SortMethod, lead.DisplayType);

mImpl->mLeaderFindResult.Set(call, mImpl.get(),
&Impl::OnLeaderFindCallback);

}

void GamerServices::Impl::OnLeaderFindCallback(
LeaderboardFindResult_t* inCallback, bool inIOFailure)

{

if(!inIOFailure && inCallback->m_blLeaderboardFound)

{

mLeaderArray[mCurrentLeaderFind].Handle =
inCallback->m_hSteamLeaderboard;

// 3arpysuTb cnepyumii
mCurrentLeaderFind++;
if(mCurrentLeaderFind != MAX_LEADERBOARD)

{

GamerServices: :sInstance->FindLeaderboardAsync(
static_cast<Leaderboard>(mCurrentLeaderfind));

}

else

{

mAreLeadersReady = true;

}
}
}

Ertte o/tHO OTIIIYME 3aKII0YAETCST B TOM, UTO B TIPOTIECCE TIOWCKA PEKOPIOB He TPeGyeTCst
3arpyskarth Kakue-imn6o 3anucu us tabuirbl. BMecTo aToro cepsep mpocTo Bo3BpariaeT
TeCKpUITOp pekop/a. Eciit momamo6uTest 3arpy3nTh 3aicH 7T OTOOPAKEHNS, CIeIyeT
BBI3BATh (DYHKITHIO DownloadLeaderboardEntries m3 Steamworks SDK, mepeas eif se-
CKPHIITOP U ITAPAMETPBI 3aTPY3KH (<«BCe», «TOJIBKO IPY3bsi» U 1p.). B pesysbraTe aToro
noszHee OyzeT BbI3BaH 0OpabOTUMK C Pe3yJbraTaMu, I/le MOKHO OPraHru30BaTh OTO-
GpaskeHue TabJIMIbl PEKOPIOB. AHATIOTMYHO BBITJISIIUT TIPOIIEAYPa BBITPY3KI PEKOPIOB
c omotnbio pyukiuu UploadLeaderboardScore. [IpuMepsl nCIIoIb30BaHMST 9TUX JIBYX
(byHKITII MOSKHO HAliTH B GamerServicesSteam. cpp.
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Tax kak B urpe «RoboCat» orcyTcTByeT 10Jib30BaTeIbCKII HHTEPMEIC 1151 0TOOpaKe-
HUST PEKOPJIOB, TPOBEPUTDH PAOOTY HTOTO MEXaHU3MA MOKHO € OMOIIBIO TTaPbl KOMaH]I,
MIPEYCMOTPEHHBIX /715t oTaku. Haskarue kimaswimy F10 3amyCTHT POTIEYPY BBITPY3KU
TEKYIIero 3HaYeHUsT CYeTINKA YHUUTOKEHHBIX BPAroB, a HaskaTue KiaBuiny F11 sarpysur
CITMCOK PEKOPJIOB, B KOTOPOM Ballle 3HAYEHUE CUeTUNKA OY/IeT HAXOUTHCS B CEPE/INHE.
IMomyTHO cirelyeT OTMETHUTD, 4TO HajkaTre F9 cOPOCUT BCe TOCTHIKEHUST U CTATHCTHKH,
CBSI3aHHBIE C MIEHTU(DIKATOPOM IIPUJIOKEHUS (B IAHHOM CJIydae ¢ NAeHTH(HUKATOPOM
urpol «SpaceWar»).

IMommep:kka peKOPIOB B Steam UMeeT OJIHY HHTEPECHYIO OCOOEHHOCTD: OHA TTO3BOJISIET
I10JIb30BATEJISAM BBITPY»KATh BMECTE C PEKOP/JIOM JIONOJHUTEIbHYIO nHpopMalinio. Ha-
pUMep, PEKOPIHO OBICTPOE MPEOJIOJIEHIE YPOBHSI MOKHO COIIPOBOJUTH CKPUHIIOTOM
MJIN BUJZIE03ATTNCHIO, IEMOHCTPUPYIONiel mpoxosx/aeHue. an B urpe, umutupyomnen
TOHKH, MOXKET UMETbCA (PAaHTOM, KOTOPOT'O II0JIb30BATEIM MOTIYT 3aIPY3UTh U COCTS3aTh-
Cs1 ¢ HUM. ITa TOJJIEPKKA OTKPBIBAET BO3MOKHOCTD CJIEJIATh PEKOPIbI H0Jiee MHTEPaK-
THUBHBIMU, YeM TIPOCTON CITUCOK 3apabOTaHHBIX OYKOB HJIH (GAJLIOB.

Apyrune cnyx6ol

ITa rJ1aBa 0XBaThIBA€T MHOKECTBO PasHbIX aciekToB Steamworks SDK, 1o emte 60J1b-
me ocranuch HepacemorpeHubivu. Harpumep, B SDK umeercst mojieps:kka 06JaqHbIX
XPaHUJIUIIL, TO3BOJISIONIAS UTPOKAM CHHXPOHU3UPOBATH COXPAHEHHOE COCTOSTHUE UTPBI
MEeX/y HeCKOJIbKUMHU KoMIlbloTepaMu. [IpemycmoTpen nosb3oBartesnbekuit nutepdeiic
JUIST UTPBI B peskuMe «6oJbion Kaptuakuy (Big Picture Mode), cipoekTpOBaHHbIN J17IsT
MOJIb30BaTENE ¢ eIMHCTBEHHBIM KOHTPOJITIEpOM. VIMeeTcst Takske TO/IepsKKa MUKPO-
TpaHsak1uii u 3arpy:aemoro cogepxumoro (Downloadable Content, DLC).

Ha ceroJHsIIHUN /IeHb B MUPE CYIIECTBYET MHOKECTBO JIPYTHX UTPOBBIX CJYKO Ha
BbIOOP. Jlist Tostb30BaTesell yeTpoiicTB cemeiicTBa PlayStation, Takux Kak KOHCOJIH
PlayStation, PlayStation Vita u mobusbHble Tesiedonbl PlayStation, cymectByer
cayx6a PlayStation Network. /lsist mojiepskku Koncoseit Xbox 6biia cosnana ciyskba
Xbox Live, Koropast Tak:Ke JOCTYITHA JJIsI BJIA/IEJbIIEB KOMIIBIOTEPOB € OIIEPAIHOHHOIT
cucremoit Windows 10. B uncie apyrux ciyx6 MosxkHo HazsaTh Apple Game Center
quist yerpoiicts Ha Mac,/iOS n Googles Play Games Services st yerpoiicts Ha Android
niOs.

HexoTopbie UTpoBbie CIy:KOBI MMEIOT 0COOEHHOCTH, XapaKTepHbIe TOIHKO 715t Hux. Ha-
npumep, Xbox Live mopaepkuBaeT BOZMOKHOCTE COXPAHEHWS TPYIITT UTPOKOB MEKTY
Pa3HBIMHM UTPaMU U BO3MOXKHOCTb HauaTh HOBYIO UTPY Bcell rpynioil. Takxke Ha KOH-
COJISIX YaCTO MMeeTCsT CTaHAAPTHBIN MOJb30BaTeIbCKUN WHTepdelic, ompeesiseMblit
urpoBoit cirysk6oii. Hampumep, BoI6op coxpaneHHoi okarun Ha Xbox Beeria mokeH
ITPOU3BOIUTHCS C NCIOJIB30BAHNEM CIIEIINAIN3UPOBAHHOTO TI0JIb30BATEIBCKOTO HHTEP-
(efica, KOTOPLII TPEOCTABIIAETCS Yepe3 oOparenne K CrysKoe.

CrieKTp BO3MOJKHOCTEH, TIPE/IIaraeMbIX HTPOBBIMHU CJTyKGaMHU, TIOCTOSTHHO PACIINPSIETCS.
VIrpoku 03KMIAI0T, 9YTO STH BO3MOKHOCTH OYAyT MHTETPUPOBAHBI B COBPEMEHHBIE UIPHI,
TO9TOMY, KaKy10 ObI CIIy;KOY BBI HU BBIOPAJIH, TIOLYMAlTe, KaK Jydliie NCIOIb30BaTh ee
JUTST CO3/IaHst GJIATONPUSTHOTO BIIEYATIEHSI Y BAIIUX UTPOKOB.
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B 3akntoueHune

Wrposbie ciryskObI JAI0T UTPOKAM IIMPOKUHN CIIEKTP BO3MOKHOCTEH. HeKoTopbIe CIIyK-
ObI IPUBA3aHbl K KOHKPETHOH 1aatdopme, HO /151 Kaxk 101 1maatgopMbl, Takoil kak PC,
CYILECTBYET MHOKECTBO BapHaHTOB BbiOopa. CaMoIl OILyISIpHOI, 0Ky, UTPOBOIL
caryx60i 1 PC, Mac u Linux siBsisgercs Steam, 1 MMEHHO [109TOMY OHA KCIIOJIb30Ba-
JIACH JIJIST IEMOHCTPAIINY TIPUEMOB UHTETPAIIMH B 9TOU TJIaBe.

OnHo U3 BaxkHEHIINUX pellleHuit, KOTopble IIPUJeTcs IPUHUMATD [lepejl MHTerpaluei
UTPOBO CJIysKOBI, — OTIpeIeJIeHIe CIocoda OPTaHU3aIH TPOTPAMMHOTO KOJIa, MPe/IHa-
3HAYEHHOTO /TSI KOHKPETHON UTPOBOI CITYKOBI. ITO BAsKHO, TOTOMY UTO TIPU MOCTELYIO-
1IeM [IepeHoce UTPbl Ha JAPYTYIO IIATHOPMY MOKET CILYYUTLCS TaK, YTO 9Ta 11aTdhopma
He TIO/IIEPKUBAET EPBYIO UTPOBYIO CIIy:KOY. PeluTh 3Ty 3a1a4y MOKHO MPU TTOMOTITH
UJIMOMBI yKa3aTeJs Ha peaju3aliuio.

KoopanHatust BCTYIIIEHUST B UTPY — BaskHast QYHKINS, HOALepKUBacMast GOJIbIINH-
CTBOM MTIPOBBIX caysk6. OHa MO3BOJISIET UTPOKAM COOPATHCST BMECTE, YTOObI HAUATh
urpy. B urpax Ha ocHoBe Steamworks urpoku cHauama HaxoasaT (hoiie UTPBI U BXOJST
B Hero. Korma Bee OyieT TOTOBOK K 3aMyCKy UTPbI, HTPOKU COCIMHSIIOTCS C CEPBEPOM
(B TOTIOJIOTHY «KJIMEHT-CePBEP» ) WU IPYT C APYroM (B TOIIOJIOTUM «TOYKA-TOUKA» )
U 3aTeM TOKU/AIOT (hoiie.

WrpoBbre cysKOBI TAKAKE YACTO TPEMOCTABISIIOT MEXAHU3MDI TTEPECHLITKH TTAKETOB C aH-
HBIMU JIPYTHM TIOJ30BATEISIM. TO OJHOBPEMEHHO JIaeT JOMOJTHUTEIbHYIO 3aIIUTY,
0CBOGOK/IAs UTPOKOB OT HEOOXOJAMMOCTH PAaCKPhIBaTh cBOM [P-anpeca, u 103B0OJsAET
UTPOBBIM CITYKOAM CAMOCTOSITETBHO BBITTOMHSTH OTIEPATIAH TTO TIPEOIOTEHUIO MAPTITPYTH-
3atopos ¢ NAT wiu perpancisunu nakeros. Ceresoil koa B urpe «RoboCat RTS» 6bin
U3MEHEH Tak, 4TOOBI OTIIPABKA JAHHBIX TIPOU3BOANIACH UCKITIOUUTETILHO CPEACTBAMME
Steamworks SDK. Kak nomosmuTenbioe mpenmyiiectBo SDK mpemoctaBiser MeTo
Ha/Ie)KHBIX B3anMozelicTBU. [lockobKy ocTaBKa MEPBOTO MaKeTa MOJIb30BATEIO MO-
JKET TIPOUCXOJIUTH C CYIIIECTBEHHON 3a/IEPIKKOIT 13-32 HEOOXOIMMOCTH OTKPBIBATD CEAHC,
polelypa HauaibHOU HacTpoiiku B «RoboCat» Gblia maMeHeHa, YT0ObI COeANHEHMUST
MESKTY Y3JIaMU YCTAHABJIMBAIICH TTPU TIEPEXOJIE B COCTOSTHUE <«TOTOB JI0 TOTO, KaK GyieT
3anyieH 06paTHbIN OTCUET Mepejl HaYaJOM UIPbI.

B unciie Apyrux TUMMYHBIX 0COOEHHOCTEN UTPOBBIX CIIYKO MOKHO HA3BATD TOIIEPK-
Ky CTaTUCTMKHU, Harpaj U pekop/oB. Peanusanus cTaTUCTUK B KJlacce GamerServices
OCHOBaHa Ha OOBSBJIEHUN BCEX BO3MOKHBIX CTATUCTUK BO BHeITHeM (aiisie Stats.def.
Irta nH(poOpMaIHS 3aTeM UCIIOJIb3YETCS BO MHOKECTBE MECT € TIOMOTIBIO X-MaKPOCOB,
GJiaroIapst 4eMy TapaHTHPYETCS COOTBETCTBHE MEKIY HePEUNCIeHIEM U MAaCCUBOM,
cojiepzKaluM MHGOPMAIIMIO O CTATUCTUKAX. AHAJIOTUYHBIN TTO/IX0/] UCII0JIb30BAH B pe-
aJIM3aliy HAarpaj 1 PeKOP/I0B.

Bonpochkl Ans noBTOpeHust

1. OnwummTe UANOMY «yKasaTesb Ha peanusaluios. Kakue npeumyiectsa ona gaet?
Kaxkue negocrarku nmeer?

2. Kakyo poJib urpatoT oOpaTHbIE BbI30OBbI B Steamworks?
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OnuiirTe IPUMEPHO, KaK JeHCTBYET IPOLEAYPa BCTYILIEHI B UTPY, UCIIOJIb3yeMast
B Steamworks.

Kakue nipenmyiiecTBa ¢ TOYKU 3pEHUS CETEBLIX B3aUMO/IENCTBUIL JlaeT UTPOBast
caryx6a’?

Onumure, Kak padoraer npueM X-makpoc. Kakue npenmylnectsa U Kakue Hezio-
CTaTKHU OH UMeeT?

Peanuzyiite knacc npenTUdUKATOPA MOJB30BATESA GamerServiceID 1 UCTIOTb3YTe
ero Kak 00epTKy s maeHTndnKaTopa Steam. 3aMeHNTe BCE CCHUTKN Ha WIEHTH-
(ukaTop Urpoka THa uint64_t CChIKAMU HA 3TOT HOBBII KJIACC.

Peasmsyiite kiacc GamerServicesSocket B cTuiie Kiacca UDPSocket, KOTOpBIiA OyzeT
ncnonp3oBath Steamworks SDK zyist otiipaBku qannsix. He 3a6y/bre mpesocTaBuTh
BO3MOKHOCTD BEIOUPATH MEKTY HAJIEKHBIMU U HEHA/IEKHBIMI B3aNMOJIECHICTBUSMU.
Wsmenunte NetworkManager Tax, 4TOOBI OH UCIOJIB30BAJ 3TOT HOBBII KJIacc.

. Peasusyiite MeHIO JIJIsT OTOOPasKEHUSI CTATHCTHK TEKYIIETO TOJb30BATES, & 3aTEM

peaJIHSyﬁTe BO3MOKHOCTD ITPOCMOTPaA CITMCKa PEKOPAOB.

[ANna AONOSIHUTENbHOMoO YTeHUs

Apple, Inc. «Game Center for Developers». Apple Developer. https.//developer.apple.
com/game-center/. lIposepeno 28 suBaps 2016.

Google. «Play Games Services». Google Developers. https://developers.google.com/
games/services/. [Iposepeno 28 sauBaps 2016.

Microsoft Corporation. «Developing Games — Xbox One and Windows 10». Microsoft
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O6nayHbIN XOCTUHT
0151 BblAE€NEHHbIX CEPBEPOB

CTpeMuTenbHoe pasBUTME U PacnpocTpaHeHne obnayHbIX TEXHOMOMMIA NO3BOJIMIO
Aaxe HebonbLWMM cTtyanam an06peTaTb 06ﬂaHHbIVI XOCTUHI ANnd CBOUX BblAeNeHHbIX
cepBepoB. bonblie He HY)XHO HAaAEeATbCS, YTO UFPOKWN C BLICTPbIMU MOAK/IIOUYEHNSMU
K IHTEpHETY pa3MecTsT cepBepbl Ha CBOMX KOMMbOTEpax. B 3Tol rnaBe Mbl paccMo-
TPpUM AOCTOMHCTBA U HEAOCTATKU, a TaKXXe€ METOAbl pa3MeLLeHNsA UTPOBbIX CEPBEPOB
B obnake.

PasmellaTb U1K He pasMellaTb

B Hauasie s1moxu OHJIAWH-UTP pa3MelieHre COOCTBEHHBIX BbIJIEJIEHHBIX CEPBEPOB OBLIO
HEIOMEPHO CJIOKHOI 3aaueil, /I PEIeHnsT KOTOPOI TpebGoBaIoch IPUOOPECTH U Ha-
CTPOUTDH OTPOMHOE KOJTMUECTBO KOMITBIOTEPHOTO «:KeJie3a», OPraHn30BaTh CETEBYIO MH-
(dbpacTpyKTypy ¥ HPUHATH Ha paboTy TeXHUYECKU nepcoHal. Jlxoboe je/o, CBsA3aHHoe
C VICTIOJIb30BAHUEM aINAPATHBIX CPEJICTB, SIBJISIETCS] BECbMa PUCKOBAHHBIM ITPETIPUATHEM.
Ecuiu BbI IepeotieHmin KoJIMIecTBO MOTEHITHATBHBIX UTPOKOB, BAITK CTOWKH C CEpBEPaMU
OY/IyT BXOJIOCTYH0 000TPEBaTh OKPYsKAoIIee IPOCTPAHCTBO. A BOT B CJIydae HEOOIEHKH
UTPOKH, OILJIATUBIIIHE YCJIYTH, HE CMOTYT TIOAKIIOYMTHCS K UTPE M3-32 OTPAHIMYEHHOI BbI-
YHCIUTEIbHOI MOLIIHOCTY MJIM IIPOILYCKHOM crioco6HOCTH. VI B pesy/ibraTe, OKa BbI 130
BCEX CHJI CTAPAeTeCh IIPUOOPECTH HOBEliIee 000PYI0BaHE, BAIIIA UTPOKU YXOJIST OT BAC,
MUIITY T OTPUIATEbHbBIE OT3bIBBI U PEKOMEH/IYIOT CBOUM JIPY3bsIM HE UTPATh B BAIIy UTPY.

Ho yskac tex gueit sakonuwicst. Vi3006uive peaioskeHuil, THOKIe [eHbl, 3aBUCAIIHE OT
apeH/[yeMoil BBIYUCIUTENBHON MOIITHOCTH, TIPE/ITIOAKEHNS OT TUTAHTOB YCIYT 0OJa4HOTO
XOCTHHTa, TakWX Kak Amazon, Microsoft u Google, — Bce 9T0 TO3BOJIIIO UTPOBBIM KOM-
MAHVSIM OTIEPATHBHO PEArnpoOBaTh Ha TPUTOK TN OTTOK UTPOKOB. CTOPOHHIME CIIYKObI,
takne kak Heroku u MongoLabs, ere 60siblire ynpouaioT pa3BepTbiBaHne, IPEJOCTaB-
JISIST YCIIYTH TI0 YTIIPABJIEHUIO CePBEpAMU U Ha3aMit TAHHbIX.
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C ucyesHoBenneM 6apbepa BXo/la Ha PHIHOK KaxK/Iblil pa3paboTInK MOKET PACCMOTPETh
BO3MOKHOCTH XOCTUHTA BBIIEJICHHBIX CEPBEPOB HE3ABUCUMO OT BEJMYMHBI KOMIIAHWH,
B KOTOPOiT ot paboTtaet. Ho, HecMOTPsI Ha OTCYTCTBUE HEOOXOANMOCTH 3apaHee BBIIETSTh
Cpe/ICTBa HA MTPUOGPETEHIE CEPBEPOB, YCIYTH 0OJIAUHOTO XOCTHHTA UMEIOT CBOU HEJIO-
CTATKH, O KOTOPBIX CJIeIyeT 3HATD!

u]

Caosknoctb. Cogepskanue GJOTUINN BbIAEJIEHHBIX CEPBEPOB HAMHOIO HoJiee CJI0XK-
Hasl 3a/1a9a, YeM TIPE0CTaBICHIE UTPOKAM BO3MOKHOCTI CAMUM Pa3BEPTHIBATH UTPO-
Bble cepBephl. Jae Ipu TOM, 4TO 00JIaYHbIA XOCTUHT IPE/JIAraeT BCIO HEOOXOAUMYIO
uHGPACTPYKTYPY U IPOrpaMMHOE obecIiedeHue 1JIst a/IMUHIUCTPUPOBAHNS, BaM BCe
elre MpUIETCs MIcaTh COOCTBEHHBII KO YIIPaBIECHUS POIECCOM U BUPTYaJIbHOM
MAaLIMHOMN, KaK OIMChIBAETCS HUKE B 9TOM riaBe. Kpome TOTO, BbI JOJKHBI Gy1ere
B3aUMO/IEIICTBOBATD C OJHUM WMJIU HECKOJBKIMU MOCTABIUKAME YCIYT 00JIa4HOTO
XOCTHUHTA N CBOEBPEMEHHO aZalITUPOBATHCA 10/ U3BMEHEHUA B IIPOTPAaMMHBIX MH-
tepdeiicax.

CroumocTb. Jlae Ipu TOM, YTO 0OJIaYHbIIi XOCTUHT 3HAYUTENLHO YMEHbIIAET aBaH-
COBBIE 3aTPAThl M 3aTPAThl HA IIEPCIIEKTHBY, OH BCE e He OeCIIaTHbINA. YBelTnuenue
UHTEpeca Co CTOPOHBI HTPOKOB MOKET TIOKPBITH YBEIMYHMBIIYIOCS CTOMMOCTD, HO TaK
ObIBaeT He BCerya.

3aBUCUMOCTbH OT TPETHUX JHI. Pasmenias CBOWO UTPY Ha cepBepax Amazon nuiu
Microsoft, BbI iepekJazibiBaeTe Bee 3a00Thl 06 yCTPaHEHUH TPOCTOEB Ha MIJIEUN STUX
Kommnanuii. HecMOTpsi Ha TO 4TO XOCTHHTOBbIE KOMIIAHUY MIPE/JIATAIOT TIOANUCATh
corsaienue 00 ypoBHe 00CIy KHBAHUS, TaPAHTHPYIONIee MUHUMATBHYIO TPOOJ-
JKUTEIBHOCTD PabOThI, 3TO €/1Ba JIM YTEIIUT UTPOKOB, OTAABIINX CBOM JIEHbTH, €CJIN
BCe CepBepbl BHE3AITHO CTAHYT HEJOCTYITHBI.

Heoskuaanubie M3MEeHEHH B aIAPATHOM OKPYKeHHH. [[0CTaBIUKY yCIyT XOCTHH-
ra 0OBIYHO TAaPAHTUPYIOT MPEOCTABIEHIE AlIAPATHBIX CPEJCTB, COOTBETCTBYIOIHUX
HEKVM MUHUMAJIBHBIM TpeboBanusiM. Ho 3T0 He MelmaeT UM MEHSITD anmapaTypy
6e3 MpenyIpeskAeHNs TIPU YCIOBUU COXPAHEHUS COOTBETCTBUS C YIOMSIHYTHIMU
MUHUMAJIbHBIMU TpeboBaHussMU. ECJIi BAPYT OHU BKJIIIOUAT B PabOTY KaKyIO-TO He-
OOBIYHYIO aMapaTHy0 KOHMUTYPAIHIO, KOTOPYIO BbI HE TECTHPOBAJH, 9TO MOKET
BbI3BaTh IIPOOJIEMBIL.

IToTtepst npmyacTHOCTH UTPOKOB. Ha paHHMX ATanax pa3BUTHS MHOTOTIOIb30BATEb-
CKUX UTD yIIpaBjieHne cOOCTBEHHBIM UTPOBBIM CEPBEPOM OBIJIO TIPEAMETOM TOPIOCTH.
ITO JIABAJIO UTPOKAM BO3MOXKHOCTD CTATh BAYKHO YaCThIO COOOIIECTBA U PEKJIAMH-
pOBaTh UTPbI, KOTOPBIE OHU Pa3BepThIBAIN y ceOst. Jlake CEeToiHsT 9Ta KyJIbTypa BCe
elre JKUBET B OTPOMHOM KOJIMYecTBe cepBepoB Minecraft, pasBepHyThIX MO BCEMY
mupy. Heocriopumble mpenmyiiecTBa MpuyacTHOCTH UTPOKOB YTPAYMBAIOTCH, KOT/IA
OTBETCTBEHHOCTH 32 PabOTY CEPBEPOB TEPEMEIIAETCST B 0OJIAKO.

OZ[HH.KO, HECMOTPA Ha CyHIECTBEHHDbIE HEAJOCTATKHU, UX MEPEBCIINBAIOT HEOCITOPUMbIE
IpenMyniecTBa:

a

HazexHocTb, MacHITaGUPYEMOCTD, BBICOKAsI TIPONMYCKHAS CIIOCOOGHOCTD cepBe-
poB. Vlcxosiast porycKHast CliocOOHOCTD 3aKOHOMEPHO 3aHUMAET TIEPBOE MECTO,
U HET HUKAKWX TapaHTHH, 9TO TPOBUHYTHIE UTPOKU CMOTYT HAPACTUTH MOIIHOCTD
CBOWX CEPBEPOB, €CJIU BAPYT KTO-TO €IIe 3aX0UeT TOUTPaTh B Bary urpy. Obmaumbrii
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XOCTUHT U XOpollas IIporpaMMa yIpaBJeHUsl CepBEPOM IIOMOTAIOT PeryJanpoBaTh
BBIYMCJIUTEIbHYIO MOIHOCTD CEPBEPA 0 Mepe HEOOXOIUMOCTH.

O IIpenorepanienue MomeHHnYecTBa. EC/in Bce cepBephl HAXOISITCS MO BAIIUM KOH-
TPOJIEM, BbI CMOJKETE rapaHTHPOBATh YCTAHOBKY Ha HUX HEM3MEHEHHBIX, 3aKOHHBIX
Bepcuii urp. To ecTb Bee Urpokn GyAyT AeiiCTBOBATD 110 OMHAKOBBIM TIPABUJIAM, He
3aBUCSIINAM OT PUXOTEH aIMIHUCTPATOPOB. ITO 0OECTIEUNT He TOJBKO TOCTOBEP-
HOCTb PaH;KUPOBAHUS ¥ PEKOPIOB, HO U MOCTOSTHHOE MPOABIIKEHIE UTPOKa B UTPE,
Kak, Haripumep, B «Call of Duty».

0O HenaBszuuBag 3amura OT KOMUPOBAaHUSA. 3a4aCTYIO UTPOKH MCIIBITHIBAIOT HETIPH-
SI3HDb K HABS3YMBON 3al[UTe OT KOITMPOBAHN 11 YIPABJIEHHIO IIpaBaMu Ha I poBoe
coxepskumoe (Digital Rights Management, DRM). OzHako B HEKOTOPBIX THIIaX
urp 6e3 DRM He 060#TUCDH, B TIEPBYIO OYEPEH ITO KACAETCS TEX UTP, KOTOPBIE KC-
TOTB3YIOT MUKPOTPAH3AKIINH [I7TsT TTOJTYYEHUs T0X0/a, Kak, Hanmpumep, «League of
Legends». OrpannumBast BO3MOKHOCTH Pa3MeTeH s UTPBI TOTBKO XOCTHHTOM KOM-
[aHUW, BbIJIEJIEHHBIE CePBEPhI (haKTHIECKN 06eCeYnBaIOT HEHABAZYUBYIO (hopMy
DRM. Bam He ipuieTcsi paciipoCTpaHsTh CEPBEPHbIE UCITOTHIeMbIe (halibl Cpen
UTPOKOB, UTO CYIIECTBEHHO YCJIOKHUT 3aIlyCK B3JIOMAHHBIX CEPBEPOB, KOTOPHIE
HE3aKOHHO PACKPBIBAIOT UGPOBOE COAEPKUMOE. DTO TaKKe TO3BOJIUT ITPOBEPSTDH
y4eTHbIE JJaHHbIE UTPOKOB.

Kak paszpaboTunmk MHOTOIOJIb30BATEIBCKUX UTP BbI, BO3MOKHO, HE JIMIICHBI MIPaBa
BbIOOpa xocTuHra. OQHAKO, YYUTbIBas GOJIBIION BEC MHEHMS UHKEHEPOB C PA3HO-
CTOPOHHUMHY HABBIKAMM, BBl JOJKHBI TOHMMATh BCE MOCAEACTBUS BAIIEr0 YIaCTUsI
B TaKOM BbIOOpe.

Ba)kHeMLne MHCTPYMEHTbI

PaccmarpuBast BO3MOKHOCTD pabOThI B HOBOM OKPYZKEHUH, B TIEPBYIO OUY€PEb OOpATHTE
BHIIMaHUE Ha HHCTPYMEHTBI, CO3/[aHHbI€ JIJIs1 9TOT0 OKPYsKeHHst. PazpaboTka cepBepHOTo
MPOrPAMMHOTO 0GeCTIeUueHUsT — 9TO GBICTPO Pa3BUBAIOIIASICS 00JACTH CO CBOUM HabO-
POM MHCTPYMEHTOB GhICTPOI pa3paboTku. CyiecTByeT MHOKECTBO SI3BIKOB, TIAT(HOPM
U TIPOTOKOJIOB, TIO3BOJISIIOIINX MOBBICUTH 3(h(PEKTUBHOCTH TPyAa Pa3pabOTINKOB cep-
BEPHBIX KOMIIOHEHTOB. Ha MOMEHT Harmicanust 5STUX CTPOK HAGJIIOIAIaCh OTPeie/IeHHasT
TeHeHINs K uciosb3oBanuio B ciaysxkbax REST API, dpopmara JSON 1 Node.JS. Bee
9TO — rHOKHUE ¥ MOMYJIsIPHbIe MHCTPYMEHTBI Pa3pabOTKK CEPBEPHOTO IIPOrPAMMHOTO
obecrieyeHrst, U TIPUMEPHI B ATOI TJIaBe OCHOBAHBI HA WX UCIIOJIb30BaHUU. Bbl MOsKeTe
BBIOpATD JPYTUe MHCTPYMEHTBI JIJIsT Pa3pabOTKU HA cepBeEPeE, PasMeINeHHOM B 00JIaKe,
HO OCHOBHBIE HJIEH OT 9TOTO HE U3MEHSITCSL.

REST

A66pesuarypa REST pacimdposbiBaercs kak Representational State Transfer (nepenaua
pernipeserTatuBHoro coctosgaus ). Marepdeiic REST nmomgep:kuBaeT mapajnrmy, coryac-
HO KOTOPOU BCe 3aMpOCHl K CEPBEPY AOLKHBI OBITH CAMOOCTATOYHBIMI U HE JIOJIKHDI
MOJIAraThCsT HA MIPEIBILYIIIE WU TOCJIEYIONIIE 3a11POChL. http — MpoTOKOII, JesKaruii
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B OCHOBe BceMMpHO# 1ayTHHbBI, — SABJIFETCA OTJIMYHBIM [IPUMEPOM BOILJIONICHUS 9TOM
ujien, u oromy tuninaabie REST APT ocHoBanbl Ha Hcnosb3oBaHuu http-3ampocos st
XpaHEeHUsI, U3BJICUCHNS U U3MEHEHUS JIAHHBIX Ha CTOPOHE cepBepa. 3ampochl MOChLIA-
orest ¢ ucnosb3oBanueM Hanbosee Tumudabix HTTP-meronos GET u POST u menee
tunuaibix PUT, DELETE u PATCH. HecMmotpst Ha TO 4TO GOJIBITHHCTBO ABTOPOB TIPE/-
JIATAIOT CTAH/APThI, TOYHO OTIPEIEISIONINeE CTPYKTYPY ucnob3oBanuss HTTP-3ampocos
st kBasmuraimun naTepdeiica REST, MHOrHE nHXeHepbl B KOHEUHOM UTOTE CO3/1ai0T
REST-nono6ubie mHTEPGDENCH, TIPEKPACHO OTBEYAOIINE TOTPEOHOCTSIM MOJIb30Ba-
Tesiell, HO He MPUAEPKUBAOIINECS B TIOJTHOM Mepe KaKoTo-1nb0 Habopa TpebGoBaHUi
REST. Crporo rosops, uarepdeiicet REST nosxusr ucnonbzosars HTTP-meTomb1
B HempoTuBopeunBoii MmaHepe: 3anpocbl GET — 171 u3Biiedenuns 1anubix, 3apochl
POST — s co3manmst HOBBIX KOMITOHEHTOB JIAHHBIX, 3arrpochkl PUT — st coxpanenus
JIAHHBIX B oTIpesiesieHHoM MecTe, 3artpockl DELETE — st yanenust 1anHbIX 1 3a11POCHI
PATCH — a5 HenocpejicTBEHHOTO PeJJAKTUPOBAHMS JIAHHbBIX.

OnHo u3 cyniecTBeHHbIX gocTonHcTB uHTepdeiicoB REST B ToM, uTo 00MeH yepes
HUX TIPOUBBOJIUTCS TIPEUMYIIECTBEHHO TEKCTOBBIMU IAHHBIMH, TO €CTh IAHHBIMY B UH-
TaeMOM BH/le, IPUTOJHBIMU JIJIsT aHAJIM3a U OTJaJKi. Kpome TOro, OHU UCIIOJB3YIOT
npotokoa HTTP, xotopsiii, B ¢cBOIO 0Uepeb, UCIOAb3YeT TPAHCIIOPTHBIN TTPOTOKOJI
TCP, u moToMy OHUM 00eCeunBaT HaJeKHOCTh B3anMoaeiicTeuii. CaMmomocTaTou-
Hag npupoga sanpocos REST ynpomaer otnaaky u obocuosbiaer Bbi6op REST
Kak OCHOBHOU Mozesu APT it coBpeMeHHBIX 06auHbIxX cry:k0. BoJee moapobHyo
nabopmanmio o ctusne narepgeiicos REST n nmpeanoxkeHHBIX TPOEKTaxX CTAaHIAPTOB
REST moxxHO HaiiTH B pecypcax, IepeuncJeHHbIX B pa3fene «/[Js J0moJIHUTeTbHOTO
YTEHUST> B KOHIIE IJIABBI.

JSON

B konue 1990-x — navane 2000-x XML 6611 06bsABIEH YHUBEPCAIBHBIM (hOPMATOM
oOMeHa JIAHHBIMHU, KOTOPBIA U3MeHUT MUP. VI OH HAYaJl U3MEHSITH MUP, HO COJEPIKAI
CJIMIITKOM MHOTO YTJIOBBIX CKOOOK, 3HAKOB «PaBHO» W 3aKPBIBAMOIINX TETOB, YTOObI
yJiep;KaTbcsl Ha TpoHe. B HacTosiiee BpeMs Bee yaie ucroabdyercs JSON — HOBbIN
yHUBEpcaNbHbIN (hopmar o6Mena ganubiMu. Daxruuecku hopmar JSON (pacumdposbi-
Baetcs Kak JavaScript object notation — dbopma 3amicu 00beKTOB JavaScript) siBistercst
HOAMHOKeCTBOM s3biKa JavaScript. O0bexT, npeobpasosatnblii B popmar JSON, nmeer
WUMEHHO TOT BUJI, KOTOPbIi HeOOGX0AMM UHTEpTpeTaTopy JavaScript, 4toObl BoccosaaTh
€ro. ITO TEKCTOBBII (hopMaT, TaKoii JKe JierkounTaemblii, Kak XML, HO ¢ MEHBIINM KO-
JdecTBOM TpeboBanuil K 0hOPMIIEHHUIO U HATMUYHIO 3aKPHIBAIOIINX TETOB, YTO JIEJIAET
ero 6GoJiee TTPOCTHIM JJIsI UCCIIE0BAHUS U OTJIajiki. KpoMe Toro, Tak Kak JaHHbIE B 3TOM
(bopmate ABIAIOTCS TOTYCTUMBIM KOJOM Ha S3bIKe JavaScript, X MOKHO BCTaBJSATh
HEIOCPeJCTBEeHHO B IIPOrpaMMbl Ha JavaScript /7151 oTIanKu.

JSON npexpacHo cripaBiisieTcst ¢ posbio (popMara faHHbix 7151 3aripocoB REST. Ykazas
HTTP-3aronoBok Content-Type co 3nauenueM application/json, B 3arpocax POST,
PATCH wunu PUT wmosxno nepenasats fannbie B hopmate JSON nim Bo3Bpamarth nx
B orBeT Ha 3anpockl GET. JSON nojiep;knBaet Bce OCHOBHBIE TUIIBI JAHHBIX SI3bIKA
JavaScript, Takue Kax JOrH4ecKie, CTPOKOBbIE, YHCIOBbIE 3HAUCHUST U OO BEKTHL
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Node.J]S

OcuoBannbiii Ha peamusaiuu Google V8 JavaScript, Node JS npeacrasiser coboii
OTKPBITHII IBUKOK, TIPETHAZHAYECHHBII [[JIsT PEIU3AIMH CEPBEPHBIX CIIYKO Ha SI3bIKE
JavaScript. Beibop si3bika OIpeiesisicst sKeJaHneM YIPOCTUTh pazpaboTKy Beb-caiiToB
¢ nopuepxkoit AJAX, BeG-unTepdeiic KOTOPBIX Pealn3yercs ¢ IpUMeHeHneM JavaScript.
Bnaromapst npuMeHeHUTO OIHOTO S3bIKa TPOTPAMMUPOBAHUS HA CTOPOHE cepBepa U KJIu-
eHTa pa3paboTUYMKU MOTYT ITMCaTh (DYHKIU, KOTOPbIE JIETKO TIEPEHOCSTCS MEKILY YPOB-
HAMM UM COBMECTHO MCIIOJIb3YI0TCs nMu. Vies 3aBoeBasia mMomyJisspHOCTb, 1 BOKPYT
npoexTa Node crutoruioch obmmpHoe coobiecTBo. OT4acT CBOMM YCIIEXOM JABHKOK
00s13aH OIPOMHOMY YHCJIYy OTKPBITHIX [TAKETOB, CO3IaHHBIX JIJIST HETO, UX JIETKO YCTaHO-
BUTD C IIOMOLIBIO ducnemuepa naxemos Node (Node Package Manager, npm). I[Toutu Bce
usBectHble cayxk0bl ¢ REST API Briouaior o6epriu nakeros Node, yipoias B3aumMo-
JefCcTBIE ¢ MHOTOUHCJIEHHBIMU MOCTABIUKAMK OOJJAYHBIX YCITYT.

Cam nBukok Node peaimsyer OZHOIIOTOUHOE OKpY KeHHe JavaScript, yipasisemMoe co-
Gbrrusivu. Lluksr 06paboTku coObITHIT IEHCTBYET B IJIABHOM MOTOKE BBITOJHEHUS — TIPaK-
THUYECKH TaK jKe, KaK B BUICOUTPE, — W MEPEIAET BXOSIIIE COOBITHSI COOTBETCTBYIOIIIM
o6paboTyrkaM. U 06pabOTINKU, B CBOIO OUEPE/h, BHITIOMHSAIOT MPOIOKUTENbHBIE
3a1pochl K (HailyioBoii cucteMe UM K BHEITHUM CJIy/KOaM, TAKMM KaK 6as3bl IAaHHBIX W
cepBepbl REST, KoTOpbie BBITIOIHSIOTCS KaK aCHHXPOHHbBIE 3a/[aHUST B TIOTOKAX BBITIOJI-
HEeHMs, He cBA3aHHbIX ¢ JavaScript. [Toka 3azanns npoo/KkaioT BLIIOTHATCA, YIIpaB-
JIeHVe BO3BPAIIAETCS B TJIABHBIII TOTOK BBITIOJIHEHUS JI7ist 0O0PabOTKHU JPYTUX BXOJSIIIX
cobbITuii. Korjia aciHXpOHHOE 3a/[aHIE 3aBEPIIAETCST, OHO MOCHLIAET COOBITHE B IJIABHBIIL
TIOTOK BBITIOJTHEHST, YTOOBI TIMKI COGBITUI CMOT BBI3BATh COOTBETCTBYIONINE 06paboT-
unk Ha JavaScript. aue roBopst, Node mipeioctaBiisier OKpy:KeHue, Pe0TBPAIIAOIee
HOMAaHNE B COCTOSTHUE «TOHKI» M BMECTE ¢ TeM obecIieunBaiiee HeOJIOKUPYIOIIee
aCHHXPOHHOe 1ToBe/ieHne. biiarofaps 9TuM ¢BOMM CBOMCTBAM JIBUKOK SBJISAETCS IVIABHBIM
KaHIUIAaTOM [JIs peajiu3alii CIysk0, oOpabaThiBaiomux Bxoasiue 3anpocsl REST.

Node pacrpocrpansiercs co BerpoernbiM cepsepoM HTTP, Ho 3a1aun JeKoAMPOBaHUs
Bxomammx HTTP-3anpocos, 3arosloBKOB 1 apaMeTpoOB W UX MapIIPyTHU3AINS MEKITY
COOTBETCTBYIONMME (QDYHKIMAME JavaScript 00bIYHO OCYIIECTBIISIIOTCS OJHUM U3 OT-
KpbITHIX TakeToB Node, crieluajinsupoBaHHbIX g 970 1enu. Express JS — opun u3
TaKUX [AKEeTOB, 1 UMEHHO OH OY/IeT UCITOJIb30BaThCs B IpUMepax B aTol riraBe. CCbLIKU
Ha JONOJHUTENbHYIO nHbopManuio o nakere Express JS u asuskke Node JS MoxHO
HAlTH B CIIUCKE PECYPCOB B pasjieie </l TOTOJTHUTETbHOTO YTCHUS ».

0O630p 1 TEpMUHOOIUS

C TOYKM 3PEHUsT UTPOKA, 3ATTYCK CEPBEPHOTO TIpoTiecca B 06IaKe T0JIKEH MPOUCXOIUTh
He3aMeTHO /i Hero. Kora urpox skejiaeT BCTYIUTD B UTPY, KJAUEHT UTPOKA 3aIpaliu-
BaeT uHbopMaIuio 06 UTpe B KOHEYHON TOUKe CTysKOBI KoopauHanui. KoHeumnast Touxa
BBITIOJTHSET MOVCK U, €CJIM He HAXOUT 3aTPOTIEHHYIO UTPY, OJKHA KAaKIM-TO 00paszoM
3anycTuTh HOBBIHN cepBep. [locse aToro ona Bo3spaiaet kiauenty IP-anpec u Homep
1IOPTa HOBOI'O 9K3eMILIsApa cepBepa. Jlajee KJIMeHT aBTOMATUYECKU [10IKII04aeTCs
K YKa3aHHOMY aJ[pecy, 1 UTPOK BCTYTIAeT B UTPY.
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MozkeT ToKa3aThest 3aMaHYMBBIM OOBEIMHUATD TIPOIE/YPY KOOPIMHAIINH C PA3BEPTHIBAHNU-
€M BBIJIEJIEHHOTO CepBepa B OJIMH (DYHKIIHOHAIBHBIN MOLYJIb, ITO YMEHBITUT 00BEM KOZIA
1 JIAHHBIX U JIa’Ke HEMHOTO YBEJIMIUT MTPOU3BOAUTETLHOCTD, OTHAKO MBI PEKOMEHIyeM
PasJIeNUTh UX, XOTS OBI TIOTOMY, YTO Y BAC MOJKET BOSHUKHYTH TIOTPEOHOCTD BHEAPUTH
B CBOIO CUCTEMY BbIJIEJIEHHBIX CEPBEPOB OJIHO UJIN HECKOJIBKO CTOPOHHUX PEIEHUH KOOP-
nuHarmm. Ho faske ecvt CTy/Ivist IOZIEP;KUBAET CBOU COOCTBEHHDIE BHIIEJIEHHBIE CEPBEPHI,
ATO €lIle He 03HAYAET, UTO HEJIb3sT BOCMOIBL30BAThCS TPEUMYIIECTBAMU CTOPOHHUX Peliie-
HUiT KoopauHaIuH, Takux Kak Steam, Xbox Live uim PlayStation Network. B Hexotopbix
caydastx (B 3aBUCUMOCTH OT TTATGOPMBI, /7T KOTOPOH BeeTCsT pa3paboTKa) 9TO MOKET
OKa3aThCs 00S3aTEMBHBIM YCa0BHEM. [I09TOMY MBI PEKOMEH/LYEM JIEPKaTh MOZYJIb Pa3-
BEPTHIBAHUSI CEPBEPA OT/IEJIBHO OT BAIIEr0 MOLYJISt KOOPAUHAIUHL.

ITocute Toro kak cucrema Pa3BEPTHIBAHUA 3aBEPIIUT 3aITyCK HOBOT'O CEPBEPaA, OHaA TOJIZKHA
3apPETUCTPUPOBATDH €r0 B CUCTEME KOOP/IMHAIINN TaK, KaK 3TO cAeJtall OBl WTPOK, pa3-
MECTHUBIINI I/IFpOBOfI CepBEP Yy ceb4. ITocsie aToro cucrema KOOp/iIMHaIlUM CMOJKET 1O/~
KJIIOYaTh UTPOKOB K 9K3EMILJIAAPAaM CEPBEpPa, a Ballla obJlaunas cucreMa Pa3BEPThIBAHUA
CMOJKET COCPENOTOUYNUTHCA Ha PETYJIMPOBAHUN ITPONU3BOANTEIBHOCTU IK3EMILJISAPOB UT'PBI
110 Mepe HGO6XOHI/IMOCTI/I.

JK3eMnnsp UrpoBoro cepeepa

ITpeskie ueM MPOAO/IKUTE OOCYKICHNUE, JaBaiiTe KOHKPETU3UPYEM TEPMUH «CEpPBEP»,
uMerolleil B Hallle BpeMsl CJMIIKOM ITUPOKUH clieKTp 3HayeHuid. MlHoraa noa repMuHom
«CcepBep» TOAPa3yMeBACTCS IK3EMILIISAP Kiacca B IPOTPAMMHOM KO/1€, MOZIEJTUPYIONIHI
e/IMHCTBEHHYIO NCTUHHYIO BEPCHUIO NTPOBOTO MUPA 1 MEPEA0IINI eT0 COCTOSTHNE KJIN-
enTaM. MHorza o HUM 1107ipazymMeBaeTcs Ipolece, OXKUAAIONINHI BXOAAIINX 3aIIPOCOB
Ha Coe/IMHeHMe U CoJIepsKalliiil yIIOMSIHYTBI BbIIle 9K3eMILIIp Kiaacca. Ho B HeKoTopbIx
CITyJasx Ol HUM TTO/Ipa3yMeBaeTcst (hU3nIecKoe «Keyie30», Ha KOTOPOM BBITTOJTHIETCS
HEeKUH 11poliecc, Kak, HallpuMep, Bo (hpase: «1101cunuTaTh, CKOJIBKO CEPBEPOB MOXKHO pas-
MECTHUTD B 3TOH CTOHKe».

Yt0o0bI M36€KATH MY TAHUTIBI, TEDMITH CEPEEPHBLIL IKIEMNLSAP UePbL, UITH TIPOCTO IKICMNISD
uzpwl, B ITOM TaBe GYIET NCTIOMB30BATHCS /75T 0003HAYEHMST CYTITHOCTH, MOJIETHPYIOTITETt
UTPOBOII MUP U PaCChLIAOIIEI €ro COCTOSAHME KaueHTaM. Vjies 3akaoyaercs: B TOM,
4TOOBI 0003HAYUTD EIUHCTBEHHYIO PEATbHOCTD, UCIOJIB3YEMYTO TPYIIION UTPOKOB JIJIsT
COBMECTHON WTPBIL. Ecom Bama nrpa noaaepKuBaeT BOSMOKHOCTD y4aCTHA B 6I/ITB6 10
16 UTPOKOB, TOT/IA CEPBEPHBIN HK3EMILIISIP UTPbI OY/IET 3aITyCKATHCST [Tt MOJIETUPOBAHST
6utsbl ¢ 16 urpokamu. B «League of Legends» wa yposte «Summoner’s Rift» B urpe co-
CTA3AI0TCST KOMAH/IBI 5 Ha 5. B TepMUHaX KOOPAMHAIIN 9TO eduncmeenbii mamy (6UTBa).

MrpoBoit cepBepHbIi npoLecc

DK3EMILJISIP UTPHI HE MOKET CYIIECTBOBATH B IycToTe. OH JKMBET B CEPBEPHOM UTPOBOM
mpoiiecce, KOTOPbI 0OHOBJISIET €T0, YIIPABJISIeT KIUEHTAMU, B3AUMOJIEICTBYET ¢ orre-
PALMOHHOIT CHCTEMOI U [IeJIaeT BCE OCTANBHOE, YTO OOBIYHO AEJIAI0T IPOIECCHL. ITO —
BOILJIOIEHUE UTPHI B OTIEPAIlMOHHON cucTeMe. Bo BceX mpenbIyuX riaaBaxX MOHATHS
WUTPOBOTO CEPBEPHOTO TPOTIecca U IK3eMILJIsIpa UTPBI HE OTAENSINCH IPYT OT IPYyTa,
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MOTOMY 4TO MKy HUMHU OBIIIO TIPSIMOE cOOTBeTCTBHE. Kask/blil cepBepHbIil HTPOBOIA
IPOLIECC OTBEYAI 32 00CIYKUBaHIE €IMHCTBEHHOTO 9K3eMILIsipa Urpbl. OHAKO B MUpe
XOCTHHTA BBIJIEJIEHHBIX CEPBEPOB 3TO COOTBETCTBHUE MEHSIETCS.

HpaBI/I]IbHO CKOHCprI/IpOBaHHHﬁ KO/] MO3BOJIUT €EANHCTBEHHOMY ITPOIECCY YIIPABJATH
MHOKECTBOM 9K3EMILJISIPOB UTPHI. HpI/I YCJI0BUH, 4TO IIpOIecC O6C]Iy>KI/IB8.€T Ka)KlIbeI IK-
3EMILIAP OTAEJIbHO, ITPUCBANBAET KaKIOMY yHHK&JIbeIfI HOMED TIOpTa 1 HE CMENINBAET
N3MEHAEMbIEC NaHHbIE MEIK/LY IK3EMILJIAAPDAMU, B O/THOM ITPOIIECCE MOJKET 6HaI‘OHOJIy‘-IHO
COCYHIECTBOBATb MHOKECTBO MT'POBBIX MUPOB.

O6cnyR1BaHMEe HECKOJIBKUX SK3EMILISIPOB OJIHUM TIPOIIECCOM MOKET OKa3aThest ahdek-
THBHBIM PETTEHUEM JIJIST PA3MEITEH ST MHOKECTBA UTP, TIOCKOJIBKY TTO3BOJISIET 0OECTIEUNTD
COBMECTHOE WMCTIOIb30BaHNE HEU3MEHSIEMBIX PECYPCOB HOJBIIOTO 06heMa, TAKUX Kak
reOMEeTPUS CTOJIKHOBEHU I, HABUTAITMOHHbIE MEIITU U IaHHbBIE /7151 annMaiuu. Korza ak-
3eMILISIPBI UTPBI AEHCTBYIOT B CBOUX COOCTBEHHBIX TIPOIIECCaX, KaK/IbIil U3 HUX XPaHUT
CBOTO KOTIHMIO ATUX JIAHHBIX, YTO MOJKET BBI3BIBATD 3aBBINIEHHBIE TPEOOBAHUSA K 0OBEMY
namMaTu. VITpebl, TT0/1epsKUBAIONINE OHOBPEMEHHYIO PabOTy HECKOJIBKIX 9K3EMILISAPOB
UTPBI B OJTHOM IPOIECCE, TAKKe MOTYT M3BJIEKaTh JOMOJTHUTEIbHbIE BBITOBI 13 OOJIee
TIOJTHOTO YTIPABJICHUS TIAHUPOBAHUEM: BBITIOJHSIST UTEPATINH TI0 HK3EMILIPAM U 0GHOB-
JIEHVSIM, OHU MOTYT FapaHTHPOBATH O0JIee PABHOMEPHOE PACIIpe/ieJieHIe BDEMEHU MEKILY
IK3EMILIIpaMI. B cirydae ¢ MHOJKECTBOM TIPOTIECCOB MPENOCTABUTD OMOOHDBIE TADAHTHI
MPaKTHYECK HEBO3MOYKHO, TAK KaK PEIIeHIe O TOM, KOT/Ia M KaK1e TIPOIeCChl 3aITyCKaTh,
MPUHUMAET TUIAHUPOBIIUK OMEPAIMOHHON CUCTEMBL. DTO HE SIBJISIETCSI TPOOJIEMOT, HO
BO3MOJKHOCTH GOJIee TIOTHOTO KOHTPOJISI HHOT/IA OKa3bIBAETCST BECHMA KCTATH.

Cy1iecTBeHHBIE TTPEUMYTIECTBA PEIIEHU C TO/IEPKKON HECKOTbKUX 9K3eMIIJISIPOB
MOTYT MOKa3aThCsI OU€Hb ITPUBJIEKATEIbHBIMU, HO UMEIONINECS HEOCTATKU TAKOTO
MO/IX0/Ia OKA3bIBAIOTCS HE MeHee CYIeCTBeHHBIMU. Ecyi Mpon3oi/ieT aBapusi B OTHOM
9K3EMIIJISIPE, 3aBEPITUTCS BECh TIPOTECC — CO BCEMHU JIEVCTBYIONUMU B HEM 9K3eMIIIIsIpa-
M urpbl. CyILecTByeT BEPOATHOCTD TOT0, YTO OTAE/IbHBII 9K3EMILISP IOBPEAUT OOLINI,
Kak IpejrosaraeTcss HemsMeHsieMblil, pecypc. HanpoTus, ecim Kask/bIil 3K3eMILISP
UTPBI IEHCTBYET B COGCTBEHHOM BBIZIEJIEHHOM IIPOIECCe, MOBPEKICHHBIN M aBapuii-
HBII DK3EMILISIP 3aBEPIIAT TOJIbKO caM cebst. Kpome Toro, nmporeccsl ¢ eAnHCTBEHHBIMI
HK3EMILISIPAMU UTPBI MPOIIE TTOMAA0TCS 0OCAYKUBAHUIO U TeCcTUPOBaHMo0. OGBIYHO
UH/KeHepaM, pa3pabaThiBAIOIUM CEPBEPHBIN KO/, ISl TECTUPOBAHMS U OTJIAIKU 0~
CTATOYHO €JIMHCTBEHHOTO AK3eMILIsIpa UTPhL. Eciiu mipoiiecc mo/ijiepKuBaeT HeCKOJIbKO
3K3EMIJITPOB, a MHKEHePbI He 3aITyCKaloT UX, MHOTHE BeTBU B KOJIe OCTAIOTCS HEOX-
BaueHHBIMU BHUMaHHEM Pa3paboTYMKOB. XOPOIIas IPYIa TECTEPOB ¢ TOAPOOHBIM
1 OCHOBATEJbHBIM TIJIAHOM TECTUPOBAHUS UCITPABUT 3TOT HEJOCTATOK, HO OHU HE CMOTYT
3aMEHUTB TIOJIHBII OXBAT BCEX Iy Tell BBHIMOIHEHNST THKEHEPAMU, BEAYITUMHU Pa3paboTKy.
[To aTu™m mprumHaM Ha TPAKTHUKE YaCTO UCTIOTH3YETCs PElIeHNe ¢ OJTHIM 9K3eMILIISIPOM
UTPBI B CEPBEPHOM UTPOBOM IIPOIIECCE.

WrpoBoii cepeep — MalUMHa

Tak e Kak 9K3eMIJISP UTPHI JOJKEH HAXOMUTHCS B CEPBEPHOM UTPOBOM IIPOTIECCE,
CepBEPHBIN UTPOBOI TIPOTIECC /IOJKEH BBITIOTHATHCS HA UTPOBOM cepBepe-MallinHe,
U TaK JKe KaK B OJTHOM TIPOIIECCE MOJKET JIEHCTBOBATH HECKOJIBKO HK3EMILISIPOB UTPbI, HA
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OJTHOH MaIlluHE MOJKET BBIMOJIHSATHCS HECKOIBKO TIPOTieccoB. Buibop uncsia mporeccos,
JEHCTBYIONINX HA OJTHOU MAIIIHE, OMPEEJISIETCST TPEOOBAHUSIMU K [TPOU3SBOAUTETHHOCTH
KOHKPETHO UTphl. [[J151 MaKCUMaJbHOW TIPOU3BOIUTEIBHOCTA MOKHO 3aITyCTHTh €/[UH-
CTBEHHBII ITPOIIECC HA MAIITITHE. JTO FAPAHTUPYET, YTO BCE PECYPCHI, BKJIIOUAsT TIPOIIECCOP,
rpaduueckuii mporeccop u O3V, OyyT OTAAHBI B TIOJHOE PACIIOPSIKEHITE UTPOBOMY
nporieccy. OTHAKO Takoe peleHne MOKET OKa3aThCsI CAUIIKOM PacTounTeTbHBIM. Ha
Kak/[0f MammHe JeficTBYeT Takske onepainuontas cucrema, a aodas OC sapisgercst
CePbE3HBIM MOTPEOUTETIEM PECYPCOB.

HNcmomp3oBarme yaukaabioin OC /st 3amycka eIMHCTBEHHOTO TIPOTECCa, OCOOEHHO eCTH
B 9TOM TIpoTiecce JIeHCTBYET eJIMHCTBEHHBIN AK3eMIIJISIP UTPBI, MOKET CTaTh CJAUIITKOM
JIOPOTMM YZI0BOJIbCTBUEM. K cUacTblo, olepaiioHHble CUCTEMbI TIOJ/IEP;KUBAIOT OJIHO-
BPEMEHHYIO pabOTy Cpa3y HECKOJIBbKUX TTPOIECCOB ¥ 3ATHINAIOT UX TTIAMSIT, TPETIATCTBYST
MTOTIBITKAM 3aITCH B HEM3MeHsIeMble Pecypchl IpYT pyra. B coBpemeHHO oniepanon-
HOI1 crucTeMe BeCcbMa MaJio BEPOATHO, YTO aBapHsl B OZIHOM IIpoIlecce BBI3OBET aBAPUIO
B JIPYTOM IIpoIfecce Ha TOM JKe UTPOBOM cepBepe-MarnHe. [lostomy ¢ hmHAHCOBOI TOUKN
3peHUs IIPaBUJIbHEe 3aIlyCKATh CTOJIbKO CEPBEPHBIX UTPOBBIX IIPOILIECCOB Ha Kax10i
CepPBEPHOIT MalllnHe, CKOJIBKO MO3BOJISIT TPEOOBAHUSI K TIPOU3BOIUTEIbHOCTU. 3aTPAThI
Ha HACTPOHKY ITPOM3BOIUTENBLHOCTH cepBepa 1 yBemmdernre O3Y MoryT MHOTOKPAaTHO
OKYTTUTLCSI, €CITH 3TH MEPBI TTO3BOJISIT 3aMTyCKATh OOIBITE UTPOBLIX MPOIECCOB HA OTHOM
1 TOH JKe cepBepHOI MallliHe.

MOYEMY BUPTYAJIbHbIE MALLUWUHbI?

MoXeT MoKa3aTbCst CTPAHHOM HEOBXOAMMOCTb YMaKOBKM BblIGpaHHOM BaMM OMepaLMOHHON Ch-
CTeMbl ¥ UFPOBOrO NpoLiecca B BUPTYasibHYO MaLUMHY TOSIbKO 3aTeM, YTo6bl MONy4nTb YCIyry
06/1a4HOr0 XOCTUHra. B AECTBUTENBHOCTM BCE O6BSCHSIETCS MPOCTO: BUPTYasbHblE MalUUHbI —
OT/INYHBIV CNOCO6 ANsi MOCTaBLUMKOB YCNyr 061a4yHOr0 XOCTMHIa pacnpeaenuTs CBOW BblUMC-
JIUTENbHbIE MOLLHOCTM MeXZay KaueHTamu. B Amazon oauH 16-s4epHblii KOMMbIOTEP MOXET
3arnyckaTb YETbIpe BUPTYasibHble MaluHbI ¢ urpoi «Call of Duty», kaXxaas U3 KoTopbix TpebyeT
4 appa. Mo 3anpocy Ha CHWXXEHWE BblYMCIUTENBbHON MolHocTH Ans «Call of Duty» B onpeae-
NEHHble Nepvoabl CyTOK Amazon MOXET OCTaHOBUTb ABE U3 HKX, 0CBObOXAas HeAoWUCronb3y-
eMmble annapaTHble pecypcbl. Ecnn oT Electronic Arts npuxoamT 3anpoc 3anyCcTuTb 8-S4AepHYto
MalunHy «Sim City», Amazon MOXET 3arnyCTUTb €€ Ha TOW e anmnapaTtype, YTo ocBoboanIach
nocne OCTaHOBKM ABYX BUPTyasbHbIX MawwmH «Call of Duty», n ¢ MakcuManbHoOW BbIFOAOW MC-
Nnonb30BaTh CBOW pecypchl.

BupTyasnbHble MalLMHbl TaKXKe YA0BHbI AMs 6bICTPOro pelleHust Mpo6ieM C BbIXOAOM annapaTypbi
13 CTposi. Tak kak 06pasbl BUPTyasibHbIX MallmMH coaepat OC v MPUIOXKEHUE KaK OAHO LIENOE,
MOCTaBLUMK YCIYT MOXET 6bICTPO PeLLNTbL NPo6/ieMy, MPOCTO NMEPEMECTUB BUPTYasibHbIE MALIMHbI
C 0AHOro (h13MYECKOro CEpPBEPA Ha APYroW.

Annapatypa

CepsepHoii UrpoBoii MatmHe B 06JIaKe He 06513aTeIbHO COOTBETCTBYET (hU3NUECcKast arl-
naparHast efuHuIE. Jaiie 00pasamiu Mawun SBISTIOTCS supmyaivivie mawunst (Virtual
Machine, VM), MOIIIHOCTh KOTOPBIX MOKET YBEJIMUUBATHCS WU YMEHBIIATHCS IO
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skeslaHuio. VIHOT/Ia BUPTyasibHAsI MallTHA Pa3MeNaeTcsl B INHCTBEHHOM 9K3eMILIsIpe
Ha (hU3MUECKOIl MalllnHe, MHOT/IA pecypehl (husnueckoil Matuabt ¢ 16 sapamu u Gosiee
TETSIT MEKIY COOOM HECKOTBKO BUPTYATbHBIX MAMIUH. B 3aBUCHMOCTH OT BHIGPAHHOTO
MOCTABIIUKA YCJIYT 00JIAYHOTO XOCTHHTA U BAIIero OI0/IKETa y BaC MOKET HE OKa3aThCst
BapUAHTOB BBIOOPA JJIsI Pa3MEIIEHIsI BUPTYAIbHBIX MAITIH. B cirydae HEBBICOKOI apeH -
HOW TJTaThl OHU TIOYTH HaBEPHsIKA OY/IyT ACJUTh MEKIY cOOO0I almapaTHbie PECypChl
OIHOI (DU3MYECKOI MAITUHBI I MOTYT TIPUOCTAHABJINBATHCS, KOTJIA HE UCTIOTB3YIOTCS
B T€UEeHUE HEKOTOPOTO BPEMEHHU. ITO MOKET CKA3aThCs HA YCTOMYUBOCTH PabOUMX
XapakTepHucTHK. bosiee BICOKasT apeHAHAS TIaTa MO3BOJIUT BaM YKa3aTh JKeJaeMyto
aTIapaTHyo KOH(UTYPaIuio.

JIoKanbHbIN AucneTyep
CEpBEPHbIX NPOLECCOB

Cucreme 06Ja9HOTO cepBepa HEOOXOANUM CIOCO0 3aITyCKaTh CEPBEPHBIE UTPOBBIE MTPO-
[[eCChl HA WTPOBBIX cepBepax-MalllMHaX U CIeAUTh 32 HUuME. CepBepHbIe MallliHbI HE
MOTYT IIPOCTO 3aMyCTUTh MAKCUMAJIbHOE YICJIO UTPOBBIX IIPOLIECCOB BO BPEMSI 3arPy3KH
U OKKaTh, YTO 9TH IIPOIECCH OyAyT paboTaTh BCe BpeMs, MoKa paboTaeT caMa Mallly-
Ha. JII060i1 1Iporece MOKET MOTePIeTh aBapuio B 000 MOMEHT, U ¢ TOI0O MOMEHTA
BUPTyaJbHas MallHa OyaeT HeJ0KUCIIOIb30BaTh BblAeJIeHHbIe eii pecypchl. Kpome
TOTO, IaJKe B CAMBIX TIATEJIHHO CIIPOEKTUPOBAHHBIX UTPAX YTEUKH TTAMSITH MOTYT OBITh
oOHapPY KeHbI HETIOCPEJACTBEHHO Tepe/] TIOCTAaBKON 3aKa3urKy. Eciin gaTa mocTaBKu He
MOZKET ObITh M3MeHeHa, MHOIA IIPUXOUTCA Pa3BePThIBATh CEPBEPHL, B KOTOPHIX Yepes
pasIMYHbIe «OTBEPCTH» YTEKAeT 10 HECKOJAbKUX MerabaiiT. YToObl HeOOIbIINe YTEYKI
He HAKaIUTUBAJIMCh 1 YTOOBI H36eKaTh MPOOJIEM 13-32 HEKOPPEKTHOTO 3aBEPIIEHUS UTPBI,
IPUHATO OCTAHAB/IMBATD U IIePe3allyCKaTh CePBEPHBIE IPOLECCHI B KOHIIE KAXKI0U OUTBbI
WJTA MATYa, €CJIH 9TO BO3MOKHO.

JlJist KOPPEKTHOTO 3aBEPIIEHUsT CEPBEPHOTO MPOIEcca BUPTYaIbHON MalllnHe Heob-
XOAUM cI10co0 co3JaHus ero pesepBHoil konuu. Eif Takske HYsKeH cI10c06 HaCTPOITKU
rporiecca UCXO0/Isl U3 TUIIA UTPBI, KOTOPYIO XOTST HAYaTh UTPOKU. A JIJIsT TOTO HAJIEXK-
HOII crcTeMe MOAIEPKKU HEOOXOAUM MEXaHU3M, [IOCPEJCTBOM KOTOPOIO OHA CMOKET
norpe6oBaTh OT JaHHOII cepBEpPHOIl MAIIMHBI 3allyCTUTh CEPBEPHBIN TIpollece, Ha-
CTPOEHHBII OIpeseIeHHbIM 00pa3oM. Bo3MOKHO, Ballla OepalioHHAsd CIUCTEMA YIKe
MMeeT BCTPOEHHBIE CPe/ICTBA IS yIAJIEHHOTO 3aITyCKa TTPOIECCOB 1 MOHUTOPUHTA
ux cocrosiiust. OgHako Gosee KpoccimarGopMeHHoe U MeHee XPYIIKoe pellleHue 3a-
KJII0YAETCsI B CO3[MAHMM JOKAIbH020 duchemuepa cepsepnvix npoueccos (Local Server
Process Manager, LSPM).

Cam qucmietaep LSPM — 210 miporiecc, HadHaUeHNEM KOTOPOTO SIBJISIETCST TIPUEM KOMaH/T
M3BHE, 3aITyCK CEPBEPHBIX TIPOIECCOB COTJIACHO KOMAaH/IaM 1 MOHUTOPWHT MX COCTOSTHUS
C 11eJIbI0 MTOCTOSTHHO UMEeTh MH(MOPMAIIUIO O TOM, KaKUe TTPOIECCHl BBITIOJHSAIOTCS Ha
JTAHHOW MalllHe B TeKyInii MOMeHT. B smctuaTe 13.1 1eMOHCTpUpPYIOTCS IPOTieiy phl
UHUIMAIN3AIUY, 3allyCKa 1 3aBePIIeHUs IPOCTOr0 MPUIoKeH!A node.js/express 1s
yIpaBJIeHUs JIOKAJIbHBIMU CEPBEPHBIMU TTPOIIECCAMMU.
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JNinctunr 13.1. UHnumanusaums, 3anyck M 3aBeplueHue

var gProcesses = {};

var gProcessCount = 0;

var gProcessPath = process.env.GAME_SERVER_PROCESS_PATH;
var gMaxProcessCount = process.env.MAX_PROCESS_COUNT;
var gSequenceIndex = 0;

var eMachineState =
{
empty: "empty",
partial: "partial",
full: "full",
shuttingDown: "shuttingDown",
s
var gMachineState = eMachineState.empty;
var gSequenceIlndex = 0;

router.post('/processes/', function(req, res)
{
if(gMachineState === eMachineState.full)
{
res.send(
{
msg: 'Already Full',
machineState: gMachineState,
sequenceIndex: ++gSequenceIndex
s
¥
else if(gMachineState === eMachineState.shuttingDown)
{
res.send(
{
msg: 'Already Shutting Down',
machineState: gMachineState,
sequenceIndex: ++gSequenceIndex
s
¥
else
{
var processUUID = uuid.vi1();
var params = req.body.params;
var child = childProcess.spawn(gProcessPath,
[
'--processUUID', processUuID,
'--1spmURL', " http://127.0.0.1 :" + glistenPort,
'--json', JSON.stringify(params)
1);
gProcesses[processUUID] =
{
child: child,
params: params,
state: 'starting',
lastHeartbeat: getUTCSecondsSincel970()
s

++gProcessCount;
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gMachineState = gProcessCount === gMaxProcessCount?
eMachineState.full: eMachineState.partial;
child.stdout.on('data', function (data) {

console.log('stdout: ' + data);

1)

child.stderr.on('data', function (data) {
console.log('stderr: ' + data);

1)

child.on('close', function (code, signal)

{

console.log('child terminated by signal '+ signal);

// BOCTUTHYTO MaKCMMasbHOE YMC/O MPOLLEeCcCOB?

var oldMachineState = gMachineState;

--gProcessCount;

gMachineState = gProcessCount > @ ?
eMachineState.partial: eMachineState.empty;

if(oldMachineState !== gMachineState)

console.log("Machine state changed to " + gMachineState);

¥
delete gProcesses[processUUID];
s
res.send(
{
msg: 'OK',
processUUID: processUuID,
machineState: gMachineState,
sequenceIndex: ++gSequenceIndex

s
¥
s
router.post('/process/:processUUID/kill"', function(req, res)
{
var processUUID = req.params.processUuUID;
console.log("attempting to kill process: " + processUUID);
var process = gProcesses[processUUID];
if(process)
// 4TO6bl OCTAHOBUTb MPOLECC, HYXHO MOCnaTb CobbITME 3aKpbiITUA
// v ypanuTb npouecc M3 cnucka
process.child.kill();
res.sendStatus(200);
¥
else
{
res.sendStatus(404);
¥
s

Cnauasa gucnerdep LSPM MHUIMAIU3UPYET HEKOTOPbIE IJI00AIbHbBIE TIEPEMEHHBIE.
gProcesses XpaHUT KapTy BCeX MPOIECCOB, YIIPABJIIEMbIX AUCIETYEPOM B HACTOSIITUI
MOMEHT, a gProcessCount — WX YMCJI0. 3HAUEHUS 7SI IepeMeHHBIX gProcessPath
u gMaxProcessCount M3BJIEKAIOTCS M3 MEPEMEHHBIX OKPY/KEHUS, TI0ITOMY OHU JIETKO
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HACTPAMUBAIOTCS OT/IEJBHO JIJIST KAXKI0M MalIMHbl. gMachineState XpaHUT COCTOSTHUE BCE
MAaIlIUHbI, KaK TO: UMEETC JIU MECTO JIJ1d 3aI1yCKA JOIIOJHUTENbHBIX IIPOLIECCOB, IIOJIHAA
JIM OHA WJIM HAXO/AUTCS Ha CTaJUU OCTAHOBKM. DTa IIePeMeHHast XPAHUT 3HAYEHUS 00b-
eKTa eMachineState.

[ucrnieruep LSPM nosiiep;kuBaet cosjianrie HOBBIX MTPOIIECCOB, rocklias 3ampoc POST
KOHEYHOI Touke /api/processes/. B wactnoctu, eciu LSPM Bbinosinsercs na Jjio-
KaJgpbHOM MaruHe u mpocayimuBaeT mopT 3000, MOKHO ¢ TTOMOTIBIO TPOTPAMMBI curl
OTIPaBUTh BeO-3aIIPOC U 3aIlyCTUTh HOBBII IIPOIIECC, HACTPOEHHBII Ha y4acTHe B UIPe
YeThIPeX UTPOKOB, BBITIOJHUB CACAYIONYIO KOMAHY:

curl -H "Content-Type: application/json™ -X POST -d '{"params":{"maxPlayers":4}}'
http://127.0.0.1 :3000/api/processes

Kak tompro mucnierdep LSPM nmpuHUMaeT aTOT 3a1poc, OH CHavasia IpoBepseT, He Ha-
XOJIUTCST JI OH Ha 3Tarie OCTAHOBKY M He 3aIyTIEHO JIM MAaKCUMaJIbHO BO3MOXKHOE YHCJIIO
nporieccoB. Eciiu Bee B ropsjike, uciieTyep co3/aeT HOBbIH YHUBEPCAIbHO YHUKAIbHDIH
Hz;[eHTH(bHKaTop JULA OKHJIAIONIETO IIpoIiecca v IIpU IOMOIIU MO/ child_process ajia
Node JS zamyckaeT HOBbIIT cepBepHBII HTPOBOIT TIpotiecc. Yepes mapamMeTpbl KOMaHIHON
CTPOKHU OH COOOIIAET TIPOIECCY YHUKATBHBIN UICHTU(DUKATOP U TTaPAMETPBI HACTPOWKH,
yKa3aHHbIe 3aIpaliiBaloiM.

3atem LSPM coxpanser 3ammmch 0 3alylieHHOM JJoYepHEM IIpoTiecce B CBOIO KapTy
gProcesses. [lepemennas state 3/1ecb UCIOJb3YeTCS IS XpaHeHus MHGOPMAIUH O CO-
CTOSIHUU TIpoliecca — 3altyckaercs Win Boirosingercs. [lepemennas lastHeartbeat xpa-
HUT MOMEHT BpeMenH, korzia LSPM mosryuns nocieinee u3BecTre 0T 3TOTO MPoIiecca,
U K 3TOI TTepeMEeHHOIT MBI ellle BEPHEMCSI B CJIe/TyTOIIeM pasjiere.

ITocyie peructparmu npouecca LSPM ycranasanBaeT 06paboTYMKU COOBITHIA, IPU-
HUMAIOLIME U PETUCTPUPYIOLIKE 000 BBIBOJ, IOCTYIAIOMINI OT Ipolecca. Takxke ox
yCTaHaBJIMBaeT 06PabOTUMK OYeHb BayKHOTO COOBITHS "close", KOTOPBIN yIaJIsIeT Ipo-
1lecc U3 KapTel gProcesses 1 HGUKCUPYET Bce UBMEHEHUST B gMachineState.

Haxomner, LSPM oTBevaet Ha 3a11poc yHUKATbHBIM UIEHTU(HUKATOPOM ITPOIlecca v UH-
(opmarueit 0 KoJIMYECTBE TIPOIIECCOB, BBIMOJHAIONIUXCS B HACTOANUIT MOMeHT. He
3abbIBaiiTe, 4T0 Mozesb coObiTHil B Node sBJIsieTcst OHOIOTOYHOM, TI09TOMY HE CTOUT
GECIIOKOUTHCST O COCTOSTHUY TOHKY, U3MEHsIST TIEPEMEHHYIO gProcessCount WJIM KapTy
gProcesses BO BpeMs BLITIOJTHEHUS (hyHKITUN.

[TosryunB KOMUIO YHUKATBHOTO ICHTH(PUKATOPA TTPOTIECCA, 3AMTPATTUBAIOTIAS TIPOTPaM -
Ma CMOZKET 3aTeM 3aIlIPOCUTD CBeIeHNsI O TIporiecce, mocsiaB GET-3ampoc koHeuHoi ToukKe
/processes/ :processUUID (COOTBeTCTByIOLquI KO/ 3/1eChb He HOKa3aH), MNJIN OCTAHOBUTH
ero, nocsiaB POST-3amnpoc KoHeuHOI TOUKe /processes/ :processUUID/kill.

BHUMAHME B 3KCnnyaTauMOHHOM OKPY>XEHUM HeObXOAMMO OrpaHWuuTb Kpyr JnL, MMEIOWMX Npaso
3arnycKkaTb ¥ OCTaHaBMMBaTb CEpBEPbI yepe3 aucretdyep LSPM. [ 3TOro MOXHO OnpeaenunTb «6enbiii
cnmcok» IP-aapecos, € KOTOPbIX AOMyCKaeTcs OTrpaBka 3anpocoB ANCMETYEPY, a 3aTeM oTbpackiBaTb BCe
3anpockl, NOyYeHHbIE He C 3TVX aApecoB. STO HE MO3BOSIUT 3/I0HaMEPEHHBIM UrPOKaM NOCbINaTh KOMaHAbI
Ha 3anyck npoueccoB avcrietyepy LSPM. Kak BapuaHT, MOXHO 106aBUTb B 3arnpoc Mapkep 6e30macHoCTu
1 NpOBEPsSITb €ro Hanuune nepes 06paboTkoii 3anpoca. B noboM crlyyae HYXHO peanu3oBaTh KaKylo-TO
3alLMTY, UHAYe Ballla CUCTeMa MNOAAEPKKM MOCTOSIHHO ByAET HaXoAUTbLCS MOZ Yrpo30i paspyLUeHus.
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MOHUTOPUHI NPOLECcCoB

ITocie 3amycka npoieccos auciieryepy LSPM HeoOXoauM c110co6 UX MOHUTOPUHTA.
ITa 33/1a4a PEIIAeTCs 32 CYET MOCHIIKU MPOIECCaMEl CUTHAJIOB, COOOIAIOIIUX O pabo-
TOCTIOCOOHOCTH. DTU MEPUOUUYECKU TOChLIaeMbIe MaKeThl GY/yT cO0OIIATh, 4TO OHU
MPOIOJIKAIOT JIeiicTBOBaTh. Ecam B Tedenne Hekotoporo Bpemern LSPM He mony4yut
CUTHAJ OT KaKOTO-TO MPOIECCa, OH MPEAIOJIOKUT, YTO MPOIECC OCTAHOBUIICS, 3aBUC,
3aMe/IJTIIICS WU B HEeM BO3HUKJIN JIPYTHE HEOTMYCTUMbIE HETIOJIAJIKH, ¥ 3aBEPIIUAT ITOT
mpolece, Kak 1okasato B iuctunre 13.2.

JInctuHr 13.2. MOHUTOPUHI NPOLLECCOB

var gMaxStartingHeartbeatAge = 20;
var gMaxRunningHeartbeatAge = 10;
var gHeartbeatCheckPeriod = 5000;

router.post('/processes/:processUUID/heartbeat’', function(req, res)
{

var processUUID = req.params.processUuUID;

console.log("heartbeat received for: " + processuUUID);

var process = gProcesses[processUUID];

if(process)

{
process.lastHeartbeat = getUTCSecondsSincel970();
process.state = 'running’;
res.sendStatus(200);

}

else

{
res.sendStatus(404);

¥

1

function checkHeartbeats()
{
console.log("Checking for heartbeats...");
var processesToKill = [], processUUID;
var process, heartbeatAge;
var time = getUTCSecondsSincel970();
for(processUUID in gProcesses)
{
process = gProcesses[processUUID];
heartbeatAge = time - process.lastHeartbeat;
if(heartbeatAge > gMaxStartingHeartbeatAge ||
(heartbeatAge > gMaxRunningHeartbeatAge
&& process.state !== 'starting'))
{
console.log("Process " + processUUID +
processesToKill.push(process.child);

}
}

processesToKill.forEach(function(toKill)

timeout!");
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toKill.kill();
1)
}

setInterval(checkHeartbeats, gHeartbeatCheckPeriod);

POST-3anpoc koneunoii Touke /processes/ :processUUID/heartbeat perucrpupyercs
KaK CUTHAJ, COOBMAONiit 0 paboTOCTTIOCOGHOCTH TIPOTIECcca ¢ YKA3aHHBIM UAEHTH(hH-
katopoM. [Tosyuns curtar, gucterdep LSPM mosydaer Tekyiiee BpeMs 1 0OHOBJISIET
BpeMsI MTOJIyYeHUs TTOCTeTHET0 CUTHAJIA JIJIT COOTBETCTBYIoIIEro mpoiecca. [loce mo-
syaenus iepBoro curnasa LSPM uamenut cocrosgume starting npoiiecca Ha running,
9TOGBI OTPA3UTDH TOT (HAKT, YTO TIPOTIECC YCTIETTHO 3ATTYCTHIICS.

CDyHKum{ checkHeartbeat nepe61/1paeT B IIKJIE BCE IIPOILECCHI, HAXOAAIINECS IO/
yrpasienuneM LSPM, u poBepsier, He UCTEKIIO JiM MIPeJieIbHOE BPEMST OKUIAHWST CUT-
Hasta 0 pabortocnocobHocTr. Eciu poliecc Bee ele HaXOANUTCs B COCTOSHIK starting,
BO3MOJKHO, UTO IIPOLeAYpPa MHULINAIN3ALUY [IPOTEKAET CIAUIIKOM ME/JIEHHO, II09TOMY
(QYHKIMS JaeT mpolLeccy elle HEeMHOTO BpeMeHH, YTOObI 3aBEPIINTh NHUIMAIN3ALIIO
U TIPUCJATh MepBbIil curHai. Ecam ¢ MoMeHTa MoTydyeHus TocJie/lHEr0 CUTHAIA TIPO-
110 BpeMeHu 6oJiblie, yeM gMaxRunningHeartbeat CeKyHjI, 3HAYUT, C CEPBEPHBIM
[IPOIIECCOM TIPOUBOIILIO YTO-TO HelpeaBuiaeHHoe. [l yerpanenus mpobaembr LSPM
MBITAETCS BPYUYHYIO OCTAHOBUTD JOUEPHUU MPOIECC, €CTU OH ellle He OCTAaHOBJIEH.
Korga mporecc ocTaHOBUTCS, 3aperuCTPUPOBAHHOE COOBITHE 3aKPBITH YAAIUT €r0 U3
criicka rporieccoB. /Iucreryep LSPM Bei3biBaer dyHkimio checkHeartbeat xaxbre
gHeartbeatCheckPeriod Mu/IMCEKYH/T TTPH TIOMOIIN TalilMepa, yCTAHABINBAEMOTO BbI-
30BOM setInterval B KOHIlE ClleHAPUA.

Y106l coobimuTh aucterdepy LSPM o cBoeil paGoTociocoOHOCTH, KaxK bl TIPoIece
noskeH nocklmaTh POST-3ampocsl KoHETHOIT TouKe heartbeat He peske 0fHOTO pasa
B gHeartbeatCheckPeriod cexyH. Utobnr mocsars 3anpoc REST-ciryskbe 13 mporpaMmabl
Ha C++, nyxno ckonctpyuposats HTTP-3anpoc B Buzie cTpoku u ociarhb ee B COOT-
BeTcTBYIONMi mopt aucretdepa LSPM ¢ momornbsio kiracca TCPSocket, ommmcanHoro
B rmaBe 3. Hanpumep, ecoim LSPM, ipocaymuBatonuii mopt 3000, 3amyctuit mporiecce
€ UACHTUPUKATOPOM -processUUID, paBHBIM 49b741902d9711e5-8de0f3f32180aa49, TO
TPOIIECC CMOKET COOOIATh O CBOEH PABOTOCIIOCOOHOCTH, TIOCHLIAs CIIE/YIONLYIO CTPOKY
B opt 3000 1o mpotoxory TCP:

POST /api/processes/49b74f902d9711e5-8de0@f3132180aa49/heartbeat HTTP/1.1\r\n\r\n

OO6patTuTe BHUMaHKE Ha JIBE [10CJIeJ0BATEJIbHOCTH CUMBOJIOB B KOHIIE 3a1Ipoca, 0003Ha-
YAIOIUX KOHEI[ CTPOKH, — oHK 06o3Havaior koHel, HTTP-zamnpoca. CeblIky Ha JOIOJ-
HUTEeIBHYI0 MHDOpMaIio o TekcToBoM 1pesctaBiennn HTTP-3anpocos mokHO HaliTh
B pazzene </l romoaHuTeIbHOTO YTeHWsT». Kak BapuaHT, MOJKHO BOCIIOJIb30BAThCS
roToBbIM cTOpoHHUM penteHrneM REST niist C++, HanpuMep OTKPBITOI 1 Kpoccimatdop-
MmenHoil 6ubmorekoit C++ REST SDK or Microsoft. JIuctuur 13.3 gemoncrpupyer,
Kak 1ocsarh curdad ¢ momoribio C++ REST SDK.
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Jinctunr 13.3. Mocbiika nsBeleHs o paborocnoco6HocTu ¢ nomoubio C++ REST SDK
void sendHeartbeat(const std::string& inURL,const std::string& inProcessUUID)

{
http_client client(U(inURL.c_str()));
uri_builder builder(U("/api/processes/" + inProcessUUID + "/heartbeat"));
client.request(methods: :POST, builder.to_string());

}

YTo6b TPOBEPUTD PE3YIIBTAT OTIPABKH CUTHAJA, T0OABBTE 331441 MPOJOIKEHNS B 3a-
Jauy, Kotopast BepHyJia Bbi3oB 3amnpoca. C++ REST SDK npegocrasiisier GubaunoTeKy
¢ 6oraThiMu (QYHKIIMOHATBHBIMEI BO3MOXKHOCTSIMU, KOTOPbIE PEATM3YIOT HE TOJBKO
dbynkiun acuaxponnoit ornpasku HTTP-3anpocos, ocHoBaHHBIE Ha 3a/1a4ax, HO
U HEKOTOpBIE cepBepHble GyHKI, TapcuHr ¢popmata JSON, momnep:kky WebSocket
1 MHOTO€ ZIpyroe. 3a JOIoJHUTeIbHON nHopManueii o 6ubinorexe C++ REST SDK
U ee BO3MOKHOCTSIX 00paIaiTech K pecypcaM, YKa3aHHubIM B paszeste «/ist 1omommim-
TEJTHHOTO YTEHUS >

MPUMEYAHMUE 3anpocbl REST He eAuHCTBEHHbIN CNOCco6 OTNpPaBKM CUrHaNoB 0 paboToCroco6HOCTH
avcnetyepy LSPM. LSPM moxeT oTkpbiTe nopT TCP unu paxe UDP HenocpeactseHHo B Node, nocne
Yero CepBepHbIN MPOLIECC CMOXET NOChbIIaTh OYeHb MasieHbKUE MakeTbl-CUrHanbl 6e3 HaknagHbIX pac-
XOA0B, KOTOpble BNeYyeT 3a coboin npuMeHeHne npoTtokona HTTP. Mrpa MOXeT npocTo 3anucbiBaTh He-
KOTOpble AaHHble B CBOW daiin >xypHana, a aucnetyep LSPM — npoBepsiTb Mx. OfHaKo, yuuTbiBasi, 4To
urpa noyTn HaBepHsika 6yaeT ucnonb3oBatb REST API ansi B3auMoAencTBUA C OAHOW MM HECKOSIbKUMM
apyruMu cnyx6amm, npocToTy oTnaakm REST-gaHHbIX, a Takxke ToT akT, 4to LSPM Bce paBHO A0/KeH
npvHMMaTb BXoasilme 3anpocbl REST, oTnpaBka curHanoB yepe3 REST API no3BonuT CHM3UTL 06Luyto
CNIOXHOCTb peanv3aumnu.

[ucneTtyep BUPTYasbHbIX MaLLMWH

Yuporas yaaseHHbiii 3allyCK 1 MOHUTOPUHT ITPOM3BOJIBHOTO YHCJIA ITPOIECCOB HA BUP-
TyaJIbHOU MatuHe, auctierdep LSPM peliaer 3HaUNTEIBHYO YacTh IPOOJIEM, CBSI3aH-
HBIX ¢ 06TauHBIM XOCTHHTOM. OIHAKO OH HE COAEPIKUT CPECTB IS TIOIEPIKKI CAMUX
BUPTYaJbHBIX MAITHH. [103TOMY HaM HEOOXOAUM Jucnemuep GUPMyaioHblx MAWUH
(Virtual Machine Manager, VMM). Tuctieruep VMM oTBevaeT 3a MOHUTOPUHT BCEX
mucneruyepoB LSPM, ormipaBky 3ampocos aucnerdepam LSPM Ha 3a1yck UTPOBBIX MTPO-
IIECCOB U 32 3AIyCK U OCTAHOBKY I1€JIbIX BUPTYAJbHBIX MAIIH BMECTE C COOTBETCTBYIO-
UMy UM jguciierdepamu LSPM.

Yro6bl 3aIyCTUTh HOBYIO BUPTYaIbHYIO MAlIMHy € MCHOJb30BAHUEM CPEJCTB, PEI0-
CTaBJIEHHBIX TIOCTABIIMKOM YCIYT 00JIa4HOTO XOCTUHTA, nctierdep VMM noJmkeH omnpe-
JIEJTUTD, KaKOe IPOrpaMMHOe 00ecIieYeHne 3aIyCTUTD Ha MalinHe. /[eaercst aTo myrteMm
nepeiaui CChLIKU Ha 00pas eupmyanvioi mawunvt (Virtual Machine Image, VMI). O6-
pa3 VMI nipejcraBiisieT coaepKuMoe AUCKa, ¢ KOTOPOTo BUPTYyaJbHas MallliHa 10JKHA
sarpysurbcst. On cogepsxut OC, BbIoiHsIeMbie (hallIbl TIPOIECCOB U JIF0ObIE CIIEHAPUN
VHUITATU3AIAN /IS 311y CKa BO BpeMst 3arpy3ku. Kaskblil mocTaBImK yeayr ob1aqHo-
ro XocTuHra umeet cBoii popmat VMI 1, 06b14HO, CBON KOMILIEKT HHCTPYMEHTOB /It
CO3/IaHKs BUPTYAJbHBIX MAIUH. B X0/1€ TIOATOTOBKN K yIPABJIEHUIO BUPTYaTbHBIMI
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MaiHaMu cosgaiite o6pas VMI co csoeit OC, ckoMuuiupyiite ucnosiHseMbie (aiibl
UTPBI, KOTOPBIE OYIyT IeACTBOBATD HA cepBepe, moArotossre aucierdep LSPM u Bce
He0OX0IMMBIe (hatisibl pecypcoB.

MPUMEYAHUE [axe npy TOM, YTO Kaxblii NOCTABLUMK yCiyr 0651a4HOr0 XOCTUMHIa MoaaepXKuBaet
cBoi popmaT 06pazos VMI, B CKOPOM BpeEMEHU MHOTME MOTYT NMepeNTU Ha CTaHAAPTM30BaHHLIM dhopMaT
Docker Container. Ccbinku Ha 6onee noapobHyto nHdopmaumio o ctaHgapte Docker cmoTpuTe B pasaene
«[Insi AONOSHUTENBHOMO YTEHNS.

ITopstoK 3amycka BUPTYalbHOI Matnbl 13 oOpaza VMI orpeesisieTest mocTaBIInKOM
yeayr. O6bIYHO /151 9TOM 1iesiu mocTaBiiuky npegoctasisaior REST API ¢ obeprkamu
Ha PAacIpPOCTPAHEHHBIX A3bIKAX ITPOrPAMMUPOBAaHNs, TaKUX Kak JavaScript u Java. Ilo-
CKOJTBKY BBI MOKETE CMEHUTD TTOCTABIINKA YCJIYT WU MTOJTH30BATHCS YCIYTaMHU Pa3HbIX
MOCTABIIMKOB B PA3HBIX PETHOHAX, HEJIHUITHUM OY/IET CKPBITh 32 abCTpakIueil JeTasim
B3aumojieiictBus ¢ API nposaiiziepos ot peasiuzanuu VMM.

B so10/HeHre K IIPOCTOMY 3aI1yCKY HOBBIX BUPTYaJIbHBIX MalllH, KOIZa 9T0 I0Tpedyer-
cst, pucrietdep VMM J07keH IMeTh BO3MOKHOCTD 3aIyCKaTh HA KAK/I0W BUPTYaTbHOM
MallHe HOBBIE TIPOIECCHI TocpeicTBOM nuctietdyepoB LSPM. Kpowme toro, on nossken
UMEeTh BO3MOYKHOCTH «IIOTIPOCUTH» TIOCTABIIMKA YCJIYT OCTAHOBUTH U YJIQJUTh HEUC-
MOJIb3YEMYIO BUPTYaJIbHYI0 MarHy. Hakowerr, B ero (yHKIMK BXOAUT OCYIIECTBIEHNE
MOHUTOPHUHTA COCTOSTHUSI BCEX YIPABJISIEMBIX UM BUPTYAJbHBIX MAIIUH C 11€JIbIO UC-
KJIIOUEeHUs JII0ObIX yTeuek B caydae ommOku. HecmoTpst Ha To uto cpesa Node gsisgercs
OJTHOTIOTOYHOM, aCHHXPOHHBIE B3aUMO/IENCTBUS Mexky auctetrdepom VMM u nucret-
yepoM LSPM oTKpPBIBAIOT MIMPOKUE BO3MOKHOCTH JIJISI TIOSIBJIEHUST COCTOSTHUSI TOHKHU.
Kpowme Toro, nazxe ripu usBectHoii Hajiexknoctu mpotokosia TCP kaxasiit REST-3arpoc
OCYIIECTBIISIETCSI Yepe3 COOCTBEHHOE COEMHEHNE, TO €CTh B3AUMOIEHCTBUSI MOTYT TIPO-
TeKaTh HEYTIOPsZIoueHHO. B sictunre 13.4 IPUBOASATCS CTPYKTYPBI IAHHBIX U ITPOIIELYPA
nanmuaau3anun VMM.

Jinctuur 13.4. CTpyKTypbl AaHHbIX U MHULUManu3auua VMM
var eMachineState =

{
empty: "empty",
partial: "partial",
full: "full",
pending: "pending",
shuttingDown: "shuttingDown",
recentLaunchUnknown: "recentLaunchUnknown'

3

var gWMs = {};
var gAvailableVMs = {};

function getFirstAvailableVM()
{

for( var vmuuid in gAvailableVMs)

{
}

return null;

return gAvailableVMs[vmuuid];



[ncneTtyep BUPTYasbHbIX MaLUWH 341

}

function updatevMState(vm, newState)
{
if(vm.machineState !== newState)
{
if(vm.machineState === eMachineState.partial)

{
}

vm.machineState = newState;
if(newState === eMachineState.partial)
{

}
}
}

delete gAvailableVMs[vm.uuid];

gAvailableVMs[vm.uuid] = vm;

OcnoBuble nannbie aucneryepa VMM xpansarcs B IBYX acCOIUATUBHBIX MACCUBaX.
AcconuatuBHBIN MaccuB gVMs XpaHUT HH(MOPMAIINIO 000 BCEX BUPTYaIbHBIX MAlllHAX,
HaXOSANUXCS B TEKYTIIUI MOMEHT 101 yIipaBJjieHueM aucrerdepa VMM. Accornmatus-
HBIII MaccuB gAvailableVMs — 3TO MOAMHOKECTBO BUPTYAJIbHBIX MAIIUH, TOCTYIHBIX
7T 321y CKa HOBBIX MTPOTIECCOB. DTO O3HAYAET, YTO B HACTOSTIIUN MOMEHT T MAITMHbI HE
HaXOJISITCS HA CTAINM OCTAHOBKY MJIM 3aITyCKa, He 3aITyCKAfOT IIPOIECC U YUCJII0 TTPOoTIec-
COB B HUX H€ JIOCTUTJIO MakcuMyMa. Kaskbiii 06 beKT, IPeCTaBISIONIil BUPTYaJIbHYIO
MaIluHY, IMeeT CJeIyIOIe YIeHbI:

Q machineState. [IpescraBisieT Tekylee cOCTOsTHUE BUPTYAJIbHON MAIlTUHBI, XPAHUT
OJIMH U3 4JIeHOB 00beKTa eMachineStates. DTU COCTOSIHUA ABJAIOTCA HaJMHOMKE-
cTBOM eMachineStates, ucnosib3yembix juctierdepom LSPM, u BKJIIOYAIOT 10110JI-
HUTEJIbHBIE COCTOSHUS, MMEIOIIe OTHOIIeHNe TOIBKO K auctietyepy VM M.

Q uuid. YHUKaQIBbHBIN UIEHTU(PUKATOP BUPTYATbHOUM MAIIMHBI, TPUCBOEHHBIN TUCITET-
yepom VMM. 3anyckas HOBYIO BUPTyaJIbHYIO Maninuy, aucnerdep VMM mnepenaer
uzgentudurarop aucnerdepy LSPM, 4To0bl TOT MOI' BKJIIOYATH €T0 B JIIOObIE IIAKETHI,
nockliaemMele aucteruyepy VMM.

Q url. Xpanaut [P-anpec n Homep nopta aucrnerdepa LSPM B BupTyanbHo#l Matune.
IP-azpec ¥ OPT MOIYT PUCBAMBATLCS MOCTABIIUKOM YCJIyT 00JIa4HOI0 XOCTHHIA
B MOMEHT CO3/IaHUsI BUPTYaIbHON MamuHbl. J(ncnetrdep VMM nomken coxpaHuThb
uX, 4T00BI UMETh BO3MOKHOCTD B3aUMOIEHCTBOBATH ¢ COOTBETCTBYIONIMM AUCIIET-
yepom LSPM.

O lastHeartbeat. ITozo6Ho ToMy Kak LSPM npuHuMaeT curiajibl IpoLeccos o pabo-
TocrocobHocTH, aucrerdep VMM npuHUMAeT TaKue jKe CUTHAIBI OT JUCIETYEPOB
LSPM. B arom nosie coxpaHsieTcst BpeMsi TI0JIy4eHUsI TIOCJIeJIHETO CUTHAJIA.

O lastSequenceIndex. Tak Kak ais Kaxzaoro sampoca REST cosmaercs cob6cTBeHHOE
TCP-coennHeHweE, €CTh BEPOSITHOCTD, UTO COOOIIEHS Yepe3 HUX OY/IYT A0CTABISATHCS
HOJIy4aTesIIo He 110 opsaaKy. Yrobsl gucrierdep VMM Mor UTHOPUPOBATH Ji0ObIe
ycrapesue coodmenus or LSPM, aucrnerdep LSPM oTMedaer makeTsl IOCAE10-
BaTEJBHO YBEJNYUBAOIIMMUCS YnCIaMHi, a quctierdep VMM urHopupyer Jirobbie
BXO/ISIIIME JIAHHBIE C TTOPSJIKOBBIM YMCJIOM, MEHBIITUM YeM lastSequencelIndex.
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Q cloudProviderId. XpaHUT UEHTUYHOCTHh BUPTYQJIbHON MAITUHBI, KAK €€ OlpeIeTI
noctaBuuk ycayr. Iucneruep VMM ucnosb3yer aTo 3HaueHue, KOT/la I0ChLIaeT
TTOCTABIMKY 3aMTPOC Ha yAaJIeHe BUPTYaJTbHON MaIlTUHBI.

Eciii BosHUKaeT HEOOXOAMMOCTD 3aIlyCTHTh HOBYIO BUPTYaJbHYIO MAIIUHY, (OYHKIIHSI
getFirstAvailableVM HaXOAUT II€PBYIO BUPTYAJIbHYIO MAaIlIMHY B KapTe gAvailableVMs
u BosBpamiaer ee. Oynxius updateVMState oTBevyaer 3a BKJIIOUYEHUE BUPTYATbHBIX
MalllnH B KapTy gAvailableVMs 1 NCKJIIOYEHNE UX OTTY/A, a TAK)KE 32 U3MEHEHNE UX
coctosanus. s nojjepxanus 1ejgocTHocTu aucneryep VMM noskeH n3MeHATD
3HavYeHue state BUPTYaJIbHON MallMHbI TOJBKO C IIOMOIIbIO (hyHKIMYN updateVMState.
B smctunre 13.5 nokasaHbl Bce HEOOXOAUMbIE CTPYKTYPBI AaHHBIX U 06PabOTUHK KO-
Heunoii Touku REST, koropslii akTudecku 3amyckaet mporiecc. [IpeBapurenbHo o
3aIlyCKaeT HOBYIO BUPTYAJIbHYIO MAIIUHY, €CJIU 3TO HEOOXOIUMO.

JNiuctudr 13.5. 3anyck npouecca U BUPTYaJibHOM MaLUUHbI
router.post(‘/processes/’, function(req, res)

{
var params = req.body.params;
var vm = getFirstAvailableVM();
async.series(

[
function(callback)

if(!vm ) // 3anycTuTb, ecam Heo6xoAMMO
{
var vmuUID = uuid.v1();
askCloudProviderForVM(vmuuID,
function(err, cloudProviderResponse)

if(err) {callback(err);}
else
{
vm =
{
lastSequenceIndex: 9,
machineState: eMachineState.pending,
uuid: vmuuiD,
url: cloudProviderResponse.url,
cloudProviderId: cloudProviderResponse.id,
lastHeartbeat: getUTCSecondsSincel970()
¥
gVMs[vm.uuid] = vm;
callback(null);
}
1
}
else
{
updateVMState(vm, eMachineState.pending);
callback(null);
}
s

// BUPTyasibHaA MalluHa AeﬁCTByeT N HaxoauTCA B COCTOAHUU OXMOaAHUA
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// NO3TOMY HWKTO ApYroW He MOXeT 06paTuUTbCA K Hen
function(callback)

{

var options =

{

url: vm.url + "/api/processes/",
method: 'POST',
json: {params: params}
5
request(options, function(error, response, body)
if(!error &% response.statusCode === 200)

if(body.sequenceIndex > vm.lastSequenceIndex)

vm.lastSequenceIndex = body.sequencelIndex;

if(body.msg === 'OK")
updateVMState(vm, body.machineState);
callback(null);
}
else
callback(body.msg); // Heyaaya — BepoATHO, Mo/nHaA
}
}
else

callback("seq# out of order: can't trust state");

}
}
else
callback("error from lspm: " + error);
¥
1
}
1,
function(err)
if(err)
{
// ecnu BuUpTyanbHas MaWWHa CyWecTBYeT, MPOBEPUTH,
// He HaxoAMTCA NN OHa B COCTOAHWUM OXUAAHUA
if(vm)
updateVMState(vm, eMachineState.recentLaunchUnknown);
res.send({msg: "Error starting server process: " + err});
}
else
res.send({msg: 'OK'});
}
1)

s

343



344 naBa 13 ¢ O6naYHbIN XOCTUHT ANS BblAENEHHbIX CEPBEPOB

MPUMEYAHME 3ST0T 06paboTumk KOHEYHOM TOYKM UCMOMb3YET PYHKUMIO async.series, yTUAUTY U3
nonynsipHoi 6ubnmoTekn async Ha JavaScript. OHa NpUHUMAET MaccyB (YHKUMI U 3aKITHOUNUTENBHYO
@yHKUMIO 3aBepLueHns. Bce yHKUMM B MaccvBe BbI3bIBAlOTCA MOOYEPEAHO U OXMAAIOT, NOKa BbINos-
HATCA COOTBETCTBYIOWME UM (DYHKUMM callback. MMocne BbINMOMHEHWS NMOCIEA0BATENBHOCTU (YHKLMIA
async.series Bbi3blBaeT (PYHKUMIO 3aBepLueHus. Ecnm kakas-nmbo u3 dyHKUMIA B MaccvBe nepepact
cBoelt yHKUMM callback Mpu3Hak owubkK, series HEMeAsIEHHO MPEPBET BLIMONHEHWE MOCNeA0Ba-
TENbHOCTU (DYHKLUMI B MaccuBe U BbI30BET (DyHKLMIO 3aBepLUEHUS C NPU3HAKOM OWMGKU. BrubnuoTteka
async COAEPXUT MHOXECTBO APYrX MOMEe3HbIX BbICOKOYPOBHEBbLIX aCMHXPOHHbIX KOHCTPYKLMI U SBNS-
€TCsl 0IHOMN U3 CaMbIX 3aBUCUMbIX OT Apyrux nakeToB Node.

Kpome Toro, o6paboTtumnk noceinaet REST-3anpockl gucnetyepy LSPM, ucnone3ys 6ubnmoteky request.
Bubnunoteka request — MHorodyHKUMOHanbHas Gubnuoteka ans cosganust HTTP-kAMeHToB, cBOMMM
BO3MOXHOCTSIMU HaMOMWHAIOLLAs YTUIUTY KOMaHAHOW CTPOKM curl. MoaobHO async, OHa Takxe sBNsieT-
€1 OIHOM M3 caMblx BOCTpeboBaHHbIX 61bnmoTtek B coobliecte Node 1 focTolHa rTy60KOro U3yyeHus.
CCbIIKM Ha AOMOMHUTENBHYIO MHGOPMaLMIo 0 B1bnMoTekax async U request MOXHO HaliTV B pa3sgene
«[Insi AONOSIHUTENBHOMO YTEHNS.

[Tepemaua mapamMeTpoB UTPHI KOHEYHOI TOUKeE /processes/ aucnerdepa VMM Bbi3biBaeT
3aIlyCK UTPOBOTO Ipotiecca ¢ aTuMu apamerpamu. O6paboTUNK JIEJTUTCS Ha [Ba OCHOB-
HBIX Pasjleia; MoJyueHne BUPTYaJIbHON MAIIMHbL 1 3a1myck mpoiecca. CHauana 06pabot-
YUK ITPOBEPSIET KapTy gAvailableVMs c 11eJTbI0 HAUTU BUPTYATbHYIO MAIITUHY, IOCTYITHYIO
JUIst 3amycKa Tpoiiecca. Ecii TakoBoii He 06HAPYKUBAETCS, CO3/[A€TC YHUKAIbHbII
UACHTUPUKATOP /17 HOBON BUPTYAJIbHON MAIIUHBI M TIOCTABIIUKY YCJIYT TOCBIIACTCS
3anpoc Ha ee co3nanue. Dynkius askCloudProviderForVM 3aBUCUT OT CIIEIU(MDUUECKUX
0COGEHHOCTEH MTPOrPAaMMHOTO HHTEpdeiica MOCTaBIIUKA YCIYT 06JaYHOTO XOCTHHTA
U TIOTOMY 371eCh He TpuBoauTest. OHa nomkHa o6patuthest kK APT mocTasimmka /7ist co3-
JIaHUs U 3aIlyCKa BUPTYAJIbHON MalIMHBI, yKaszas 00pas ¢ urpoi u aucreryepom LSPM,
a 3arem 3armyctTutbh LSPM u niepesiate emy nzieHTUGOUKATOP BUPTYaJIbHON MAIITUHBIL.

[ToJryuuB HOBYIO WK y3Ke pabOTAIONIYIO BUPTYaJbHYIO MalHy, 00pab0TYNK yCTaHABJIM-
BaeT B Hell IPU3HAK COCTOSTHUS pending (okuianue). ITO TapaHTUPYET, YTO IUCIIETYED
VMM He noibiTaeTcs 3aiyCTUTh Ha Hell elle OAUH MIPOLECC, oKa He ObLI 3alyIieH
aror. OxHonorouHas npupozaa Node npensrcTByeT TpaguiiiOHHOMY COCTOSIHIIO TOHKH,
HO 13-3a TOTO, 9YTO 00pabOTUNK KOHEYHOI TOUKH UCIIONb3yeT aCHHXPOHHbIE 00paTHbIE
BBI30BBI, CYIIIECTBYET BEPOSITHOCTD TIOSIBJIEHUS 3a1TPOCa Ha 3aIyCK JIPYTOTo MPollecca o
TOr0, KaK 3allyCTUTCS TeKYIil. B 9ToM cirydyae 3anpoc JoJKeH ObITh HAllPaBJIEH [Py -
roii BUPTyaabHOII MalllnHe, 4TOOBI N30eKaTh HAJIOKEHMS 3HAUCHUI COCTOSHYS APYT Ha
napyra. [Ipu nsMeHeHUM COCTOSTHIS BUPTYaTbHOM MAIIHBI HA pending oHA yaajiseTcs
13 KapThl gAvailableVMs.

ITepeBeist BUPTYAIbHYIO MAIIMHY B COCTOsIHKE pending, oO6paboTunk mockiiaer REST-
zanpoc aucierdyepy LSPM aroil BUpTyanbHON MaliMHbl ¢ TpeGOBaHUEM 3aIlyCTUTh
UTpoBoi Tpottecc. Ecim 3ammycK mporiest yenenrHo, 00padoTInK MePEBOIUT BUPTYATBHYIO
MalIlHy B HOBOE COCTOSHUE, KOTOpoe Bo3BpatiaeT aucteryep LSPM, — ato poswkHo
OBITH cocTosgHMe partial (4acTuyno 3amosHena) win full (3amosHeHa), B 3aBUCH-
MOCTH OT YHCJIa UTPOBBIX TTPOIECCOB, BHITIOJHIIONINUXCS B JAHHBII MOMEHT Ha 3TOH
BUpTYyasbHOU MammHe. Ecain ot qucnetyepa LSPM nipuzier oTputiatebHbIN OTBET WIN
He NpuzieT HUKaKoro, aucterdyep VMM He cMOXKeT onpeieIMTh COCTOSIHUE BUPTYaJib-
HOI MaImuHbBL. MOXKET TakK CIyYUThCS, YTO MPOIIECC HE YCITeJT 3ayCTUTRCS 10 TOTO, Kak
JUCTIETYEP BEPHYJ MPU3HAK OMTUOKHU, UJIN YCIIEN, HO OTBET GBI TTOTEPSTH T/IE-TO B CETH.
[axe ipu oM, uto TCP gBiisiercst HaleKHBIM TIPOTOKOJIOM, KyireHThl 1 cepBepbl HTTP
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OTpaHUYMBAIOT BpeMs oxkuanvist. HenamekHbie cereBbie Kaben, BCIIECKU TpaduKa
nu maoxoit curunan Wi-Fi — Bce 9TO BbI3bIBaeT MPEBLIIIEHNUE TTPEAETbHOTO BpEMEHNT
oxumanvs. B cydae meompeneeHHoN ommOKkr 00paboTINK TIEPEBOUT BUPTYATHLHYIO
MalllMHY B COCTOSIHME recentLaunchUnknown (pe3yJsTar mocJie/iHel HObITKY 3aIlycKa
HensBecTeH ). B pesyJibrate cepBep BIBOIUTCS U3 COCTOSIHUS pending, 4TOObI crCTEMA
MOHUTOPUHTA PabOTOCTIOCOGHOCTH, O KOTOPOH PACCKA3BIBAETCST HIKE, CMOTJIA BEPHY T
BUPTYAJIbHYIO MAIMHY B U3BECTHOE COCTOSTHUE WJIM OCTaHOBUTD ee. Kpome Toro, Bup-
TyaJIbHasA MaIllTHA UCKJII0YAETCA U3 KapThl gAvailableVMs, IIOCKOJIBKY €€ JOCTYIIHOCTh
HEU3BECTHA.

Ecii Bee ¢/ioxmmoch 6J1aromnosyyHo, o6paboTyiK OTBETUT Ha OPUTHHAIBHBIN 3aIIPOC
coobrieHreM «OK», 03HAYAIOTIIM, YTO UTPOBOI MIPOIECC HA yIAJIEHHOW BUPTYAJIbHOI
MalImHe 3aIyCTUJICS.

MOHWUTOPUHI BUPTYasibHbIX MaLLWH

Jucrerdep LSPM MosKeT 3aBUCHY T WJIK 3aBEPIINTHCS aBAPHUITHO B JIF0O0I MOMEHT, 110~
atomy mucterdep VMM [Mo/KeH OCYIIECTBIATE MOHUTOPUHT PabOTOCTIOCOOHOCTH BCEX
MOYUHEHHBIX eMy auctieTdepoB LSPM. YToObl rapaHTHPOBATh TOYHOCTH HHMOPMAITHH
o cocrostauu LSPM B nucneruepe VMM, nucneruep LSPM mnoceliaer uamenenus
0 CBOEM COCTOSTHUY € KayK/IbIM CUTHAJIOM PaboTOCIOCOOHOCTH U MaPKUPYET UX TIOCIIE/0-
BaTEJIbHO YBEJMUMBAOIIMMICS 3HAUCHUSIMU sequenceIndex, YTOOBI TOMOYb [UCIIETYEPY
VMM wurnopupoBath CUTHAJIbI, IOCTaBIEHHbBIE C 33/1ep>kKoi. Korja mocryrmaer curnad,
coobmratomuii, yro LSPM He nMeerT 3a11yIieHHbIX [TPOIIeccoB, Aucierdep VMM uHuim-
UPYET MPOIelyPy OCTAaHOBKH, coriacys ee ¢ auctierdepom LSPM. Takoe corsacoBanue
pefoTBpalllaeT BOSHUKHOBEHNE COCTOSIHUS TOHKU, TP KOTOPOM MOJKET IIPOU30UTH
3aIyck rnpoiiecca, noka VMM nbiTaeTcst 0CTaHOBUTH BUPTYaTbHYIO MalinHy. 113-3a
HEOOXOIUMOCTH COTVIACOBAHUS U BKJIIOUEHMS HH(GOPMAIINN O COCTOSTHUN B CUTHAJIBI
0 paboTOCTIOCOOHOCTH CUCTEMA MTOJYYAETCS HEMHOTO CJIOKHEE, YEM Ta, YTO UCIOTB3YET
LSPM pist moruTopunra npoieccoB. B muctunre 13.6 mpuBoauTcs peainsaiusi CUcTe-
MBI MOHUTOPUHTA B VMM.

JNnctunr 13.6. Cucrema MOHUTOpPUHIra pa6borocnoco6Hoctu B8 VMM
router.post('/vms/:vmUUID/heartbeat', function(req, res)

{
var vmUUID = req.params.vmUUID;
var sequencelndex = req.body.sequencelIndex;
var newState = req.body.machineState;
var vm = gVMs[vmUUID];
if(vm)
{
var oldState = vm.machineState;
res.sendStatus(200); // nocnaTb Koj COCTOAHMA, 4TO6bl lspm MOr 3aKpbiTb
coeAnHeHune
if(oldState !== eMachineState.pending &&
oldState !== eMachineState.shuttingDown &&
sequenceIndex > vm.lastSequenceIndex)
{
vm.lastHeartbeat = getUTCSecondsSincel970();
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vm.lastSequenceIndex = sequenceIndex;

if(newState === eMachineState.empty)

{
var options = {url: vm.url + "/api/shutdown", method: 'POST'};
request(options, function( error, response, body)

{
body = JSON.parse( body );
if(!error && response.statusCode === 200)
{
updatevMState(vm, body.machineState);
// lspm Bce ewe roTtoB K 3aBepleHuo?
if(body.machineState === eMachineState.shuttingDown)
{
shutdownVM(vm);
}
}
1)
else
{
updateVMState(vm, newState);
}
}
}
else
{
res.sendStatus(4e4);
¥
1

function shutdownVM(vm)

{

updateVMState(vm, eMachineState.shuttingDown);
askCloudProviderToKillVM(vm.cloudProviderId, function(err)

if(err)
console.log("Error closing vm " + vm.uuid);
// nombiTka 6yAeT MOBTOpeHa Mocie mponycka curHana

}

else

delete gVMs[vm.uuid]; // ycnex... ynanuTb OTOBCHAY
delete gAvailableVMs[vm.uuid];
}
3
¥

function checkHeartbeats()

{
var vmsToKill = [], vmUUID, vm, heartbeatAge;
var time = getUTCSecondsSincel970();
for(vmUUID in gVMs)

{
vm = gVMs[vmUUID];
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heartbeatAge = time - vm.lastHeartbeat;
if(heartbeatAge > gMaxRunningHeartbeatAge &&
vm.machineState !== eMachineState.pending)

{
}

vmsToKill.forEach(shutdownVM);

}

setInterval(checkHeartbeats, gHeartbeatCheckPeriodMS);

vmsToKill.push(vm);

O6paboTunK KOHEYHOIT TOUKH heartbeat NTHOPUPYET CUTHAIIBI OT BUPTYATBHBIX MAIITITH
B cocTostHUY pending i shuttingDown (octanoBKa). BupTyasbibie MalTuHbL B COCTOSI-
HUW OKUJIAaHNST I3MEHSIFOT CBOE COCTOSTHIE, KaK TOJIBKO OY/IET MOTydeH OTBET Ha 3aITPoC
3alycKa, MoATOMY MEePEXOl B JII060E APYTOE COCTOSTHUE B ATO BPEMsT IOJIKEH 0OpabaThi-
BaTbCS 110CJIE 3aBEPIEHMS 3aITycKa. BupTyasibHble MalIMHbBI B COCTOSIHUU shuttingDown
HAXOJATCSI B MPOIECCE OCTAHOBKH, MOITOMY JIJIsl HUX He TPeOyeTcst OCYIECTBIISTh
MOHUTOPUHT U3MeHEHUN cocTostanst. O6pabOTUNK TaKKe UTHOPUPYET CUTHAJBI ¢ WH-
JEKCaMU, CJeYIONUME He 110 NopsAKy. Eciu curnan o paboTocnocobHOCTH TIPOTIet
peBapUTEbHBIE TPOBEPKH, 00pabOTUNK U3MEHsIET CBOlicTBa lastSequenceIndex
u lastHeartbeat BUPTYyaJbHOI MallIMHBL. 3aTEM, €CJIM COCTOSIHUE UMEET 3HaueHue empty,
YKa3bIBAIOII[ee Ha OTCYTCTBHIE UTPOBBIX TMPOIECCOB B BUPTYAIbHON MalliHe, 060paboTurk
HaYMHAET TPOIEAYPY OCTAHOBKY BUPTYAJbHON MANIMHBI, TIOCHITAsT COOTBETCTBYIONTUN
sanpoc aucreruepy LSPM. O6paboTunk 3ampoca Ha 0CTaHOBKY B aucnerdepe LSPM
IIpoBepsIeT coOcTBeHHOE 3HaueHMe gMachineState, 4TOObI y6eInThCst, YTO OHO He U3Me-
HIJIOCh C MOMEHTA OTIIPaBKU CUTHAJIA C COCTOsTHUEM empty. Ecii OHO He N3MEHMJIOCH,
auciieryep LSPM usmenser co6CTBEHHOE cOCTOsIHKME Ha shuttingDown 1 mochLiaer
nucrterdepy VMM oTBert, 4To 3a1ipoc Ha OCTAaHOBKY NMPUHAT. 3aTeM auciierdyep VMM
OTMeYaeT IAaHHYI0 BUPTYAJIbHYIO MAITMHY 3HaYeHNeM COCTOSTHUS shuttingDown 1 TOCHI-
JIaeT 3aTPOoC MOCTABIIIKY YCIYT O HeOOXOAUMOCTH JTUKBU/IAIN BUPTYATLHON MATITHHBI.

OyHkuus checkHeartbeats aucneruepa VMM zpeiicTByer mog00HO 0QHOMMEHHOI
¢dbyuriuu B LSPM, HO urHOpupyeT JitoOble TaliM-ayThl JIJIsi BUPTYAJIbHBIX MAIIIH B CO-
crosiiuu pending. Ecaiu nipejiesibHoe BpeMsi 03KUAAHUA CUrHaIa 0 paboTOCIOCOOHOCTI
BUPTYAJTbHOUN MAITUHBI UCTEKJIO, 9TO O3HAYAET, 4TO ¢ Auctetrdepom LSPM mpousoriio
YTO-TO HElPeABUAEHHOE, 109TOMY auciierdyep VMM, He 3a00TsCh 0 COrIacOBaHUN
MPOIELyPhl OCTAHOBKH, CPa3y JKe MOChLIAeT MOCTABITUKY YCIYT 3alIPOC HA OCTAHOBKY
" yJaJeHue BUPTYaJbHON MAIIUHBI.

Korga mucneruep LSPM o6Hapy KuBaeT M3MEHEHIe COCTOSHUS U3-3a 3aBEPIIUBIIEr0CsT
POIIeCcca, EMY He HYKHO JKIaTh, TOKA IIPOUIET IIPeIOPeeIeHHbIN NHTEPBAJ TOChLIKA
CUTHAJIOB 0 PaboTOCIIOCOOHOCTH, YTOOBI M3BecTUTh Auciierdep VMM. Bmecto atoro
B OTBET Ha U3MEHEHNE COCTOSTHUSI OH MOJKET TIPOCTO TIOCTATH TOTIOTHUTENbHBI CUTHAJT
HEeMeJIEHHO. DTO IPOCTERIINI clIocoO OPraHu30BaTh ObICTPYIO 0OPATHYIO CBA3D C IUC-
neryepom VMM, oH He TpebyeT A0IMOJTHUTENBHOTO Kojia Ha ctopoHe VM M.

Ira peanusanus aucnerdepa VMM dyHKIIMOHAIBHO Oe3yIIpeyHa: OHa IPENsTCTBYET
MTOSIBJIEHUIO COCTOSTHUSI TOHKU M JI0CTaTO4HO ahdekTrBHA. OTHAKO €CJI1 OJJHOBPEMEHHO
MOCTYTIUT HECKOJIBKO 3al[POCOB, OHA OOCTYKUT UX BCE, HO JIJIST KaXKIOTO CO3ACT CBOIO
BUPTYaJIbHYIO Mariuny. [Ipu papHoMepHoM TpaduKe 3TO He TIPEBPATUTCS B TIPObJIeMYy,
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HO ecsii TpauK HOCUT MUKOBBII XapaKkTep, MOKET GbITh CO3/aHO M3JIUIIHE GOJBIIOE
YKCJIO BUPTYAJIbHBIX MAllliH. BoJiee yiauHas peaynsaust Moria Obl OTCJIEKUBATD TY
CUTYAITNIO U MPUAEPKUBATD 3aIIPOCHI HA CO3/[aHNE BUPTYAJIBHBIX MaIH. TOYHO Tak ke
mucnerdep VMM, Bo3aMoskHO, Heah(heKTUBEH B arpecCUBHOM CTPEMJIEHUU HEME/ITIEHHO
OCTAHABJIMBATH OIYCTEBINNE BUPTyaJbHble MAITUHBL. B 3aBUCUMOCTH OT YaCTOTBI 3a-
MMPOCOB HA BCTYIJIEHUE B UTPY M BBIXOJl U3 Hee MBI PEKOMEHIYEM COXPAHSITD ITyCThIe
BUPTYaJbHbIE MAIIIUHbI B TEYEHIE HEKOTOPOTO BPEMEHH, MTPESK/IE YeM YAAIATH UX. B 60-
Jlee HajieskHO peanu3daiun VMM MOXKHO IIpe/lycCMOTpeTh HacTpanBaeMoe II0pOroBoe
3HAYeHNe /IS 9TOTO NHTepBasta. Pealnsaniio omMCaHHbIX YIAYIIIeHNH MBI OCTaBIsIeM
YUTATEJISIM B KAUeCTBE CAMOCTOSITEIBHOTO YIIPAKHEHUS.

COBET Ecnu gucnetyep VMM pomkeH obpabaTbiBaTb HECKObKO ThICSY 3amnpoCoB B CEKYHAY, BO3-
MOXHO, BaM CfiefyeT HacTpouUTb 6anaHCMPOBLLMK HArpy3k1 1 3amyCTUTb 38 HUM HECKOMbKO 3K3eMM/ISpoB
Node ans obcnyxuBaHus 3anpocoB. B 3TOM cnyyae COCTOSHWS BMPTyanbHbIX MallvMH B Maccuee gVMs
[OMMKHBI 6yAyT COBMECTHO MCMOMb30BaTLCS BCEMM SK3EMMIISipaMu, NO3TOMY AaHHbIN MaccuB criedyeT pas-
MECTUTb He B NIOKasibHOM MamsiTu rnpouecca, a B 6bICTPOAEVCTBYIOLEM XPaHWUMULLE AaHHbIX, TakoM Kak
redis. CCbIIKU Ha LOMOMHUTENbHYIO MH(MOPMaLMIO 06 3TOM XpaHWUULLE MOXHO HaliTu B pasaene «[ns
[IOMOSHUTENBHOIO YTeHusi». C ApYrol CTOPOHbI, €C/K 3anpockl NOCTYNakT AOCTAaTOYHO YacTo, BO3MOX-
HO, ByAeT NyyWwuM pelleHneM pacnpeaennTb UrPOKOB MO reorpaduyeckoMy NpusHaky, ¢ AMCneT4yepamm
VMM, cTaTvyecky NpMBA3aHHbIMU K ONpeaeneHHbIM permoHam.

B 3akntoueHune

C yBesmueHneM YHCTa TTOCTABIINKOB YCIYT O0TAYHOTO XOCTHHTA KAKIAS CTY/INs, 3a-
HUMAaIONAsACcs IIPOU3BOACTBOM MHOTOIIOIb30BaTEIbCKUX UTP, AOJKHA PACCMOTPETh
BO3MOKHOCTD Pa3MEIeHUs BBIICJICHHBIX cepBepoB B obsake. Ho HecMoTps Ha TO 4TO
B HACTOSIIEE BPEMST ITO CTAJIO HAMHOTO MPOTIe, YeM KOTAa-T100, YCAYTH XOCTHHTA
BBIJICIEHHBIX CEPBEPOB BCE €IIe CTOAT JOPOKE, YeM PA3MEIIEHNE CEPBEPOB Y UTPOKOB,
U CJIOKHOCTD TIO0OHON peai3aliiy Takske Boiiie. KpoMe Toro, BO3HUKAET 3aBUCKMOCTh
OT CTOPOHHUX MOCTABIIMKOB YCIYT 0OJAYHOTO XOCTUHTA, ¥ Y UTPOKOB MCUE3AET OTITY-
nienue rnpuyactHoctu. O HaKo IPeuMyllecTBa XOCTUHTA BbI/IeJIEHHBIX CEPBEPOB YacTO
MEPEBEINBAIOT MIepevncAeHHbIC HeI0CTaTKI. PasMerenue cepBepoB B 0b1ake aeT 10-
MOJTHUTEJIBHY O HAJIEKHOCTD, YBEIMUMBAET UX JIOCTYITHOCTD U TIPOITYCKHYO CIIOCOGHOCTD,
TIOMOTAET MPEOTBPAIIATH MOTIEHHUYIECTBO U 00€CTIEYNBAET HEHABSI3UMBYIO 3aIUTY OT
KOITMPOBAHUSI.

JLJ1st XOCTUHTA BBIJIEJIEHHBIX CEPBEPOB TPEOYETCSI CO3/IaTh HECKOJIBKO CEPBEPHBIX Y TUIUT.
MHCTpyMEHTBI pa3paboTKH CEPBEPHOTO KOJA CYIIECTBEHHO OTJIMUYAOTCS OT TEX, UYTO
MPUMEHSTIOTCS B pa3paboTKe KIMEHTCKOTO UIPOBOTO Koja. [IporpaMmubie mHTEphEHch!
REST ocymuiectBasior oOMeH Mexkay cIy:K06aMu TeKCTOBBIMU JAHHBIMU B UNTAEMOM
BU/IE, TPUTOIHOM JIJIsl aHa/In3a U OTAaAKU. JSON — scHbBIIT 1 KOMIIAKTHBIH (hopmar,
HpeAHasHaYeHHbI 1711 oOMeHa gaHHbIMU. Node JS — onTuMusupoBaHHbIi, yiIpaBJisie-
MBIt COOBITUSAMMU ABUKOK Ha JavaScript st 6bIcTpoil paspaboTKu.

WNudpactpykTypa BBIZIEIEHHBIX CEPBEPOB COCTOUT M3 HECKOJBKIX KOMIIOHEHTOB. Cep-

BeprIfI IK3EMILJIAP UTPBI COBMECTHO MCHOJIb3yETCA HECKOJTBKUMU UT'POKaAMU. CepBep—
HBIN I/II‘pOBOI'/JI Iponecc, KOTOprfI MOJKET BRJIIOYAaTb OANH NJIN HECKOJIbKO CEPBEPHDbIX
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AK3EMILISIPOB UTPHI, ipe/icTaBssgeT urpy B OC. Ha ojjHomM urpoBoM cepBepe-Maiite
MOJKET BBIIOJHATHCSA OJUH MM HECKOJbKO CEPBEPHBIX UIPOBBIX mporeccoB. OObIYHO
WUTPOBBIE CEPBEPHI-MANITNHBI B JIEHCTBUTEIBHOCTH SIBJISTIOTCS BUPTYAJTbHBIMUA MAIlTHHAMH,
paboTAIONIMMU B OAMHOUKY MU OJHOBPEMEHHO € APYTMMU BUPTYAJIbHBIMI MallUHAMU
Ha OJIHOU U TO¥ JKe (PU3NIECKON MallluHe.

[lnst yripaBsieHUs BCeMU 9TUMHU KOMITOHEHTAMW TPUMEHSIOTCS JTOKATbHBIN ANCIIETYED
cepBepHbIxX TporieccoB (LSPM) u nucrietuep Buptyanpubix Mamud (VMM). B kaxgoit
BUPTYaJTbHOW MalinHe JielicTByeT cBoit aucreryep LSPM, u on oTBevaeT 3a 3aryck
1 MOHUTOPHMHT IIPOIIECCOB Ha 3TON MallllHe, a TAK)Ke 32 CBOEBPEMEHHYI0 OTIIPaBKY MH-
(hopmarnm o cBoem coctosaun aucnerdepy VMM. [lucnetuep VMM, B cBoto ovepesinb,
ABJIAETCS IJIABHOM TOYKON BXO/Ia JIJIs 3aIIPOCOB Ha 3aIlyCK HOBBIX IIpoleccoB. Korza
carysx6a KOOPAUHAIIMH PEIIAET, YTO HY/KHO 3aIlyCTUTh HOBBII UTPOBOI CE€PBEP, OHA TI0-
coimaer REST-3anpoc koneunoii rouke aucnerdepa VMM. 3arem 06paboTunk 510l
KOHEYHOH TOYKH JIUGO HAXOAUT HEJOUCTIONB30BAHHYIO0 BUPTYAIbHYIO MAIITUHY, JTUGO
3arpalrmBaer y MoCTaBIUKA YCIYT 00JIATHOTO XOCTIHTA 3aI1yCK HOBOM BUPTYaJIbHON
MaImuHbl. [ToJydnB MOAXOASINYIO BUPTYAJIbHYIO MAITMHY, OH TOCHLJIAET AUCTIETUYEPY
LSPM B aToii BupTYyasibHOI MallinHe 3a1pOC HA 3aITyCK HOBOTO CEPBEPHOTO UTPOBOTO
potecca.

Bce 511 KOMIIOHEHTBI TECHO B3aMMOIEHCTBYIOT IPYT C IPYTOM C HENbI0 06ECIIeYnTh Ha-
IEKHOE OKPYIKEHVE BBIZIEIEHHOTO CEPBEPa, MACIITAGUPYEMOE B 3aBUCUMOCTH OT YHCJIa
UTPOKOB, 6€3 MPeBAPUTEIHHBIX (DIMHAHCOBBIX BJIOKEHHIA.

Bonpockl Ana noBTOpeHUs

1. Kakwue npenmyInecTBa u HeZIOCTaTKA UMEET XOCTHHT BbIIeIEHHBIX cepBepoB? Ilo-
YyeMy XOCTHHT BbIIEJIEHHBIX CEPBEPOB B IIPOLILIOM ObLI HAMHOIO GoJiee CJI0KHOIM
3aavein?

2. Hepe‘-II/ICJH/ITe «3a» 1 <<HpOTI/IB>> HOIII.Iep)KKI/I HECKOJIBKNX BKBCMHJIHPOB I/Irpbl B O/~
HOM CEPBEPHOM UTPOBOM TIPOIIECCE.

3. Yro Takoe «BUPTyaJIbHas MalHa» ? [Touemy B 061a9HOM XOCTHHTE OOBIYHO MTPEJO-
CTaBJSAIOTCS BUPTYAJIbHbIE MAIITHHBI ?

4. Kakmne ocHOBHbBIE (DYHKITUW BBITIOJIHSET JOKAJTHHBINA TUCTIETIED CEPBEPHBIX TPO-
1[eCCOB?

5. ITlepeuncinTe HECKOIBKO CIIOCOGOB OpraHU3aI[uK OGPATHON CBA3U MEKLY CepBep-
HBIM UI'POBBIM IIPOLIECCOM U JIOKAIbHBIM JUCIIETYEPOM CEPBEPHDIX IIPOLECCOB.

6. UTo Takoe «InCIeTIep BUPTYIbHBIX MAIIH» 1 KaKNe 33J[a4 OH PelaeT?

7. O6mbsacuure, moueMy uHoraa aucrerdep VMM MoskeT 3amycTuTh GOTbINe BUPTYaTh-
HBIX MAIUH, 4eM TPeOyeTCs B ACHCTBUTEIBHOCTH. Peanusyiite Ko, yCTpaHsIom il
9Ty MPOOJIEMY.

8. OO6wbsicHuTE, TOYEMY cTpemiieHue aucierdepa VMM HeMenleHHO OCTaHOBUTD He-

HY’KHbIE BUPTYaJIbHbIE MAIIUHBI MOXKET YXYJAUUTh a9 dekTuBHOCTb. Peanusyiite
KOJI, YCTPAHSIOIIHIT 3Ty TIPOGJIeMy.
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[TpunoXxeHume.
CoBpeMeHHbIn C++

A3blk C++ SBNSETCA MHAYCTPUAbHBIM CTaHAAPTOM B MPOrPaMMMPOBAHNN BUAEOUTP.
HecMoTpsi Ha TO YTO ANs peanusaumn UrpoBoM NOMMKWU MHOTVE KOMMAHWUM UCMONb3YHOT
A3bIKM 601ee BbICOKOrO YPOBHSI, HU3KOYPOBHEBLIV KOZ, HAaNpuMep, peanuvsyioLuuii fo-
MKy CEeTeBbIX B3aMMOAENCTBUIM, NPaKTUYecku Bceraa nuwetcs Ha C++. B npumepax
MPOrpaMMHOro Koaa, MPUBOAUMBIX B 3TON KHUIE, UCMOMb3YHOTCS OTHOCUTENBHO HOBbIE
Ans si3blka C++ KOHLEeNUuKM, KOTopble Kak pa3 paccMaTpuBatOTCS B 3TOM MPUIOXEHUM.

C++11

YrBep:xaennsiii B 2011 roxy crangapt C++11 npuBHeC MHOKECTBO NU3MEHEHUN B SI3BIK
C++. 3 nanbosiee BaKHBIX HOBIIECTB, 100aBaeHubix B C++11, MoKHO HazBaTh PyH-
JIaMEHTAJIbHBIE SI3BIKOBbIE KOHCTPYKIUU (TaKue, Kak JssMO/1a-BbIPAsKEHMST) U HOBbIE
6uboTekn (Hanpumep, OUGJNOTEKA OALEPKKA MHOTOIIOTOYHOTO BBIIIOJTHEHHUS ).
Hecmotpst na Gosbinoe uncsio HoBoBBegenuii B C++11, B 9T0Il KHUTEe UCIIONb3YETCSI
TOJIBKO MX Majioe TIOAMHOKeCTBO. /7151 03HAKOMJICHHS CO BCEMU HOBIIECTBAMU S3bIKA
BaM Jiydiine o6paTUThCst K JAOIOJTHUTENBHON iuTepaType. B mepBoM pasjesie Mbl pac-
CMOTPUM HeKOTOpbIe obmue Kouteniun C++11, KOTopble He COOTBETCTBYIOT TEMATHKE
OCTAJIbHBIX PA3/IEJIOB HACTOSATIETO TPUIOKEHUS.

Crangapt C++11 Bce elie canuTaeTcss OTHOCUTEIHHO HOBBIM, U HE BCE KOMITHJISITOPBI
HOJHOCTHIO coBMecTuMbI ¢ HuM. Oiako Bece konneniuuu C++11, ucnosb3oBatibie
B 3TOU KHUTE, MOAJEPKUBAIOTCS TPEMsT Hanboiee MOMyJSIPHBIME KOMITAJISTOPAMU:

Microsoft Visual Studio, Clang u GCC.

Henpast He yrmomstHyTh etrte 6osiee HOBYT0 Bepenio cranapra C++ — C++14. Onnaxo
C++14 aBngercs ckopee KOPPEKTUPYIOIeil Bepcueil, 0aToMy B Heil He TaK MHOTO
n3MeHenuii, kak B C++11. Ciemymoniyio Bepcuio cTanapTa MJIaHuPYeTCs BBITYCTUTD
B 2017 rony.

auto

KioueBoe csioBo auto cyiectBoBaio B npeabyryux Bepcusix C++, no 8 C++11 ono
MOJIYYNJIO HOBOE 3HaUeHHe. B 4acTHOCTH, MCMOJIb30BaHUE HTOTO KJIIOYEBOTO CJI0BA BMe-
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CTO THIIa COO6HIaeT KOMITWJIATOPY, YTO TOT AOJIKEH «yTa/laTb» TUIT HepeMeHHOfI Ha aTalie
KOMITNJIALTUH. A ITOCKOJIbKY THII OIIPEJIEJIAETCA €11e Ha 3Talle KOMITUJIALINN, 9TO O3HAYAET,
YTO UCIIOJIb30BaHNME TUIIA auto HE BiieUeT HUKAKNX HAKJIAIHBIX PACX0/I0B BPEMEHN UC-
ITOJTHEHM A, HO ITO3BOJIACT IITMCATbh 6oJee KpaTKI/IfI KO/.

Hanpumep, B npexunx crangaprax C++ obbsaBiIeHe UTEpaTopoB OBIIO HACTOSIIEH
TOJIOBHOII O0JIBI0 (€CJIH BBI HE 3HAKOMBI C TOHSTUEM UTEPATOPOB, TO CMOKETE IPOUNUTAT
0 HUX JIajiee B 3TOM TIPHUJIOKEHIIN ):

// 0bbaABneHWe BeKTOpa LenbIX Yucen

std::vector<int> myVect;

// ObbaABneHWe uTepaTopa, CCbIIAKWErocA Ha Ha4ano BekTopa
std::vector<int>::iterator iter = myVect.begin();

Opnako B C++11 ciiokHOE 00bSIBIICHIIE TUIIA UTEPATOPA MOKHO 3aMEHUTH KJIIOUEBBIM
CJIOBOM auto:

// ObbABneHne BeKTOpa Uenbix Yucen

std::vector<int> myVect;

// O6baABneHue utepaTopa (C nomouwplo auto), ccbinawweroca Ha Havaso BeKTopa
auto iter = myVect.begin();

Tax kak TUTI 3HAYEHU ST, BO3BpaIaeMoro myVect.begin(), M3BeCTeH Ha dTaTe KOMITHJIS-
UM, KOMITUJISITOP MOJKET OIpeiesIuTh TUII iter. KiroueBoe cJI0BO auto MOXKHO TakiKe
HCIIOJIb30BaTh JIJI OIIPE/IeJIEHI IIPOCTHIX TUIIOB, TAKNX KAK I[eJIble UJIU BEIleCTBEHHbIE
YHUCJIa, HO IEHHOCTh TaKOTO MpHUeMa JIOBOJIbHO COMHUTeMbHA. VIMeliTe Takske B BULLY,
YTO 10 YMOJITYAHUIO auto He TOo/[Pa3yMeBaeT HU CChLJIOYHOTO TUTIA, HU crieninuKaTopa
const, eCJIn 9T CBOMCTBA JKeJIaTe/IbHbI, UCIOJIb3yHTe ABHbIE 0ObABIEHUS: auto&, const
auto mim const auto&.

nullptr

B npexxnux Bepcusx crangapra, npeaiiectsosasiinx C++11, qusg ouncrku ykasaress
Heo0X0AUMO OBLIO IIPUCBOUTD €MY YUCJI0 © Wik MaKpoc NULL (KOTOPBII OTIpe/iesisieTcst
JUPEKTUBOI #define Kak MPOCTOH MceBAOHNM 715t urcia 0). OlHaKO OCHOBHON Helo-
CTaTOK TaKOTO IO/IX0/Ia 3aKJII0YaJICsS B TOM, YTO @ MHTEPIIPETUPYETCS B IIEPBYIO OUepeE/lb
KaK I[eJI0€ YMCII0. TO MOTJIO BBI3BATH POOIIEMBI B cJiydae rieperpysku (yuxkmuii. [Ipes-
MOJIOKIIM, HATIPUMep, YTO OTIPe/IesIeHB CIeyoMmue aBe (OyHKITII:

void myFunc(int* ptr)

{
// BbINONHUTbL HeKOTOpble AeNCTBUA
//...

¥

void myFunc(int a)

{
// BbINONHUTbL HeKOTOpble AeNCTBUA
//...

¥
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[Tpo6rema BO3HUKHET, €CJIM BBI3BATH myFunc ¢ apryMeHToM NULL. MoskHO GbLTO 6B 05KH-
JIaTh, UTO B pe3yJisrate Oy/IeT BbI3BaHa nepBast Bepcust (DyHKIMU, HO 5TO He Tak. [Tpuunna
B TOM, 4TO NULL — 3TO 0, a @ MHTEPIPEeTHPYeTCs Kak Tesoe yucao. C 1pyroi CTOPOHHI,
ecy nepeiaTh B (QYHKIUIO apryMeHT nullptr, To Gy/eT BbI3BaHa TepBast (hyHKITHSL, T0-
TOMY 4TO hullptr mHTEpIpeTUpyeTCsd KaK yKa3aTeb.

XOTs 9TO BCETO JIMNIb TPUMeEP, OH MTOKa3bIBaeT, 4TO KJIIYeBOe CJI0BO nullptr cTporo
UHTePIIPeTUpyeTcs Kak yKasaTeJb, Torga kak NULL uiau @ — net. McnonbsoBanue
KJIIOUEBOT0 CJIOBA UMEET €llle OJHO MTPEUMYIIECTBO: OHO JIETKO UACHTU(UIIUPYETCS
IIPU TPOCMOTPE UCXOIHBIX TEKCTOB — €T0 TPYAHO CIIyTaTh ¢ 4eM-IuO0 APYTUM — B OT-
JIYIE OT YNCIa O, KOTOPOE MOXKET BCTPEUATLCS BO MHOJKECTBE MECT, T7le BOOOIIE HET
yKasarteJeil.

Ccbliku

Ccouika (reference) — aTo THII TIepeMEHHOI, KOTOpast CChLIAaeTCs Ha APYTYIO mepe-
MeHHy10. Cilez1oBaTesIbHO, IPU U3MEHEHWH [TEPEMEHHOMU-CChIITKU /I0JDKHA U3MEHSAThCS
OpUTHHAJIbHAS TIepeMeHHasd. Haie BCero CChbIKU MCTIOJAb3YIOTCS TIPU ONPeIeTeHITN
(byHKIMH, KOTOpbIEe U3MEHSIOT CBOU MapaMeTpbl. Hampumep, cienyionas hpyHKITUs
MeHseT 3HaUeHUs TTapaMeTpPOB a U b MecTaMu:

void swap(int& a, int& b)

{
int temp = a;
a = b;
b = temp;

}

To ecTpb ecim GyHKIINN swap TIepeiaTh ABeE TIeJIOUYNCTIeHHbIE TIepeMeHHbIe, M0 3aBep-
IIEHUU ee PaboThI ATH J[BE MepeMEeHHbIE TOMEHSAIOTCS 3HAUYEHUSME. ITO TIPOUCXOAT
G1arofapst TOMY, 9TO TAPAMETPBI a U b TIPEACTABISIOT COOOH CCHITKU Ha OPUTUHATBHHBIE
nepemennbie. Ecm 661 dhyHKITHIO swap moTpe6oBanoch Hammcath Ha C, MpUILIOCh Obl
BMECTO CCBIJIOK UCTIOJIb30BaTh yKa3arean. Ha ypoBHEe KOMITUIIAIIMY CCIIKT (DAKTUYECKU
peasn30BaHbl KaK yKa3aTesH, HO CeMaHTHKA MCIIOJIb30BaHIS CCHIIOK HAMHOTO TIPOIIE,
MIOTOMY YTO WX Pa3bIMEHOBAHME TIPOUCXOANT HessBHO. Kpome Toro, cebliku Gesomactee
UCII0JIb30BATh B IapameTpax GyHKIUI, TOTOMY YTO OHU TAaPAHTUPOBAHHO HE MOTYT
OBITH MYCTHIME (XOTSI TEOPETUUECKU HIUTO He MOMEIIAeT HATUCATh YPOIJIUBBINA KO,
B KOTOPOM CChLIKA OYIeT IyCTOil).

KOHCTaHTHbIE CCbIIKU

BosmosknocTh nameHenmnst ImapaMeTpoB — JIMIIb O/THA U3 MHOKECTBA IMPUYNH MCITOJIb-
30BaHMA CChLIIOK. J.IJIH CJIOKHBIX THUIIOB (TaKI/IX, KaK KJIaCCbI 1 CprKTypr) nepeaayda 1o
CCbLJIIKE IIOYTH BCerjga OKa3bIBaeTCsd 3(1)(1D€KTI/IBHGG rnepejgadn 1Mo 3Ha4eHuIo. ITO O6y-
CJIOBJIEHO H606X0[[I/IMOCTIJIO CO3/1aHuA KON HepeMeHHOﬁ pu 1nepegayde 1mo 3Ha4eHuto,
a JIJIA CJIOJKHBIX THUITOB, TAKHMX KaK BEKTOP MJIN CTPOKaA, CO3/JaHrEe KON Tpe6yeT JInHa-
MHWYECKOI'O Bbl/I€JICHUA ITaMATH, YTO 3HAYUTEJIbHO YBEJINMYNUBACT HaKJIAHbI€ PACXO/IbI.
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C npyroii CTOPOHBI, €CJI BEKTOP WJIM CTPOKA ITPOCTO TIePealoTcs B (PYHKIIMIO 10 CCBLIKE,
3TO O3HAYAET, YTO (DYHKIIMSA CMOKET U3MEHUTD 3HAYCHNE OPUTTHAIBHON TIePEMEHHO.
A kax ObITh, KOT/Ia TaKast BO3MOKHOCTbD JJOJKHA OBITh 3alpeliieHa, HalpuMep Kor/aa
nepeMeHHasl TIpeJICTaBJIsieT Jannbie Kiaacca? Perrernue aToil mpoOIeMbl 3aKII04AETCST
B UCIIOJIb30BAHUU KOHCmanmuuly ccoliok (const reference). KoncranTHas ceblika mo-
NOOHA OOBIYHOM, HO €€ MOKHO MCITOJIb30BaTh TOJBKO JJIsl UTCHUST — JII0ObIC N3MEHEHUS
3arpelieHsl. B pesysbraTe nosyyaercs coefuHeHUE JIyYIIero ¢ XOPOIIUM: OTIIa/laeT He-
006XOIUMOCTH CO3/IAHUSI KOITUH, U (DYHKIIUSI HE CMOKET U3MEHUTDH Aantbie. Cieayomast
(byHKIIMS print SBISETCS OXHUM W3 TIPUMEPOB Mepelau MapaMeTpoB 110 KOHCTAaHTHOM
CCBLIKE!

void print(const std::string& toPrint)

{

std::cout << toPrint << std::endl;

}

CuunTaercst XOPOIIMM TOHOM TIepe/laBaTh 3HAYEHUS CJOKHBIX TUIIOB B (DYHKIIUH 1O
KOHCTAHTHOM CCBIJIKE, €CJIM TOJIbKO (DYHKIIUA CIIeIMaJbHO He NpeHa3HayeHa /s
M3MEHEHUs OPUTUHAJIBHOM MTepEMEHHOM, — B 3TOM CJiydae CJeyeT UCIOJb30BaATh
06BIamHYI0 cehTKY. OTHAKO TPUMEHEHNE CCHLTOK TS TTepelauil TIPOCTBIX THITOB (T[eJThle
WJIM BEHIECTBEHHBIE YKCIIa) BMECTO MX KOTHH, HA060poT, yXy/amaeT 3(hHeKTHBHOCTD.
[IpocTpie TUTIBI TPEATIOYTUTENbHEE TIepeiaBaTh 0 3HAYEHUIO, €CITU TOJBKO (DYHKITUA
CTIETMAIBHO He TIPe/ITHa3HavYeHa JIJTsT MI3MEHEHWST OPUTHHATBHON TIePEMEHHOH, — B 9TOM
cJIydae CJIeyeT UCIoIb30BaTh OOBIUHYIO CCBIIKY.

KOHCTaHTHbIE PYHKUMM-UNIEHDI

K dyHKIMIM-uIeHaM 1 UX TapaMeTpaM IPUMEHSTIOTCS Te JKe TPABUIIa, YTO U K 0ObIU-
HbIM (DYHKIMAM. TO €CTh CI0KHBIE TUTTBI OGBIYHO TIPEATIOYTHTENbHEE TEPeaBaTh M0
KOHCTaHTHOMN CCBIJIKE, & TTPOCTBIE — 10 3HaYeHWT0. CUTYyaIus OCTOKHACTCS, €CITU PeUb
3aXO/IUT O 3HAUEHNUSIX, BO3BPAIIAEMBIX TaK HA3BIBAEMBIMU QyuKyusmu umenus (getter
functions) — GyHKUUAMY, BO3BPALIAIOMIMME 3HaYEHKA 10Jiell 00beKTOB. OOBIYHO
Takue GYHKIUU JOJKHBI BO3BPAIIATh KOHCTAHTHbIE CCBLIKH HA JaHHbIe-4JI€Hbl — 3TO
He TTO3BOJISIET BBI3BIBAIONIEMY KOy HAPYIIUTD TIPABUIA WHKATICYJSIUNA 1 UBMEHUTD
TaHHbIE.

M cnonb3yst KOHCTAHTHBIE CCBHLIKU € KJIACCAMMU, TIOMHUTE, UTO JTI00bIE (PYHKITUU-YJICHBI,
He M3MeHSIONNe JaHHbIe B WIEHAX, ONPe/eNIII0TCS KaKk KOHCTaHTHbIe. Koncmanmuas
pynxyusi-unen (const member function) rapaHTupyer, 4To He UIBMEHUT BHYTPEHHUE [aH-
Hble K1acca (M CTPOTo COBI0AAET 9TO 00S13aTENBCTBO). ITO BAKHO, TOTOMY UTO K KOH-
CTAHTHOU CCHIIKe HAa 0OBEKT MOKHO TPUMEHUTH TOJBKO KOHCTAHTHYIO (DYHKIHIO-UJIeH
9TOr0 06bheKTa. EC/TN MOMbITaThCsI BHI3BATh HEKOHCTAHTHYO (DYHKIIUIO 71T KOHCTAHTHOI
CCBLJIKH, 9TO MPUBE/ET K OMMUOKE KOMITHJIATVH.

Yro6br 06bABUTE (DYHKITMIO-4JIeH KOHCTAHTHOM, B ee olpe/ieieHne ceiyeT 100aBuTh
KJIOUEBOE CJIOBO const TI0cie KPYIJoi CKOOKH, 3aKPBIBAIOIIEH CITUCOK MapaMeTpPOB.
Caenylomuii kyiace Student 1eMOHCTPUPYET MPAaBUJIbHOE UCIOJIb30BAHUE CCBIIOK
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1 KOHCTaHTHBIX (PYHKIMI-41eH0B. Takoe ncnoJib30BaHue const YacTo HA3LIBAIOT CONSL-
Koppexmuocmyio (const-correctness).

class Student

{
private:
std::string mName;
int mAge;
public:
Student(const std::string& name, int age)
: mName(name)
, mAge(age)
{1}
const std::string& getName() const {return mName;}
void setName(const std::string& name) {mName = name;}
int getAge() const {return mAge;}
void setAge(int age) {mAge = age;}
s
LLIa6noHbI

Ila6non (template) — 5710 cr1oco6 OOBABUTDL (PYHKIHIO UK KJIACC TaK, YTOOBI OHU MOTJIM
NPUMEHSITHCS K JTI00bIM Tuam. Hanpumep, ciremyromiast mrabioHHast (hyHKIHS max OyaeT
IPUMEHUMA K JIIOOBIM THUIIAM, TTOAAEPKUBAIOLIIM OIIEPATOP «OOJIbIIIe YeM»:

template <typename T>
T max(const T& a, const T& b)

{

return ((a > b) ? a : b);

}

Korma koMmuiisiTop BCTpedaeT BI30B max, OH CO3/IaeT BEPCHIO MabIoHa JITIs TAHHOTO
tuma. COOTBETCTBEHHO, €CJIH B IPOrPaMMe UMEIOTCS JIBa BbI30BA max — OJIMH JIJIST 1IEJTbIX
yuces U OJUH /I BelleCTBEHHbIX, — KOMIIMJIATOP CO3/aeT ABe Bepcuu max. To ecTb
pasMep UCIOTHAEMOTO MOJIYJISI i CKOPOCTD PAGOTHI GY/IyT UACHTHYHBI BEPCHH C IBYMSI
dbyHKIMsSIMU max, 00 bSABJIEHHBIME BPYIHYTO.

AHaJIOTHYHBIN TTOAXO/] IPUMEHSIETCST K KJIaccaM M/UJIH CTPYKTYpaM, U OH HIMPOKO KC-
noJb3yercst B 6ubanoreke STL (omuchiBaeTest gajiee B 9ToM Tpuiiokernn ). OxHaKo,
TaK jKe KaK B CJIy4ae CO CChUIKAMU, CYLIECTBYIOT U JOIOJHUTENbHbIE CLIOCOOBI HCIIOJIb-
30BaHus MA0JIOHOB.

Cneumanuzaums wabnoHa

JlomycTim, 4TO y Hac ecTh mabaonnas GyHKIus copyToBuffer, mMpuHUMAIONIast Ba
mapameTpa: ykasareab Ha Oydep st 3amcu u nepeMeHnyio (1mabJIoHHyI0), 3HAUeHUE
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KOTODO¥ HY’KHO 3anucaTb. Huske mpUBOANTCS OJMH N3 BAPUAHTOB PEATU3AIUU TaKOH
bynkmn:

template <typename T>
void copyToBuffer(char* buffer, const T& value)

{
std: :memcpy(buffer, &value, sizeof(T));

}

Opnaxo sta GpyHKIMA 00J1a1aeT Cephe3HbIM HetocTaTKoM. OHa IIPEKPACHO CIIPABJISIETCS
C IIPOCTBIMU THUIIAMH, HO CJIOJKHbIE TUIIBI, TAKHAE KaK CTPOKHU, 06pabaThiBAlOTCS Helpa-
BWJIBHO. /[es10 B TOM, 4TO (DyHKIIMST BBITIOTHSIET TIOBEPXHOCTHOE KOTTMPOBAHNE — B OT-
Judne or rayboKoro, 3aTparuBaionlero Bce BHyTpeHHIe JaHHble. YT0ObI UCIPAaBUTh
CUTYaIUIO, CO3/IaliTe CIENNATU3NPOBAHHYIO Bepcuio copyToBuffer, BLITTOTHIAIONIYIO
riry6oKoe KOMUPOBAHUE CTPOK:

template <>
void copyToBuffer<std::string>(char* buffer, const std::string& value)

{
std: :memcpy(buffer, value.c_str(), value.length());

}

Terepn, ecim B IporpaMMe BbI3BaTh copyToBuffer co CTPOKOI B KaueCcTBe BTOPOTO
apryMeHTa, KOMIUJISATOP MOJCTaBUT BbI30B CIIEIMAIN3MPOBaHHOI Bepcuu. Takad crie-
[MATU3AIHs] TIPIMEHNMA U K 1TabJI0HaM, TIPHHUMAIOIAM MHOKECTBO MIA0JIOHHBIX MTapa-
METPOB, — B 9TOM CJIYUae MOXKHO CIEINATN3UPOBATD JI0O0€ YHNCTO TAKUX TAPaAMETPOB.

CTaTuyecKkune yTBEPXAEHUS N CBOMCTBA TUMOB

YrBep:xienus (assertions) BpeMeHU BBITIOJIHEHUSI OU€Hb [TOJIE3HBI JIJIsT TIPOBEPKU 3HA-
yeHn#. B urpax BMeCcTO UCKIIOUYEHUH 3a4acTyIO MPeANOYTUTENbHEE UCTIOTb30BaATh
YTBEP:K/IEHNST, TOTOMY YTO OHM BJIEKYT MEHBIITNE HAKJIa/HbIEe PACXO/bI U JIETKO MOTYT
OBITh yIaJIEHbI IIEPE]] BHITYCKOM ONTHUMU3UPOBAHHON BEPCUML.

Cmamuueckue ymeepacoenust (static assertion) — 310 pa3HOBHUIHOCTD Y TBEPIKAECHUN, KO-
TOPBIE BBITIOJIHSIOT IPOBEPKU HA 3Tare KOMIIJIAIINIL. A TakK KakK ITPOBEPKY BBITTOIHIIOTCS
Ha dTale KOMIIWJIAINH, JOTHYecKre 3HaueHusl BbIpaKeHU, pealn3yIolux IPoBEepPKY,
TaKIKe JIOJKHBI ObITh U3BECTHBI HA ATare KOMIJsiiiuu. Huke mpUBOAUTCS IPUMED TTPO-
CTOM (PYHKITHH, KOTOPAst He KOMITIINPYETCS M3-32 HATMYNS CTATHIECKOTO YTBEPSKICHIIS:

void test()
{

static_assert(false, "Doesn't compile!");

}

Koneuno, ctaTnueckoe yTBep:xieHue ¢ yCIoBUeM false MOXKET BbI3bIBAThH TOJIBKO TIpe-
pBIBaHUE KOMITUIATNH. Ha mpakTrke ctaTndeckne yTBep:KICHNS 9aCTO UCTIONB3YIOTCS
C 3ar0JIOBOYHBIM (haiiyioM type_traits, onpenensembim ctangaprom C++11, aTo 1o-
3BOJISIET 3AMPETUTD UCTIOIb30BAHNE MMAOJTOHHBIX (DYHKITUH € OMPe/IeIEHHBIMU THITAMUL
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Bepuemest k mpuMmepy dyHkinu copyToBuffer. /Iyt Hac 66110 661 yo6Hee, ecau Gbl
06001eHHast Bepcust GyHKIIE paboTaia TOMBKO ¢ MPOCTBIMU TUIIAMU. ITOTO MOKHO
TOOUTHCS ¢ TOMOTITHIO CTATUYECKOTO YTBEPIKIEHNUS, HATIPUMED:

template <typename T>
void copyToBuffer(char* buffer, const T& value)

{

static_assert(std::is_fundamental<T>::value,
"copyToBuffer requires specialization for non-basic types.");
std: :memcpy(buffer, &value, sizeof(T));

}

CsoiicTBo is_fundamental 6y/:[eT HNIMETb UCTUHHOE 3HAaUYCHUE, TOJABKO Korja T ABJISIEeTCA
npocThIM TUIIOM. To ecTh 1000 BbI30B 0600IIEHHON Bepcur copyToBuffer He OyzueT
KOMIIUJIMPOBATBCS, €CIM T HEe OTHOCUTCS K ITPOCThIM ThaM. CaMoe nHTepecHoe Hauu-
HAEeTCs, KOTJAa B UTPY BCTYIIAET CIIEIIUAIN3AIINS: €CJIN I JaHHOTO TUTIA IIPEYCMOTPEH
ClIeIMaIu3MPOBaHHBIN 111abJI0H, 06001IeHHAsT BepCHst OyAeT MPOUTHOPUPOBAHA 1, COOT-
BETCTBEHHO, CTaTHYeCKOe yTBepsKAeHue Oyet mporyiieHo. To ecTb eciim B iporpamMme
CYIIIECTBYET CTPOKOBAs Bepcus copyToBuffer, Kak B mpuMepe BbIliie, BBIZ0B (DYHKITUN
CO CTPOKOIT BO BTOPOM TrapaMeTpe OyeT KOMIIINPOBAThCst 6€3 OIMUOOK.

«YMHble» yKa3aTenu

Yrasamenv (pointer) — aTo TUN IepEMEHHOM, XpaHsAIIel aZipec, U OJlHA U3 OCHOBHBIX
KOHCTPYKITUH, UCTTOIb3yeMbIX TiporpammuctaMu Ha C/C++. OiHako npyu HeMmpaBUIbHOM
HCIIOJIb30BAHUY YKa3aTesIel CYIecTBYET BEPOSATHOCTD MOSIBJIECHUS TPYIHOOOHAPYKUMBIX
omm6ok. OjiHA M3 HUX — yTeUYKa MaMsITH, KOTJIA TaMsTh IMHAMUYECKH PACIIPEIeisieT-
s M3 Ky9d, HO HUKOT/Ia He 0cBoGoxmaeTcst. HampuMep, caeayiomuil Kaace CTpagaet
YTEUYKOI MaMsITH:

class Texture

{
private:
struct ImageData
{
//...
¥
ImageData* mData;
public:
Texture(const char* filename)
{
mData = new ImageData;
// 3arpy3utb ImageData u3 ¢aina
//...
}
¥

O6paTuTe BHUMaHWE: 3/[6Ch KOHCTPYKTOP KJTacca ANHAMIYECKH BBIIE/SET TAMSTh /IS
CTPYKTYPBI, HO OHA He 0CBOOOKIAETCS B IeCTPYKTOpe. UTOOBI YCTPAHUTD 9TY YTEUKY,
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106aBETE IECTPYKTOP, KOTOPBINA OCBOGOIUT TTAMSITh, Ha KOTOPYIO cChliaeTcst mData. Mc-
IIpaBJyieHHas1 Bepcus Texture IpuBOAUTCS HUXKE!

class Texture
{
private:
struct ImageData

{
s

ImageData* mData;
public:
Texture(const char* fileName)

{

/7.

mData = new ImageData;
// 3arpy3utb ImageData u3 ¢aina
//...

¥

~Texture()

{

}
3

delete mData; // YcTpaHAeT yTeuyky namaTu

Bropas, 6osee koBapHast onMOKa MOKET BOSHUKHYTh, €CJTU HECKOJIBKO 0GBEKTOB CO/IEp-
JKaT yKA3aTeN HA O/THY U Ty JKe TTePEMEHHYI0, PA3METEHHYI0 B INHAMUIECKON TAMSITH.
Hanpumep, B3rusinuTe Ha cjaeayomuil kiace Button (OH HCTIOJIB3YeT Kaacc Texture,
0OBSIBJICHHBIN BBIIIIE):

class Button
{
private:
Texture* mTexture;
public:
Button(Texture* texture)
mTexture(texture)

{}

~Button()
{

}
}s

delete mTexture;

3ajiaua COCTOUT B TOM, YTOOBI OTOOPA3UTh TEKCTYPY HA MOBEPXHOCTU KHOIKH, [TPU HTOM
TEKCTYpa JJ0JDKHA 3apaHee AUHAMUYECKU PasMellaThCs B IIaMATU. A Tellepb IIpe/ICTaBbTe,
YTO MOJIYYUTCS, €CJIN CO3/AaTh /IBA 9K3EMILIIPa KHOIKY Button, KasKIblii N3 KOTOPBIX
OyJIeT YKa3bIBATh HA OJIUH U TOT jKe 9K3eMILISIp Texture? [Toka 0Oe KHOITKU AKTHBHBI, HU-
wero He cayynTest. Ho Kak TOJbKO TIepBhIif 9K3eMIIIsIp Button Oy/IeT yiaieH, yKa3aTesb
Ha 9K3eMILISAp Texture cTaHeT HezelicTBUTEIBbHBIM. Ho BTOpOit ak3eMmsip Button Bce
etife Oy/IeT UMeTh YKa3aTesIb Ha MAMSITD, T/I€ MPESKIE HAXOIUIICS TOJBKO UTO Y/IaIeHHbII
9K3eMIIISIP Texture, YTO B JTyUITIEM CJIYYae BHIBOBET NCKAKEHUS B M300PAKEHNHT KHOITKH,
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a B Xy/IIIIEM — aBapuifHOE 3aBEPIEHUE TIPOTPAMMBL. DTa PobIeMa He IMEET TIPOCTOro
PEIIeH s TPU UCTIOIBb30BAHUN OOBIUHBIX YKA3ATEEN.

«YMHBIE» yKazaTeu PEaT 06e OMMCaHHbIe TIPOOJIEMBI, U ¢ TIOSIBJEHHEM CTaHIapTa
C++11 oHM cTa/IM YaCThIO CTAHAAPTHON GUOIMOTEKN (B 3aT0JIOBOYHOM (haiijie memory).

PasgenseMble ykasatenu

Pasdensiemoul yxasamens (shared pointer) — aTo ofMH U3 «yMHBIX» yKasaTeJieil, H03BO-
JISTIOTIX MMETh HECKOJIbKO yKazaresell Ha OfHY U Ty JKe MEePEMEHHYI0, Pa3MEIleHHY O
B IMHAMUYECKOMN [AMSITH. «3a KyJIMCaMI» KOJla Pas/ieisieMblil yKasaTelb IOACYUThIBAeT
KOJIMYECTBO yKazareJell Ha IeJIEBYIO TIEPEMEHHYI0, — HTOT MPOIECC HA3BIBAIOT 100CUe-
mom ceviiox (reference counting). TTaMsiTh, 3aHsTasI 1eJIEBOI TEPEMEHHOM, 0CBOOOK/1a-
eTCsl, TOJBKO KOT/Ia CYUETYNK CCHUIOK JIOCTUTHET HyJist. Biarogapst aToMy paszessieMblii
yKaszaTesb MOJKET TapaHTHPOBATh, YTO TIEPEMEHHAs, Ha KOTOPYIO €ll[e €CTh CChIIKH, He
OyJIeT yaaieHa paHbIie BPEMEHH.

CosnaBaTh pasjiesisieMble yKa3aTe I PEAoUYTHTETbHee ¢ MOMOIIbIO MabJIOHHON (DYHK-
1un make_shared. Hiske IpUBOAUTCS TIPOCTOM TIPUMED MCIIOIB30BAHKS PA3/eIsIEMbIX
yKazaTeJselt:

{

// CKOHCTpyupoBaTb pa3pensiemblii ykasaTenb Ha 3HadveHue Tuna int
// VHWUManusupoBaTb LeneBykl NepemMeHHyWw 4uciom 50

// CYeT4YMK CCbiNOK paBeH 1

std::shared_ptr<int> pl = std::make_shared<int>(50);

{

// Co3paTb HOBbI paspensiembiii yKasaTesb
// Ha Ty Xe ueneByl MNepeMeHHyH.

// CYeTYMK CCbINOK Tenepb paBeH 2
std::shared_ptr<int> p2 = pi;

// Pa3biMeHoBaTb shared_ptr kak o6bl4HbIN yKa3aTenb
*p2 = 100;
std::cout << *p2 << std::endl;
} // p2 yHu4TOXaeTCA, CHETHMK CCbIOK CTAHOBUTCA paBHbM 1
} // pl YHWYTOXaeTCH, CYETYMK CChUIOK CTAHOBUTCA paBHbIM O,
// no3ToMy ueneBas nepemeHHasa yhandeTtcs

Kax Mbl BuguMm, o6e (dbyHk1mu, shared_ptr u make_shared, SBJIs10TCs 1AOJOHHBIMU 110
THUITY AUHAMUYIECKU pa3MernaeMoii mepemennoit. Mymukimsa make_shared aBToMaTHYeCKN
BBIJIEJIIET HEOOXOMMYIO MAMSITh, — 0OpaTUTEe BHUMAHUE HA OTCYTCTBUE TIPSIMBIX BBI30-
BOB new UJIH delete B aTOM puMepe. IMeeTcss BO3MOKHOCTD HAIIPSIMYIO TIepeiaTh ajipec
B TIAMSITH KOHCTPYKTOPY shared_ptr, HO TaKol MprueM He peKOMEH/LyeTCsI MCTI0Ib30BaTh,
€CJTH ATO He ABJSIETCST aOCOMOTHO HEOOXOMMBIM, TaK KaK OH, B OTJIMYNE OT make_shared,
MeHee 3 hEeKTUBEH U YpeBaT ONMOKAMHY.

Ecuiit noHao6uTest repeaath pasiesisieMblil yKasaTesb B (DYHKIIUIO B BUJIE apTyMEHTa,
nepejaBaiiTe ero 110 3HaYeHUIO KaK IIepeMeHHYIO IIPOCTOr0 TUlla. JTO IIPOTUBOPEYUT
OOBIYHBIM TTPABUJIAM MEPEIAU MO CChLIKE, HO MHAYE HE MOJYUYUTCS TapaHTHPOBATH
KOPPEKTHOE COCTOSAHUE CUCTUNKA CCBLIIOK B PA3/ICJIAeMOM yKa3aTeJle.
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Ornupasdch Ha HOBbIe 3HAHUS, MOXKHO IlepelcaTh Kaacc Button U3 Ipebl/yIiero pasjesia
1 33/eficTBOBATh B HeM yKasaTesb shared_ptr Ha sk3eMIAp Texture, Kak IMOKa3aHo
HUKe. B TaHHOM CJiydae 9K3eMILISIP TEKCTYPhI Texture rapaHTUPOBAHHO OyjeT Xpa-
HUTHCS B TIAMSITH, [IOKa CYIIECTBYET XOTsT OBl OJIMH aKTUBHBIN Pa3/ieiieMblil yKa3aTeIb
Ha Hero.

class Button

{
private:
std::shared_ptr<Texture> mTexture;
public:
Button(std: :shared_ptr<Texture> texture)
mTexture(texture)

{}

// LecTpyKTOp He HyXeH, MOTOMy 4TO WMCMNONb3yeTCA YMHbIl yKasaTenb!

})

PaznenisieMbie yKa3aTesn UMEIOT €Ile OfHY 0COOEHHOCTD, O KOTOPOIL CIIEAYET YIOMsI-
HyTb. Ecoin kmaccy Tpebyercst moJyduTh pas3aessieMblil yKasareab Ha caMoro cebs,
MTPOTPAMMUCT He JIOJIKEH BPYYHYIO KOHCTPYMPOBATH HOBBIN Pa3fiesIsieMbIil yKa3aTesb
Ha OCHOBE yKazaTeJisl this, TIOTOMY YTO B 3TOM cJiydae He Gy/IyT yITEHBI CYIIECTBYIO-
II[Fe CYETUYNKH CCBITIOK. BMECTO aTOTO cile/ryeT BOCTob30BaThCst MAGJIOHHBIM KIACCOM
enable_shared_from_this. Hampumep, eciiu ak3eMIisipaM Texture moTpebyeTcst moJy-
YaTh Pas/lessieMble YKA3aTeJ I Ha caMuX celst, MOKHO YHACIEIOBATH 3TOT KJIACC OT KJIacca
enable_shared_from_this, KaK MoOKa3aHO HUKE:

class Texture: public std::enable_shared_from_this<Texture>

{

// Peanusauuia
/...
s

ITocsie aToro BHyTpH 110001 (DyHKIMKM-UJeHa Kjlacca Texture MOKHO BbI3bIBATh
byHkIUIO-UNeH shared_from_this, BO3BpalaoNLyio pa3jieaseMblii yKa3aTesab ¢ KOp-
PEKTHO YCTAaHOBJIEHHBIM CYETUNKOM CCBLIOK.

CylecTBYOT TaksKe MadJaoHHbIE (DYHKITUH IS IPUBEICHUS PasIe/isieMbIX yKasaTeeil
K Pa3HbIM KJlaccaM B repapXxuu: static_pointer_cast u dynamic_pointer_cast.

YHUKanbHblEe yKa3aTenu

Yuuxanvnvii ykazamenv (unique pointer) HaTOMUHAET pasiesisieMblil yKa3aTesb, HO
rapaHTHUPYET, YTO TOJBKO OJIUH YKa3aTeJIb CMOKET CChIJIATHCS Ha TIeJIEBYIO TEPEMEHHYTO.
Ecou mombITaThCst TPUCBOUTDH OJIUH YHUKAJIBHBIN yKa3aTeh APYTOMY, 3TO MPUBEIET
K ommbKe. To eCcTh YHUKAIbHBIM yKa3aTe M He TpeOyeTCs OACYUTHIBAT CChLIKU — OHI
ABTOMATHYECKH Y/IAJISTIOT 1IeJIEBYIO IIEPEMEHHYIO B MOMEHT YHUUTOKEHUST YHUKATTBHOTO
yKaszaTeJis.
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[t paGoThI ¢ YHUKAJIbHBIME YKa3aTesIMU UCIIOIb3YiiTe unique_ptr u make_unique —
MMOMUMO TO/ICYETA CCHIIOK, KOJI, MCIOIB3YIONIMI unique_ptr, 04eHb MOXO0K Ha KO/,
WCTIONB3YIONNI shared_ptr.

Cnabble ykasaTtenu

Ykazarenu shared_ptr hakTUUYECKHU MOIJEPKUBAIOT /[BA CUETUNKA CCHIIOK: CUETIUK
CUTLHBIX CCBIIOK ¥ CUETYHK C1a0bix cChLTOK. Kor/ia CueTunK CUITbHBIX CCBIIOK IOCTUTAET
HYJISL, 1[eJIeBOi 00beKT yHHUTOKaeTcst. OHAKO CUETUHK CTabbIX CCHIJIOK HUKAK HE YUuu-
TBIBA€TCS TIPU IPUHSTUN PellieHust 06 yIaleHuy Wi HeyAaJeHUN [eJeBOro 00beKTa.
Biiarozaps aToMy MOKHO HOJIYYUTD ¢Ia0blil yKasaTesb co CIad0l CChLIKOM Ha 0OBEKT,
yIIpaBJIsieMblil pasjaessieMbiM yKazarejaeM. OCHOBHAs 11eJIb MCIIOJNb30BaHUs CI1ad0ro
yKazareJssi — aTh IIPOrpaMMHOMY KOJLY, KOTOPBIN B JIEHCTBUTEIBHOCTH HE JIOJIKEH BJIa-
1eTh 00BEKTOM, BO3MOKHOCTH O€30IIACHO TIPOBEPUTH CYIIECTBOBAHKE OIIPEIETEHHOTO
obwexTa. Jlst aroii e B C++11 npexycMoTper Kiace weak_ptr.

JlomycTiM, 4TO yKasaTeJb sp yike 00bsIBlIeH Kak shared_ptr<int>. B aToM ciryyae MOK-
HO co31aTh weak_ptr u3 shared_ptr:

std::weak_ptr<int> wp = sp;

IIpoBepUTD JOIMYCTUMOCTD ¢JIa00r0 yKasaTels MOKHO ¢ IIOMOIIBIO (PYHKIUK expired.
Eciu oH seficTBUTENIBHBIHA, TO ¢ IOMOIIbIO BbI30Ba lock npuobperaercs shared_ptr
1 TEM CaMbIM YBEJNYNBAETCS CYETUYNK CUJIBHBIX CChLIOK. Hampumep:

if (lwp.expired())

// cnepywwmii BbiI3OB YBENUYUT CYHETHUK CUIbHBIX CCbITOK
std::shared_ptr<int> sp2 = wp.lock();
// Tenepb MOXHO MCNoNb30BaTb sp2 Kak shared_ptr
//...

¥

Crabbre yKazaTesn TakKe UCTOTb3YIOTCST, 4UTOOBI M36eKATh IIMKIMIECKIX CChLTOK. Ha-
npuMep, eciin 0ObEeKT A UMeeT yKazaresab shared_ptr Ha 00bekT B, a 06bekT b nmeer
yKasatesb shared_ptr Ha 00beKT A, TO IPOTPaMMa HE CMOKET YAAJIUTHh HU OJUH W3
9TnX 06HeKTOB. OHAKO €CITU OTNH U3 HUX GYIET XPaHUTh CIabbIi ykazaTenh weak_ptr,
[MKJINYECKast CChIIIKA He Oy/ieT o6pasoBaHa.

[MpenocTepexeHus

Peanuszaius «<yMHbIX> ykazateneil 8 C++11 umeer nmapy ocobeHHOCTE, 0 KOTOPBIX
caeyer TOMHUTE. [Ipesk/e Bcero, oueHb TPyAHO 06ECTIeUNTh KOPPEKTHOE UX MCTIOb-
30BaHUeE C IMHAMUYECKUMU MacCUBaMu. ECJiu «yMHbII» yKa3aTesb HYKeH J1JisT pabOTh
€ MacCHUBOM, MPOIIE MCIOIb30BaTh KOHTeHep MaccuBa us Oubmmorexkn STL. HyxHO
TaKyke OTMETHTD, YTO, B OTJINYNE OT OOBIYHBIX yKa3aTelel, «yMHBIE» YKa3aTeln mo-
TpebIsIoT OOJIblIIe MAMSATU U BJAEKYT 3a cO60I HaKIaJHbIe PACXOZAbI IIPOLECCOPHOTO
BpeMeHu. [ToaToMy B mporpaMmax, rje Tpebyercss MaKCUMaJIbHO BBICOKAsT CKOPOCTh
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BBITIOJTHEHVISL, JTyUIITe OTKA3aThCs OT «YMHBIX» YKasareseit. Ho B GOJbIIMHCTBE CTydacB
«yMHbIE» yKa3aTesu mpoiie 1 GeonacHee (M IIOTOMY TPEIIIOUTHTENBHEE).

KoHTenHepbl STL

Cmandapmunas 6ubnuomexa waodnonoe C++ (Standard Template Library, STL) cogepskur
OTPOMHOE YKCJIO CTPYKTYP-KOHTEHHEPOB. B 9TOM pasjiesie paccKasbiBaeTcst 0 HEKOTOPHIX
HanboJiee MUPOKO NCTIOTb3YEMbIX KOHTEHEPAX U TUTIOBBIX CJAYYasAX NX UCIIOJIb30BAHUS.
OObsiBIIeHNE KaK/IOTO KOHTEHEePa HAXOAUTCS B 3ar0JOBOYHOM (haiijie ¢ COOTBETCTBY-
IOIIUM UMEHEM, TI09TOMY YacTO TIPUXOAMTCS MOAKII0YATh HECKOJIBKO 3ar0J0BOYHBIX
(baiioB, 4TOOBI BOCTIOIb30BATHCST HECKOJILKUMU KOHTEHHEPAMH.

array

Konreiinep array (6bu1 go6asiied B C++11) mo cyrtu aBisgercs o6epTKoi BOKPYT Mac-
cuBa (hIKCUPOBAHHOTO pazMepa. Tak Kak ero pa3Mep He U3MEHSETCs, B HeM HeT (PYHK-
IUU-4YJIeHa push_back Wi moxosxeil Ha Hee. DIEMEHThI MACCUBA JIOCTYITHBI TIPU TTOMOTITA
CTaHJAPTHOTO oleparopa nHaekcupoBanus [ ]. [JIaBHBIM [TperMyIeCTBOM MacCUBOB
SIBJISIETCSI BO3MOKHOCTD IIPOU3BOIBHOTO OCTYIIA K UX 3JIEMEHTaM C aITOPUTMUYECKON
cnoxkHocThio O(1).

Maccussbl B ctuste sg3bika C cirysKat To# Jke 11eJ11, HO OIHAM 13 IPEUMYIIeCTB KOHTeliHe-
pa array sIBJISI€TCS MOJ/IEPKKA CEMAHTUKU UTEPaTOPOB. KpoMe TOro, ecii NCIoab30BaTh
(byHKIIMTO-4sTeH BMECTO oniepaTopa WHEKCa, TOSBIISETCS BO3SMOKHOCTD TPOBEPSITH BbI-
XO/I 32 TPaHUI[bI MAaCCUBA.

vector

Kownreitaep vector — 3T0 MaccuB, pagMep KOTOPOTO MOKET U3MEHSTHCS TUHAMIYECKU.
DJIeMEHTBI 100aBJISIOTCS B KOHEIl BEKTOPA M YAAJISIFOTCS U3 KOHIIA BEKTOPA € MOMOIIBIO
push_back 1 pop_back ¢ anropurmudeckoit ciioskHoctbio O(1). st BctaBku /ynanenust
3JIEMEHTOB B TPOM3BOJILHBIE TIO3UITMY MOKHO UCIIOJIb30BATh insert u remove. OxHaKO
ATH olepaluy TPeOYIT KOMUPOBAHIS HEKOTOPBIX MM BCEX JaHHBIX B MAaCCHBE, UTO
JleJlaeT UX BeChbMa JI0porocTosinmMu. [1o TeM ke puanHaM JJOPOrOCTOSIIIEN CINTAETCS
U oTIeparys U3MEHEHUS Pa3MePOB BEKTOPA, HECMOTPS Ha aITOPUTMUYECKYIO CIIOKHOCTD
O(n). ITO TakKe O3HAYAET, YTO Jlaske orleparyst push_back ¢ ee arTOpUTMUYECKON CITOXK-
Hoctbio O(1) Tpebyer BpeMeHr Ha KOIIMPOBAHUE, €CJIM IPUMEHSIETCS K 3aII0JTHEHHOMY
BeKkTOpPY. Tak ke Kak B cIydyae ¢ KOHTEHHEPOM array, Ipy UCTIOIb30BaHUU (DYHKITUH-
YJIeHa OCYIIECTBIISIETCS TPOBEPKA TPAHUIL MACCHBA.

Eciiu 3apanee U3BeCTHO, CKOJIBKO 3JIEMEHTOB MOTPeOYeTcs IIOMECTHTh B BEKTOP, BOC-
H0JIb3YyiiTech (PYHKIME-4IeHOM reserve, 4T00bI BBIAEINTH IIAMITD /111 HEOOXOIMMOIO
KOJIMUECTBA BJIEMEHTOB. DTO TIOMOKET U30€KaTh 3aTPpaT Ha YBEJIUUEHIE U KOMTUPOBAHNE
BEKTOPA 110 Mepe 100aBJIeHUs 9JIEMEHTOB 1 COKOHOMUTh MacCy BPEMEHH.

B crangapre C++11 nogsusiack HoBasg QYHKIUA-YIeH 1151 J0OABIEHUS 2JIEMEHTOB
B BeKTOp: emplace_back. Ee orsimune ot push_back 0COGEHHO 3aMETHO, €CJIU UMEETCs
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BEKTOP C 9JIEMEHTAMU CJI0XKHOTO TUIIa. J[o1ycTim, 4To cylecTByeT BEKTOP C dJleMeHTaMu1
110JIb30BaTENbLCKOTO KJacca Student. [Tpearnosnoxum, 4To KOHCTPYKTOP Kjaacca Student
MIPUHUMAET UM CTYJIeHTa U HoMep Kypca. [Ipu oMot pyHKIMK push_back 106aBUTh
HOBBIiT 9JIEMEHT B BEKTOP MOKHO OBLITO GBI CJEYIONUM 00Pa3oM:

students.push_back(Student("John", 100));

ITa MHCTPYKIIMS CHAYAJIa CO3/IaCT BPEMEHHbII 9K3eMILJISIP Kiacca Student, a 3aTeM — KO-
[IMIO 9TOTO BPEMEHHOI0 9K3eMILISAPa, YTOObI 100aBUTH ee B BekTop. DyHKims emplace_
back, B oTsimume ot push_back, MOJKET CKOHCTPYUPOBATh 00BEKT Ha MeCTe, He CO3/1aBast
IPOMEKYTOUYHYIO BPEMEHHYI0 Kommio. Hiuske mokasaHno, Kak MOKHO ObLIO Gbl UCIIOJIb-
30BaTh emplace_back:

students.emplace_back("John", 100);

O6paTuTe BUUMAaHNeE, YTO B BBI30Be emplace_back OTCYTCTBYET sIBHOE YIIOMUHAHUE
THIa Student. 1o HasbIiBaeTcs udeanviol nepedaueil (perfect forwarding), moromy uto
HapamMeTphbl IIePealoTcsl KOHCTPYKTOPY Student, KOTOPBI co3aeT 0O0bEKT B BEKTOPE.

Her Hudyero, 4To mpensTcTBOoBaJIO Obl KCIIOIb30BaHUIO emplace_back BMecTo push_back.
Bce npyrue konTeitnepst STL (kpome MaccuBa) MOIEPKUBAIOT CO3/IAHNE DK3EMILJISIPOB
Ha MeCTe, II09TOMY Mbl PEKOMEH/YeM HCIIOJIb30BaTh 3TH (QYHKIMK A/ 100aBICHIS
3JIEMEHTOB B KOHTEITHEPDI.

list

KownreiiHep 1ist — 9T0 AByHANpPaBJIEHHBIN CIIUCOK. DJIEMEHTHI MOKHO 100ABJISATD/
VAAJIATh B HAYAJIO0 U B KOHEI CITMCKA C TaDAHTUPOBAHHOW aJITOPUTMUYECKON CJIOK-
Hoctbio O(1). Kpome Toro, ipu HAIMYNK UTEPATOPA, CCHITAIONIETOCS HA TPOU3BOJIb-
HOE MECTO B CITUCKe, MOKHO MCIOJIb30BaTh (DYHKIINN insert U remove, UMeINe
caoxxnoctb O(1). [lomHUTE, YTO CIIUCKK HE TOJJIEPKUBAIOT TTPOU3BOIBHBIN JIOCTYII
K anemenTaM. OIHO U3 TTPEUMYIIIECTB CBA3aHHOTO CIUCKA B TOM, YTO OH HUKOT/Ia HE
«IIEPEMOJTHUTCSI> — BJIEMEHTBI OOABJISIOTCS 110 OJHOMY, TO9TOMY HE NMPUXOIAUTCS
GecrrokonThCst 06 U3MeHeHun pasMepa crnucka. OMHAKO cJeyeT OTMETUTD OJIMH U3
HEJIOCTAaTKOB CBA3aHHBIX CITMCKOB: 3JIEMEHTBI PACIIOJaraloTcs B TaMATH He JIPYT 32
JIPYTOM, TIO3TOMY CITMCKU HE TaK XOPOIIO KAMUPYIOTCs, KaK MaccuBbl. OKa3bIBaeTCs,
IPOU3BOAUTENBHOCTD KA (DaKTHUECKU SIBJISETCS UyTh JIU HE CAMBIM Y3KUM MECTOM
B COBPEMEHHBIX KOMITbIOTEPax. [103TOMY ¢ 3JIeMEHTaAMHU OTHOCUTEIHHO HEOOJIBIITOTO
pasmepa (110 64 GaiiT) BeKTOp MPaKTUYeCKH Beeraa OyIeT MPEeBOCXOAUTD CIICKH 110
MPOU3BOAUTENBHOCTH.

forward_list

Konreiinep forward_list (mo6asien B C++11) — 210 ogHOHAIIPABIEHHDBIN CIIMCOK.
Crcku forward_list MoziepKUBArOT OIepaIlii Z00aBIeHIS U YIaJeHUs, UMEIOIe
anroputMudeckyio cinoxxnoctb O(1) Tosbko B Havase crivcka. OCHOBHOE TIPENMYTIIECTBO
CIIMCKOB 3TOTO TUIA — MEHBIIUN 00bEM TTaMSITH, 3AHUMAEMbII KasK/IbIM 3JIEMEHTOM.
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map

map — YIOPsIIOYeHHbIIT KOHTeITHep map {KJIo4, 3HaYeH1e}, B KOTOPOM YIOPsIIOYeHre
BBITIOJIHSIETCST 110 KJII0UY. Kask/biil KJII0U B map I0JUKEH OBbITh YHUKAIBLHBIM ¥ MOJIEP-
JKUBATh CMPozyio Keasuynopsaoouennocms (strict weak ordering), To ectb ecm kitou A
MeHbIie Kioda B, To kiou B He MoskeT 6bITh MeHblIle Kiova A uiu paBHbiM emy. Ecim
B POJIM KJTI0YA MPENOJIATAETCS UCIIOIb30BATh COOCTBEHHBIN THII, OOBIYHO JIJIST 3TOTO
TpeGyeTcst TIePeoIPeIe/IUTh OIlepaTop «MeHblie yeM». KoHTeliHep map peain3oBaH Kak
JIBOUYHOE JIEPEBO TIOMCKA, TO €CTh CPE/IHSIS AITOPUTMHUYECKAs CTIOKHOCTD MTOMCKA 110
kmouy cocrasiser O(log(n)). TIockobKy faHHbIe XPaHATCSA B KOHTeiHepe B yIOpsi-
JIOUEHHOM BH/IE, TAPAHTUPYETCSI, YTO UTeParui OYAyT BBITIOJHATHCS B HEM B MOPSIIKE
BO3PACTAHUS KJIIOYELL.

set

Konteitnep set HartoMrHAET map, HO B OTJIMYHE OT TIOCTETHETO XPAHUT He mapbl. Kiou
B HEM O/HOBPEMEHHO UIPaeT poJib 3HaYeHUs. Bee ocTabHble XapaKTePUCTUKY set 1 map
WJICHTUYHBL.

unordered_map

Kownreittep unordered_map (nobasien 8 C++11) — 910 Xemnr-rabuaniia map {Kjirou,
sHauenue}. Kajkuplii K104 B KOHTeHEpe 10/KeH ObITh YHUKAIbHBIM. TaK Kak 9TO Xell-
Tab/INIA, TIOMCK B HEell BBIIOJIHAETCS C aJlTOPUTMUYecKoii ciaoxuoctbio O(1). Oxnako
OHA XPaHWT JJAHHbBIE B HEYTIOPSIZIOYEHHOM BUJIE, TIO9TOMY UTEPaIliK Yyepes unordered_map
OYIyT BBIIOJIHATHCS B CyYailHOM HOpsiiKe. B 010InoTeKe CyLIeCTBYEeT TaK/Ke IIOX0KUIL
KoHTelHep unordered_set. O6a koHreliHepa, unordered_map 1 unordered_set, UMeOT
(DYHKIIMU XEITUPOBaHK /Il BCTPOECHHBIX THIIOB. Ec/ii MoHaio6uTest XemmpoBarh co6-
CTBEHHBIII TUII, BAM IIPUAETCS PEAIN30BaTh CBOIO CIEIMAIM3MPOBAHHYIO MA0JOHHYIO
ynkmmio std: :hash.

NTepaTopsbl

Hmepamop — 510 THI 06BEKTOB, OCHOBHOE Ha3HAaYE€HUE KOTOPHIX 3aKJII0YACTCS B TOJI-
JlepsKKe uTepaluii 1o cojep;KkuMomMy KoHTeliHepa. MltepaTtopsl moiiep;kuBaioT Bce
KoHTeliHepsl STL, 1 B 9TOM pasjiesie paccMaTPUBAIOTCST HanboJIee TUITHYHbBIE CTydar X
MCITOJTh30BAHMSI.

Cuenylomuii (pparmedT KoHCTpyupyeT BekTop. OH 100aBIsIeT B BEKTOP LEPBbIE IIATh
uncess DUOOHAUYN U 3aTEM UCTIOJIB3YET UTEPATOP JIJIs BBIBOIA 3HAUCHU I BCEX 3JIEMEHTOB
BEKTOpA:

std::vector<int> myVec;
myVec.emplace_back(1);
myVec.emplace_back(1);
myVec.emplace_back(2);
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myVec.emplace_back(3);
myVec.emplace_back(5);

// BbINONMHWUTbL WTEepauuu MO COAEPKXUMOMY BEKTOpa W BbIBECTU KaxApli d1eMeHT
for(auto iter = myVec.begin();

iter != myVec.end();

++iter)
{

std::cout << *iter << std::endl;
}

Yro6bl MOJYIUTH UTEPATOP, CCHLIAIONIMIICSA HA MEPBBIN sjgeMeHT B KoHTeiinepe STL,
ucronb3yercst GyHkims-wien begin. Ilogobmas eif hyHnknms-uieH end Bo3Bpaiia-
eT UTepaTop, CChLIAIINNCS Ha MoceHmil ajeMeHT. O6paTiTe BHUMAHWE, YTO JJIst
00bsABICHNS THIIA UTEPATOPA B KOJIE UCIIOJIB3YETCs KIOYEBOE CI0BO auto. ITO u3-
GaBisieT OT HEOOXOMUMOCTH BPYIHYIO BBOAUTH TTOJHOE MMST THTIA (B TAHHOM CIydae
std::vector<int>::iterator).

OTMeTnM TaKKe, UTO TIEPEXO/l K CJAEAYIOMEMY 3JI€MEHTY BBITIOTHIETCS TPIMEHEHIEM
npeUKCHOTO OIIEpaTopa ++ K UTEPATOPY, — M0 COOOPAKEHUSIM TPOU3BOAUTETHHOCTH
BMECTO TOCT(GUKCHOTO oIepaTopa cieayeT UCHoab30BaTh npeduKcHbI. Hakoner,
UTEPATOPHI PA3BIMEHOBBIBAIOTCS KakK OOBIYHBIC YKA3ATEH — UMEHHO TaK OCYIIECTBIIsI-
eTCsI IOCTYII K 11eJieBbIM dJieMeHTaM. HeKoTopble CI0)KHOCTH MOTYT BO3HUKHYTh, €CJIN
3TIEMEHT CaM SIBJISIeTCs yKasaTesieM, TIOTOMY UTO B 3TOM cJIydae IPHU/ETCs NCTIOIb30BaTh
IBE 3BE3/IOYKI: OJTHY /IS PA3bIMEHOBAHIISI UTEPaToOpa U APYTYIO — I PA3BIMEHOBAHUS
CaMOTO yKa3areJis.

Bce konreitnepnr STL moepKUBAIOT J{Ba BUIa UTEPATOPOB: OOBIYHbBIE UTEPATOPHI,
MpejicTaBJIeHHbIE BBIIE, 1 KOHCTAHTHBIE UTePaTOPbI const_iterator. KoHcTaHTHBIN
UTEPaTop, B OTINYKE OT OOBIYHOTO, HE TI03BOJISIET M3MEHSITh IAHHbBIC B KOHTEHEpE.
To ecTb ecsiv B KOjie MMeeTCsl KOHCTaHTHas ccblika Ha Konrtelinep STL, ¢ HUM MOKHO
GyJIeT UCIIOIb30BATh TOJIBKO KOHCTAHTHBII HTEPaTOp const_iterator.

Umkn for no konnekumam

B cutyarnum, kora TpebyeTcs OpraHu3oBath IUKJI MO BCeMY KOHTEHHEpY, caMoe MPocToe
pellieHne — UCIOIb30BaTh HOBUHKY, osiBUBINY0Cst B C++11, — yuka for no xoanexuyusim
(range-based for loop). ITuk1, KOTOPBIH TPUBOAMIICS TYTh BBIIIE, MOKHO TEPETNCATh
CJIETYTOIUM 0OPa3OM:

// BbINONMHWTBL WMTepauunm C UCNoNb3oBaHMeM uUuknaa for no kKonnekuusam
for (auto i : myVec)

{
X

std::cout << i << std::endl;

[Tuk for 110 KOJIIEKIIUSIM OYEHD TTIOX0K Ha IUKJ foreach B IPYTHX SI3BIKAX, TAKUX KaK
Javaumu C#. DTOT KoM M3BJIEKAET KaK/IbIi 9JIEMEHT U3 KOHTeITHepa U COXPaHseT ero BO
BPEMEHHOH epeMeHHoi i. [[UKT 3aBepImaeTcst cpasy, Kak TOJBKO GY/IeT TOCTUTHYT TT0-
caenauii anement. [{ukit for 1o KoIeKIusM MOKET U3BJIEKATD JIEMEHTBI 110 3HAYEHUTO
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WU 110 ccblike. To ecTh econ HOTpe6yeTCH N3MEHUTDb 9JIEMEHTHI B KOHTeﬁHepe, BOC-
HOJIbSyﬁTCCb CCbhbIJIKaMU, a /1JIAA CJIOKHBIX THUITOB BCer/ia CJAeAyET NCII0Jb30BaTh CChIJIKA
NJIN KOHCTaHTHBIE€ CCBIJIKU.

[T for o KOMTEKITHSM MOKHO TIPIMEHSTH K JIIOOBIM KOHTEHEpaM, TIO/IEP/KIBAIO-
M ceManTuky urepatopoB STL (To ecTh uMmerotnum uieHsl iterator, begin u end,
JoIlycKalolllye yBeIrdeue, pa3biMeroBanue u T. 11.). Moo co3zaTh 1 cBOi kKoHtelinep,
TIO/IEPSKUBAIOTITAH TITKJT fOT TT0 KOJTEKTTHSM.

[pyrne cny4yau UCnosib30BaHUSI UTepaToOpoB

B 3arosioBouroM aiisie algorithm orpeesieHo MHOKECTBO Pa3sHOOOPa3HbIX (DyHKIIHIA,
HCITIOJIB3YIOIUX UTEPATOPbI TeM UJIK MHBIM crtoco6oM. OIHAKO €IIe OTHIM PacIIpoCcTpa-
HEHHBIM CJIy4aeM UCITOJTb30BAHUS UTEPATOPOB sIBJIsieTcst DyHKIM-uieH find, koTopas
MO/I/IEP>KUBAETCS KOHTelTHepaMu map, set u unordered_map. (DyHKHI/IH-‘{JIeH find BBIIIOJI-
HSeT MOMCK YKa3aHHOTO KJII0Ya B KOHTeHepe U BO3BPAIaeT UTePaToP, CChLIATOTINICS
Ha COOTBETCTBYIONNIT 3ieMeHT. Eciin Kito4 He HalijieH, find BepHeT UTepaTop, paBHbBIN
UTEpaTOpy end.

[ns 4ONOMHUTENLHOMO YTEHUS

Meyers, Scott. (2014, neka6ps). «Effective Modern C++». O’Reilly Media.!

Stroustrup, Bjarne. (2013, maii). «The C++ Programming Language, 4th ed». Addison-
Wesley.

' Cxomm Meiiepc. dpdexTuBnbiii u coBpementbiii C++. 42 peKoMeH/IAIUU 10 UCTI0JIb30BAHUIO

C++11 u C++14. M.: Bunbsime, 2015. — Ipumeu. nep.



LDx. Mnetsep, C. Madxas

MHorononb3oBaTenbCKue Urpbil.
Pa3paboTka ceTeBbIX NPUITOXKEHUN

lNepesen ¢ aHanutckozo A. Kucenes

3aBenyromas peakuuen 1O. Cepeuenko
Benymmii penakrop H. Pumuyan
JIuteparypHslii penakTop A. Ilaceunux
XymoKHUK C. 3amamesckas
Koppexropst C. Bensesa, H. Buxmoposa
Bepctka JI. Ecoposa

00O «ITutep Ipeccy, 192102, Canxr-IlerepOypr, yin. Auapeesckas (1. Boaxosa), 3, autep A, mom. 7H.

Hasorosas sibrora — o6mepoccuiickuii kaccudukarop npoxykunu OK 034-2014, 58.11.12.000 —
Knuru neyarnsie npodeccuoHabHbIe, TEXHHIECKUE U HAYUHBIE.
IMoamucano B meyats 19.08.16. dopmar 70x100/16. Bymara opcernas. Yeu. . 1. 29,670. Tupax 700. 3aka3 0000.
Ortneuarano B OAO «ITepsast O6pasuosas Tunorpadusy. uman «Yexosckuii [TevatHsiii J[Bop».
142300, MockoBckast o6mnacts, T. Yexos, yi. [Toaurpaducros, 1.

Caiir: www.chpk.ru. E-mail: marketing@chpk.ru
Daxc: 8(496) 726-54-10, Tenedon: (495) 988-63-87


mailto:marketing@chpk.ru

HHUTA-NOYTOW

3AKA3ATb KHUTU U3JATE/IbCKOTO JOMA «[MUTEP»
MOXXHO J1tObbIM YAOBHbIM /11 BAC CNOCObOM:

Ha Halem cante: www.piter.com
no 31ekTpoHHoN nouTe: books@piter.com
no TenedoHy: (812) 703-73-74

Bbl MOXXETE BbIGPATb JIIO6OM YAOBHbIN /11 BAC C[TIOCOB OMMJIATDI:

®

®

®

®

HanoxxeHHbIM NAaTeXoM C ONAATON Npu NoayyYeHnn B bamkaniuem
NOYTOBOM OTAE/EHNN.

C nomoLwblo 6aHKOBCKOI KapTbl. Bo Bpems 3aKa3a Bbl OyaeTe
nepeHanpas/ieHbl Ha 3aLLUMLLIEHHbIV CepBep HaLlero oneparopa, rae CMoxere
BBECTV CBOW JJaHHble 11 onnatbl.

INIEKTPOHHbIMM fieHbraMun. Mbl NpuH1MaeM K onsiate AHgekc.leHbr,
Webmoney u Kiwi-kowenek.

B ntobom HGaHKe, pacneyatasB KBUTAHLMIO, KOTOpast popmupyeTcs
aBTOMATNYECKM NOCEe COBEPLIEHNS BAMM 3aKa3a.

Bbl MO)XETE BbIBPATb JIIO6OW YA 0BHbIN /19 BAC CNOCOB JOCTABKM:

MocbINKM OTNPABASIOTCA Yepes «MouTy Poccun». OTpaboTaHHas
cucTema no3Bo/IeT HaM OpraHM30BbIBaTb AOCTABKY BALLMX MOKYMOK
MakcMMasbHO bbicTpo. AaTy OTI'IE)aB}'IeHI/lﬂ BalLen NOKyMnK1 n gaty
AOCTaBKM BaM coobLwar no e-mail.

Bbl MOXeTe 0pOpMUTL KyPbepCKyH AOCTABKY CBOEro 3akasa (bonee
nogpobHYI0 MHPOPMALIMIO MOXHO MONYYNTb HA HALLEM CaiiTe www.piter.com).

MOXXHO 0pOPMMTb [JOCTABKY 3aka3a Yepe3 NnouToMarhbl (aapeca noYToMaros
MOXXHO y3HaTb Ha Hallem caiiTe www.piter.com).

MPU O®OPMJIEHNU 3AKA3A YKAXKUTE:

bamunnio, ums, oTuecTso, TenedoH, e-mail;

MOYTOBbIN MHLAEKC, PErVIOH, PAOH, HACE/IEHHDbIV MYHKT, Y/INLY, 10M,
KOpNYycC, KBAPTUPY;

Ha3BaHWE KHUTW, aBTOPA, KOJINYECTBO 3dKd3bIBAEMbIX 3K3EeMMNIAPOB.

BECIMJIATHASl JOCTABKA: °* Kypbepom no Mockse 1 CaHkT-leTepOypry

npu 3aKase Ha cymmy oT 2000 py6.

* 1o4TON Poccuu npu NpeaBapuTesibHoON oniare
3akasa Ha cymmy oT 2000 py6.




	Предисловие
	Кому адресована эта книга
	Типографские соглашения
	Почему C++?
	Почему JavaScript?
	Веб-сайт книги

	Благодарности
	Благодарности от Джошуа Глейзера
	Благодарности от Санджая Мадхава

	Об авторах
	Глава 1. Обзор сетевых игр
	Краткая история многопользовательских игр
	Starsiege: Tribes
	Age of Empires
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 2. Интернет
	Происхождение: коммутация пакетов
	Многоуровневая модель TCP/IP
	Физический уровень
	Канальный уровень
	Сетевой уровень
	Транспортный уровень
	Прикладной уровень
	NAT
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 3. Сокеты Беркли
	Создание сокетов
	Различия в API операционных систем
	Адрес сокета
	Сокеты UDP
	Сокеты TCP
	Блокирующий и неблокирующий ввод/вывод
	Дополнительные параметры сокетов
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 4. Сериализация объектов
	Необходимость сериализации
	Потоки данных
	Ссылочные данные
	Сжатие
	Простота сопровождения
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 5. Репликация объектов
	Состояние мира
	Репликация объекта
	Простая репликация состояния мира
	Изменения в состоянии мира
	Удаленный вызов процедур в виде сериализованных объектов
	Нестандартные решения
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 6. Топологии сетей и примеры игр
	Топологии сетей
	Реализация модели клиент-сервер
	Реализация модели точка-точка
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 7. Задержки, флуктуации и надежность
	Задержки
	Флуктуации
	Потеря пакетов
	Надежность: TCP или UDP?
	Извещение о доставке пакета
	Надежная репликация объектов
	Имитация реальных условий работы
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 8. Улучшенная обработка задержек
	Клиент как простой терминал
	Интерполяция на стороне клиента
	Прогнозирование на стороне клиента
	Возврат на стороне сервера
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 9. Масштабируемость
	Область видимости и релевантность объектов
	Сегментирование серверной среды выполнения
	Клонирование
	Система приоритетов и частота обновления
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 10. Безопасность
	Перехват пакетов
	Проверка ввода
	Программное выявление мошенничества
	Защита сервера
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 11. Игровые движки
	Unreal Engine 4
	Unity
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 12. Игровые службы
	Выбор игровой службы
	Основные настройки
	Вступление в игру и координация
	Сетевые взаимодействия
	Статистика игрока
	Награды игрока
	Таблицы рекордов
	Другие службы
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Глава 13. Облачный хостинг для выделенных серверов
	Размещать или не размещать
	Важнейшие инструменты
	Обзор и терминология
	Локальный диспетчер серверныхпроцессов
	Диспетчер виртуальных машин
	В заключение
	Вопросы для повторения
	Для дополнительного чтения

	Приложение. 
Современный C++
	C++11
	Ссылки
	Шаблоны
	Умные указатели
	Контейнеры STL
	Итераторы
	Для дополнительного чтения


