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PO3POBKA METOJOJIOT I IMIINIEMEHTANIII TPAH3AKIIN
B PO3HNOJIIJIEHUX CUCTEMAX 3 MIKPOCEPBICHOIO
APXITEKTYPOIO

Y po6oTi onmcaHo aHami3 MpoOIeMaTHKN BUKOPUCTAHHS MIKPOCEPBICHOT apXiTeKTypH B PO3MOIIICHUX CHC-
Temax. Harosoc 3po0neHo Ha THYYKOCTI y BUOOPI TEXHOJIOTIN, MacIITabOBAaHOCTI Ta OpraHizaiii KoMaH/, siKi
MPamo0Th HAJl 33/IaHNMHU MIKpOCepBicaMM, TEXHIYHHUX 1 JOMEHHHX MpobieMax peajizalii TpaH3akuii y mo-
PIBHSIHHI 3 MOHONITHOIO cucTeMo0. OCHOBHY yBary mpHIiJICHO TpaH3aKIisIM, OCKITbKHA BOHH 3a0€31MeUyI0Th
JOTPUMAaHHS aTOMapHOCTi, KOHCUCTEHTHOCTI, 130JJbOBAaHOCTI Ta CTIHKOCTI HaJI JEKIIBKOMA CepBicaMHU.

VY mporeci aHami3y Cy4acHHX MiAXOJIB Ta PIlIeHb I poOOTH 3 TPaH3AKIISIMH B PO3MOAIIEHUX CHCTEMaX
OyJ10 BUSIBIICHO, IO OJHUM 3 €(peKTHBHUX PillleHb € BUKOpPHCTaHHS matepHy Transactional Outbox. [Ipencra-
BJICHO H0T0 pearnizamiro y BUTIAL Spring starter. OcTaHHIN T0AA€THCS 0 CHCTEMH, KOHDITYpy€eThCS Ta MoJie-
TIIye BUKOPWCTAHHS TPaAH3aKMii 1 myOmikamifo MOAii, sIKi € YacTHHAMH TpaH3akKmii y MiKpocepBicHIN
apXiTeKTypi.

KirtouoBi croBa: po3mofineHa cUcTeMa, PO3MOAUICHI TpaH3akiii, MIKpOcepBiCHa apXiTeKTypa, IaTepH

Transactional Outbox, acuaxponse cminkyBaHss, Kafka, Debezium.

Beryn

Hapasi qist po3poOku CKIagHUX TPO-
TPaMHHX CHUCTEM JeJali 4acTille BUKOPUCTO-
BYETBCS MiKpocepBicHa apxitektypa (MA). Lle
pilIeHHs 103BOJIsiE pO3OMBATH CUCTEMY Ha HE-
BEJIMKI HE3aJIeXKHI KOMITOHEHTH (3aCTOCYHKH)
Ta OTPUMYBATH IIBHJKY PO3TOPTKY, MacCIITa-
OOBaHICTh Ta THYYKICTh. OJJHAK B TaKUX PO3-
noninenux cucremax (PC) BUHUKAIOTh NEBHI
TPYAHOIII KEPyBaHHS TpaH3aKI[isSIMH, OCKi-
KA BOHU BUMAraroTh 3a0€3MeUeHHs aToMap-
HOCTI, KOHCHUCTEHTHOCTI, 130JbOBAHOCTI Ta
CTIMiKOCTI HaJ neKiibkoMa ceppicamu [1-3].

Tpan3akiii y 6a3i gaHux — poboya orme-
partiiina oguuuIs [2] s po6oTH i3 6a3010 na-
HUX, TICBHA IOCJIIOBHICTh 3MiH, III0 BUKOHY-
IOTBCS. B JIOTIYHOMY TOPSJIKY KOPHCTyBadeM
a0o0 mporpamoro, sKa Mparfroe i3 6a3010 JTaHMX.
Sxmo BimOyBaeTbes Oynb-sKa omeparis 3 iH-
TepdeiicoM KopucTyBaua, y 6a3i JaHUX BUKO-
Hy€eThCs TpaH3akiis. OCHOBHI KOHIIENIIIT Tpa-
H3aKLii omucyoTkes abpesiatyporo ACID -
Atomicity, Consistency, Isolation, Durability
(AToMapHiCTh, Y3roKEHICTh, [301b0BaHICTB,
JIOBTOBIYHICTD).

ATOMapHICTh TapaHTYye, 10 OyAb-sIKa
TpaH3akKiis Oyze 3adikcoBaHa TUTBKH IILUTKOM i
KOKEH KPOK TPaH3aKIlii BUKOHAETHCS MOBHi-
CTIO. SIKIIIO X OJTHA 3 OTepalliii B IOCIIiJOBHO-
CT1 3aBEPUINTHCS 13 TOMUIIKOIO, TO BCS TpaH3a-
KIIist Oye ckacoBaHa. ICHye MOHSTTS «BiIKaTy
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3min» (rollback), 3a sitkoro Bci 3MiHH Y 3BOPOT-
HOMY TOpPSJIKY CKacOBYBaTHMYThCs. Y pasi
BUHUKHEHHS MTOMUJIKH 1] Yac MPOXOIKEHHS
TpaH3akKIlii, KOPUCTyBad HE MOOAYUTH HISKUX
3MiH.

V3roKeHicTh (KOHCUCTEHTHICTD) 3a-
Oes3mneuye Te, 1m0 OyIb-SKa 3aBepIllIeHa TpaH3a-
Kiiss (iKCye TUIBKHA JOMYCTHMI pe3yJIbTaTH.
[Tix yac BUKOHAHHS IPUHIUIY Y3TOJKEHOCTI,
0a3a JaHUX TOBMHHA 3aBXKAM NEPEXOAUTH i3
OJIHOTO HECYNEepewSIMBOTO CTaHy B 1HIIUN He-
CyNepeuIMBUN CTaH. YMOBA y3TOJKEHOCTI €
HEOOXI1THOIO ISl TIIATPUMKH YETBEPTOi Biac-
THUBOCTI TPaH3aKIIii - JOBIOBIYHOCTI.

[3071b0BaHICTH BU3HAYAE T€, IO PE3YIIb-
TaT KOYKHOI TPaH3aKIlli He MOBUHEH 3aJIeKaTH
BiJl BUKOHAHHS IHIIHMX TMapajielbHUX TpaH3aK-
i, Ha mpakTuill moBHa 130J1b0BaHICTh BAXKKO
nocsibkHa. ToMy BBOJUTHCS MOHSTTS «PiBHI 130-
apoBaHOCTI». [TocnabnenHs 1301b0BaHOCTI Tpa-
H3aKIIi TPU3BOAUTH A0 BIAOMHUX MpOOIEM:
«Opyane uutaHHs» (dirty read), «BTpaueHe
oHosneHHs» (lost update), «OpyaHuit 3amucy
(dirty write), «HEBIATBOPIOBAHE YHUTAHHS)
(nonrepeatable read), «haHTOMHE YHMTaHHS»
(phantom read), «nepekoiieHe yntaHHs abo 3a-
nucy» (read and write skew) [2]. V cucremax i3
MA, nie 3aCTOCOBYIOTBCSI TPAH3aKIIi1, PO3MO/Ii-
JIeH1 MK KUIbKOMa cepBicamu, mpobiema i30-
JTLOBAHOCTI MOCTAE OCOOIMBO TOCTPO.
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PC - ne cykymnHicTh HE3aJIeXKHUX MIX
c00010 KOMIIOHEHTIB, AKi B3a€MOJIIOTh Ta KO-
OPAMHYIOTH CBOT il JIJIsl TOCSITHEHHS CIUTBHOT
metu [1]. [{i KOMIMOHEHTH MOXYThb OyTH arma-
paTHUMH a00 MPOTPaAMHUMH, MOXKYTh 3HAXO-
JTUTHCh Ha PI3HUX KOMI'tOTepax Ta OyTH MOB'-
s3aHl CIUIBHOIO Mepexero. KommnonenTu B3ae-
MOJIIOTh MK €000, Mepefaroyd TMOBIIOM-
JIEHHS, BUKOPUCTOBYIOUH BiJalieH] BUKJIMKHU
npouenyp abo iHmi ¢popmu komyHikamii. Llei
MIPUHIIMIT B3aEMOJII1 T03BOJISIE KOKHOMY KOM-
MOHEHTY MPALIOBaTH HE3aJIEKHO 1 CIIIBHO.
VYrpaBliHHA TakOK CHUCTEMOIO € CKJIaJHUM
MPOIIECOM, OCKUJIbKM BHMAara€e BHUPIIIECHHS Ta-
KHX Mpo0JieM, K 0araTonoToYHICTh, KOHCUC-
TEHTHICTb JAHMUX, CTIMKICTh 10 MOMUJIOK, 30€-
PEXKEHHS IIUTICHOCTI JaHUX Ta MacIITabOBaHO-
CT1 CUCTEMH.

Y MA 3acTOoCyHOK — 11¢ Habip HEeBEJIH-
KHX, HE3aJIC)KHUX CEPBICIB, KOKEH 3 SKUX Ma€
neBHy Oi3Hec-(pyHKIioHANBHICTB. Li cepBicu
MOXYTb OyTH pO3p00JIeH1, PO3TOPHYTI Ta Mac-
ITa0OBaHI HE3aJIeKHO OIMH BiJ OJHOTO, IO
JI03BOJISI€ OCATTH OUIBIIOI THYYKOCTI Ta JTH-
HaMIYHOCTI MOPIBHSHO 3 TPATUIIITHIMH MOHO-
JITHUMH apXiTeKTypHUMH pilieHHsIMH [2].

CrinkyBaHHs MiX cepBicamu B MA Bi-
NOYyBa€eThCS 32 BUKOPUCTAHHSIM YITKO BH3HA-
yeHux API, 3acTocoByroun NpOTOKOIN KOMY-
nikarii, Taki sk REST, depru moBigomiieHb.
Ile no3Boisie cucTemi Jierme po3BUBATHCA Ta
MacmTa0yBaTHCs, OCKUIBKA 3MiHH B OJHOMY
cepBici HE OOOB'S3KOBO MOTPEOYIOTH 3MiH Y
Bcii cucreMi. OgHaK apXiTEKTypa MiKpOCepBi-
CiB TaK0X BHOCHUTH BJIACHUI HaOip BUKJIHKIB,
BKJIIOYAIOYM YMPABIiHHSA KOHCUCTEHTHICTIO
JaHUX, OATaHCyBaHHS HABAHTAKCHHSI Ta MOHI-
TOPUHT, TpelcuHr ta joryBanHsa [4]. Lli Bu-
KITUKU TIOTPiOHO PETEeNhbHO AOCHIHKYBATH JIJIs
3a0e3neueHHs CTIHKOCTI Ta MacTaboBaHOCTI
CHCTEMH.

ToMmy BUHUKAE HEOOXITHICTD €PEKTHB-
HUX pillieHb a7 poOoTH 3 TpaH3akiisimu B PC.
Bunukm crierianizoBaHi maTepHU Ta METOJIO-
Jorii, SIKi MPOTMOHYIOTh BUKOPUCTAHHS OKpe-
MUX MIIXOIB 0 peaiizamii Takoi podoru. Ha-
npukian, mnarepH "Transactional Outbox
(TO)" po3pobiennii 1uist 3a0e3medeHHs aToMa-
PHOCTI omeparliii Ta myOsikaiii mojaii sk yac-
TUHH TPAH3AKIIHHOTO MPOIIECY.

Mertoto 11i€i CTaTTI € ONMUC aHaTI3Yy ic-
HYIOUMX 3arajilbHUX pilIeHb IMIUIEMeHTalil

Tpan3akuii B PC mikpocepBicHOro THIly Ta
CTBOPEHOI METOJI0JIOTIi peasizallii po3noiie-
HUX TpaH3aKIii Ha 0a3i 4yepr MoBiJOMIICHb.
Byno BusiBieHO, 1110 OAHUM 3 €PEKTUBHUX Pi-
nieHb € Bukopucranns narepny TO. Ilpencra-
BJIEHO pO3p00JIeHy HaMH HOTro peani3aiiio y
BurisaAl Spring starter. OctanHiil 10#a€THCS
JI0 CUCTEMU, KOH(DITYpY€EThCS Ta MOJIETIIYE BU-
KOPHCTaHHS TpaH3aKIlii 1 myOiKaIlito Mmomii,
AK1 € YaCTUHAaMH TpaH3akuii B MA.

1. IIpodJiemn B MiKkpocepBicHIl
apxiTrekrypi

[lim ywac mpoeKTyBaHHS KOMYHIKarii
MDX MiKpocepBicaMu MOTpiOHO BpaxOBYBAaTH:
HaJIAIITYBaHHS MPAaBHJIBHOI KOMYHIKAIl MiX
cepBicaMH, MOXKIIUBI 3aTPUMKH B MEPEXi, ITPO-
0JieMH 3 JOCTYITHICTIO CEPBEPIB Ta 3aTPUMKH
MiX 3anuTamu [5]. Y pasi HanmamTyBaHHS KO-
MyHIKaIlii MIX MIKpOCEpBiCaMU Ba)KJIMBOIO
CKJIaJIOBOIO € 3a0e3MeUYeHHs BiJIMOBOCTIHKO-
cti. IloTpiOHO BpaxoByBaTH 1 KOHCHCTEHT-
HICTh JNaHuX. Jlo mpHKIagy, aToMapHe OHOB-
JeHHs JaHux (abo Bcl omeparii ycrminiHi, abo
KOJIHA HE YCIIIIIHA) € HE MPOCTUM BHKIUKOM
y mobynoBi MA.

YrpaBiniHHS KOHCUCTEHTHICTIO JaHUX
BKJIIOYA€ PO3B'SI3aHHS JIBOX OCHOBHHX IIPO-
OmeM: poboTy 3 OaraTOMOTOYHICTIO Ta BiMO-
BOCTIliKicTIO. B 0GararomorouHomy cepemo-
BUIIIi, KOJIU KUJIbKA MPOLIECiB a00 MOTOKIB Ha-
MararoThCsl OJTHOYACHO OTPUMYBATH JOCTYII Ta
3MIHIOBATH Ti caMi JIaHi, MOKE BUHHKATH HE-
KOHCHCTEHTHICTh JJaHUX, OCKUIBKH Pi3HI BY3JIH
MO>KYTh MaTH pi3Hi Bapiallii THX CaMUX JaHUX.
BinmoBa x Moxe BinOyBaTuCs, KOJH BY30J
a00 MepexeBe 3'€THaHHS 3a3HAIOTH MOIIKO-
JoKeHb. Hampukiaza, cepBic B MOTOYHUN MO-
MEHT 4Yacy He BiJIoBigae abo OBEepTa€E MOMHU-
JIKy, IO MPHU3BOJAUTH 10 YaCTKOBUX ab0 He-
KOHCHUCTCHTHHUX OHOBJICHB JaHHX.

IcHye kinmpKa MiAXOAIB A0 YNpaBIiHHS
KOHCUCTEHTHICTIO naHuX. OauH 13 MiIXOIIB -
BUKOPUCTAHHS  PO3MOMAICHUX  TpaH3aKIii
(PT), sxi 3a0e3nedyloTh BHUKOHAHHS TPYIH
orepariiii Ha KiUIbKOX By3iax aTromapho. PT -
1€ TpaH3aKIlii, 0 OXOILIIOIOTH KiJIbKa 0a3 na-
HUX 200 CUCTEM, SIKi MOXKYTh 3HAXOJUTHUCS Ha
pi3HUX cepBepax ado HaBITh Y PI3HUX reorpa-
(bIYHUX MICISIX.
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VY PT xoopauHATOp TpaH3aKLii BiIOBI-
Jla€ 32 KOOPJMHALIIIO JIIH yCIX BY3JiB CUCTEMH.
Koopaunatop criouaTky 3aIryckae TpaH3akIilo,
a TIOTIM HaJICHJIAE 3aITUTH JI0 YIaCHHUKIB CHCTEM
U1l BAKOHAHHSA MOTP1OHKUX onepatiid. Ko Bci
BY3JIM YCHIIIHO BUKOHYIOTh CBOi omepariii, Ko-
OpIMHATOp MIATBEPIXKYE TpaH3akuito. OnHaK,
KO OyJb-sKa 3 CHCTEM HE BUKOHYE CBOIO
oleparlito, To KOOPANHATOP CKaCOBYE BCIO Tpa-
H3aKI[II0, CKAaCOBYIOUM BOJHOYAC YCl1 3MiHH,
3p0o0JIeH] yHJaCHUKaMU CUCTEM.

Xoua po3MoAisieH] TpaH3aKIlii MOXYTh
OyTH KOPHUCHI JJIsi KepYBaHHS y3TOIKEHICTIO
JaHuX y MA, BOHU TakoX MOXYTb CTBOpPIO-
BaTH BJIaCHUU HaOip mpoOiieM Ta TPYIHOIIIB,
TaKUX 5K 10/laTKOBE HaBaHTAXECHHs Ha POy~
KTUBHICTH Ta OIEpaIiiiHy CKJIaIHICTb.

2. IlaTepHu, 110 MOJIETIIYIOTH
poooTYy 3 pO3NOAiIECHUMHU
TPAH3aAKLWiSIMHA

PosrnsiHemMo nesiki BigoMi MikpocepBi-
CHI TMAaTepHU, IO BUPINIYIOTH MPOOIEMH,
noB’si3aHi 3 PT Ta ix peanizarii [6-7].

[[Ta6non nBodazHoro komity (2PC) €
KJIACUYHUM  PO3MOAUICHUM TpaH3aKLIIHHUM
1abJI0HOM, KM BUKOPUCTOBYETHCS ISl KO-
OpAVHAIIT TPaH3aKI[Il MK IEKIIbKOMA CHCTe-
MaMu. Y [bOMY MaTEpHIi iICHYE KOOPAUHATOD,
110 1HIIIFO€ TPAH3AKIiF0, i 1HIII YYaCHHUKH (Mi-
KpOCEpBIiCH, BY3JIU CUCTEMH), [0 OTPUMYIOTh
MOBIJJOMJICHHS BiJl KOOpJAUHATOpa Ta 30epira-
10Th TpaH3akuioo [8]. KoopauHaTop BHU3Ha4ae
TOTOBHICTh KOXXHOTO By3J1a 30€perTu TpaH3akx-
IO 1, y BUIIQJIKy TOTOBHOCTI YCIX CEpBICIB,
BiJIIIPaBJIsi€ IpyTe MOB1IOMIICHHS, 01 BKa3aTH
BCIM cepBicaMm 30epertu TpaH3akilito. SKIio
SIKUWCH CEPBIC HE TOTOBUI 30€perTH TpaH3aK-
111F0, KOOPJIMHATOP BiANPABIISIE TIOB1IOMIICHHS
po BiAMOBY Bij Tpan3akilii. Llei maTtepH Bu-
pitrye mpoOjeMy KOHCHCTEHTHOCTI JAaHUX B
PC 3abesneuyroun Te, 1m0 BCi cepBicH 3ilic-
HIOIOTh 200 CKAaCOBYIOTh TPaH3aKIII0 Y KOOp-
JTUHOBAHMI CIIOCIO (32 TOTIOMOTOIO CEepBICY
KoopauHaTopa). BiH ymoxnuBiroe 3abesre-
YCHHSI aTOMapPHOCTI Ta KOHCUCTEHTHOCTI MiX
KIIbKOMa CHUCTEMaMH, alieé MOXKE€ CIIPUUYHHSITH
poOJIeMH, TTOB's13aH1 3 MacIITa0OBaHICTIO, J0-
CTYIHICTIO Ta MPOJYKTHUBHICTIO.

Cepen BimoMux peamizaiiii bOro ma-
TEpHY MOXKHa BUAUTUTH HacTymHi: Atomikos
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(cuctema KepyBaHHS TpPaH3aKLISIMU, 3aCHO-
BaHa Ha Java), Bitronix (MeHemxep TpaH3aK-
i, 3acHoBaHMit Ha Java), NServiceBus (ra-
Thopma 11 mepenayi moBiJOMJICHb Ta 1HTET-
parii Ha ocHoBi .NET) .

[labnon Saga € anbTepHATUBOIO I1a0-
nony 2PC. Ilpunmun pobotu madiony Saga
HOJISITA€E y TOMY, 110 Micysl BUKOHAHHS JIOKaJlb-
HOT TpaH3akuii 0a3a JaHUX OHOBIIIOETHCS, a
MIOB1JIOMJICHHS TPO TOiI0 MyONIIKY€eTbCS IS
1HIIIFOBaHHS HACTYITHOI JIOKQJIBHOT TpaH3aKIii
70 0a3 naHux. Y Saga BUKOPUCTOBYIOTHCS TaKi
TEepMiHH, SK: compensating transaction (TpaH-
3aKIIisl, 110 CKACOBY€ 3MiHH, BUKOHAHI Morepe-
JTHBOIO TpaH3aKIl€w), countermeasure (au-
3aliH T€XHiKa, [0 BUKOPUCTOBYETHCS I KOM-
rescanii HecTaul piBHS 1307151111,
compensatable transaction (TpaH3akuis, Ky
MOXHa KOMIICHCYBaTH), pivot transaction
(TpaH3aKLis, 0 € MApKEPOM JIJIsI Caru: SKIIO
TpaH3aklisg YCHIIIHA, TO cara IpOAOBXKYyBa-
TUME PSIT i AJIs 3aBEPIICHHS TIOCTII0BHOCTI
TpaH3aKIlii) Ta retriable transaction (moBTOpHA
Tpan3akuisg). Lleit mabnon no3Bosse 3abe3mne-
YUTH MPaBUIbHICTh BUKOHAHHS PO3MOALIEHOT
MK MIKpOCepBicaMu TpaH3aKIlii, a KOXKHY JIO-
KaJbHY TPaH3aKI[I}0 MOXXHA KOMIIEHCYBATH 3a
JIOTIOMOTOI0  ii  KOMIIEHCYIOUOi1 TpaH3aKIIii.
Saga Tako rapaHrye, 110 BCi orneparii Oy 1yTh
3aBEpIICH] YCIIITHO a00 BIAMOBIIHI KOMITCH-
caliiini TpaH3akiii Oy1yTh 3amymieHi s cKa-
CyBaHHS paHilie BHUKOHaHOi poOotu. € aBa
BUJIM KOOpAMHALIT TpaH3akLiid y Saga: xopeo-
rpadist Ta OpKecTparis.

3acyroByIOTh Ha yBary Taki peaizarii
uporo narepHy: Uber Cadence (PC opkectpy-
BaHHS pOOOYHX MPOIIECIB, sIKa MICTUTH MiATPHU-
MKY SIK car Ha OCHOBI Xxopeorpadii, Tak i car Ha
OCHOBI opkectparii), AxonlQ (Biakputa mar-
¢dopma 1151 CTBOPEHHS MIKpPOCEPBICiB, 3aCHOBA-
HUX Ha MOJISX, KA BKIIOYAa€ MIATPUMKY car),
Lightbend Akka (na0ip iHCTpyMeHTIB Ta cepe-
JIOBUIIIE BUKOHAHHS JUTS TO0YI0BUA BUCOKOTIPO-
QYKTUBHUX, PO3MOIUIEHUX Ta BIAMOBOCTIHKUX
CHUCTEM, sIKa MICTUTb TIATPUMKY car).

Oxpemo croitb Mozaens Eventual
consistency. L{e coci0® ynpaBiiHHSI KOHCHCTE-
HTHicTIO 1aHuX B PC 6e3 BUKOpUCTaHHS Tpa-
JUIIAHUX TpaH3akuid. Y Monenl A03BOJS-
€TbCS CepBiCaM HE3aJISKHO OHOBJIIOBATH CBOL
JIOKaJIbHI CXOBHIIA JaHUX, a MOCIIIJOBHA KOH-
CHCTEHTHICTh JIOCSATA€THCS 3a JIOIIOMOTOIO
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ACHHXPOHHHUX OHOBJICHb Ta BUPIIIEHHS KOH(-
JKTIB. X04Ya el maxia Moxe OyTH O11bI Ma-
CIITA0OBAaHMM Ta THYYKHM, HIX TpaaulliiHi
TpaH3akIlli, BiH MOTpeOye 0OEPEKHOTO Kepy-
BaHHS KOH(IIKTaMU JaHUX Ta MOXE MPHU3BO-
IWUTH 10 THMYACOBHX HEY3TOPKEHOCTEH.

Kommnencariiinuii matepH - 1e crnocid
CKacyBaTH HACIIJKU HEBIAJOl TpaH3akLii 0e3
noTpedu MOBHOTO BIAKATY CUCTEMHU. Y LIbOMY
MaTepHI BUKOHYETHCSI KOMIICHCYIOUYa TPaH3aK-
IisT I CKacyBaHHS HACTIAKIB TTOYaTKOBOL
Tpan3akiii. Lleif maTepH yacTo BUKOPHUCTOBY-
€THCS B ITOETHAHHI 3 TTATEPHOM Caru JUist Kepy-
BaHHS JIOKAJIbLHUMHU TPAaH3aKIISIMA B MeXaxX
CepBicy.

[Tareps TO nHamae cmoci6 3abesme-
YeHHsI KOHCUCTEHTHOCTI manux y PC, komm
CepBIC TMOBWHEH MyOIiKyBaTH TOJIi SK Yac-
TUHY Tpan3akiii. Lle nerkuii Ta edexkTuBHUI
croci® KepyBaHHS KOOPJWHAIIEIO TOMIN MiXK
JeKiIbKOMa CUCTEMaMH, He BBOJISTYH CKJIAHO-
cTi Tpaauiiitnux mexaHismiB PT. Bin mo3Bo-
JIsi€ cepBicy MyOJIiKyBaTH MOi1 y crociO, SKui
KOHCUCTEHTHHUH 3 JIOKAJIbHOIO 0a3010 JNaHUX,
He moTpeOyroun mexaHismiB 2PC abo iHmmx
CKJIQJIHUX MEXaHi3MiB, SIK OT saga, Ui KOMIICH-
camiitauii mareps. Lle nerkuii i edeKTUBHUN
cnocid KepyBaHHS KOOPJWHAIIEIO MOMIN MiXK
JeKiTbKOMa CHCTEMaMHU.

[latepn wacto peanizyroTh Ha 0a3i
¢dperimBopky Spring Cloud Stream. Bin npus-
HA4YCHHI JIJIS CTBOPEHHS MIKPOCEPBICHUX 3a-
CTOCYHKIB, SIKI MpaIlOIOTh Ha OCHOBI TMOJIIH.
Bin no3Bomnsie myOiikyBaTH Ta OTPUMYBATH
MOZi1 32 IOMTOMOTOI0 PI3HUX CHCTEM TOBiIOM-
neHb, Takux gk Apache Kafka, RabbitMQ Ta
Google Pub/Sub. HMoro momenb mporpamy-
BaHHA Juisl peanmizaiii narepHy TO Ga3yerbcs
Ha API Spring Transaction.

['oBoOpsiuM Tpo BijoMi peamizamiii ga-
HUX MIKPOCEpPBICHMX MaTEpHIB BapTO 3a3Ha-
YUTH, [0 iX MOKHA peai3oByBaTH pi3HOMa-
HITHUMHU CTIOCO0aMH, ITiJIAIITOBYIOYHCH 1T
KJIIEHTCBKI 3aIIUTH Ta TEXHIUHY 0a3y 3acTocy-
HKy. Hanpukinan, Eventuate.io € mmatdop-
MOIO IS CTBOPEHHSI Ta YIPaBIiHHS MiKpO-
cepBicamu, [0 MPAIIOITh 32 MPUHIMIIOM
event-driven applications. Bona Bkitouae i
niarpuMky mabnony TO, Hagae Habip Kiie-
HTChKUX Oi0miorek juig Java Ta Spring, siki
CIpoIIyOTh 1HTerpaiio mabdmony TO B 3a-
crocyHku Spring Boot.

3. Transactional Outbox sk
ACHHXPOHHHUII cNOCi0 BUpilIEHHS
npood.ieMu 00OMIHY JaHUMH B
PO3MOIiJIEHUX CHCTEMAaX

[Tin gac Bukopuctanass MA mnommpe-
HUM € TIOCITyTOBYBaHHS CBOIMH JIOKQJIbHUMHU
CXOBUIIIaMH JJaHUX - database per service.

Hanpukian, cepsic, 1o BiANOBigae 3a
CTBOpEHHS 3aMOBJIEHb, 30€pirae 3aMOBJICHHS B
pensmiifHiii  6a3i manux. BomgHouac cepic
MOXe OakaTh HaiCcJIaTh TOJII0 MPO HOBE 3a-
MmosineHHs 10 Apache Kafka, mo6 nomuputu
110 1H(OpMAIIiIo Ha 1HIII 3aIliKaBJIeH] CEpBICH.
BukoHaHHS 1TUX BOX il MOKE IPU3BECTH 10
HEY3TO/DKEHOCT1 JaHUX: HOBE 3aMOBIJICHHS
Oyne 30epekeHe B JIOKAIbHIN 0a31 JaHuX, ane
BigmoBigHoro mnosimomieHHs no Kafka me
Oyze HazicinaHo (HaNpHKIal, Yyepe3 npodieMy
3 Mepekero). AOO HaBITaKu, MU MOKEMO HaJli-
caatu nosimomienns no Kafka, ame He 3Mo-
KEMO 30eperTu 3aMOBJICHHS B JIOKaJIbHIN 0a3i
nanux. OOuABI cuTyarii € HeOaKaHUMU Ta MO-
XKYTh MPU3BECTH J0 TOTO, 110 HIOUTO YCHIIITHO
CTBOpPEHE 3aMOBJICHHS He OyJne BiANpaBJICHE.
A0G0 Oyie CTBOPEHHMII 3aITUT HA BIIMIPABKYy, aje
B CaMOMY CepBici 3aMOBJIEHb HE Oy/ie BiIOMO-
CTEH TIPO BiJIMOBIIHE 3aMOBJICHHS.

OnTtuManbHUM pIIICHHSAM Ii€i Tpo-
osemu Oyna © 3MiHA JIUIIE OAHOTO PECYpCy:
a0 x 30epeKeHHsI JaHUX Ha cepBepi, ado K
Bi/IMpaBKa TOBIJOMJICHHS 1 B TOJAJIBIIOMY
OHOBJIIOBATH IHIIMK pecypc Ha OCHOBI yCHiII-
HOCT1 MEPIIOro. SIKIO PO3TISHYTH CHEpIIY
3miHy pecypey Apache Kafka, To mocmimos-
HICTh MOJIIH BUTJISAATUME HACTYITHUM YHHOM:
CepBic, IO BiAMOBiAa€ 3a 30€peKEHHS 3aMOB-
nieHb, He Oyze 30epiraTu 3aMoOBIIeHHS B 0a3i,
HaTOMICTb BIJNIPaBUTH MOAII0 B OpOKEp MOBI-
JOMJIEHb Ta MiMHUIIETHCS Ha e JKe TOMIK JIsI
OTpPHMaHHS Pe3yJIbTaTy MO YCIINIHY abo He-
ycIinHy Bianpasky. OTOX, 3MIHIOETHCS JIUILE
OJIMH pecypc 3a pas, i, IKIIO TIOCH MiJie HE TaK,
MU 0JIpa3y Jdi3HaeMOCS MPO 1€ Ta TOBIIOMUMO
3aMOBHHKY, III0 3aIUT HE BAAJIOCS BUKOHATH.
OcCkinbKHM CcepBiC MIANUCYEThCS Ha TOMNIK B
Kafka, BiH Oyze oTpuMyBaTH CHOBIILIEHHS PO
JOCTaBKY HOBOTO MOBIJOMJICHHS B 1IeH e TO-
IIK 1 3M0e 30eperTu HOBE 3aMOBJICHHS Ha 3a-
KYIIBIIIO y CBOiH 0a3i JaHUX.

Uum norane take pimeHHs? SKimo B
cucTteMi BUHHKaTHUMe motpeda gonatu (QyHk-
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I[IOHAJI Ha 3YMTYBaHHA yCIX 3aMOBJIEHb B 0a3i,
TO HAIll CEpPBIC HE 3MOXKE YUTATHU CBOI BIJIACHI
3anucH (read your own write semantic). I1pu-
MyCTHMO, IO CEpPBiC 3aMOBJICHb TaKOX Ma€
API nyist motryky BCiX 3aMOBIIEHB TIEBHOTO KJTi-
€HTa. Y pasi BUKIUKy nporo API 6e3nocepen-
HBO TICJS PO3MIIICHHS HOBOTO 3aMOBJICHHS
4yepe3 acHHXPOHHY OOpOOKY MOBIAOMIIEHB 3
tomika Kafka mosxe craTucs Tak, 1o 3aMoOB-
JIEHHS Ha 3aKYIIBIIIO 11e He Oyi10 30epekeHo B
0a3i JaHUX cepmicy i, OTKe, HOro He Oyze mo-
BEpHYTO MM TomikoM. lle Moxe mpu3BecTH
1o TutyTaHuHHA. Hanpukiaz, kopuctyBadi Mo-
KYTb MPOIMYCTUTH HOBOCTBOPEH1 3aMOBJICHHS
B CBOiif icTOpii MOKYIOK Ta 3arajJoM BTPAaTUTH
BKpail BaXJIMBY 1H(POpPMAIiF0 PO 3aMOB-
JICHHS.

IcHyrOoTH ciocoOu BmopaTvcs 3 €0
curyamieto. Tak, cepBic Moxke 30epiraTu HOBI
3aMOBJICHHS Ha 3aKYITBJIIO B ONIEPaTUBHIN IMa-
M'AITI Ta BIANOBIAATH HA HACTYIIHI 3alUTH HA
OCHOBI IMX JaHuX. O/IHaK 11e MIBUAKO CTa€ He-
MIPOCTOIO 3a7aueio y pasi peanisamii CKIIaaHi-
IUX 3anuTiB 200 BpaxyBaHHI TOTO, 11O CEPBIC
3aMOBJICHb MOYKE CKJIaJIaTUCS 3 KIJIBKOX BY3JIiB
y KJIACTEPHOMY CepeOBHIL, 110 MOTpeOyBa-
TUME TIepe/Iadi [IUX JaHUX B MEXKaX Kiacrepa.
binpmr ciymHuUM pimeHHsM Oyae 3MiHa crie-
piry crany 06a3u, a OTiM BiANpaBKa IMOBiIOM-
JIeHHs, 0a3yH4HCh Ha 3MiHI IILOTO PeECypcy.
Jlane pilIeHHs sKpa3 TaKd MOXKHA 1MITJIEMEH-
TyBaTH, BUKOpucToBytouu narepa TO [9].

[Tarepn TO Bupimye 3aBnanus 30epe-
JKEHHS KOHCUCTEHTHOCTI Ta HAIIHOCTI JaHUX
y PO3MOIUICHUX TPAH3aKI[IHHIX CepeIOBHINAX
NUBIXOM ~ 30€peXeHHs JaHuX Ta TOJiH,
OB’ sI3aHUX 3 HUMHU B MEXax OJHI€T 6a3u Ja-
HUX, Ta TapaHTye MyOIiKaIio 30epeKeHHX Mo-
niit. [TyOnmikoBaHi Tojii BiqoOpakaroTh 3MiHH
CTaHy CHUCTEMH, SIKi MOTPIOHO MOBITOMHUTH 1H-
MM BY3JIaM po3mojauieHoi cuctemu. [lona-
rouu noii B Tabmuirto "outbox", maTepH 3a6e3-
nedye ix HafiifHe 30epiraHHs B MeXax Ti€l ca-
MOi aTOMapHOI TPaH3aKIIii pa30oM i3 OCHOBHOIO
omepartiero OizHec yoriku. Llei miaxin Hamgae
rapaHTii KOHCHCTEHTHOCTI JaHHX, OCKUIbKH
a00 BC1 3MIHU KOMITATBCS pa3oM, a00 KOJIHA 3
HUX HE BUKOHY€ThCS (i3 cKacyBaHHSAM OAHI€l
CKacoBYIOThCs yci). IcHye i okpemuit (oHo-
BUIi Tpoliec, BigoMmuii sk "madmimep" momiid
abo aucnetdep mojaid. Bin unrae nmomii 3 Tab-
auti "outbox" Ta myOmikye iX y BiAMOBITHHIA
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HOCEPEeHUK IOBiIOMIIEHb a0o0 cucTteMy 00-
MiHY MOBIJOMJICHHSIMU — 1€ MoOXe OyTH
Apache Kafka, RabbitMQ Ta inmi. Ilnsxom
PO3MOICHHS TIpoliecy MmyOumiKamii moii Bif
OCHOBHOT Tpan3akiiii, madnon TO momomarae
MOKPAITUTH TMPOIYKTHUBHICTh, MAacIITabOBa-
HICTh Ta CTIWKICTh CUCTEMH.

OpuH 13 0a30BUX MiAXOIB peaizamii
natepHy TO € po3poOka Ta BUKOPUCTaHHS
BJIACHUX CEPBICIB, 110 OYyTh 3UUTYBaTH MOI1
3 Ta0nuii OutboX, MEHEKATH IXHIH MOIalIb-
MK JKATTEBUN IMKII Ta KepyBaTH 0OpPOOKOIO
PI3HOMaHITHUX MOMUJIKOBUX clieHapiiB. OCHO-
BHa TepeBara Takoro MiAXOay € HOoro ryd-
KICTh, OCKUIBKH BiH JIO3BOJISI€ HAIAIITyBaTH
JOTiKy OOpOOKHM MOBIZJOMJIEHB BiJIOBITHO J0
KOHKPETHHX BUMOT.

VY maTtepHi KOKeH MIKpOCEPBIC TiATPH-

Mmye Tabnuiro "outbox" y BiacHiil oKanbHIN
6a3i ganux. L{g Tabmuus € cBoepigauM Oyde-
poM, Jie 30epiraroThes MOil Ta MOBiTOMIICHHS
JI0 1X TIOIIMPEHHS Yy 30BHIINIHI CHUCTeMH (Ha-
OpUKIaA, 10 MyOniKyBaHHS y MecemkK Opo-
Kep).
Crpykrypa Tabuuni outbox table 3a3Buyaii 3a-
JISKUTH BiJ] KOHKPETHOI peai3aliii Ta BUMOT
MA. OnHax € KijbKa 3arajJbHUX aTpUOYTIB, SIKi
YacTO MPUCYTHI B TAOJIUIII BUX1THOI CKPUHBKH,
Taki sk message id, message payload, status,
timestamp Ta inmr. KoHkperHa cTpykTypa Ta
JIOJTATKOBI TTOJISI MOXKYTh BapirOBaTHUCS 3alie-
JKHO BiJI JeTaliel peastizallii Ta BUMOT apXiTe-
KTypH MIKpOCEPBICiB.

VY Takiil peamizamii maTtepHy iCHYIOTbH
CHeIiaibHI KOHCBIOMEPH, K1 BiJIIOBIIAOTH 32
MepioMYHI 3amUTH A0 Tabnwuii "outbox" mis
OTpUMAaHHS HE MEepPEAAHNX Ta HE 3UUTAHUX pa-
Hile moBigomiieHb. [luMu KOHChIOMEpamu
MOYTh OyTH OKpeMi MikpocepBicu abo Ok-
peMi MOAyidi BiacHOro 3actocyHky. Ilicms
OTPUMAaHHS MMOB1IOMJICHHS 3 Ta0uIl "outbox"
CreliabHUN KOHChIOMEp 00pobiisie Horo Bif-
MOBITHO 10 BHU3HA4YeHOI Oi3Hec-ymoriku. Ilei
MpoIeC MOXKE BKJII0YaTH (popMaTyBaHHS MOBI-
nomuieHHs1, BUKIUK API abo cepsici Ta oOpo-
OKy MOXIMBUX TOMWIOK YH MOBTOPHHUX
crpoO. Y po3poOIli TAKOTO KOHChIOMEpa BapTO
3Ba)KaTW Ha HEOOX1IHICTh HA/IaHHS TapaHTOBA-
HOTO YWTaHHS, BIAIPABKHA Ta MiATBEPIKCHHS
0o0poOneHux moBimomiieHb. lliATBepKEeHHS
YUTAHHS, JI0 MPUKIIATY, MOKHA peaTi30ByBaTH
OHOBJIIOIOYM cTaTyc y Tabmuii "outbox" .
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[Tigxin 13 BUKOPUCTAHHSAM CIielialib-
HUX KOHCBIOMEPIB HaJla€ JIeTaai30BaHU KOH-
TPOJb 1 HANAIITYBAHHS CIIOKUBAHHS Ta 00PO-
Ok TOBiIOMJIEHb. BiH 103BOJIsIE€ aganTyBaTH
JIOTiKy 00pOOKH i1 33J0BOJICHHS KOHKPETHUX
BHUMOT, TaKUX SIK TIEPETBOPCHHS JTaHMX, Iepe-
BipKa Oe3rneku abo mpaBuil Baslijarii.

Xoya gaHWM BapiaHT peajizallii mare-
PHY CHpUsi€ THYYKOCTI 1 MOXKIIMBOCTI HaJlall-
TyBaHHS, BIH TaKOXK Ma€ KUIbKa MOTEHUINHUX
HEJIOJIIKIB, sIKi BapTo Bpaxysatu. Cepen Baro-
MHX HEIONIKIB MO>KHA BBa)KaTH 30UILIIEHHI
o0csr po3poOKH Ta MOTPeOH MIATPUMKH B €KC-
myaraii. HeoO0XiiHO po€eKTyBaTH, peai3o-
BYBaTH, TECTYBAaTHU Ta MiATPUMYBATH KOMIIO-
HEHTHU BJIACHHX KOHCBHIOMEPIB. A 1€ 301IbIITy€
3arajibHUM 00csAT PoOOTH 3 PO3POOKHM Ta MOT-
pebye OibIe 3yCHIb IS IXHBOI IMATPUMKH.
MacmrabyBaHHs BITACHUX CIIOKHMBaYiB MOXE
TaKO)K BHUKJIHKATH IE€BHI CKJAJHOII, 0CO00-
JMBO Y poOOTi 3 BEJIMKOIO KUTBKICTIO TTOB1IOM-
JIeHb Ta TOJ1ii 200 OJJHOYACHUM JIOCTYTIOM JI0
tabmumi outbox. [ToTpiOHO BUKOPHCTOBYBATH
BI/IMOBI/THI MeXaHI3MU OajlaHCyBaHHS HaBaH-
Ta)kKeHHS Ta A0aTH Npo e(EeKTUBHY Ta MACIIITa-
O0oBaHy 00pOOKY TTOBITOMJICHD.

4. IMousarra WAL Ta CDC

Change Data Capture (CDC) Ta Write-
Ahead Log (WAL) € noB'si3anHiMH KOHIIETIITi-
SIMHA B KOHTEKCTI CUCTEM 0a3 MaHUX, ajle BOHU
CITyKaTh PI3HUM IIUISIM.

"Write-Ahead Log" (WAL) € texwi-
KOIO, 5IKa 4acTO BUKOPHCTOBYETHCS B CHUCTE-
Max 0a3 JaHux JUIs 3a0e3nedeHHs CTIHKOCTi
JaHUX Ta MIATPUMKHA KOHCHUCTEHTHOCTI TpaH-
3akmiid. Bona nepen6auae 3anuc 3MiH, MoB's13a-
HUX 13 TPAH3aKI[IsIMU, Y )KypHaJIbHUH (aiin ne-
pen IXHIM 3acTOCYBaHHSM 10 PaKTHIHUX (aii-
7iB naHux 6a3u mannx. WAL Bucrymae sk mo-
CIIZIOBHUH KypHAJ YCiX 3MiH, 3pOOJCHUX Y
0a3i JaHMX, K YCIIIIHO 3iiCHEHUX, TaK 1 He-
3aBepIIeHuX TpaH3akiii [10].

Komu tpansaxmis 3miHIO€ naHi B 0asi
JaHUX, BIAMOBIIHI 3MIHU CIIOYATKy 3aIlUCy-
1otecsi B WAL. Lle rapanrtye 6e3mneune 30epi-
TaHHS JKypHaJly Ha HaJIHHOMY HOCII, mepIr
HDXK Moaudikaiii 3aCTOCOBYIOTHCS IO Camoi
0a3u naHuX. 3aBISKH IbOMY MiIXOAY CHCTEMa
0a3u TaHUX rapaHTye, 10 B pa3i 30010 a0o aBa-
pii cucremu 3miHu, 3anucadi B WAL, MOXyTb

OyTH BiITBOpEHI Ta 3aCTOCOBAaHI JIJIsl BiTHOB-
JieHHs 0a3M JIaHUX Y KOHCHUCTEHTHUH CTaH.

WAL najnae xinbpka nepesar. Bona mo-
Kpallye IpoAyKTHBHICTh 0a3M JaHUX, J103BO-
nsoun OydepusyBaTi Moudikarii B mam'saTi
Ta 3aMUCyBaTH iX Ha JUCK y e()eKTUBHILIOMY
MOCTIIOBHOMY TOpsiAKY. BoHa Takox 3a6e3-
revyye IMITICHICTh JaHUX, HAJIAI04YM HaIIHHUMA
3amMc TpaH3akiliid, o T03BOJISE BiTHOBICHHS
micas 300iB Ta ckacyBaHHS omnepauiid. Kpim
toro, WAL n1o3Bosisie perutikaiiro 6a3u 1aHux
Ta peajizallilo pe3epBHUX CEpPBEPIB, PEILIIKY-
F0YM XKYpHAJ Ha 1HII CUCTEMH JUIs HOTpeOd cu-
HXPOHI3aIi.

3araom BukopucTanHs WAL migBu-
IIy€ CTIAKICTh, HAMIWHICTh Ta MOXKIIUBICTD BiJI-
HOBJICHHSI CUCTEM 0a3 TaHWX, pOOJISTIr HOTo Y-
HJaMEHTAILHOI0 TEXHIKOIO JIsi 3a0e3ledeHHs
KOHCHCTEHTHOCTI Ta JOCTYITHOCT] JaHUX.

Change Data Capture (CDC) - e Tex-
HiKa, [0 BUKOPUCTOBYETHCS Y Tally3l iIHTErpa-
1ii Ta CHHXPOHI3aIli1 JaHUX JJIs 3aXOIICHHS Ta
nepeaayi 3MiH JIaHUX Yy peaJbHOMY 4aci 3 6a3
naHux 10 muboBux cucreM [11]. CDC no3Bo-
JSi€ TIOCTIMHO BIACTEXXYBaTW Ta BUTATYBAaTH
3MIHM JaHHUX, TaKl K BCTaBKH, OHOBJICHHS Ta
BUJIAJICHHS, Y Mipy 1X BUHUKHEHHS B JDKEpei
0a3u manux. Lli 3710BIIeH] 3MiHU JAHUX ITOTIM
MIEPETBOPIOIOTHCS y PopMar, SIKUil MOXKe OyTH
BUKOPHCTAHUH HITUMU 3aCTOCYHKaMHu abo pe-
TikoBaHui 1o iHmmx 6a3 nanux. CDC no3Bo-
nsie epeKTHBHY Ta Maibke B pealbHOMY dHaci
peIuTikamio JaHUX, CHHXPOHI3AIII0 Ta 1HTET-
palifo MK pi3HOMaHITHUMH CHCTEMaMH, 3a-
0e3neuyou KOHCHUCTEHTHICTh Ta aKTyallb-
HICTh JJaHUX Y ekocucTemi. Lle mmpoko BuKO-
PUCTOBYETHCSI B CIIEHAPIsX, /I CBOEYACHA Ta
TOYHA Tiepeiadya JaHUX € KPUTUIHOIO.

3B's30k Mix CDC ta WAL mnonsirae B
tomy, mo CDC yacto BUKOpUCTOBYE 1HOOP-
Mailiro, 3anucany B WAL, miis 3aXorieHHs ta
Bigcrexxenus 3MmiH. Ockimbku WAL micTuth
MOCIIJOBHUM JKypHaln ycix Moaudikalii,
3pobneHux y 6a3i JaHuX, HOro MOXHa BUKO-
PUCTOBYBATH SIK HaIIHE JDKEPEIIO IS BUJIO-
OyTKy OKpeMHX 3MiH Ta iX repeaadi iHIIIM CH-
cTemMaM abo CIOKHMBaYaM.

Amnanizytoun WAL, mexanizmu CDC
MOXYTh 1I€HTHU(IKyBaTH KOHKPETHI 3MIHH,
IO CTAJUCS, BKIIIOYAIOUN pefaroBaHi PsIKH,
CTOBMIII Ta 3Ha4eHHS. [loTiM BOHU MOXYTb 3a-
¢ikcyBarty 111 3MiHU Ta IEPETBOPUTH 1X y pop-
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MaT, IPUAATHUN AJIs epeaadl, Ik HalpuKIIas,
CTBOPEHHS TIOM1 3MiHM a00 OHOBJICHHS perl-
JIK 0a3y IaHuX.

5. Debezium sk cnmocio
iMnJieMeHTamii TpaH3aKmin

Debezium - ne posnoniiena miargdo-
pMa 3 BIIKPHUTHM KOJIOM, SIKa BHKOPHCTOBYE
texHiky Capture Data Capture (CDC) s
OTpUMaHHS Ta mepeaayl 3MiH JaHUX Y pealb-
HOMY 4aci 13 )KypHaJliB TpaH3aKIIii 0a3u JaHux
(BukopucroByroun WAL) [12]. Bona inTerpy-
€TbCSA 3 PI3HOMAHITHUMH TONYJSIPHUMH Oa-
3aMu AaHux, Takumu sik MySQL, PostgreSQL,
MongoDB Ta inmi 3a paXyHOK KOHEKTOPIB J10
0a3 maHuX. A TakoXX HaJa€ He3aMiHH1 PYHKITIT,
TakKi, SIK 3/1aTHICTh 3aXOIUTIOBATH 3MIHU B YCIX
acmeKkTax 0OpOoOKM JaHWX BKIFOYHO 13 BCTaB-
KaMH, OHOBJIGHHSIM Ta BUAayneHHsM. Ilix uac
HaJaIITYBaHHS ISl pOOOTH 3 MEBHOK 0a3010
nanux Debezium miakito4aeThCs 10 KypHaTy
TpaH3akIid 0a3u NMaHuX, KU, K MPaBUIIO,
peanizyerbes 3a gonomororo WAL. WAL pe-
ecTpye Bci moaudikarii, 3pobneHi B 6a3i na-
HUX, BKJIIOYAIOYM BCTaBKH, OHOBJICHHS Ta BU-
JaJIeHHs, B MOCIIJOBHOMY Ta CTIHKOMY XYyp-
HasbHOMY (baiini. Debezium 3unrtye 3MiHy, 3a-
nucani B WAL, Ta mepeTBopro€ iX y MmoTiK 1o-
nit 3mid. L{i moxii 3MiH TOTIM TIEPETBOPIO-
I0ThCS B CTaHAAPTU30BaHUM (popmart, Takuii K
JSON abo Avro, i cTalOTh JOCTYITHUMH JUIS
CIOKMBaHHS 3aCTOCYHKaMH a0 cHcTeMaMu
BHU3 TI0 JIAHIIOXKKY.

3aBasku BuKopucTanHio migxoxy CDC
Ha ocHoBI WAL, Debezium 3abe3neuye Hamiii-
HUW Ta MIHIMaJIbHHUH BIUTUB 3aXOIUICHHS Ja-
HUX, HE HaBaHTAXYIOYH JOJATKOBO JKEPEIo
0a3u manmx [13]. Taka eheKTHBHICTH JTOTIOB-
HIOETBCS JIETKO PO3LIMPIOBAHOI0 apXITEKTY-
pOIO, sIKa MOYKE MPUCTOCOBYBATHCS 10 CUTYya-
il CTIHKOCTI 0 BIAMOB, CIIPHUSIOYH MPOCTIid
CUHXpOHI3aIli Ta iHTerpamii 3 YUCICHHUMHU
mwiarpopmamu. Tomy BHecok Debezium y
CTBOpPEHHS IPOLIECIB CTPIMIHTY B PEAILHOMY
Yaci, pa3oM i3 HaJaHHSIM MaclITa0OBaHUX pe-
aKTHUBHHX IMOTOKIB JUISI Cy9acHUX PO3MOZiJie-
HUX (GPEeMBOpPKIB, HEMOXKIIMBO HEJOOI[IHUTH.
Ie#t minxix MiHIMI3Y€e BIUIUB Ha IPOIYKTHUB-
HICTh JpKepena 0a3u JaHMX Ta 3alesrnedye
MaiiKe peasIbHUI Yac Ta TOYHY PETUTIKAIliio Ta
1HTETpaIlio JaHUX MK PI3HUMHU CUCTEMAaMHU.
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Debezium mnoOynoBaHUl Ha OCHOBI
Apache Kafka. Ha Bigminy Bim migxonmy, 3a-
CHOBAaHOIO0 Ha NyJiHry pgaHux, Debezium
OTPUMYE MOJIT 3 Jy’K€ HU3bKUM HaBAHTAXKEH-
HSIM Ha CUCTEMY Ta MPAKTUYHO B PEXKHUMI pea-
apHOTO Yacy [12]. Debezium nocraBmsieTbes 3
CDC-konexkTopamMu AJis KUTbKOX 0a3 JaHuX,
takux sk MySQL, Postgres Ta SQL Server 1
MiCJs OTPUMAHHS JaHUX MOXKE TepeaaBaTH iX
IHIITUM cepBicaMm, 30KpeMa, MOXKe My OTIKyBaTH
noJiito B Mecek Opokep. HaniliHicTh Ta 3amno-
OlraHHs BTpaTH JIaHUX € BOKIIMBUMH XapaKTe-
PUCTUKAaMU IIATGOPMH.

Debezium Hagae npiopuTeT HaAiiHO-
CTi, BUKOPHCTOBYIOUH >KypPHaJIM TpaH3aKIIii,
taki sik Write-Ahead Log, mo HaiaroThcs cuc-
TeMaMHu 0a3 JaHuX, 3 IKUMHU BiH IHTETPY€EThCS.
i xypHaIH € HaJIHHUM Ta MIITHUM JIKEPEIOM
JUTsL OTpUMaHHS iH(popMallii Mpo 3MiHH JJaHUX.
Debezium miIKIIFOYaETHCS 10 KYpHATY TpaH-
3aKIIii 1 3UATY€E 3amucaHi B HbOMY 3MiHH, Ta-
PaHTYIOUHM, IO JKOJIHI 3MIHM HE MpPOIMYyCKa-
I0ThCsl 200 He BTpavaroThes. Ilim wac 3axor-
JIeHHS 3MiH 3 XXypHaly Tpan3akuiii Debezium
3armamM’iTOBY€ CBOIO OCTaHHIO 0OpoOJieHy Mo-
niro, mo0 y pasi nepesamycky abo BiIMOBH CH-
cremu, Debezium Mir mpoJOBXKUTH YHUTATH
MOJIii 3 TOTO MICI, JIe BiH 3yIIMHUBCS, 1 MPO-
JOBKUTH YHWTAaHHSA 3MiH 0Oe3 JyOJroBaHHS,
TOOTO HE YUTATH IMOBTOPHO OJIHI ¥ Ti X JaHi.
Ileit mexaHi3M 3a0e3nedye IUTICHICTh JaHUX
Ta 3amo0irae BTpaTi JaHUX Yy pa3i OyIb-sKHX
3001B a00 BiAMOB.

Apache Kafka, Opokep mnoBiOMIICHB,
SIKUH BUKOPUCTOBYETHCA pa3oM 3 Debezium, Ta-
KOXX BIIirpae BaXKJIMBY POJIb Y 3a0€31eUeHH] Ha-
JIITHOCTI Ta CTIMKOCTI TaHuX. BiH perutikye paHi
Ha KUJIbKOX Opokepax y Kiactepi, 3a0e3neuyroun
ixHI0 00pOOKY B pa3i BiaMoB. KoxHe noBinom-
neHHa a0o mopis, ska myOmikyerbes B Kafka,
30epira€ThCsl y CXOBHIIIL, SIKE Ha3UBAETHCS "'TO-
nikamu". Tomiku po30MBalOTbCSA HA YACTHUHH, 1
KO)KHA YaCTUHA PEIUIIKYEThCSl Ha KUIbKOX Opo-
kepax. Lleil mexani3m perurikauii 3abe3neuye
CHUTYaLI0, KOJIM HaBITh y Pa3l BIIMOBU JESKUX
OpokepiB a0 By31IiB, 1aHi BCE 1€ AOCTYIIHI 1 MO-
KYTh CIIO)KHBATHCS KOPHCTYyBaYaMH.

Debezium BHKOpPUCTOBY€ Il Ta iHII
MoxkiuBocTi HafiiHocti Kafka, myGnikyroun
oTpuMaHi 3 Tabnuili outbox 3MiHU MOJIH B TO-
miku Kafka. [Ticns myGmikamii Kafka Binmosi-
nae 3a 3a0e3nedeHHs IXHLOI MIIIHOCTI Ta JOC-
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tynHocTi. [lomii MoOXyTe OyTH cCIOXKHBaHi
KOHChIOMepamMHu a0o 00poOseH] IHIIUMHU 3a-
CTOCYHKaMH.

6. Spring Boot Starter Ta ioro
PoOJIb B peaJizauii TpaH3aKIil

Spring Boot Starter - € KIO4Y0BOIO
CKJIaJIOBOI0 YacTUHOIO (PpeldMBOpKY Spring
Boot, 1m0 Hajae cnporeHuii cnocid HajamTy-
BaHHS Ta 3aIllyCKy 3aCTOCYHKIB uepe3 00'el-
HaHHS 3aJIe)KHOCTEH Ta HANAIITYBaHb JIJIsl KOH-
KpeTHUX (PYHKIIIOHATbHOCTEH a00 KOMITOHEH-
TiB. 3a3Buyaii Spring Boot Starter 3a 3aMoBuy-
BaHHIM BKJIIOYAE MiaI0panuii HaOip 61010TeK,
KJIaciB aBTOKOH(QIrypauii Ta HaJalTyBaHb,
HEOOXITHUX JIJIsl BKJIIIOUEHHS TEBHOI (PYHKITIT
abo 1HTeTrparlii 3 IeBHOIO TeXHoJori€lo [14].

3a nonomororo Spring Boot Starter po-
3pOOHUKH MOXKYTh IIBHJIKO J0JIaBaTH HE0O0-
X1JTHI MOKJIMBOCTI Ta (DyHKIIIOHAJ 10 CBOIX 3a-
CTOCYHKIB, HE TTOTPeOyIOUH PYyYHOI'O Haall-
TyBaHHS 3aJIe)KHOCTEH a00 HaNMCaHHS CTaH/1a-
ptHOTO KOxy. Lli cTaprepn ynmakoByOTh HEOO-
X1/THI 3aJIEKHOCTI Ta KOH)ITrypalliro, mo JI0-
3BOJISIE PO3POOHUKAM 30CEPEAUTUCS Ha HAITU-
caHHI Oi13HEC-JIOTIKH, a HE TasTH 4ac Ha CKJIaj-
HOIIIl HaJaIITyBaHHS Ta IHTErpamii pi3HHUX
KOMITOHCHTIB.

Spring Boot Starter Hamae mupokuit
cnekTp (YHKIIIOHATY BKIFOYHO 13 ITiIKJIFOYCH-
HaM J0 0a3 maHumx, BeO-po3pobOKoro, Oe3re-
KO0, OOMIHOM TOBIJJOMJICHHSIMH, KEIITyBaH-
HsM To110. KOXeH cTapTep HJOTpUMYETHCS Tie-
BHOT'O MMJXOMy 1 HaJa€ IMOCTIIOBHHM CIOCiO
1HTeTpaIlii MoB's3aHUX TEXHOJIOTIH Yy 3aCTOCY-
Hku Spring Boot. Ha mnpukmani craprepy
"spring-boot-starter-web" MoxxHa MOOAUNTH
3aNeXHOCTI Ta KOHQIryparii, HeoOXiIHI IS
PO3poOKH BEO-3aCTOCYHKIB 3 BUKOPUCTAHHSIM
Spring MVC, sikuit Bkitodae B cebe Lei crap-
tep. [Ipu nmomanui spring-boot-starter-web y
MPOEKT, ABTOMATHYHO IMIIOPTYETHCS KiJbKa
IHIIAX 3aJICKHOCTEH, TAKUX SIK:

e Spring MVC: ocHOBHMII KOMIIOHEHT (hpeii-
MBOPKY Spring Juisi CTBOPEHHS Be0-3aCTOCYH-
KiB, 0 Hajae apxitektypy MVC ta 06po0iisie
BiZJOOpaKeHHsI MapIUIPyTiB 3alUTiB, 00pOOKY
3aIUTIB Ta TEHEPALIIO BIAMOBLICH.

e Embedded Servlet Container: BOy1oBanmit
KOHTEIHep cepBiieTiB (Hampukiag, Tomcat,
Jetty a6o Undertow), mo m03BoJjsie€ 3amyc-

KaTu Be0-3aCTOCYHKHU 0€3 oTpeOH B 30BHIIL-

Hii KOHpITyparlii cepBepa.

e Spring Web: Moayb, 110 HaJIa€ JOJATKOBI

¢byHkuii Ta ytumit ans poGotu 3 BeOOM,

BKJIFOYHO 13 00poOKkoro HTTP-3anutiB Ta Bi-

InoBizei, o0poOkoo ¢(opM, 3B'SI3yBaHHAM

JIAHWX, BATIIAIIEI0 Ta OOPOOKOIO TTOMHIIOK.

e Jackson JSON: 0i0mioTeka BKIIOUEHA IS

MiATPUMKH cepiaiizamii Ta aecepiamizaiii qa-

Hux y ¢opmari JSON (JavaScript Object

Notation). Bona n103Bossie 1erko KOHBEpPTY-

Batu 00'exktu Java B JSON Ta HaBmaku.

Kpim HamaHux craprepiB, po3pOOHUKH

TaKOX MOJKYTh CTBOPIOBATH BIIACHI CTapTepH
JUTS YITAaKyBaHHS YK€ BUKOPHCTOBYBaHUX KOM-
MOHEHTIB 200 010J110TeK, cnerupIYHNX I iX-
HiX 3aCTOCYHKIB uM JIoMeHy. Lle cripusie Moy-
JBHOCTI KOy, TOBTOPHOMY BHKOPUCTAHHIO Ta
CTaHJApPTHU3AIlil B IPOEKTAX OpraHizaliii.

7. MeTtoaoJjioris iMmmiaeMeHTAaLil
TPAH3aAKUil

[TpoananizyBaBuu npodIeMaTHKy Tpa-
H3akuiid B PC, Mu po3poOuim BjIacHy METOJI0-
JIOTiI0 IMITJIEMEHTAIli]l TpaH3aKiii Ha 6a3i ma-
tepHy TO Ta 4epr MoBiIOMIICHb, sIKa CIIPSIMO-
BaHa Ha 1X BHUpIIIEHHS 3 HaroJI0COM Ha 3a0e3-
MEeYEHHI TOCIIIOBHOCTI, KOHCUCTEHTHOCTI Ta
HAJIHOCTI TaHWX y MHOKMHHUX cepBicax. Ha
pUCYHKY | HaBeZieHa CTPYKTypa 3alporoHOBa-
HOT METOJTIOJIOTI{ Ha IPHUKJIA]I pO3POOIICHOT CH-
CTeMH ISl IPEAMETHOI 00JIaCTi — 3aMOBJICHb
TOBapiB.

§,g Apache Kafka %g

Puc. 1. Meronosoriga iMIuieMeHTarii
TpaH3aKIin

Hexaif cucrema 3aMOBIIEHBb peaii3o-
BaHa y BUIJIAL IBOX MikpocepsiciB: Order
Service, 1110 OTpUMy€ 3aMOBJIEHHS TOBapiB, Ta
Stock Service, sxkuii Ha 0a3i IIUX 3aMOBJIEHD
3JIIACHIOE TIEBHI EPEBIPKU TOBapy Ta iHII Ma-
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HIMYJIAMIT U1 YCHIIIHOTO 3aBEPIICHHS KUTTE-
BOTO UKy 3aMoBJlieHHs. OO0uaBa Mikpocep-
BicH peastizoBaHi Ha Java. Bonu BUkopucrtoBy-
101 Spring Boot Framework, JPA/Hibernate
JUTSL TOCTYTY JI0 CBOIX 0a3 AaHMX, SIKI peastizo-
BaHi Ha MySQL. [Ipore nns Hamoi Mmeronosno-
rii HeMae YiTKOi MPUB’SI3KK 10 06a3u JaHUX YU
TO (periMmpopKy, OCKITHKH BOHA JT03BOJISE Pe-
allizalilo 3 BUKOPUCTAHHSAM Pi3HOMaHITHUX
TEXHOJIOT1H, 30kpema, Takux sk: CDI,
PostgreSQL, WildFly Ta inmmux.

CepBic 3aMOBIIEHb HAJA€ MPOCTHH
REST API nns ctBopenHs 3amoBieHb. CepBic
ckiany 3a nonomoroto Apache Katka orpumye
MoJii, eKCIIOPTOBaHI CEPBICOM 3aMOBJICHb Ta
CTBOPIOE BIJMOBI/IHI 3aITMCH Y BIIacHii 0a3i na-
Hux MySQL.

st ekcriopryBanHsa monid 'y Apache
Kafka cepBic 3aMOBJIEHE BUKOPUCTOBYE PO3PO-
omenuit Spring Boot Starter, mo a6ae npo Ha-
JamTyBaHHs Tabnui outbox. 3amuc momiit 1o
Ta0JHIIl BiTOYBAa€ETHCS B ME¥KaX TI€T K TpaH3aK-
1ii, mo 1 30epekeHHs] 3aMOBIIEHHS B 0asi Ja-
Hux. CtapTep caMOCTiifHO 10a€ Mpo MOHITO-
PHHT Ta 3UMTYBaHHS JaHUX TaOmHIl outbox,
BukopuctoBytoun WAL, CDC, Debezium, ta
nmyOuikariro 3untanux qanux 10 Apache Kafka.

[licns 3umTyBanHs monmiii 3 Apache
Kafka, cTok cepBic crosimae mpo Baajiae ado
MpOBAJIbHE 3YMTYBaHHS Ta OOpOOKY NaHMX,
BukopuctoBytoun Apache Kafka. I1i moaii mi-
3HIIlIE CEpPBIC 3aMOBJICHb YUTAE TA 3MIHIOE CTa-
Tyc 3amoBiieHHsS 3 pending Ha closed /
canceled. Takox el cepic n6ae mpo BiaMO-
BOCTIWKICTh 3aBISKA IMOBTOPHOMY YHTaHHIO
JaHWUX, TApaHTy€e 0OPOOKY JaHHX Ta BiJMOBIb
y BHTJISI IyOJTiKalii crarycy oOpoOKu y Bij-
noBiaHuiM Tomik B Apache Kafka.

HoTpumyrouuch 1i€i METO0JIOrI],
MOJXHA 3a0e3lmeunuTH HamglMHUA OoOMIH 1a-
HUMH MIX MIKpocepBicaMu, oOpoOKy orepa-
i} y Me)Kax TpaH3aklii Ta BIAMOBIIHUX IO-
T, BIAMPABJICHUX 1HIIUM CepBicaM, aToMa-
pHO Ta mocaigoBHOo. HaBiTh y pa3i BUHHK-
HEHHs TPOOJIEMU 1] 9ac HaJACUJIAHHS MOIiH,
iX MOXXHa cmnpoOyBaTH IMOBTOPHO BiAIpa-
BUTH, a00 BIATBOPUTH 3 Tabnuili outbox, 3a-
6e3neuyroun NoTpiOHy nmociniioBHicTh B PC.
um moxkHa ckopucTtatucs 1 mis 30epe-
’KEHHS I[IICHOCTI Ta MOCIIZOBHOCTI JaHHUX,
OJTHOYACHO JIO3BOJISIFOYN ACHHXPOHHY KOMY-
HIKaIlif0 MK CepBiCaMH.
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8. IIpakTHuHa peaJizaiis

Ha ocHOBI 3anporoHOBaHOT METOI0JIO-
rii 0yB po3pobaenuit Spring boot Starter, sikuit
noJierurye KoHpiryparito poOoTH 3 TpaH3aKIIi-
amu B PC, 1o nmyOuikyIoTh noii ik 4acTUHY
TpaH3akili. BiH Mae Burisan cnerianbHOi 010-
JOTEKU JJIS TOJIETIIEHHs BIPOBA/DKEHHS Ma-
TepHy Transactional Outbox B 3aCTOCYHOK, I0-
OynoBanuii Ha OCHOBI Java. OCHOBHOIO METOIO
cTapTepa € CIpOUICHHS TpoIecy 30epeKeHHS
Ta nyomikauii noxii y PC.

Craptep BKITIOUaE HEOOX1IHI 3aJICKHO-
CTi Ta KOH(]Iryparii, a TAKOXX HaJa€ 3py4Hi Me-
TOHU JJ1s1 30epeKeHHs TIO/IIH Y BiIBEICHIH Tao-
nuii (outbox) 1 mepenaui ix y Debezium mis
MOJATIBIIIOTO  PO3MOBCIOKEHHS. BuKopHCTO-
BYIOUH IIei cTapTep, pO3pOOHUKH MOXKYTh ede-
KTUBHO BHpoBakyBaTu narepH TO, moknaga-
IOYHCh Ha MOTYXHICTh Debezium s 34uty-
BaHHA Ta po3moBciopkeHHs noni y PC, a Ta-
KO)K Ha TapaHTOBaHy JIOCTaBKY Ta IIUTICHICTb
JAHUX 3a pPaxyHOK BHKOpucCTaHHS Apache
Kafka six 6a3oBoi TexHomorii mis Debezium.

[HTerpamisi 3aCTOCYHKY 31 cTapTepom
PO3MOYHMHAETHCS 3 HOTO MiAKIIIOYCHHS y BH-
sl 3anesxknocTi (Puc. 2.):

d>com.chernova</grouplc

Id>transactional-outbox-starter</artifactId>

1>0.0.1-SNAPSHOT</versior

Puc. 2. IligkmoueHHs cTapTepy 10 Kili-
€HTCHKOTO 3aCTOCYHKY

ox-starter

Puc. 3. — [ligkmrouenuii ctaprep
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Pucynok 3 BimoOpakae momaHmii crap-
Tep 110 3aCTOCYHKY. 17151 KOpeKTHOI poOOTH cTa-
pTepy Ta miaTpuMku pobotu 3 outbox table Ta
Apache Kafka, HeoOxigHO mepenaTu HacTyIHi
KOH(Iryparii, 1o OyayTh 34UTaHi CTapTepOM
i gac iHimanmi3anii mpoekty. Connector.class -
BKa3y€ KIJIAaC KOHEKTOpa, SKUWA BUKOPUCTOBY-
€TBCS [T TTIKITFOUSHHS 10 JDKepea TaHuX (Ha-
NpUKIa[,  3HAYEHHS  KOHEKTOp  Kiacy
10.debezium.connector.mysql.MySqlConnector,
o3Hayae miakmodyeHHst 10 MySQL 6a3u gaHux).
database.hostname - Bka3ye iM'st XocTa, Ha
SKOMY poO3TalioBaHa 0a3a JaHUX KITi€HTA.
atabase.port — BH3HAYa€e IMOPT, HA SIKOMY JI0-
cryrnHa 0a3a aHux kiieHTta. database.user - yTo-
YHIOE IM'Sl KOPUCTYBava ISl MIAKITIOYCHHS 0
0a3u naHux kiienra. database.password - Bkazye
TapoJib s TAKIIIOUEHHST 10 0a3u JaHUX KITie-
Hta. database.server.id - 3aae yHiKaJIbHUH 11€H-
TU(dIKaTOp cepBepa, SIKUH BHUKOPHUCTOBYETHCS
ISt pO3Mi3HaBaHHS TpaH3aKLii.
database.server.name - BU3Haua€ yHIKaJIbHE IM's
cepBepa, SIKE 3aCTOCOBYETHCS ISl 11eHTU(IKAITT
KaHamry  3MiH  jgaHux y  Debezium.
database.history.kafka.bootstrap.servers - Bka-
3ye aapecy Ta mopt cepepa Apache Kafka,
SIKAI BUKOPUCTOBYETHCS JUTsl 30epiranHs icTopii
3MiH 0a3u naHux (10 npukiany broker:9092”).
database.history kafka.topic - yrounioe Temy
Katka, ne 30epiraerbcs icTopis 3MiH 0a3u na-
Hux. key.converter.schema.registry.url: Bkasye
aJipecy Ta IOpT cepBepa peecTparlii cxem Avro.

Puc. 4. Ilpuknan xoHdirypauii crap-
Tepa B yaml daitii

value.converter.schema.registry.url - BH3Hauae
aJipecy Ta mopT cepBepa peecTparlii cxem Avro.

L1i koHpiryparii MatoTh OyTH HagaHi y
yaml ¢aiiai i1 BUKOPUCTOBYIOThCS JJIs Halall-
TyBaHHs Debezium 3 MeTOI0 MiJKIIOUEHHS 10
6a3u gannx MySQL, 3unTyBaHHs 3MiH y pea-
JHHOMY 4Yacl Ta MEepEeTBOPEHHs iX Ha MOMil, AKi
MOJKHa PO3MOBCIOJUKYBaTH depe3 Apache
Kafka. Ilpuknan koH¢irypauii HaBeJeHO Ha
pUCYHKY 4.

Jliist kepyBaHHS MIJKIIOUYEHHSIM YU BiJl-
KITIOYECHHSIM pOOOTH CcTapTepa ITiJ] 4yac 3amycKy
3aCTOCYHKY HEOOXITHO TaKOoX 3aJaTH 3Ha-
YEHHS true/false TUTSt KoH(piryparti
transactionaloutbox.enabled.

Hns 30epexkeHHst oAl 70 outbox
table, 3untyBaHHs noaii 3 outbox table ta my-
omikartiro ix 1o Apache Kafka, neo6ximHo mo-
JaTH 0  METONy  CEepBICY  aHOTAIo
@WithTransactionalOutbox (puc.5).

PurchaseOrder order) {

.save(order)

Puc. 5. BukopucranHs aHoTamii
WithTransactionalOutbox momanoro craprepa

B mpoMy mpukiiazi craprep B Mexkax
onuiel TpaH3akuUii 31 30epeKEHHSM 3aMOB-
JIeHHs 10 0a3u 30epexe MO0 0 TadMIll
outbox. s peamnizarii Takoro (yHKIIOHAITY
CTapTep BUKOPUCTOBYE MOXKIUBOCTI Spring, a
came Spring AOP (puc.6).

Puc. 6. Spring AOP s peanizarii Jio-
TIKH cTapTepa

3acTocyBaBIIM yCl HEOOXIIHI Haami-
TyBaHHS cTapTepa, MOKHA IHTErPyBaTH 3aCTO-
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cyHoK 13 matepHoM TO i TakuM YMHOM 3a0€3-
MEYUTHU aTOMAPHICTh Onepaniii Ta KOHCUCTEH-
THICTb IaHUX MIXK PI3HUMHU cepBicaMu. biibie
TOTO, TOJJAI0YH CTAPTEP JI0 CBOTO 3aCTOCYHKY,
MOJKHa OTPUMATH Psii MOKJIMBOCTEH, SIKiI Ha-
naroThesl TexHogoriaMu Debezium ta Apache
Kafka.

9. PexoMenaamii moao
HAJIALITYBAHHS CHCTeMH Ha 0a3i
PO3p00JIeHOI METOA0JIOT ]I

[Tig yac mpoekTyBaHHS Ta peami3arii
PC, sixi BUKOpHUCTOBYIOTH METOJIOJIOTIIO0 1MII-
JIeMEHTAIlii TpaH3akKIliii, BApTO BpaxyBaTH Ki-
JIbKa peKOMEH TaIliil.

Hacamnepen, BaXIWBO TepeKoHa-
THUCS, II0 KOMIIOHEHTH CUCTEMU MAIOTh CJ1a0Ky
3B'SI3HICTD Ta CIUIKYIOTBCS 3a JIOTIOMOTOIO
ACUHXPOHHOTO OOMIHY TOBIIOMJICHHSIMU JIJISI
pO3AiIeHHsT TpaH3aKLiiHOT 0OpOOKH Bia 30B-
HIITHIX cepBiciB. Takuil Mmiaxig CIUIKyBaHHS
cripusie CTiiikocTi Ta MacimtaboBaHocTi [15-
16]. He MeHII BaKJIMBUM € BUKOPUCTAHHS Ha-
IiifHOTO OpOKepy MOBITOMJICHD /715l KOMYHiKa-
1ii Mi>kK MIKpOCEpBIiCaMH Ta TapaHTOBAHOI Ha-
JiHOT TOCTAaBKH MMOBIIOMJIEHB. Y POJIi TAKOTO
opokepy MmoxyTh Oyt Kafka abo RabbitMQ.

OpHi€ro 3 BAKIUBUX KOMIIOHEHT y PO-
3po0Ili TUCTPUOYTHBHOI CUCTEMH € BIIPOBa-
JDKCHHS MEXaH13MiB 00pOOKHU TTOMUJIOK Ta TI0-
BTOPHOT'O YUTAHHS JaHUX Y pa3l MOMIIOK, YII-
paBIIiHHS BiIMOBaMH Ta 3a0e31eYeHHs] KOHCH-
CTEHTHOCTI JaHMX. I3 1i€10 METOI0 MOKHA BH-
KopucTOBYBaTH MexaHi3mu Retryable Topic Ta
Dead Letter Topic [17-18].

Takok BaKJIMBO HAJECKHY YBary INpu-
TIMUTHA HaIiHHOCTI KoHChIoMepiB [19]. Ocki-
JIbKU KOHCBIOMEPH BUKOHYIOTH 00pOOKY MOBI-
JOMJIEHb 13 YepTU Ta BUKOHYIOThH MI€BHI orepa-
mii ado 3MIHIOIOTH CTaH CHCTEMH Ha OCHOBI
[UX TOBIJOMJIEHb, BXKJIMBO 3a0€3MEeUYUTH,
o0 111 omepaiii rapaHTyBaiy Oe3MeKy Ta Ha-
TIUHICTH CHUCTEMH, TMPUBOIMIA OOPOOKY Oa-
HUX JI0 OJIHAKOBOTO PE3yJIbTaTy HE3AICIKHO
BiJl KIIbKOCTI MOBTOPHHUX MOBigoMIeHb. lle
BXJIMBO IS 3a0€3MMeYeHHS] KOHCUCTEHTHOCTI
JaHUX Ta YHUKHEHHS HeOaxxaHMX MOOIYHMX
edexriB. Hampukan, Ko KOHCEIOMEP CTBO-
proe 3amuc y 0a3i JaHUX HAa OCHOBI OTpUMa-
HOTO TOBIJOMJIEHHS, TO HEOOXIAHO rapaHry-
BaTH, 11100 y 6a3i JaHUX OyJI0 CTBOPEHO TIIBKU
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OJIMH YHIKAJIbHUH 3aMKC, HAaBITh SKIIO MOB1I0-
MJIeHHs Oyie 00po0IeHo KinbKa pa3iB. Takox
BAOXJIMBUM Yy TPOEKTYBaHHI KOHCBIOMEPIB €
BUKOPHUCTAHHS YHIKJIBHHUX 11eHTHU(IKATOPIB
Uit oOpoOsieHnx ToBiAOMIeHh abo 30epe-
JKEHHS CTaHy Ipoliiecy o0poOkw, 1o 3a0e3mne-
YHUTh 11EMIIOICHTHY 00pOOKY.

10. TecryBanus

OCHOBHUMH acCIIeKTaMH TECTyBaHHS
Oyna nepeBipka Baasnoi interpauii Debezium 3
ICHYIOUMMH KOMITOHEHTaMH Ta TEXHOJIOTISIMHU
B cuctemi. e BrIroumiio mepeBipky 3ade3re-
YeHHs MPaBWIBHOI KOHQITYpaIlii Ta HaJIamTy-
BaHHS CTapTepa, IKUii 0a3yeThCs HA IMILIEMe-
Hramii TO natepny. Takox OyJo OIliHEHO iH-
Terpauito 3 Opokepom nosinomienp Kafka ta
TepeBipeHo MmyOITiKalliro MOBiIOMIIEHB 10 Opo-
Kepy, HassBHICTh MOBTOPHOTO YHTAHHS JAHUX
3a HeOOX1JHOCTI.

Ha namomy nmpoTtoTumni 6y 31iicHeHi
MePEBIPKY TOBEIIHKMA CUCTEMH Y BUIIAAKY Ha-
CTYITHUX CIICHAP1iB BUHUKHEHHS TTOMUJIKH:

- y pasi crpobu 30epeKeHHsI 3aMOB-
JICHHSI 10 KJTIEHTCHKOI 0a3u Ta MepeBipKu CUC-
TEeMH Ha CKacyBaHHS ITyOJiKaIli TOBIJOM-
JICHHS;

- y pasi nmyOJikarii MmoBiIOMJICHHS 10
Opokepa IMOBIIOMJICHb Ta MEPEBIPKUA CHCTEMH
Ha CKacyBaHHS 30€peXEeHHs JaHUX PO 3aMO-
BJICHHS [0 KJII€HTCHKOI 0a3H;

- Yy pa3i MOBiIOMJICHHS KOHCBIOMEPOM
y CTOK CEpBICi Ta MEepeBipKU CHCTEMH Ha TO-
BTOpHE YMTaHHA 3 BUKOPUCTaHHSM retryable
MeXaHi3My;

- TMCTIS KIJTbKOX HEBJIAHHUX CIIPOO 00po-
OKM TOBIAOMJIEHb, KOJIU KOHCHIOMEpP B CTOK
cepBici He MOke OOpPOOHUTH MOBIJOMIICHHS Ta
MEPEBIPUTH CUCTEMY Ha BIANPABKY MOB1IOM-
nennst 1o DLT Tomiky;

- micnsg ycmimHoi oOpoOKU MOBiIOM-
JIEHHSI CTOK CepBiC BIANPABUB CTATyC YCIIII-
HOT 0OpOOKU A0 BiJIMOBIAHOTO TOMIKY 1 CepBic
3aMOBJICHb, 0a3yIOUMCh Ha JaHIA BiAMOBIIL,
3MIHHUB CTAaTyC 3aMOBIICHHS Ha 3aBEPILICHUI;

- TiCTs HeYCHIIHOT 00pOOKH MOBIIO-
MJIEHHSI CTOK CEepBIC BiANpaBUB CTaTyC MpPO-
OyieMu OOpOOKM 1O BIAMOBIHOTO TOMIKY i
CepBiC 3aMOBIIEHb, 0a3yIOYUCH Ha JIaHiil Bij-
MOBI/ll, 3MIHUB CTaTyC 3aMOBJIEHHS Ha CKaco-
BaHUM.
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SIk pe3ynbTaT OLIHIOBAaHHS cCHCTEMa
KOPEKTHO BijmpaltoBaia B 000X yCHIIIHUX Ta
MOMUJIKOBHUX CIIeHapisx. Bapro 3a3Haunty,
10 IaHW# TMPOTOTHI Ma€ NMPaBUIHHO HaJall-
TOBaHI MEXaH13MH IIOBTOPHOI CIPOOU YMTAaHHS
Ta 00pOOKYU TaHUX, OCKUIBKU Y BUIIA/IKy BUHU-
KHEHHSI TIOMWJIKH, CHPOEKTOBAHMM MEXaHi3M
MOBTOPHOI CITPOOH aBTOMAaTHYHO MTOBTOPIOBAB
oreparito, Ui MOJOJAHHS TUMYAaCOBUX IPO-
OyieM, Takux SK MpoOJeMu 3 Mepexer abo
TUMYacoBa HENOCTYMHICTh pecypciB. [loBTo-
pHI cipobu 00poOKM BUKOHYBAJIUCH 13 BUKO-
PUCTaHHSM cTpaTerid myOmikauid Mmomii o
DLT romiky, 100 YHUKHYTH ITepEBaHTaKECHHS
CHCTEMH Ta 3a0€3MeYUTH 3aTPUMKY MIXK I1OC-
JITOBHUMH CITPOOaMH.

BucHoBkn

VY mporieci aHamizy cy4acHUX MiAXOMIIB
Ta pimmeHs st poboTH 3 Tpan3akiismu B PCax
OyJI0 BUSIBJIEHO, III0 OJHUM 13 €()EeKTHBHHUX pi-
IIEHb € BUKOpUCTaHHS naTepHy Transactional
outbox. Bin no3Bosisie 30epiratu noaii, mos's-
3aH1 3 TpPaH3aKIIsIMHU, B OKpeMiil TabmuIll, 110
YMOKJIMBIIIOE TXHIO MOAAJBINY IHTETpAIliio 3
IHITUMU CEpBiCaMU Yepe3 3aCTOCYHKH a00 Me-
XaHI3MH, SK-OT, uepe3 Opokep MOBiIOMIICHb
Apache Kafka.

[IpoBenenuii anamiz JO3BOJIUB PO3PO-
OMTH METOJIOJIOTIIO IMIUIEMEHTAIll TpaH3aK-
uiii B PC, a Takox CTBOPUTH CTapTep IS IO-
JICTIICHHS Takol POOOTH 3 PO3MOAIICHUMH
TpaH3aKIisIMU Ta My OITiKali€ro Mo, mo € Ja-
CTMHAMH TPAH3aKI[il B Yepry IMOBIIOMJICHb.
Lle#t craprep Hagae 3pydHUl 1 CTAaHAAPTH30BA-
Hui croci0 iHTerparnii marepuy TO B Spring
Boot 3acrocyHku, 3abe3neuyroud aBTOMaTH-
YHEe KepyBaHHS TpaH3aKIisIMHU Ta MyOIiKaIlio
TOJT1H.

OruiHIOBaHHS TPOTOTUITY  ITOKA3aJIo
e(eKTUBHICTb BOIPOBAKEHHS JAHOTO MiIXO0Y
B PC. Po3po0iieHa MeTomosoris ta craprep
MOKYTh JIONOMOTI'TH 3a0€3MeYUTH HAAIHHY 00-
POOKY pO3IMOAUICHUX TPAH3AKI[IH Ta MyOiKa-
LIFO HOMIIi.
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