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AHHOTANUA

B crathe paccmaTpuBaeTcsi MOCTPOEHHE COOBITHHHO-OPUEHTHPOBAHHOW ApPXUTEKTYPHI LIS
CHCTEMBI KPEAUTHOTO CKOPHHTA C UCIOJIb30BaHuEM Opokepa coobuiennii Apache Kafka. Onucanst
OPEeUMYIIECTBa  3TOH  ApXWUTEKTYpbl B  KOHTEKCTE€  IOBBIICHHS  MacIITaOHMpPyEeMOCTH,
OTKa30yCTOMYMBOCTH U MHUHUMH3ALUK 3aJIePXKEK B Iepeade JaHHBIX MEXKIY MHUKPOCEPBHCAMU U
MOJIETISIMHA MAaITMHHOTO OOY4EHHUS.

KaioueBble c10Ba: COOBITHHHO-OPUCHTUPOBAHHAS APXUTCKTYPa, MHUKPOCEPBHCHI, OpOKep
COOOILIEHHH, BBICOKOHATPY)KEHHBIE CHCTEMBI.

BBenenune

KpeautHblii CKOpUHI MpencTaBisieT coOOW OJMH U3 KIIOYEBBIX 3JIEMEHTOB COBPEMEHHON
¢uHaHCOBON cucTeMbl, o0ecreynBas BO3MOXKHOCTh OOBEKTUBHON OLIEHKH KPeIUTOCHOCOOHOCTH
3aeMIIMKOB Ha OCHOBE MHOXecTBa (pakTopoB. B mpomecce NpUHATHS pEIICHUH HIMPOKO
UCIOJB3YIOTCA MOJIEIM MAIIMHHOTO OOy4YeHUs, aHaJIM3UPYIOIUME pPa3HOOOpas3Hble MapaMeTpsl,
BKJTIOYAst KPEAUTHYIO HCTOPHIO, TPAH3AKIIMOHHYIO aKTHBHOCTbD, IEMOTrpapUuecKue XapakTepUCTUKN
U UHble JaHHble. DQQPEKTUBHOCTh IMOJOOHBIX MOJEIEH BO MHOIOM 3aBUCHUT OT KauecTBa WU
aKTyaJbHOCTH TOCTyHAOIEeH nHpOopManny, 9To TpeOyeT HaIeKHBIX MEXaHU3MOB cOopa, 00padoTKH
U nepenayuu AaHHbIxX [1].

TpaguiyoHHble NOAXOAbl K OPraHM3allUKd IOTOKOB JaHHBIX B CKOPUHIOBBIX CHCTEMAax
3a4acTyIO ONUPAIOTCS HA APXUTEKTYPHI C )KECTKO 3alaHHBIMH KaHAJIaMU B3aUMOJIEHCTBUS, B KOTOPBIX
KOMITOHEHTHI HanpsMylo oOMeHuBaroTca HMHpopmanuei. Takoil moaxoa orpaHU4YMBAaEeT TMOKOCTb
CHCTEMBI, YCIOKHSAET MaclITaOUpOBaHHME W YBEIMYUBAET 3aJCpXKKU NpH Iepenadye JaHHbIX. B
YCIIOBUSX TUHAMUYHON (PUHAHCOBOM Cpe/ibl, rae TpeOyeTcs onepaTUBHOE OOHOBJIEHNE HHPOPMAIUH
U ajanrtanus Mojenedl K HM3MEHSIOIUMCS YCJIOBUSAM, IO0JIOOHBIE OTrPaHMYEHHsS CTaHOBSTCA
CYIIECTBEHHBIM MPENSATCTBUEM [2].

B nanHO# cTatbe OyaeT pacCMOTpPEH MpOIecC MOCTPOEHUS COOBITUIHO-OPHEHTHUPOBAHHOM
aApXUTEKTYphl B CUCTEME KPEIUTHOTO CKOPHMHIa, a Takxke NMpuHuunbl uHTerpauun Apache Kafka B
MEXaHU3M Mepeiayl JaHHbIX AJIS MAIMHHOTO 00y4eHusl.

OcHoBHast yacTh

PaccmaTtpuBaemass cucreMa KpEOUTHOIO CKOPHMHIA IIOCTPOEHAa HAa MHKPOCEPBHCHOMN
aApXUTEKTYpE, I/Ie KaXAblii CEpPBUC BBIMOJIHSIET CTPOTO ONpPEEICHHbIE 3a/1a4l, UMEET COOCTBEHHOE
API u ucnonb3yeT penslUOHHBIE WM HEpesIMOHHbIE 0a3bl JAaHHBIX. B TaHHON apXuTekType
MMEIOTCS pa3Hble BapHAHTHI 7S epeiaun JaHHbIX B cepBuc ¢ ML monensio.

OnavH n3 pacnpoCcTpaHEHHBIX BAPUAHTOB 3aKJII0YAETCsS B CHHXPOHHOM Ilepeiaye JaHHbIX Yepes3
REST API. B stoMm cnyuae, npu 3ampoce Ha CKOpUHT, AaHHble ¢ momoulbio APl mepenarorcs mo
HTTP B cepBuc ¢ ML-Moz€emnb10, KOTOPBII B OTBET BO3BpAIllaeT NpeACcKa3aHHbI CKOPUHTOBBIN Oa.
Taxoif meTon obecrieunBaeT MIHOBEHHYI0 00pabOTKy 3ampoca, OJJHAKO OH HAaKJIAIbIBAET KECTKUE
TpeOOBaHUS K IOCTYIIHOCTU CepBHCca ¢ MOJenblo. [IpH BBICOKMX Harpy3kax BO3MOKHBI 3a/I€P>KKU U
cOOH, YTO JIeNIaeT ATOT BapUAHT HEYCTOWYMBBIM MPU MACIITAOMPOBAHUH CHUCTEMBI [4].

Jlpyroii BapuaHT — COXpaHEHHWE CKOPHUHTOBBIX 3alpocoB B pensaunoHHo mim NoSQL 6aze
JaHHBIX, OTKYy/Aa cepBUC ML-Mozenn neproAnyecKy N3BJIEKaeT HOBBIE 3aUCH JUIsl 00pabOTKH. ITO

470



IT03BOJISIET PA3TPy3UTh OCHOBHYIO CHCTEMY U BBIIIOJIHATH NIPEJCKA3aHUS B ACHHXPOHHOM PEXKHUME, HO
TaKOW TOAXOJl YBEIMYMBACT 33JCPKKH B 0OpabOTKE ITaHHBIX, MOCKOJIBKY MOJENb HE MOJIydaeT
nH(pOpMalLIMI0O B MOMEHT 3ampoca, a pabdoTaeT ¢ 3aJep>KKOH, 3aBUCSIIEH OT YacTOTHI BBIOOPKU
nanHbIX. Kpome Toro, ncnoib3oBanue 0a3bl JaHHBIX B KA4E€CTBE MPOMEXYTOUHOTro Oydepa Tpedyer
JIOTIOJIHUTEBHBIX PECYPCOB U YCIOXKHSIET apXUTEKTypy 3a CYeT HEOOXOAMMOCTH YIpaBJICHUS
IIpOLIECCaMU 3aIIUCH U YTEHHUS.

B paccmarpuBaemoli cucteMe paHee UCHOJIb30BAJICS LEHTPAIM30BAHHBIM Mapcep, KOTOPBIM
00BEAMHSUI JIOTY U3 Pa3IMYHBIX MHKPOCEPBUCOB U coxpaHsut ux B kinacrep Hadoop Distributed File
System. J[aHHBII TOAXOA MO3BOJISI arperupoBaTh JaHHBIE U3 PAa3HBIX UCTOYHUKOB, OJHAKO cOOp
JAHHBIX MPEACTABIST U3 ce0s 00BEMHBINA TTO BPEMEHU M 3aTpaTaM MPOIIECC, YTO CO3/aBali0 Y3KOE
MecTo B cucteme. KpoMe TOro, CilOXHOCTh JIOTUKHM MAapCUHIa 3aTpyAHsUIa MaclITaOupoBaHUE
CEPBHCOB, TAK KaK C U3MEHEHUEM CEPBHUCOB TPEOOBAIOCH U3MEHSTH MApPCEP.

XopomuM pelieHreM mpoOiieMbl B JAaHHOM KOHTEKCTE CTall0 HCIOJIb30BaHHE COOBITUIHO-
OPHEHTUPOBAHHOHN apXUTEKTYPHI ¢ OpokepoM coolIieHuit. B 3Tom ciydae KaxIplii MUKPOCEPBUC Ha
cBoéM ypoBHe hopmupyer jor B JSON-hopmaTe u myOauKkyeT ero B onpeaeseHHbi Tonuk. CepBuc
¢ ML-Mo/1e1b10 OIUCBHIBAETCS HA 3TOT TOIUK U MIOJyYaeT JIaHHbIE B PEXKUME PEAIbHOTO BPEMEHH,
4TO 00ecreuyrBaeT MUHUMANbHbIE 33J€PKKU B 00paboTKe.

Cepencel
Producers

Epokep cooDWEeHWA

B

(oYepenk cooGILeHWH) .| Cepeucsl
Consumers

hJ

Puc. 1. Ilepedaua coobwenuii uepes bpokep

B kadectBe Opokepa coobOmenuii BeiOpana Apache Kafka, mockonbky oHa mydrine moaxoauT
JUIsi 00pabOTKH TOTOKOB COOBITUM B pEaJlbHOM BpeMEeHHU M0 cpaBHeHHMIO ¢ RabbitMQ. Kafka
obOecrieunBaer 0ojiee BBICOKYIO TIPOIMYCKHYIO CIOCOOHOCTh 3a CYET JIOT-OPUEHTHPOBAHHOM
apXUTEKTYpHhl, 3P(PEKTUBHOTO XpaHEHUs COOOLIEHUH Ha JMCKE U BO3MOKHOCTH T'OPU30HTAIBHOIO
MacIITaOMPOBAHMS 3a CUET MAPTUIIMOHHUPOBAHUS TONMUKOB. B oTimume ot RabbitMQ, xoTopsrii
OPHEHTUPOBAH Ha 00pabOTKY OT/AEIbHBIX COOOIIEeHH U TpeOyeT moaTBepxaeHuil nocraBku, Kafka
MOJIICP)KUBAET MEXAHHM3M PEIUIMKAIMU M PETEHIUI0 COOOIICHWH, YTO TO3BOJSET HE TOJBKO
nepeaaBarh JaHHbIE, HO M BOCHPOM3BOJAUTH MX B CIIydae HEOOXOAMMOCTH. DTH CBOMCTBA JIENIAIOT
Kafka omaiM 3 Hanbosee noaXo sIUX PEIIeHUH TS BBICOKOHATPYKEHHBIX CUCTEM, PaOOTAIOIINX
C MOTOKAMH JIAHHBIX B PEXKHME peabHOTrO BpeMeHH [5].

OnHako cucTeMe BaKHO HE TOJBKO MepeaBaTh JaHHBIE B MOJIENb, HO M COXPAHSTh COOBITHSA,
TaK KaK OHU MPEJCTABIAIOT LIEHHOCTD JUIS JAIbHEHIIero aHanu3a U 00y4eHHUs: MOJIeTH. XpaHEeHHe
JIOTOB 00€CIeunBAET BO3MOXKHOCTH JETaJIbHOIO MOHHUTOPHHTA CHCTEMBI, TIOMOTAeT B OTJIAAKE H
YCKOpsIET BBISIBJICHHE NMOTEHIUAIBHBIX pobiaem. [ storo ucnons3yercs cBsizka Apache Kafka n
ClickHouse, rne Kafka Brinmonnsier posib HaaexxHOro TpaHcmnopra coowituit, a ClickHouse cimyxut
OCHOBHBIM XPAaHUJIHUIIEM IS aHAIHN3a TaHHBIX.

[Tocne myOnukauuu coObitust B Ttonuk Kafka moTpebutens, oreuaromuii 3a 0oO0pabOTKy
JTaHHBIX, Tony4daeT ero u 3amuckiBaeT B ClickHouse. Takoil moaxon rapaHTHpyeT, YTO HH OJHO
coObITHE HE OyIeT TOTEPSHO, TaKe eClii 0a3a JaHHBIX BPEMEHHO HEeIOCTYIHA, Tak kKak Kafka moxer
XpaHUThb cooOIIeHuss B TedyeHue omnpexaeneHHoro BpemeHu. ClickHouse, B cBow ouepens,
o0ecreunBaeT BBICOKYIO CKOPOCTh 00paOOTKHU U XpaHEHHUS! OOJBITUX 00BEMOB JAaHHBIX Oylaromaps
KOJIOHHOYHOM CTPYKType U ONTHUMHU3HPOBAHHBIM AHAIUTHYECKUM 3ampocam. OTO TO3BOJISET
3 GEKTUBHO arperupoBaTh HHHOPMAIIHIO, CTPOUTH OTUETHI TI0 Ka4eCTBY MOJICIH W aIalTHPOBATh
CHCTEMY K M3MEHSIFOLMMCS TpeOOBaHMsM |[6].
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Puc. 2. Apxumexmypa cucmemwl ¢ ucnonvzosanuem Kubernetes

Jliia obecrieueHus: 0TKa30yCTOMUMBOCTH M MacIITaOMPYyEMOCTH CUCTEMA Pa3BOPAaYMBAETCS B
knactepe Kubernetes, kotopsrii ynpasnser Bcemu komrnoHeHTamu, Bkimoudasi Kafka, ClickHouse u
MHUKPOCEPBUCHI CKOPUHTA. B COOBITHITHO-OPUEHTHPOBAHHON apXUTEKTYPE 3TO KPUTUUECKH BAXKHO,
tak kKak Kubernetes apromaTnuecku OajaHCHpPyeT HArpy3Ky, IMepe3alyCKaeT YIMaBIIUE CEPBHUCHI U
MacmTabupyeT uX B 3aBUCUMOCTH OT moToka coObituii. Kafka obecrieunBaeT Hage)KHYIO TOCTaBKY
nannbix, ClickHouse a¢dextuBHO 00pabaTsiBaeT Oobine 00beMbl HH(GOPMAIIUU, 3 MUKPOCEPBUCHI
JMHAMHYECKU aIalITUPYIOTCS K M3MEHSIOIUMCS TpeOoBaHuUsIM [7].

bruto npoBesieHo Harpy304HOE TECTUPOBAHKE 0OOUX CHCTEM, KOTOPOE MOKa3alo CleAyoIne
pe3yIbTaTHhI.

Sent:
Sent:
Sent:
Sent:
Sent:
Ssent:

Sent:

Sent:
Sert:
Sent:
Sent:
™ Done. Total: 600 in 6@ sec
PS C:\Users\vladi\Desktop\generator> I

Puc. 3. Omnpaexa 3anpocos no REST ¢ meuenue murymaoi

[lepBoHauambHasi cUCTEMa WCIONB3YIOMas ICHTPAIM30BAHHBIA Mapcep CMOTJa TMPHHSTH
Tonbko 600 3ampocoB 3a 60 cexynya. Cpsizano 31o ¢ TeM, uto REST APl paGotaer cuHXpOHHO, a
KaXIbI BBI30B 0OpabaTwiBaeTCs mocienoBarenbHo. CHadaga MPOMCXOIUT OXKHIAHHE OTBETa OT
cepBuca, a 3areMm 3amuch JoroB B HDFS, uto co3gaér Omokupyromlyro LENouyKy IeHCTBHHA U
YBEIIMYMBAET BPEMS OTBETA HA KAXKIYIO OTICPAIIHIO.
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2025-04-10
2025-04-10

: 9200 in 60 sec

Puc. 4. Omnpaska cobvimuii uepes Kafka 6 meuenue munymot

Hcnonb3oBaHue COOBITUHHO-OPUCHTUPOBAHHON apPXUTEKTYPhl JK€ IO3BOJIMIO JTOOUTHCS
MPUHLMIIUAIBHO UHON NPOU3BOAUTEIBLHOCTH. 3a TO e caMoe BpeMs HoBas cuctema npunsia 9200
cooOmieHuii, uro 15 pa3 Oosnble, 4eM B CHCTEME C HCIOJIb30BaHHEM mapcepa. Takod mpupocT
00YCJIOBJIEH TeM, YTO CEPBUCHI POU3BOIUTENN PabOTAIOT ACHHXPOHHO M HE 3aBUCSIT OT CKOPOCTH
0o0paboTku cooOuieHuit morpedburenem. Kaxaoe coObiTHE MTHOBEHHO MyOJIHMKYyeTcss B Opokep
coobmenuit Kafka 6e3 oxxupaHus oTBera, 4TO UCKIIIOYAET 3a/ep)KKH, XapakTtepHble st REST-
BbI30BOB. Kpome TOro, mocTosHHbIE COEIMHEHHMs W OMHApHBIM NPOTOKOJ Mepelauyd JaHHBIX
MO3BOJISIIOT CHU3UTH HAKIIAIHBIE PACXOIBI.

HakonneHHoe 4ucnio coobuieHuin 3a 60 cekyHA

Kafka
REST

8000

6000

4000+

ObpaboTaHHbIX CObbITUA

2000

0 10 20 30 40 50 60
Bpems (ceKyHAb!)

Puc. 4. I'pagpux cpasuenus obpabomku 3anpocog c ucnoavsosanuem REST u Kafka
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Pe3yabTathl

Baenpenue coObITUHHO-OPUEHTHPOBAHHON apXUTEKTYPhI MOBBICHIIO TPOU3BOIUTEIHLHOCTh U
YCTOWYMBOCTh CHUCTEMBI 32 CYET OTKa3a OT IIGHTPAJIM30BaHHOIO Iapcepa M Iepexoja K
yauunupoBanHomy ¢opmary JoroB. Temepb KaKAbli MHUKpPOCEPBHC MyOIMKYyeT COOBITHS
Hanpsmyto B Kafka, nckirodast cioxHyro JIOTHKY TapCHHTA U TPEABAPUTENBHYI0 00paOOTKY TaHHBIX.
OTO MO3BOJWJIO CHHU3UTh HArpy3Ky Ha CHCTEMY JIOTHPOBAHHUS, YCKOPWIO IepeAady IaHHbIX B
XPaHWIHIIE ¥ YIIPOCTHIIO Ipolece MaciradupoBanus. [lepenaua nanupix yepes Kafka mpouncxoqur
HAMHOTO ObIcTpee 3a CUET aCHHXPOHHON MO/IEIN OOMEHa COOOIIEHUSIMU.

Panee mapcep cBS3BIBAI JIOTH Pa3IMYHBIX CEPBUCOB M 3arpysxan ux B Hadoop, uro npuBoamiio
K 3a/iepkkam 1o BpeMeHu. Temepb coObiTus xpanstes B ClickHouse B cTpykTypupoBaHHOM BHJIE,
YTO YMEHBIIMIO 00beM M30BITOYHBIX JaHHBIX Ha KiaacTepe HDFS. Takxe cHuU3miIcs cOOp METPUK B
Prometheus, Tak kak Bce AaHHBIE MOCTYMAOT B €IWHBIA MOTOK COOBITHI 0€3 JOMOJIHUTEIHbHON
00paboTKH.

JIONOJTHUTENBHBIM MPEUMYIIECTBOM CTajla OCIA0JeHHAs CBA3aHHOCTh CEPBUCOB. Kakbiid
KOMITOHEHT CHUCTEMBI pPa0OTaeT HE3aBHCHMMO, a OOMEH [aHHBIMH IIPOUCXOIUT Yepe3 Opokep
COOOImEeHNH. DTO YNPOCTHIIO MHTETPALMI0 HOBBIX CEPBUCOB, CIENANO CHUcTeMy Ooiiee rMOKON U
OTKa30yCTOHYMBO. Jlaske TIpu BPEMEHHOW HEJIOCTYIHOCTH OTAEIBHBIX KOMIIOHEHTOB JIaHHBIC HE
tepsitorcs, Tak kak Kafka coxpanser ux 1o MmomeHnTa 00pabOTKH.

OpHako ciieyeT YYUTbIBaTh, YTO COOBITUHHO-OPUEHTUPOBAHHASA apXUTEKTypa MOXET ObITh
M30BITOYHOH ISt HEOOJBIINX CUCTEM C HEBBICOKOM HArpys3koi, riae Tpaaunuonnsie REST-3ampockr
WK TIpsiMasi paboTa ¢ 6a3amMM JaHHBIX 00ECTIEYMBAIOT JOCTATOYHYIO MPOU3BOAUTENBHOCT. B Takmx
CIIy4asix AOMOJIHUTENbHASI HHPPACTPYKTYpa, CBA3aHHAS C Pa3BEPTHIBAHUEM U MOJIICPIKKOIN Opokepa
COOOIICHNH, MOKET IMTPUBECTH K HEOIIPABIaHHBIM 3aTpaTaM Ha aIMUHHCTPUPOBAHUE U YCIOKHEHUIO
APXUTEKTYphl 0€3 3HAYUTENBHBIX BHITOI.

3akiroueHue

CoObITHITHO-OpHUEHTHUPOBAHHAS APXUTEKTYpPa MO3BOJIMJIA CYIIECTBEHHO COKPATUTH 3aJCPKKHU B
nepeaayde TaHHbIX, yIPOCTUTh MHTETPAITUIO CEPBUCOB U MOBBICUTH HAJIEKHOCTH 00Pa0OTKH 3aIIPOCOB.
Hcnonb3oBaHuWe JOrOB Kak OCHOBHOTO (opmara [aHHBIX YHUDUIUPYET B3aWMOJEUCTBUE
KOMITOHEHTOB M 00Jier4aeT ux MacirabupoBanue. OHAKO TaKOW MOIX0]T MOKET ObITh H30BITOYHBIM
JUT HEOOJBIINX CUCTEM C HU3KOM Harpy3KoOM, Te ero BHEApPEHUE He OMpaBaaeT JTOMOTHUTEIbHBIX
3aTpar. B BBICOKOHarpy>KeHHBIX >X€ CHUCTEMax COOBITHHHAs MOJENb OOECIeYHBAET THOKOCTD,
OTKa30yCTOMYHMBOCTh U BO3MOKHOCThH ONIEPATUBHON aJaNTallul K U3MEHSAIOIIMMCS YCIOBUSM.
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