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BBenenue

Korma-To sronm nmcasim mporpaMMbl, KOTOPbIE BBITIOJTHAIUCH HA OTHON Ma-
IIIMHE U K KOTOPBIM TaKKe OCYIIECTBJISJICS JTOCTYII ¢ 9Toi MarmuHbl. Ceitvac
MOUTHU KaXKJI0€ IMPUJIOKEHHUE IPEJICTaBIeT coOO pacIpeae/ieHHYI0 CUCTe-
MY, PAOOTAIOILY 0 HA HECKOJIBKUX MAIIMHAX U JIOCTYITHYIO0 MHOXKECTBY I10JIb-
30BaTeJIe CO BCETO MUpA.

Pacnipeniesiernasa cucreMa —— 3TO COBOKYITHOCTb ABTOHOMHBIX BBIYHC/IU-
TEJbHBIX 3JIEMEHTOB, KOTOPas MPEJICTABJISIETCS CBOUM IIOJIH30BATEISIM KakK
eInHAsI CBs3HAdA cucTeMa. Ha JaHHBIE MOMEHT MOYTH KasK/blii pa3padoT-
YUK SIBJISIETCA PA3pabOTINKOM WJIM TOTpedbuTesieM (WM U TeM U JIPYTHM )
pacrpeieieHHbIX cucteM [14].

C pa3zBuTHEM TEXHOJOTHI KOJTUIECTBO MOJIH30BaTENIEH, KOJTUIECTBO JTaH-
HBIX, a TaK»Ke TPeOOBaHUS 10 CKOPOCTU PabOTHI MPUJIOKEHUM pacTyT. s
V/IOBJIETBOPEHUS JIAHHBIX YCJIOBUM CHCTEMa JIOJIXKHA OBITH MacHITabupye-
Mmoit. CrestoBaTeibHO, J1I000e MPUIOXKEHNE, KOTOPoe ceidac pa3padaTbiBa-
eTcd, JOIKHO CO3/IaBaThCAd C pacdeToM Ha MacITabMpOBaHWE B OTBET Ha
YBEJIMIUBAIOIIAICS CITPOC. DTH OrPAHUYEHUS W TPeOOBaHUS O3HAYAIOT, YTO
MIOYTH KayK/0e pa3padaTbiBaeMoe MPUIOKEHWE, OyIb TO MOOMIbHAS KJIU-
eHTCKas IporpaMMa WM CEPBUC 0OPabOTKH ILIATEXKEN, JTOJKHO OBITH pac-
peJie/IeHHO cucTeMoit [§].

Takum oOpa3oM, aKTyaJTbHOUM ABJIAETCA 3aJ1a9a CO3/IaHUs CUCTEMbBI pac-
pesieIeHHON 00paboOTKU ayauodaiiioB, IMO3BOJIAIONIEl co31aBaTh MOIEIN

U CPABHUBATH UX MEXKJIYy COOOM.



1. IlocTanoBKa 3aja4n

[lespro maHHO#N PabOTHI ABJSIETCS Pa3pabOTKa PacIpeaesIeHHON CUCTEeMbI

J1si oOpaboTKu ayanodaityioB. g JoCTUKEHUS TOCTABIEHHON 1€ ObLIN

cOPMYIUPOBAHBI CJIELYIONINE 3a/IaYH.
e llccnenmoBaTh mpeaMeTHYIO 00TaCTh.
e CIHpoeKTUpOBaTh U pa3padOTATh PACIIPEIEICHHYIO CUCTEMY , TTO3BOJISI-
110113%10)
— TOCTPOUTH T'OJIOCOBYIO MOJEJIB IO ayTUOdaity.
— CpaBHUBATDH y2Ke IMTOCTPOEHHBIMU T'OJIOCOBBIMU MOJIEJIIMU.

— PUIHLTPOBATh PE3yJIbTAThI BBINIOJHEHUS 33 IaHUM 110 CPABHEHUIO

MOJIEJIeN.

e PaspaboraTh cepBUC B3aMMOJIEHCTBUSA CUCTEMbI C BHEITHUMU KJINEH-

TaMU, TO3BOJIAIOIIAN

— OTHPAaBJIATH 3aIPOCHI Ha 0OPAOOTKY T'OJIOCOBOU MOJIEIIH.
— MOoJIy4YaTh WHMOPMAIUIO 00 yKe MOCTPOEHHBIX MOJIEISIX.

— TOJTyYaTh WHPOPMAIUIO O KJIacTepe.

e [IpoBecTn TecTmpoBaHVE peaIu30BaAHHON CUCTEMBI.



2. O630p

2.1. PacnpenejieHHasi cucTteMa

Pacnipesieniennast cucremMa — 3T0 COBOKYIHOCTh ABTOHOMHBIX BBIUHUCTATE b
HBIX 9JIEMEHTOB, KOTOpas HPECTABIISETCA CBOUM IOIH30BATE/ISAM KaK €/TH-
Hasl CBSI3HAS CHCTeMA. 1peMsi BayKHBIME XapaKTEePUCTUKAME DaCIIPeIesIeH-
HBIX CHCTEM SBJISIOTCS MAPAJIICJN3M KOMIIOHEHTOB, OTCYTCTBHE TJI00AIb-
HBIX JACOB M HE3ABUCHUMBIIl OTKA3 KOMIIOHEHTOB [14].

KommbioTepHasi TporpaMMa, KOTOpasi BBITOJHSETCS B PACIPEIEICHHO
CHuCTEMe, HA3bIBACTCS PACIIPEIEICHHON IPOrPaMMOil (& PACIIPE/IESIEHHOE IIPO-
IPAMMUPOBAHUE - TO MPOIECC HAIMCAHWS TAKUX IIPOIPAMM).

PacripeesieHHbIe BBIUACICHUS TAKYKE OTHOCSATCS K UCIIOJIb30BAHUIO PAC-
IIPEJICJIEHHBIX CHCTEM JIJIsl PEIlleHrs] BBIYUCIUTEIbHBIX 3aad. B pacupeme-
JIEHHBIX BBIYUCJIEHUSAX MPOOJEMa JEJUTCs Ha MHOMKECTBO 3ajad, KarKIast
M3 KOTOPBIX PEIIAeTCs OJHUM MM HECKOJILKAMHU KOMIIBIOTEDAMU, KOTOPBIE
B3aMMOJIEHCTBYIOT JPYT C APYTOM HOCPEJCTBOM IIE€PEIadn COOOIIEHM |2].

BaKHBIM KJIACCOM PACTIPEIEICHHBIX CHCTEM SIBJISIETCS TOT, KOTOPBIii HC-
TIOJTB3YETCS JJTsT 33129 BHICOKOITPOM3BOIUTEIHHBIX Bbramcaenuii (anrir. high-

performance computing tasks) [14].

2.1.1. MukpocepBucHasi apxuTeKTypa

MukpocepBrucHasi apxuTeKTypa — 3TO CTUJIb ITPOEKTUPOBAHULA, KOTOPBIi
pa3duBaeT HPUIOKEHNE HA OTHEIbHBIE CEPBUCHI C pa3sHbIMU PYHKIHIMHA. B
CBOIO 0Y€PE/Ib CEPBUC — 3TO MUHU-TIPUJIOKEHHUE, PEAUIYIOIIee Y3KOCIIeIa-
JIN3UPOBAHHBIE PYHKIIUNA. 3aMETUM, 9TO, HECMOTPs HA HAJIMYINE TTPUCTABKI
"MUKPO”, B OIIPeJIeJIEHIN MUKPOCEPBUCHON apXUTEKTypPhl pa3Mep He yIIOMU-
HaeTcs. [y1aBHOE, UYTOOBI KaXKIbIii CEepBUC MMeJ YEeTKHUI IlepevdeHb CBSI3aH-
HBIX MEXKJy co0oii obsizanHOcTeii. I1lo3:Ke MBI IOrOBOPHM O TOM, YTO 3TO
ozHadaet [§].

HekoTopble KpUTUKKA MUKPOCEPBUCOB YTBEPXKJIAIOT, UTO B 9TOM IOJ-
XO/€e HeT HUYero HOBOI'O U YTO ITO SIBJISIETCs PA3HOBUIHOCTHIO CEPBUC-

OPUEHTHPOBAHHON apxuTeKTyphl (anri. Service-Oriented Architecture, SOA).



N cepBuc-opueHTHpPOBaHHAS apPXUTEKTypPa, I MUKPOCEPBUCHAsST apXUTEKTY-
pa — 9TO CTHJIM ITPOEKTUPOBAHUs, KOTOPbIE CTPYKTYPUPYIOT CUCTEMY KakK
Habop cepBucoB. Ho nipu 6oJiee 1Mo ipoObHOM pacCMOTPEHUH MOXKHO OOHApY-
JKUTh PA3JINIs B MEXKCEPBUCHOM B3aMMO/IefiICTBUM, B OOPAIIEHUN C JIaHHbI-
MH, a TaKKe B pa3Mepe CePBUCOB.

Kak u 11000if cTH/Ib MPOEKTUPOBAHUSI, MUKPOCEPBUCHAST apXUTEKTypa
UMeeT MPENMYIIeCTBa U HeJOCTATKH.

MuwukpocepBruCcHas apxXuTEKTypa UMeEET CJIeLYIONNe MPENMYIIIECTBA:

e HemnpeprniBHasg m0cTaBKa M pa3BepThIBAHWE KPYITHBIX, CJIOKHBIX TPH-

JIOZKEHU;
e Hebompinme cepBUCHI, KOTOPBIE TPOCTHI B OOCTYKUBAHUH;
e HesaBucumoe apyr oT Japyra pa3BepThIBAHUE CEPBUCOB;
e HesaBucumoe apyr oT Japyra MacITabMpOBaHUE CEPBUCOB;
e ABTOHOMHOCTH KOMAaHJ Pa3pabOTINKOB;
e B0O3MOXXHOCTH 9KCIEPUMEHTUPOBATH W BHEJIPATH HOBbIE TEXHOJIOTUH;
e 11301MpPOBAHHOCTD HEMOJIAIOK.

B cBoto ouepesib MUKpPOCEPBUCHAA apXUTEKTypa 00 aeT CJIe Iy IONTIMU

HEJJOCTaTKAMM U TIPOOJIEMaMU:
e CJI0KHOCTH ITOI0OPA IOAXOISIIEr0 HaODOpP CEePBUCOB;

e 3arpyaHeHne pa3pabOTKM, TECTUPOBAHUSA U PA3BEPTHIBAHUS U3-3a CJIOXK-

HOCTH pacupeeeHHbIX CUCTEM;

e TmiaresnbHasi KOOPJAWHAIIMN ITPU Pa3BepPThbIBAHUU (DYHKIIU, OXBATHI-

BarolIuX HECKOJIbBKO CEPBHUCOB;

e Pemmenue o ToM, KOTJIa CJ€IyeT MePexXoauTh Ha MUKPOCEPBUCHYIO ap-

XUTEKTYPY, dBJId€TCAd HETPpUBUAJIBbHBIM.



2.1.2. MexXmpoilecCHOe B3auMOAeUCTBHUE

Cy1iecTByeT MHOKECTBO Pa3HBIX MEXaHU3MOB MEKITPOIIECCHOT'O B3anMO,IeHi-
crBust (amri. Inter-Process communication, IPC). CepBucbl MOryT ucoJib-
30BaTh KOMMYHUKAIIMOHHBIE MEXaHU3MbI Ha OCHOBE 3aIPOCOB/OTBETOB, Ta-
kre kKak REST! wm gRPC?, nosepx HTTP?. ApTepHaTHBHBIM BapUAHTOM
SABJIAIOTCA AaCUHXPOHHBIE MEXAHU3MbI KOMMYHUKAIIMU HA OCHOBE COOOITIEHMUIA,
takne kKak AMQP* mim STOMP?. CymecTByer TakzKe MHOMKECTBO JIPYTHX
dopMaToOB COODIEHUIT — ITO MOTYT OBITH KaK TEKCTOBBIE (DOPMATHI, TTOHAT-
ueie gesioBeky (JSON mmm XML), Tak u Gosiee 3hbdeKTUBHBIE TBOMYHBIE,
rakne Kak Avro mian Protocol Buffers.

B macrosiee Bpemsi HanboJIee MOIMYASIPHBIM sIBJIsieTcst pa3paborka API
B ctiiie RESTful. REST (Representational State Transfer — «mepemaua,
COCTOSTHUSI TTPEJICTABJIEHUSIY ) — ITO MEXAHW3M MEXaHW3M MEKIIPOIIECCHOTO
B3aMMOIEHCTBHsI, KOTOPBIi 3adacTyio 3aaeiictsyer HT'TP. Tepmuu « REST»
oot BBenéH Poem @uimmarom (anri. Roy Fielding), omaum u3 cosmare-
seit mporokosia «HTTPy», aums B 2000 romy B cBoeit muccepramum «Ap-
XUTEKTYPHbBIE CTUJIA U JU3afH CETEBBIX MPOTPAMMHBIX apXUTEKTYD» (aHTJI.
«Architectural Styles and the Design of Network-based Software Architecturesy )
B Kanudopuuiickom yaupepcurere. Poit OuiIuHr J1aeT CJeIyolee ope-
nenenne droit texuosorun: REST mpenocrasiser HabOp apXUTEKTYpPHBIX
OTpaHUYEHN, KOTOPbIE, €CJIA UX IIPUMEHITh KaK eJIMHOe 11eJI0€, JIeIAI0T aK-
IIEHT Ha MAaCIITAOUPYEMOCTU B3aUMOJAEUCTBUASA MEXK, Ty KOMIIOHEHTAMH, 0000~
IIIEHHOCTY NHTEeP(ECOoB, HE3aBUCUMOM Pa3BEPTHIBAHUK KOMIIOHEHTOB U IIPO-
MEKYTOUIHBIX KOMIIOHEHTaX, YTOObI CHU3UTh JIATEHTHOCTh B3aUMOIEUCTBHSI,
obecriednTh HE30MACHOCTh ¥ UHKAIICYJIUPOBATEL YCTapeBIIne CUCTEMBI |§].

Cy1ecTByeT mecTh 00sS3aTeIbHBIX OrPAHUYEHUH J1JIsi TTOCTPOEHUsT Pac-
upenenenabix REST-npumoxkenuii. BoimosHeHre 3TUX OrpaHUYUTEIHHBIX
TpedboBanmii ooa3arenpbao a1 REST-cucrem. HakmagpiBaembie orpanmde-

HUsI OIIPEJIeJISIOT paboTy cepBepa B TOM, KaK OH MOXKeT oOpabaTbIiBaTb U

'Representational State Transfer

?Remote Procedure Calls

3Hypertext Transfer Protocol

4Advanced Message Queuing Protocol
Streaming Text Oriented Messaging Protocol



OTBeYATH Ha 3aIpPOChl KJINEHTOB. JleficTBys B paMKax 3TWX OrpaHUYECHWUI,
cucTeMa IPUOOPETAeT TaKHUe JKeJIATeIbHbIe CBONCTBA KAK IIPOU3BOIUTE/b-
HOCTb, MACIITAOMPYEMOCTh, TPOCTOTA, CIIOCOOHOCTH K U3MEHEHHSIM, [IePEHO-
CUMOCTD, OTCJIE?KIBACMOCTD U HAJIEXKHOCTD [9].

Craggapt REST obnamaer MHOXKECTBOM IIOJIOXKUTEIbHBIX KAYECTB:
e OH 1IpOCTOI U NPUBBIYHBIN;
e [Ipocrora TecTupoBaHuUs;

e Bcerpoennasi momiepKKy CTHIIST B3aUMOJIEHCTBUST BHUJIA «3aIpOC/OT-

BET»
e IIporokor HTTP;

e OH He HYK/AaeTCsI B IIPOMEKYTOUYHOM OPOKepe, ITO yIPOIIaeT apXu-

TEKTYPy CHCTEMBI.
Onmako ncnosbzosanne REST umeer m HegocTaTKmy.

e OH 1O IEPKUBAET JIUITH CTUJIb B3aUMOJIEHCTBHUS BUJA 3aIpOC/OT-

BET»;
e (CreneHb JOCTYIHOCTU CHUXKEHA;

o Kimmentnr moskubl 3HaTh MecTonaxoxkienne (URL) sk3emiuisipa (-oB)

CepBuCa;

e ll3BjIeUeHNE HECKOJIBKUX PECYPCOB 3a OJIMH 3aIIPOC CBSI3aHO C OIIpe/Ie-

JICHHBIMU TPYIAHOCTAMU;]

e lHuorna memrpocTo nmpuBa3arb Kk HT'TP-komanmgam HecKoJabKO orepa-

I OOHOBJIEHUSI.

Hecmotps na 3t HegmoctaTku, REST cunraercss cranmapToMm mge-dakTo

st mocrpoernst API.
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2.2. KsumupoBaHue

Ksmr B cdepe BeraucnTerbHON 00pabOTKU JTAHHBIX — 9TO BBICOKOCKOPOCT-
HOU YPOBEHb XPaHEHUs, Ha KOTOPOM TpedyeMbIil HaDOP JTaHHBIX, KAK ITPaBU-
JIO, BpeMeHHOro xapakrepa. JlocTyn K JaHHBIM Ha 9TOM yPOBHE OCYIIECTB-
JITeTCSI 3HATUTEIHHO ObICTPee, 1eM K OCHOBHOMY MecTy ux xpanenus. C mo-
MOIIIBIO KIMTMPOBAHKUS CTAHOBUTCS BO3MOXKHBIM 3(PHEKTUBHOE TOBTOPHOE
UCIIOJIb30BAHUE PaHee MOJIyUYeHHBIX WJIM BBIYUCIEHHbIX JaHHBIX [1].

JlaHHbIe B K3I1II€ OOBIYHO XPAHATCHA HA yCTPOHCTBE C OBICTPBIM JIOCTY-
oM, TakoM Kak O3Y (omeparuBHOE 3aIIOMUHAOIIEE YCTPONCTBO), U MOT'YT
HCIIOJIb30BATHCS COBMECTHO C IIPOrpaMMHBIMEH KoMItoHeHTamu. OCHOBHast
dyHKIUs K3I1a — yCKOPEHUe Tpoliecca n3Bjiedenns Janabix. OH u3dapisger
OT HEOOXOIMMOCTU OOpaIaThCsd K MeHee CKOPOCTHOMY 0a30BOMY yPOBHIO
XPpaHEHUs.

YT1o0bI OBITH PeHTA0EJIbHBIM U 0DecIiedynBaTh 3(PMOEKTUBHOE HCIOJIb30-
BaHUE JAHHBIX, KU JOJKHBI OBITH OTHOCHUTEJIBHO HEOOJIbIUMU. Tem He
MeHee K31 3aPEKOMEHIOBAJIM ceOsi BO MHOTHUX OOJIACTSAX BBIYUCJICHUM, I10-
TOMy 9TO TUIIMYHbIEC KOMIIBbIOTCPHBIC ITPUJIO2KCHM A HOﬂyanOT ZLOCTYH K JaH-
HBIM C BBICOKOI CTEMEHBIO JIOKAJTBHOCTH CChLIOK (anTiI. locality of reference).
Takwue mabJIOHBI JOCTYTIA JeMOHCTPUPYIOT BPEMEHHYTO JIOKAJIHHOCTD (aHTJI.
temporal locality), rje 3anpamuBatorcs TaHHbIE, KOTOPbIE y2Ke ObLIN 3a1po-
IIIEHbI HEJIABHO, U TPOCTPAHCTBEHHYIO JIOKAJbHOCTH (anri. spatial locality),
raec 3allpalllnBalOTCA JaHHbIE, KOTOPbIE (bH3quCKH XpaHATCA pAOdOM C JaH-

HBIMU, KOTOPBIE y2Ke ObLIN 3amporieHsl [7].

2.2.1. IloauTuka 3amnucu

Korpa cucrema 3anuchiBaeT JaHHbIE B K31, OHA JIOJKHA B KaKOU-TO MO-
MEHT 3allucaTh 3TU JaHHBbIE B Pe3epBHOE XpaHuuile. BpeMms 3Toit 3anmcu
KOHTPOJIMPYETCsl TIOJUTUKON 3amucu (anri. write policy). CyiecrByer Ba

OCHOBHBIX moaxona [6]:

e CkBosnas 3anuch (auria. Write-through): 3ammcs BbInmOTHSAETCSA CHH-

XPOHHO KaK B K3III, TaK 1 B PE3€PBHOE XPaHUJINIIEC.

11



e Obparnas 3ammch (anria. Write-behind): n3naganpHo 3ammch BBITION-
HSIETCS TOJIBKO B K3III, & 3allUCh B PE3€PBHOE XPAHUJIAIIE OTKJIA/bIBa-
eTCs 70 TeX IOp, MOKa M3MEHEHHOE COAECPKIMOEe He OyIeT 3aMEHEHO

JIPYTAM OJIOKOM KIIIIA.

K»sm ¢ obpaTHoit 3annchio ciaoXKHee peajn30BaTh, IOCKOJIBKY OH JIOJIZKEH
OTCJIE2KUBATH, KAKNE U3 €r0 MECTOTOJIOYKEHU ObLTN TIEpE3anCaHbI, U OTMe-
4aTh UX KaK IPA3HbIE JIJId MOCJAEAYIONIEN 3alUCh B PE3EPBHOE XPAHWJIAIIIE.
JlanHble B 9TUX MeCTax 3alUChIBAIOTCSI OOpPATHO B Pe3epPBHOE XPAHUJIUIIE
TOJIBKO TOr'Ja, KOTJIa OHU YJAJIAIOTCH M3 K314, YTO HA3bIBACTCA OTJIOXKCH-
HOU 3ammchio. [lo 3Toit mpuymie mpoMax NMpW YTEHUH B KIIIe ¢ 0OpaTHOM
3aIlIChI0 9acTO TpeOyeT JIByX OOpallleHWil K MaMATH JJIS OOCTy>KUBAHUS:
OJTMH JIJIsl 3aIMCU 3aMEHEHHBIX JIAHHBIX W3 K3IMa 0OPATHO B XPaHWJIHIIE, a

3aTeM OJIMH. JIJIsi ITOJIyUYeHUusd HeOOXOAUMBbIX JTaHHBIX.

2.2.2. IloamuTuKa mpomMaxa 3aImcu

[TockonbKy mpu oneparusax 3alluCy 3alTpallnBaIoOIIeil CTOPOHE JIAHHbIE He
BO3BPAIIAIOTCS, HEOOXOAMMO MPUHSTH PEIleHne MPU MpoMaxax 3amnucu (aH-
rJI. write misses), OyJayT Jin JIaHHBIE 3arPyKAThCsl B KIII WM HET. IDTO

OoIlIpeneIdercd 3TUMMU ABYMA IIOAXOdaMM:

e Pacnpenenenne ¢ 3ammceio (anra. Write allocate): manmbpre B mecre
IPOILY IIEHHO 3aITNCH 3arPY2KAIOTCS B KIII, TIOCJIE Yer0 BBIIOTHAETCS
oreparysi 3anucu-nonaganus (anri. write-hit operation). Ilpu sTom

II0AX0J€ ITPpOMaxu IIPpU 3allMCh aHaJIOTUYHbI IIpOMaXaM IIPU 9YTCHHU.

e Pacnpenenenne 6e3 3amucu (anri. No-write allocate): manHbIe B Me-
CTe MPOILYIIEHHON 3auc He 3arpyKaloTcsi B KIIII, a 3alliChIBAIOTCS
HEMOCPEeJICTBEHHO B pe3epBHOe xpaHuswmiie. [Ipu 3ToM moaxome JaH-

HbI€ 3al'Ppy>KalOTCd B K3III TOJIbBKO IIPpK IIpOMaXxaX YTEHMHA.

Kak moauTukm CKBO3HOI 3alucu, TaK U MNOJUTUKK OOpPaATHON 3alucu
MOT'YT HCIIOJIb30BATH JIFOOYIO U3 9TUX ITOJUTUK TTPOITYCKa 3aITUCH, HO OOBITHO

OHU UCIIOJIL3YIOTCS creytomuM obpasom [10]:
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e Kbsm ¢ obpaTHOil 3alMChI0 UCIOJIB3YeT pacHpejesieHrue JJId 3allucCH,
HaJIesICh Ha MTOCJIEJIYTOIINe 3amucu (U YTEHUs) B TO YKe MeCTO, KO-

TOpOE Tenepb KIMTUPYETCH.

e Kb co ckBO3HOII 3alMChIO UCIIOJIb3YeT paciipejiesienre 0e3 3alluciu.
31eCh TIOCTIEIYIOINE 3aIIUCA HE UMEIOT ITPEUMYIIECTBA, ITOCKOJIbKY UX
BCe PaABHO HYKHO 3allMCBhIBATH HEIOCPEJICTBEHHO B pE3ePBHOE XPaHU-

JTATIIE.

Cy1mHoCTH, OTJIUIHBIE OT Kellla, MOTYT U3MEHSITh JaHHbIE B PE3EPBHOM
XPaHUJIUINE, W B 9TOM CJIydae KOIHMs B KIIIIe MOXKET CTaTh ycTapesmieil. B
KavecTBe aJbTEePHATUBBI, KOTJIa KJINEHT OOHOBJISET JaHHbIE B K3IIIE, KOTUU
9TUX JAHHBIX B JAPYTUX KIIIaX CTAHOBSITCS ycTapeBmuMu. s mommep:ka-
HUS COTJIACOBAHHOCTU JIAHHBIX HEOOXOIUMBI ITPOTOKOJIBI CBA3U MEXKJLY JTUC-

merdepamMmn Kella, OHM Ha3bIBAaOTCA IIPOTOKOJIaMM COINIaCOBaAHHOCTH.

2.2.3. CoryiacoBaHHOCTB K3IIIa

CoryracoBaHHOCTB K3IIa — 3TO €IMHOOOpa3ue JAHHBIX OOIINX PECYpPCOB, KO-
TOpBbIE XPaHATCA B HECKOJIBKUX JIOKAJIbHBIX K3max. Korjna KianeHTHI B cu-
cTeMe IOJAEPXKUBAIOT KEIIN 00Iero pecypca IaMdaTH, MOTYT BO3HHUKATH
IPOOJIEMBI C HEKOT€PEHTHBIMH JAHHBIMH, YTO OCOOEHHO XapaKTEpHO [JId
IIEHTPAJIbHBIX IIPOIECCOPOB B MHOT'OIIPOIIECCOPHON CUCTEME.

B mMHOromporeccopHoii cucreMe ¢ paclpeiesieHHON IaMAThio U C OT-
JEJIbHOM K3II-IMaMATBIO JJId KaxKJIOr'o IIPOIeccopa MOXKeT CYIIeCTBOBATH
HECKOJIbKO OOIIMX JaHHBIX: OJHA KOIHMA B OCHOBHOI IIaMATH W OJHA B JIO-
KaJIbHOM K3IIIe KazKJIOI'o IIpolieccopa, KOTOPbI# ee 3anpocui. B ciaydae, Ko-
rJla OJHa U3 KON JaHHBIX U3MEHACTC, JIPYyrie KOIUU JOJIXKHbI II0JIyYUTh,
a 3aTeM IIPUMEHHUTDH 3TO U3MeHeHHe. TaKuM o0pa3oM, COIVIaCOBAHHOCTH K3-
18 — 3TO JUCIUILINHA, KOTOpas o0ecIednBaeT CBOeBPEMEHHOE PaCIPOCTPpa-
HeHne M3MEHEHU 3HaMeHnii O0IuX JaHHbIX 110 Beeil cucreme [15].

JlJtst corstacoBaHHOCTH K3IIIa, CYIIECTBYIOT cjemytomue Tpebosanus [13]:

e Pacnpocrpanenne 3anucu (anrsi. Write Propagation): uamenenus nan-

HBIX B JTIOOOM K3IIIE€ JOJIXKHBI PACIIPOCTPAHATHCA Ha JIPYTUe KOITUU.
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o Cepuanuzarius TpaH3aKIUH (AHIL.): OMEPAIMY YTE€HUS WU 3aIUCH B
OJIHY Y€Ky maMdATHU JIOJIZKHbI TPOCMAaTPUBATHCA BCEMU IIPOIECCOpa-

MM B OAHOM M TOM 2Ke€ IIOPAJIKE.

2.3. Knacrepusanusi

Knacrtep — 310 rpymnma y3/0B, paboTaIONUX COBMECTHO JIjIs BBITIOJTHEHUS
OOIMX TIPUJIOXKEHUM, W TPEICTABIAIONINXCS TTOJTH30BATEI0 €IUHON CUCTe-
MOIWA.

O/uH 13 IepPBBIX APXUTEKTOPOB KjiacTepHoit TexHooruu ['peropu [1du-
CTep JlaJl KJIacTepy chaejytoiee onpesenenne: «Kiracrep — 1o pasHoBUI-

HOCTB TTapaJijieJIbHOI WJIN PaCHpeIeSIEHHON CUCTEMbI, KOTOPasi:

® COCTOUT M3 HECKOJIbKHUX CBA3aHHbBIX MEXKIY co0boit KOMIIBIOTEPOB.

® ICIIOJIb3YeTCs KaK eJIWHBbIN, YHUMUIIMPOBAHHBIN KOMIIBIOTEPHBIN pe-

cypc».

OOBIYHO PA3INIAIOT CJIEAYIONINe OCHOBHBIE BUIbI KJIACTEPOB:

e orkazoycroituusbie kjacrepbl (anri. High-availability clusters);
e kJtacTepsbl ¢ bastancupoBkoii Harpysku (anri. Load balancing clusters);
e BhIUMCIUTENbHBIE KiacTepsl (anri. High performance computing clusters);

e CHCTeMbI pacipejiesieHHbIX Bbraucyennii (anrit. Grid computing systems).

B G6osbmmmmHCTBE CiTydaeB, KIacTephbl CEPBEPOB (PYHKIITMOHUPYIOT Ha pa3-
JIEeJbHBIX KOMITBIOTEPaX. DTO ITO3BOJISIET IOBBINIATH ITPOU3BOAUTETHHOCTD
3a CUET pacIpejiesieHus HArPy3KH Ha allllapaTHbIe PeCYPChl U 00ECIIeInBaeT
OTKa30yCTONYNBOCTh Ha allllapaTHOM YPOBHE.

[Tpuatunn opraHm3anuu KJacTepa CEPBEPOB IO3BOJIAET WCIIOJHATH TI0
HECKOJIbKY TIPOTPAMMHBIX CEPBEPOB Ha OJHOM AaIllllapaTHOM, YTO HCIIOJIb-
3yeTcs MpU pa3spabOTKe M TECTHPOBAHWM KJIACTEPHBIX PEIIEHU, a TaKyKe
IpU HEOOXOJIMMOCTHU ODECIIEYUTD JIOCTYITHOCTh KJIACTEPa TOJbKO C YIETOM
JaCThIX U3MEHEHUM KOH(MUTYPAIIUA CEPBEPOB — UJICHOB KJIacTepa, TPedyIo-

MUX UX IIepe3arpy3Ku B YCJIOBUAX OI'PDaAHMYCHHBIX allllapaTHBIX PECypPCOB.
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2.4. BbICOKOHpOI/IBBOII;I/ITeJILHBIe BbldncCJI€eHNA

TepMmuH «BBICOKOIIPOU3BOIUTE/ILHBIE BBIYUCICHUS» CTAJI OYEHb IOIYJIsSp-
HBIM B MUpe MHMOPMAIIMOHHBIX TEXHOJIOTUN B IocjeHee BpeMs. 11oa BbI-
COKOIIPOM3BO/IUTEIbHBIMU BHIYUCICHUAME TOHUMAETCsI TPAKTUKA aIperupo-
BaHUA BBIYHUCIUTEIbHON MOIIHOCTH TaKUM OOpa30M, 9TOObI OHA obeclieuu-
BaJia ropas io 00Jiee BHICOKYIO TPOU3BOIUTEILHOCTD JIJIST PEITeHUsT OOJIBITNX
3a/a9 B HayKe, TEXHUKE UJIM OU3Hece.

BroicokonpousBouTebHbIE BBIYUCIEHUST UCIIOIB3YIOTCsI HE TOJBKO st
MOJIEJTUPOBAHUS CJIOKHBIX (PUBMYIECKUX SIBJICHUM, TAKUX KaK MOT0/a WU
ACTPOHOMUYECKNE BBIYMCICHUSA, HO U JJIS YJIyYIIeHUs PUJIOKEHUN, CHU-
JKEeHUsl TTPOM3BOJICTBEHHBIX 3aTpPaT W COKPAIIEHUs BPEMEHU Pa3pabOTKH.
ITomumo 3TOTO, C yBeIMYEHHEM CIIOCOOHOCTH COOMpATh OOJIbIINE JaHHBLIE
YBEJIMYNBACTCS U MOTPEOHOCTDH B aHAJM3E y2Ke COOPAHHBIX JTAHHBIX [5].

s yBenmyeHus TpOU3BOJAUTEILHOCTH pabodeil cTaHIMU B 2-3 MbI MO-
2KeM O0'beJIMHUTD HECKOJIBKO KOMITHIOTEPOB B 0/1HY ceTKy. OHako, eciu HaM
HY?KHO JOCTUYb ITPOU3BOAUTEIbHOCTH OoJiee yeMm B 10-20 pa3, HaM HY2KHO
HaUTU JPYTYIO MTApaJIUIMy WU PelleHue: BbIYUCICHUs B TaMSITH.

Beraucsenns: B namstu (In-memory computing) — 310 TexHom0rust 06-
pabOTKY JIAHHBIX, XPAHSIINXCA B 06a3e JaHHBIX B olepaTuBHOM mamsatn [11].

Ho mouemy ke 310 Tak momyssapuo? Iloromy uto B mociieanee Bpemst
IIeHbl Ha MaMATh CUJIbHO ymaju. BeraucieHus B HMaMsaTH Telepb MOXKHO
WCTIOJIb30BATh JIJIsI YCKOPEeHUsT 00pabOTKM OOJIBINTIX 00beMOB JaHHbIX. Han-

JIydine€ BapruaHTbI UCIIOJIb30BaHUA BBIYMCJIEHUA B IaMATH CJICAYIOIIE:

e Oo6paborka ACID Tpamsakmuii 60/ILIIOro 00beMA;

o CaaS %

e Ksmuposanne 6a3bl JaHHBIX;

e Kowmmiekcrnas o6paborka cobbitmit mag IoT "-rpoekTos;

e AHa/jmMTHKa B peajJbHOM BPEMEHM.

6Cache as a Service
"Internet of Things
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2.5. Ucnojgp3yeMble TEXHOJIOTUU
2.5.1. Java

HauboJsiee monmyaspHbIME A3bIKAMU IIPOTPAMMUPOBAHUS I Pa3pabOTKH
C10s OM3HEC-JIOTUKKA COBPEMEHHBIX IPUJIOXKEHUNH ABJIA0TCH A3blku C- -+,
C+#, Java, Kotlin, Python, JavaScript u PHP [12].

s peanusanyuyu cucTeMbl ObLI BHIOPAH S3bIK IIPOIPAMMUPOBaHU Java

II0 CJIEAYIOIIWM IIpUYIMHAM:

e KpoccitardopMeHHOCTh: KPOCCILIAT(POPMEHHOCTh TO3BOJIsIET He 3a-
JYMBIBATbCS 00 alapaTHON YacThIO U apXUTEKTYPOil OleparnoHHON

CUCTEMBI;

e Crarmyeckada TUIIN3alUd: CTaTUYCeCKad THUIIN3allld IIO3BOJJLAET OTJIaB-

JINBATh 3HAYUTEIbHOE KOJIMIECTBO OIMMOOK HAa dTare KOMIUJISINNT;
e DBamamnc MexX 1y CKOPOCTBHIO pa3paboTK W MPOU3BOIUTETHHOCTHIO;

o [lonynmapuocTh: Bo Bcex pediTMHrax caMbIX HMOMYJIAPHBIX A3bIKOB ITPO-
rpaMMupoBanus Java cradbmiabHo 3annMaer Mecto B TOII-3, gTo ro-
BOPHUT O TOM, YTO y sI3bIKa OIPOMHasl aKTHUBHad 0a3a CTOPOHHUKOB,
OOJIBITIOE KOJTUIECTBO PYKOBOJICTB, & TaKXKe O TOM, YTO OH Pa3BUBAET-

cd;

e OubIT paboThI: TOCIEHIE HECKOJIBKO JIeT s IPOrpaMMHUpYI0 Ha Java
1 MOT'Y Ha3BaTh €r0 MOMM OCHOBHBIM SI3BIKOM, HA KOTOPOM Bey pa3-

PaboOTKYy.

2.5.2. Spring Framework

st peanusanun REST API 6b1n paceMmoTpenst citegytoriie ppeiiMBOPKT:
e Micronaut;
e Quarkus;

e Spring Framework.

16



Bce nepeunciieHHbIE THCTPYMEHTHI MO3BOJISIOT JIETKO CO3JIaTh paboTato-
Y10 BEPCUIO TTPUJIOXKEHU 38 KOPOTKOE BpeMs, OJIHAKO y KaryKJI0TO U3 HUX
eCTb PsIJI HeJOCTATKOB. B pesysibrare ObLI BbIOpaH (bpeiiMBOpPK Spring, KOTO-
pblit sABJIeTCA Jie-paKTo cpejioit pa3pabOTKM JJisi CO3/IaHUs TPUIOKEHUT Ha
OCHOBe Java, CJIeJIOBaTeJIbHO Y HETO OI'POMHOE COOOITIECTBO PA3padOTINKOB,
TOTOBBIX OTBETHUTH Ha BCE BO3SHUKAIOIIKE BOIIPOCHI. SPring nmeeT Mo 1poOHY 0
JIOKYMEHTAITUIO C IPUMePaMU, UTO BCTPEYAETCA He Y BceX (PpeiiMBOPKOB U3
sroro cnucka. [loMmuMo 3TOro Spring mo3BoJIS€T C JIETKOCTHIO MHTETPUPO-
BAThCS C JIPYyTUMU UHCTPYMEHTAMU, HEOOXOIUMBIMU TPU pa3pabOTKe.

Boum uctosib30BaHbl ClIeIyOINe KOMIIOHEHTHI (ppeiiMBOpKa Spring:

Spring Boot;

Spring MVC;

Spring Data;

Spring Test.

[HenTpanbHoit vacTbio Spring siBisgercss Kouteitaep Inversion of Control,
KOTOPBIN IIPEJIOCTABJISET CPEJICTBA KOH(DUTYPUPOBAHUS U YIIPABJIEHUS 00b-
ekTaMu Java c momoinbio pediiekcun. KorreiiHep orBedaeT 3a yIpaBeHUe
JKU3HEHHBIM ITUKJIOM O0ObeKTa: CO3JaHne O0bEKTOB, BBI30OB METOI0B MHUIIN-
aan3alud U KOH(MUIYPUPOBaHIE OOBEKTOB IIYTEM CBSI3HIBAHUS MX MEXKLY
CO0OIi.

OObeKThI, co3MaBaeMble KOHTEITHEPOM, TaKyKe HA3BIBAIOTCs YIIPABJISIE-
MbiMu 0ObekTamu (beans). OObraHO, KOHMUTYPUPOBAHUE KOHTETHEPA, OCY-
IIECTBJISIETCsI Iy TEM BHEJIPEHUs aHHOTaImi (HaunHasi ¢ 5 sepcuu J2SE), HO
TaKKe, eCTh BO3MOXKHOCTb, IO CTapuHKe, 3arpy3uTb XML-daitnbr, comep-
JKalle oIpeeieHre bean’oB U MpeaoCcTaBsone nHHOPMAIUI, HeoOX0-

JUMYIO JIJId CO371aHust bean’os.

2.5.3. PostgreSQL

g xpaHeHusd JIAHHBIX O 33JIaHUA W UX cTaTryce oOpabOTKH B CUCTEME o

pemm ucrnosb3oBaTtb CYBJI PostgreSQL mo cieayromum mpuauHam:
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e OtxkpsrToe ITO coorBercTBytomiee crangapry SQL: PostgreSQL — Gec-

miaTtHoe 11O ¢ OTKPBITBIM UCXOTHBIM KOIOM.

e BouJbImmoe coolI1ecTBO: CyIIecTBYeT JOBOJIbHO OOJIBIIIOE COOOIIECTBO B

KOTOPOM BBI 3aIIPOCTO HalIETe OTBETHI Ha CBOW BOITPOCHI.

e DBoJsbiioe KoJim4uecTBO JIOMOJIHEHUM: HECMOTPsI Ha OT'POMHOE KOJIAYe-
CTBO BCTPOEHHBIX (DYHKIU, CYIIIECTBYET OY€Hb MHOI'O JOTOJIHEHUI,
MTO3BOJISIONINX pa3pabaTbiBaTh JanHbie s 3Toit CYB /I u ynpaBisaTh

nMn.

e PacmupeHnus: cyIecTByeT BO3MOXKHOCTb paCIIUpPEHUs (DyHKIIMOHAJIA

3a CYET COXPAHEHUsI CBOUX ITPOIEIYP.

e O0bekTHOCTH: PostrgreSQL »To He Tonbko pengainuonHas CYB/I, Ho
TaK»Ke 1 00beKTHO-OPUEHTUPOBAHHAS C IOAIEPKKOU HAC/IeI0BAHUA 1

MHOT'O JIpyTOro.

2.5.4. Apache Ignite

Jlnst xpaHeHusi Mojesieil, MOCTPOEHHBIX MO ayauo (daiiiasi, B KIIe ObLIO
IPUHSATO peleHne nucrnoab3oBath Apache Ignite. Apache Ignite — sTo pac-
npejesieHHas 0a3a JIAHHBIX U BBIYUCIUTEIbHA IL1aT(OPMa B OI€PATUBHOI
MaMSTU C OTKPBITBIM UCXOAHBIM KO/oM. IlepBoHavyabHO OH ObLIT pa3pabo-
tan kommanneit GridGain Systems u Boirymen B 2007 roay. VlcxomHbrit Koz
Ignite 6611 oTKpBHIT GridGain Systems B konre 2014 roma m B TOM Ke TO-
ny npuHaT B mporpammy Apache Incubator. IlpoekT Ignite 3aBepruiics 18
centsiopst 2015 roza [3] [5].

Ignite 6iraromapst apxurekType goarospeMentoit mamstu (durable memory
architecture) mo3BoJisier XpaHuTh U 00pabATHIBATE JAHHBIE U WHJIEKCHI KaK
B TIAMSITH, TaK W Ha JUCKE, TOJO00OHO BUPTYAJbHON MAMSITH ONEPAIMOHHBIX
CUCTEM.

B pacmupenenenrnom xpanuauime Apache Ignite kaxkaomy y3iay mpuHa-
JIEXKUT 9aCTh 00IuX JaHHbIX. OH XpAaHUT JTaHHBIE B BUJIE TIAP KII0U-3HAUEHHE

(key-value pairs) B paciipejie/ieHHOI pa3 e/ IeHHOM X3II-Malie, XpaHsIeics B
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namsatu. Data Grid peamusyer cnemudukarmio JCache (JSR 107), koropast
obecrieunBaeT Mo IePKKY OCHOBHBIX oreparlinii ¢ Kerem, API-unrepdeiicon
ConcurrentMap, coBMecTHOIT 00pabOTKHU, COOBITHH U ITOKa3aTeseil u T.1I.

Takke Ignite mpemgocrapiiieT BO3MOXKHOCTb COBMEIIATH BBIYUCJIEHUS C
JTAHHBIMHM WJIM JAHHBIE ¢ JTAHHBIMU JIjIsI IIOBBIIIEHNUS IPOU3BOIUTEILHOCTA
— addunnoit kosutokanumeit (anri. affinity collocation). B pacnpenesnen-
HBIX COBMECTHO Da3MeIeHHbIX coefumHeHusx (anri. collocated joins) ome-
palisi COeIMHEHNS BBIIOJIHSIETCS JIOKAJBHO JIJIsi KaXKJI0TI'0 y3Jia U arperu-
pyeTcd Ha cTOpoHe KJmeHTa. [IocKoJIbKy naHHbIE O00bEeIUHSIOTCSA TOJIHKO
JIOKAJIbHO, BO3MOXKHO, 9TO OYy/IyT BO3BPAIIEHbI TOJbKO YACTHUUIHBIE PE3YIb-
TaThl, IIOTOMY YTO COOTBETCTBYIOIINIA KJIFOY OTCYTCTBYeT HA TOM K€ y3JI€.
C npyroit CTOPOHBI, B PACIPEIEIeHHBIX HEPACIPEIeJeHHBIX COeINHEHUIX
(non-collocated joins) kaxKbrit y3es GyIeT OTIPABIISTH MTUPOKOBEIIATE  b-
HbIe 3aIPOCHl JAPYIUM y3JaM B KJacTepe Jijisi U3BJCYCHUs] HEIOCTAIOIIUX
JIAHHBIX. JTO OoJiee JIoporast oleparusi COeJIMHEHNsI, TTOCKOJIbKY OHAa BKJIIO-
JaeT B ceOsI JOIIOJTHHUTEILHBIN IIUPOKOBEIIATEIbHBI 00OMEH COODIEHUSIMUI
1 IIepeMelneHne JaHHbIX.

Y Ignite ecTb ABa THUTA Y3JI0B KJIacTepa: CEPBEPHBIE W KJIMEHTCKUE.

e CepBepHble y3JIbI — 3TO Y3JIbl, KOTOPbIE COJEPXKAT JAHHbIE, YIACTBY-
IOT B K3IIUPOBAHUU, BBIYUCJIEHUAX, IIOTOKOBOU Tepefade U KOTOPbIE

MOryT ObITH YacThio 3a1a1 Map-Reduce.

o KummenTcKue y371bI — 9TO y3JIbl, KOTOPbIE 0OECIIEYNBAIOT BO3MOXKHOCTD
YIAJIeHHOI'0 HOAKJIIOUEHUsI K CepBepaM s PAa3MeIIeHUs SJIEMEHTOB
B KOIII WJIN [TOJIyYeHUs 3IeMeHTOB u3 Kdrra. OHu Takyke MOTYT Xpa-
HUTD YaCTU JAHHBIX (PAIOM C KIIIEM ), KOTOPBIE MIPEICTABIAIOT CODOT
MEHBINU JIOKAJIbHBII K3III, B KOTOPOM XPAHSTCs CaMble IIOC/IETHNAE U

HamboJiee 9acTo HCIIOJIb3YyEMbIC OdaHHBIC.

KJyimeHThl MOIYT OTIIPABJISATH 3aIIPOCHI Ha YTEHUe WM 3aIUCh Ha JII0OOIt
y3es kiacrepa [5].

Dyuxnuu kiaacrepusanun Ignite [4]:

e ObOHapyzkeHme y3Jjia: CIIOCOOHOCTh OOHAPYKUBATH Y3JIbI C ITOMOIIBIO

obuapyxkennss Multicast IP uwnu Static IP.
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e BapmaHTbl pa3BepThIBaHUA KJacTepa: BO3MOXKHOCTb Pa3BePThIBAHMS
KJIacTepa JIOKAJIbHO UJIA B 00JIaKe, Ha (PU3UIECKUX CEPBEpaxX UJIM BUP-

TyaJIbHBIX Cp€Iax.

e ['pynmmpoBKa KJIacCTEPOB: BOBMOXKHOCTH CO37aBaTh JIOTUIECKHUE TPYII-
IIbI Y3JIOB B KJIacTepe, 4TO JaeT BO3MOXKHOCTh Ha3HA4YaTh OIIpedesIeH-

HbI€ 3aJaHKUdAd WA 3aJa91 TOJIbKO IIOAMHOXKECTBY Y3JIOB.

e Bribopsb! Jinjiepa: BO3MOXKHOCTD BHIOMPATH CaMble CTapble UJIA CaMble
MOJIOJbIE Y3JIbl B KJACTepe, B CUTyalludX, KOTJa JIjId OUPEJIEJIEHHBIX

3aj1a4 TpedyeTcs y3e/-KOOPIUHATOP.

e OmHOpaHrOBasl 3arpy3Ka KJIACCOB: CIIeIUaIbHbBIN PACIpeIeIeHHbIN 3a-
rpy3unk Kiaccos (auri. ClassLoader) obecrieanBaer HysieBoe pasBep-
ThIBaHUe, n30eras sIBHOI'O IIOBTOPHOI'O Pa3BEPTHIBAHMSI KOJIa Ha y3JIax

KaxKJIbIi pa3, KOrJia OH U3MeHAETCH.

®https://ignite.apache.org/docs/latest/clustering/clustering
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3. ApxuUTeKTypa CUCTEMBI

3.1. ®yHKOIuoHaAJIbHbIE TPeOOBaHNSI K CUCTEME

PaszpabarbiBaeMast cucTtema JIOJKHA YJIOBJIETBOPATH CJIEAYIONIAM (DYHKITU-

OHAJILHBIM TPEOOBAHUSIM:
e MacmrabupyeMocThb;
e OTKa30yCTONIMBOCTD;
e Cepsuc 0bpaboTku ayauodaiiios:

— IlocTpoenue rojiocoBoit MOJIEN IO Ay INOMaIy;
— CpaBHeHUe MeXKJy y2Ke IOCTPOEHHBIX I'OJIOCOBBIX MOJEJIe;
— Q@uabTpanud pe3yaIbTaTOB CPaBHEHM S, UCXO/s U3 TTOPOTOBBIX 3HA-
YeHU.
e CepBuC B3aUMOJICHCTBHUS CUCTEMbBI C BHEIITHUMU KJIMEHTAMU:
— Ilonyuyenue u nepemada 3alpocoB Ha 0OPAOOTKY I'OJIOCOBOM MO-
JeJIn B cepBUC 00pabOTKU;

— O06paboTKa 1 BBHITIOJIHEHIE 3aIIPOCOB Ha, MTOJIyYeHrne HHMOPMAIUN

00 y2Ke ITOCTPOEHHBIX MOJIEJISX;

— O06paboTKa 1 BBHITIOJIHEHUE 3aITPOCOB Ha MOJIyYeHre HHMOPMAITUT

0 KJIacTepe.

3.2. Moaynu cucremsbl

Momynu, KoTopble cofepKaTcd B IPOEKTe MOXKHO Pa3JIeUTh Ha CJIETYIONIIe

I'PYIIIIbI:

e Bcnomoraresbubie MOYJIN:

— common: 0a30BbIil MOJIY/Ib, COJEPKAIINI HHTepdelichl, 6a30BbIE

peam3anun CEPBUCOB U BCIIOMOI'aTEJ/IbHbBIEC YTUJIUTHI,
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— storage: MOTYJIb B3aUMOJIEUCTBUS C PA3JIMNIHBIMU XPAHUTUIIIAMU;
— transport-core: 6a30BbIiI MOIY/Ib HEPEIAYN JIAHHDBIX;

— transport-http: moxynb nepenaun manubrx 1o HT'TP;

— ts-db: moxynb, conep:kammuii cymraoctu BJ1;

— voice-engine: Moy b B3auMmoelicteus ¢ VG SDK.

® MO,Z[yJII/I BBaHMO,ILefICTBI/Iﬂ C KJIMEHTOM:

— rest: MOYJIb B3aI/IMO,ZI;eI7ICTBI/IH C BHEIIHUM KJIMEHTOM IIOCPEI-

crBom REST 3ampocos.
e Moy obpaboTKu:

— voice: MOJIyJIb 00pabOTKH ayTruodaiiios.

T-ServiceJ
"""""""""""""""""""""""""""""""""""" ((USE))'""""""""""""""':
e «Usen-------- > «component» - -«Usew -3 «component» <<= - «User=-----+
: voice-engine voice :
1
""""""""" «Usep =" m oo
«component» --«Use» - - > «component» «component»
common slorage; [remmsRsmsmsmssns L S R ts-db
1 1
E ----------------------- «Usen-=--=--mmmmmoonoons 1
1 H
«Use» \
ERRERRE > «component» ---=«Use» - 2> «component» SodUser -2 «component» [<- - «Userr------4
transport-core transport-http rest
A
----------------------------------------------------------------- QUSEM = =< - e mm e

Puc. 2: Cxema 3aBucuMoOCTEl MOMYJI€ik

BcriomorarebHble MOy I CO3MAHBI s BBIHECEHUsI YaCTH JIOTUKU U3
OCHOBHBIX MojyJieii. K JaHHBIM MOIYJIIM MOXKHO OTHECTHU CJI€IYIOIIrue MO-
aynau: common, storage, transport-core, transport-http, ts-db, voice-engine.

K momynsM, orBedarornumM 3a obIeHne, OTHOCUTCS Ha JAHHBI MOMEHT
TOJIBKO MOJLYJIb rest, uepe3 KOTOPBIA KJINEHT MOXKET JIeJaTh 3aIPOCHl B CHU-

CTEeMY Ha CO3JJaHME€ BBIIIOJIHEHNE 3aJaHNAd, KOMaH/Abl UJIN 3allPOCa.

22



Monynu 06paboTKu mpecTaB/IeHbl TOJBKO MOJIYJIEM VOice, KOTOPBIM OT-
BeYaeT 3a BCE 3aJIaHUsl, KOMAHJbI W 3aIlPOCHI, HAIPABJIEHHbIE HA CO3/IaHUE
MOJIeJieil, CpaBHEHUE y2Ke ITOCTPOEHHBIX MOJIEJIe, a TaK»Ke JI00aBJIeHne MO-
Jeneil B ropgdue crucku uian 6asy uaentudurkamuu. O6 3ToM 1mojipodbHee

Oy/leT paccka3aHo B pa3JieJie, MMOCBAMIEHHOM 3TOMY MOJLYJIIO.

3.3. Omaucanue API

API cucrembr mmeer Tpu 6a30BBIX KOHEUHBIX TOYKM (a1 endpoint):

e /api/vl/job/, koropas obpabarsiBaeT POST 3ampockl Ha BbIOJIHE-
Hue 3amanuii. 3ajanue (aHI. job) — 9TO 3a/a4a, KOTOpas MOry 3a-
HATH JOCTATOYHO OOIBITOE KOJIUYECTBO BPEMEHN: IIOCTPOCHHUE MOJIEJIN,

cpaBHeHUE MojeJieil Mexk Iy cobOif;

e /api/vl/cmd/, koropas npunumaer POST 3ampockl Ha BbITOJHEHHTE
koMman 1. Komanga (anri. command) — 910 3a1a4a, KOTOpas HAIIPAB-
JIeHa Ha OOHOBJICHME, U3MEHME MOPAYNX JIUCTOB, U3MEHEHNS Oa3bl UJICH-
TruUKAIUA U JIPYIUX 3a7a4, KOTOPbIe HE OYEHb CJIOXKHBI BHIYHUCJIN-

TEJIbHO, HO TPEOYIOT II0JIe 3aIIPOoCca;

e /api/vl/query/, koropas obpabarsiBaeT GET 3ampockr Ha BbIoIHE-
HUE 3aIPOCOB. 3ampoc (aHIJI. query) — 3To 3aja9a, KOTOPbIe HAITPAB-

JIEHa Ha ToJIyYeHne MHQOPMAIUA O CUCTEME.

3.3.1. Cxema oO6pabOTKM 3aJJaHUS

Kazkap1it BBIYUCIUTEBbHBIN MOIYJIb JOJKEH yMETh paboTaThb C 3aIaHUsI-
mu. 3ampockl JSON Ha co3manue HOBOTO 3a/IaHKUs TPUHUMAIOT KJIUNEHTCKUE
Y 3JIBL.

KimenTckuii y3ea mepemaer 3ampoc’ Ha 06pabOTKY HA CEPBHC U3.1a-

0

Tesb!", KOTOPBIHl BaJMIUPYeT 3aIpoc, COXpPaHAET ero B 0a3y JAHHBIX U

1

posppamaer Kiuenty id samanus. Cepsuc gocrasku'! BeIOUpaeT 3ajaHus

9 JobRequest
10PyblisherService

HpyllerService
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Ob6paboTka ayavnodannos

voice
| I voice
- puller
Iﬁ (é Cryx6a

Cnyx6a no pacnpegenexus
obpaboTke ayano 3agay

SDK @

publisher I PostreSQL

Cnyx6a pernctpaumm
3agay Cnyx6a uHTerpauuu
(rest)

[€——json

Puc. 3: Apxurektypa

JIIs BLIIOJIHEHUA W3 PEHO3UTOPHUs, MepeK/ablBaeT 3aJaHud B pacipe/e-
JICHHYIO GJIOKUPYIOILYIO OUepe/ib. CepBUC 06paboTKN 2 BBIIOIHAET 33 aHNH,
KOTOpBIE OH GepeT U3 odepesd 3aJlaHuil cBoefl Ipymibl y3i0B. Ilocie 3a-
BepIIIeHns 00pabOTKN OH COXPaHsieT Pe3yJbTaT B 6a3y JaHHBIX, U3 KOTOPO

KJIMEHT IIOJIy4da€T

3.3.2. Cxema oOpabOTKM KOMAaH/I

KrnuenTckuii y3es mepeiaeT 3ampoc Ha BBITIOJTHEHUE Ha CEPBUC, KOTOPBIA OT-
BEYAET 32 BHITOJHEHIE KOMAH ', KOTOPBIH BaJIUINPYeT 3aIIPOC, BBITOJHIET

€ro 1 BO3Bpallla€T KJIMECHTY PE3YyJIbTAaT BbIIIOJIHEHNA.

3.3.3. Cxema o6paboTKM 3a1IpoCcoB

KnunenTckuii y3es mepeBoguT cTpoky 3ampoca B dopmar JSON u orupas-
JIdeT Ha BBINOJHEHNE Ha CEPBUC, KOTOPBIIT OTBEYAET 33 BBINIOJIHEHUE 3aIIpO-
cos'?, KOTOpBIIT BaIHINPYyeET 3aIIpOC, BLITOJHSAET €r0 U BO3BPAIACT KINCHTY

pPe3yJibTaT BBIITIOJIHEHUA.

12PrgcessService
13CommandService
4 QueryService
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Bbl4ncnuTenbHbIi Mogynb

XpaHunuie
[DaHHbIX

Cepauc
B3auMopeicTBIA

‘ BHewwHasa ‘

cyBa | publisher ‘ | puller | | processor
cuctema

Pa3smelleHne
[1aHHbIX

Féepeﬂa% Gajlsagv’:‘ﬂ;) Banugauus sanpoca
annaauns Peructpauus sagaiuv B ELl

CoxpaHenne ______|
3apauu

OK (job_id)

-OK (job_idY
Mepuoanyeckas nposepka
Hanuuus 3afaHns | i
(nonyyeHue B COOTBETCTBUN | PacnpepneneHue
C npuopuTeTOM) 3apa4 mexay

|:_ Monyyenne MeananaHHbIx, BblYMCIIUTENAMU

Mol:lenew peameTku

Mepepava
[€—peaynsTatos —
oBpaboTku

<€ Mepenaya peaynbmpyiou.lle AaHHb! J

Peructpauus pesynsratos B B[J:

Mepuoanyeckas
nposepka
BLINOMHEHNS
3apay 8 B[]

YpaneHve
w3 B

MNepenaya pesynsTaTos BbINOMHEHN BbIMOMHEHHbIX
U(a|b7|d) 3anay

Puc. 4: Cxema obpaboTKM 3a,1aHMS

4. Peanu3aimsi CUCTEMBbI

Janubrit pasgesn momapoOHee pacCKa3bIBAET O MOJYJISIX MPOEKTa, KOTOPbIE

ABJIAIOTCA MO2KHO CHUTATDhb BazKHbIMU OJIA CUCTEMDbI.

4.1. Onucanuue API 3aganuii
4.1.1. OnucaHue 3arpoca Ha CO3JIaHUE 3aaHUdA

Bampocer umeror dhopmar JSON (cnermudukarmms RFC 8259).
JlybupoBanue mMeH IoJieil OJHOrO OObEKTa BO3MOXKHO, HO HE XKeJjla-
TeJIbHO. B Takmux ciaydasax OyaeT MCHOJb30BAHO MOCTE HEEe 3SHAYEHUE.

3aIpoc Ha co3JaHue 33 IaHUs JIJIs BBIYUCIUTEEH COCTOUT U3 2X JacCTei:
e header — me usmensiercs;
e body — BapbupyeTcs B 3aBUCUMOCTHU OT THIIA 3aIaHUSI;

st cosnanus 3aganue Heobxoaumo ornpasuth POST 3anpoc va /api/vl/job.
B ciyuae ycnentnoro npunasaTus 3aganus sepaercs craryc 201 (CREATED),

a B Tejie OoTBeTa OyaeT coiepxkaThbes id cosmanHOro 3amanusd. Eciam mose
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"reply to” ObLIO 3aIIOJTHEHO, TO IO OKOHYAHWIO OOPAOOTKM OTBET Oy/IeT aB-
TOMATUYECKH OTIPaB/IeH KIueHTy. VI B cirydyae MOATBEPKIEHU IOy IeHU ST
oTBeTa, pe3yiabrar Oyaer ymasen n3 b/l. Ecau mosme "reply to” Obu10 1my-
CTBIM, TO KJIMEHT caM 3allPaIlliBaeT CTaTyC 0OpabOTKH, Pe3yabTaT 0opadboT-
KM, 3aIIpOC Ha yIaJeHud pe3yJybrara oopadorku us b/l

Omucanne noJseit B 6sioke header g co3manuga 3al1aHud:

Kirou Oobg3arTeqIbHO Onucanue

. Twun cepBuca, Ha KOTOPOM OyI€T
service a
BBIIIOJIHSITCST paboTa

Apec oTBeTa Jj1s BO3BpaTa pe-
3yabTaTa paborbl. Ecim orer
reply to a
He TpeOyeTcs, TO 3TO II0JIE OCTa~

ercst mycTeiM(””)

Yem OoJIbIIIE YMUCJIO, TEM BBIIIE

priority Ha npuopuTeT. MoxKeT TpuHUMATH

3HadeHusd or 1 o 32767

Tabauma 1: Onumcanne moseil B 0joke header B orBeTe O BBIIIOJHEHHOM
pabote

! {

> >’header’’: {

3 Yservice’’: ’’voice’’,

1 »reply\_to’’: ’http://localhost:9090/response/42”’
5 },

; *body’’: {

7 TeJIo| 3aBUCHUT 3aLaHus

8 }

9 }

Listing 1: IIpumep 3ampoca.
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4.1.2. Onucanue oTBeTa O BBIIIOJHEHHOM 3a/IlaHUM

OTBeT 0 BBIIOJIHEHHOH paboOTe COCTOUT U3 JIBYX YacTeil:
e header — 3aroJjioBok oTBeTa, HE U3MEHSETCS;

e body — Pesynbrar Bbhrauciaenuii, Bappbupyercsd B 3aBUCUMOCTU OT pe-

3yJIbTATA,;
Kuarou O6s3aTesTbHO Omnucanwme
id a NnenTndurarop 3a1aHud
Ycremmnao M 3aBepIiniach pa-
status a
boTa

Tabmmuna 2: Onncanme noJieii B 0jioke header B orBeTre O BBIIOJHEHHOI
pabore

i {

) >’header’’: {

3 »id’?. 427,

4 »’status’’:’’0K”’

5 },

6 result’’: {

: Pe3ynIbTaT 3aBUCHUT 3aJaHus
8 +

9 }

Listing 2: [Ipumep oTBeTa 0 BHIMOJHEHUN 33 aHUS.

4.2. Onucaune API xomansg

Bamnpocsl umeror dhopmar JSON (cnenudukamua RFC 8259). Jlybiuposa-
HUE MMEH TOJIel OJHOr0 O0ObEeKTa BO3MOXKHO, HO HE KeJjlaTe/ibHO. B Takux

CJIydadx 6y,ZI;€T N CIIOJIB30BaHO IIOCJIeIHEC SHaYCHUEC.
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YT10o0bI BBITOJHUTH KOMaHIy HeoOxoauMmo otnpaBuTb POST 3ampoc Ha
/api/vl/cmd. B pesysibrare BbIIOJHEHST KOMaH/IbI BO3BPAIAETCsI JTUOO pe-

3yJIbTAT YCIIEITHO BBITIOJTHEHHOTO KOMAaH b, JIMOO COODIeHne 00 OommbKe.

Kurou O6sa3aTepbHO Omnucanue
_ Twun cepBuca, Ha KOTOPOM OyIIE€T
service a
BBIIIOJIHSITCST paboTa
HazBanume KoMaHIbI, KOTOpPAasi
command a

OTIIPpaBJICHa Ha BBIIIOJICHCHUNE

Tabnuma 3: Omnucanue 1oJieil 3a1poca BBITTOJTHEHTS KOMAHIbI

| {
) ’service’’: ’service\_name’’,
3 »»>command’’: ’’command\_name’’,
4 [IOJIsT 3aBUCST KOMAaHIbl
5 }
Listing 3: IIpumep 3ampoca Ha BBITIOJIEHTE KOMaHIHI.
Kirou Ob6a3aTeapbHO Onucanne
CraTyc 1O BBIITOJHEHUIO KOMAaH-
status Ha
bl
PesysibraT BBITIOSTHEHNS KOMAaH-
payload a
bl

Tabsmma 4: Onucanue moJsieil B OTBeTE O BBIIOJTHEHHONR KOMaHIe
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2 ’status’’: ’STATUS”’

3 ’payload’’: {
4 pPe3yIbTaT 3aBUCHUT 3aaHusg
5 i

Listing 4: IIpumep oTBeTa O BBITTOJTHEHUN KOMAH/IHI.

4.3. Onucanue API 3anpocos

Bampocsl umeior gpopmar URI.

JybsmmpoBanue KJIro4ueil BO3MOXKHO, HO He KeJjaTeJIbHo. B Takux ciryva-
X OyJeT UCIOJIb30BaHO IOCIeHee SHAUYCHNE.

st cosmanus 3anpoca zHeobxoaumo orpasuth GET 3anpoc na /api/vl/query.
B pesyabrare BBIIOJHEHUS 3aIIPOCa BO3BPAILAETCS JTUOO Pe3yJbTar yCIelll-

HO BBIIIOJITHEHHOI'O 3aIIpOca, Jub0 cooldIineHne 0d OmmbKe.

Korou O6sa3aTesIbHO Onucanwue
. Nmsa cepBuca Ha KOTOPOM OyIeT
service Ha
BBIIIOJIHSITCSI paboTa
query a Hazpanue 3ampoca

Tabauma 5: Onucanume 1oJieit B CTPOKe 3aIpoca

GET /api/vl/query/{service}/{query}?{key 1}={value 1}& ...
Listing 5: IIpumep 3ampoca.

B pesynprare BBITIOJIHEHHUST 3aIlpoca BO3BPAIAETCAd OTBET B hopmare

JSON.
1 {
2 Pe3yJbTAaT SAaBUCUT 3aaHud

Listing 6: IIpumep oTBeTta.
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4.4. Moaynab B3auMOAeNCTBUS C KJINEHTOM

Moaymem B3auMOAEUCTBUASI ¢ KJAUNEHTOM B CHCTEMe SIBJIsIeTCsI MOIYJb ‘rest,
KOTOPBIN MO3BOJISIET BHEITHUM KJIMEHTAM OTIIPABJ/ISTH CHCTEME 3aIIPOChI Ha,
006paboTKy | ToJIydeHre NHPOPMAIIUA O CUCTEME.

s aToro B Mojysie peaju3oBanbl ciemaytomiue REST KorTposiepsr:

e HealthController: mosBossier kJyimeHTy y3HATH 3amycTuscd Jjin ‘rest’

CEpPBUC;

e IgniteController: mo3BojisieT KJaMeHTY y3HATH COCTOsIHIE KJIacTepa, OT-

JIeJIbHBIX Y3JI0B, Bepcuio Ignite.

e JobController: mo3BoJisieT KJIMEHTY OTIIPABUTH 3aJiaHne Ha 00pabOTKY,

JIUOO MTPOBAJIUIUPOBATDH 3AITPOC;

e VipJobController: mo3poisieT KJIMEeHTy OTIIPABUTH Vip 33/ IaHUE Ha, BbI-

MMOJTHEHWE;

e JobResultController: mo3BosigeT KIUEHTY MOJYYUTH PE3YAbTAT BbI-

IIOJTHEHU A 3aJaHMd;

e CommandController: mo3BoJisieT KJINEHTY OTHIPaBUTh KOMAH/Ly Ha, BbI-

ITOJTHEHUE;

e QueryController: mo3BosisieT KJIUEHTY OTIPABUTH 3aIIPOC HA BBITIOJIHE-

HUE;

4.5. Moaynab obpaborku ayamnodaitjioB

CaMbIM OOJIBIIMM, W IIOMHMO 9TOTO CAMBIM BaKHBIM 110 PYHKITUOHAJY SIB-
Jigercss Moaysb ‘voice’. OH oTBevdaeT 3a Bce 3aJdaHUsI, KOMaH/IbI, 3aIIPOCHI,
KOTOPbIE OTBEYAIOT 32 PAbOTy € MOJEJISIMU, TTOCTPOEHHBIMU TI0 ayIuodaitiy

Wi ayauodaiiiam.

4.5.1. 3agaHus voice MOIYJIs

Momynab ‘voice’ coOmepKUAT CJIeAyIOIIe 33, 1aHNIsI:
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«interface»
GridJob

K

«abstract class»
VoiceJob

EREE

«class» «class» «class» «class» «abstract class»
Cr i Cr i Enroll DetectLanguage GeneralCompareJob

— N

«class» «class» «class» «class»
CreateVoiceModel CheckL ificationJob Compar

«class» «class» «class» «class» «class»
Prepr dCi i P! i Prepr S P! CompareVad

I ? I ‘T I

«class» «class» «class» «class» «class»
DiarizeAndCreateVoiceModels VadAndCreateVoiceModels Diarize Vad Compare

Puc. 5: Cxema 3aBucuMmocTeit 3a1aHuii MOy I ‘voice'

e “compare”: cpaBHeHue Qaiiyia ¢ pasaesieHueM JTUKTOPOB;
992 b : 2. .
e "identification”: cpaBHeHne Mojen IPOTUB O6a3bl UIACHTUMDUKAINN;
29 . ) .
e "compare vad”: cpaBHeHue daitna 6e3 paszjeseHus JUKTOPOB;
e "compare models: cpaBHEHIE TOJIOCOBBIX MOJIEJIEH;
e "create voice model”: mocTpoenne MomeIn TUKTOPA;

e "manual create voice model”: mocTpoenne Mone M IUKTOPA U3 PYU-

HbBIX CeIMEHTAIUN;

e “create manual segmentation”: mocTpoeHme CETMEHTAIIUN JTUKTOPA 10

PY4HOI pa3MeTKe IUKTOPAa;
e preprocess’: npeiodbpaboTKa aiia;

e "preprocess and create voice models”: mpemobpaboTka daitsia u mo-

CTPOEHUE MOJIEJIN JTUKTOPA;
e "preprocess speakers”: mpes1o6pabpaboTKa ¢ pa3jiesleHueM JUKTOPOB;

e "preprocess speakers and create voice models”: mpemobpadbpabor-

Ka C paz/ejeHueM JTUKTOPOB U IIOCTPOEHUE MOJIEU JUKTOPA;
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e "diarize”: paziesieHre TUKTOPOB 0€3 ompee/eHus I3bIKa;

e "diarize and create voice models”: pa3sesieane TMKTOPOB U TOCTPO-

eHHe TOJIOCOBBIX Mojiesieit 6e3 onpeaesieHus A3bIKa;
2. . .
e "vad”: npemobOpaboTKa 0e3 pasjaesieHud TUKTOPOB;

e "vad and create voice models” mpemobpaboTka 6e3 pasgeseHus K-

TOPOB U IIOCTPOECHUE MOIE/IN NUKTOPA,

e “enroll”: mpemobpaboTKa UK pa3iesieHne INKTOPOB U IOCTPOEHUE MO-

eI JUKTOPa WA TUKTOPOB;
e "detect language”: omnpesesienne sA3bIKa MO KaXKJIOMY U3 KAHAJIOB;

e "check language”: ompenenenne BepOosSTHOCTU MPUCYTCTBUSA A3BIKA;

4.5.2. KomaHapl voice MOIyJIst

Moaynp ‘voice’ COIEepKUT CJIEIYIONINEe KOMaHIbI:

«interface»
GridCommand

A

«abstract class»
VoiceCommand

«class» «class» «class»
HotlistCommand IdentificationBaseCommand GetSupportedLanguages

Puc. 6: Cxema 3aBucuMocTeil KOMaHI MOIY/IA ‘voice’

e "get supported languages™ Bo3BpamaeT CIUCOK SI3BIKOB, KOTOPBIE

MOT'YT OBITH PACIIO3HAHBI B XOJ€ BBIIOJHEHUs 3aIaHUI;
29 : . .
e "hotlist”: 6azoBass komMaHa 1JisT PAOOTHI C TOPSIIUMHU CIIMCKAMU;
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e "identification base” 6a3oBas koMam1a /i1 pabOTHI ¢ 6a30i UIEHTH-

dbukamm;

4.5.3. 3amrpocsl voice MOmIyJIst

Moyisb ‘voice’ comepzKUT CJeIYIONITHE 3aIIPOCHI:

«interface»
GridQuery

A

«abstract class»

VoiceQuery
«class» «class» «class»
HotlistContains GetSupportedLanguages IdentificationBaseContains
«class» «class»
HotlistTopology IdentificationBaseTopology

W

«class»
HotlistGetAll

—

«class»
HotlistByName

Puc. 7: Cxema 3aBuCHMOCTE 3aIIPOCOB MOIYJIsI ‘voice’

e "supported languages” BO3BpAaIlaeT CIIMCOK SI3BIKOB, KOTOPbIE MOT'YT

OBITH PacCIIOSHaHbl B XOJ€ BbLIIIOJIHCHUA Saﬂ;aHI/If/'I;

e "hotlist”: Bo3BpallaeT CIMCOK MOJEJel, KOTOPbhIE COJEP>KAaTCs B JaH-

HOM TOpAaYeEM CIIMCKE;
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e "hotlist all”: Bo3BpaImaeT Bce ropsiame CIUCKA W MOJIETN, KOTOPBIE B

KaKJI0M U3 HUX COAEP2KaTCA;

e "hotlist contains” mpoBepsieT COZEPKUTCA JIU B JAHHOM FOPSYIEM CITHC-

Ke JIaHHAsl MOJIEJIb;
e "hotlist topology”: BO3BpalaeTcss TOMOJJIOTUIO BCEX TOPSIYNX CIUCKOB;

e "identification base contains”: mpoBepsieT comepKuUTCH JI B 0a3€e nJIeH-

TuUKAIUA JTaHHAs MOJIEJb;

e "identification base topology”: BozBpaimaercs TOIOJIOruio 6a3bl UJIeH-

TUDUKAIAN.

4.5.4. Pabora ¢ K3I11I10M

JaHHBI MOJIYJIb, TIOMAMO IIPOCTOTO ITOCTPOEHUST MOJIEJIN, MMOJTyYeHUsT WH-
dopmarum o Heil U CpaBHEHUS €€ ¢ APYTUMU, Peaim3yeT BO3MOKHOCTDH Xpa-
HeHust mojenun B kamre Ignite. CyrmecTByer jBa use-case: UCIIOJIbB30BAHUE

ropAa4ux CIIMCKOB W HMCIIOJIb3OBaHHE 0a3bl I/IﬂeHTI/I(bI/IKaHI/II/I.

4.5.4.1. T'opsiune cnuckm FKEcim cpaBHeHUS C KaKUMU-JTUOO0 MOJIEIIMU
IIPOUCXOJIUT JIOCTATOYHO YaCTO, TO PA3yMHO JJId SKOHOMUU BPEMEHH BbI-
MIOJTHEHUS 3aJ]aHNSA, XPAHUTD ITU MOJEN B KIIIIe, TAKUM 00pPa30M SKOHOMS
BpeMs Ha 3arpy3Ke U BBITPY3Ke MOJEN ITPU CPABHEHUH.

lopsiame crimckm MO3BOJIAIOT OOBEIWHUTH HECKOJIBKO MOJENeil B OMUH
TOpsAYMii CIIUCOK, & 3aTeM CPAaBHUBATH MOJIEJIA HE MPOMIUCHIBAA B 3aITPOCE
BCE MOJIEJIN, & TOJHKO yKa3bIBas Ha3BAHUE CITMCKA.

PeasinzoBanbl ciieiyoIime onepaun Jijisi padoThl C TOPAINMU CIIUCKAMUT:
e PUT: cozmaer HOBBIN TOpAYNil CIIUCOK;
e ADD: mobapigieT B ropadmii CIIMCOK BCEX JTOCTYITHBIX MOJIEJIEH;

e REMOVE: ynanger u3 ropg4ero cumcka Mojeseil, yKa3aHHbIX B 3a-

poce;
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e UPDATE: 3amensieT coaep:KnuMoe ropsiiero CIIMCKa Ha CIHUCOK MOJIe-

JIei, mepeJlaHHbIX B TeJle KOMaH/IbI;

e DELETE: ynanger ropgunit cnimcox.

4.5.4.2. bBaza ngeaTndukanmun ba3a naeHTUdUKAIIUA IPEICTABISIET
coboit ropgaunii cnucok ¢ Ha3BaHmeM internal hotlist”, B3anmoneiicTBue c
KOTOpBIM mponcxoautT depe3 APl naentudukamnuu, onrcanHoe HUKE:

ITo anaoruu ¢ TOPSAIUMU CIUCKAMU IIOIIEP>KUBAIOTCS CJIEIYIONINE Olle-

parum:
e ADD: nobapisier B 6a3y BCe JOCTYITHBIE MOJIEJIN;
e REMOVE: ynansier u3 6a3bl MOe/ I, YKa3aHHBIE B 3aIIPOCE;

e CLEAR CACHE: ynanser Bce moenn u3 6a3bl.
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5. TectupoBanue

s TectupoBaHusi (DYHKIIMOHAJBHOCTH IIOJIYYEHHOTO pelleHus ObLIu Ha-

IIMCaHbl IOHUT-TECTbI 1 MHTEI'PAMOHHbBIEC TECTHU, KOTOPBLIEC IIPOBEPAOT KOP-

PEKTHOE BLIIIOJIHECHUE 3a/da4.

CkopocTb
Twum o6paboTKm; Omnucanwme obpabor-
KU
BBIJIEJIEHUE PeYeBOi WHQOPMAIUH,
ompejieJIeHre KOJIUIEeCTBA JTUKTOPOB
U KOJIMYECTBa PeUeBOil mH(OPMaIInu
JIJIS HARJIEHHBIX JTUKTOPOB, OCTPO-
enroll . 30 RT
eHne OMOMETPUYECKUX MOJeJieil To-
JIOCOB JTUKTOPOB, OMPEJIeIeHNE T0JIa,
HaliJICHHBIX JTUKTOPOB, OIpPEIeIEHIE
SAI3BIKOBO# TTPUHA/JIE?KHOCTHU
peoopaboTKa daiisia ¢ ompeesie-
preprocess HUEM ¢3bIKa, JJMTeabHoCTH peun, | 85 RT
JOIIOJITHUTEJIBHOU pPa3MeTKOU
ompesiesieHne A3bIKa 06e3 pa3iesieHus
detect language 85 RT
JIUKTOPOB
o paziesieHne TUKTOPOB O6e3 ompeiesie-
diarize 110 RT
HUA A3bIKa
pazjiejieHne JIUKTOPOB C OIpejesie-
preprocess_speakers 57 RT
HUEM A3bIKa
11500
CpaBHEHUN

compare models

CpaBHEHUE I'OJIOCOBbLIX MO,ZLeJIeﬁ

B CEKYHIY

Ha 4/1pO0

Tabmuma 6: Pe3yabrars TecTUpOBaHUS CUCTEMBI

Takzke B xo1e pabOTHI HAJI JAHHBIM IIPOEKTOM OBLJIO MPOBEIECHO TECTHU-

pOBaHWE CUCTEMBI Ha CKOPOCTH 00pabOTKM ayanodaiiaios.
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TecTupoBanue POBOIUIOCH Ha KOMITbIOTEpPE € 64-pa3psaIHBIM ITECTH-
snepubiM nponeccoM Intel® Core™ i7-9750H ¢ 6azosoit uacroroit 2.60 I'T',
BMectumocTbio O3V 32 I'B u HDD na 2 TB.

Perterne, peaan3oBaHHOTO B JAaHHOW paboTe, IJIAHUPYETCS HCIIOJIb30-

BaTh B OyIymux npoaykTax kKoMmaamu OO0 "TIPT!0

5 .
Y Oneparusroro 3anomunaroniero YerpoicTsa
16T Tenrp Peuennix Texmomormit
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SaKJII0UeHne

B xone nanHO#t paboOThI OBLIN JOCTUTHYTHI CJIEIYIONINE PE3YJIbTAThI:
e llcciienmoBana mpeaMeTHasdg 00/IACTb.

e CmpoekTupoBaHa 1 pa3paboTaHa PacCIpeie/IeHHAs CUCTEMA, TO3BOJIS-
OTIas
— TOCTPOUTH T'OJIOCOBYIO MOJIEJIb 10 ay/irnodaiiry;
— CPaBHUBATDb MEXKJIy YK€ IIOCTPOEHHBIMU T'OJIOCOBBIMU MOJICJISIMU;
— BBINIOJTHATD 33/IaHWS, UCXOJIsd U3 UX ITPUOPUTETA.
e Pazpaboran cepBuc B3anMOEHiCTBUS CUCTEMbBI C BHEITHUMY KJIMEHTA~
MU, ITO3BOJIAIONIN
— OTIPABJIATH 3aIPOChI HA 0OPAOOTKY I'OJIOCOBOI MOJIEJIH;
— TOJIyYaTh WHAPOPMAITUIO 00 y2Ke IMMOCTPOEHHBIX MOIEJIAX;

— ToJIy9aTh WHAPOPMAIIUIO O KJIacTepe.
e [IpoBeneno TecTupoBaHue u anpodalls Peau30BaHHON CUCTEMBI.

B nmanpmeiteM nianupyeTcs JI00aBUTh CEPBUC B3aUMOJIEHCTBUS CHUCTe-
MBI C BHeITHUMH KJymeHTamMu depe3 AMQ), a Takxke 100aBUTh B CHCTEMY

MOy 00pabOTKN n300paKeHuii, BUIeodailion.
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