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Pucynok B.1 — Turynbnuii cnaiin

AKTYyaJIbHICTh JOCI1KECHHS

e B mami gmi crabineHicTs Ta HALIHHICTE IHGOPMALIHHHX CHCTEM € OJHHM 3
KITIOYOBHX TpiopiTeTie Giznecy. EdexkTHBHe yNpaBmiHHA TPaH3AKI[IAMH € KPHTHYHO
BAJKJTHBHM ACTIEKTOM CHPHSIHHA HBOMY.

e 3pocTae NOMyNAPHICTE MIKPOCEPBICHOI apXiTEKTYpH, fKa Jac (YHIAMEHT A
CTBOPEHHSA THYYKHX T4 MaciTabOBaHMX CHCTEM, M0 MIBHAKO AaJaNTyIOTBCH 0
3MIHHHUX BUMOT DI3HECY Ta PUHKY.

o JlocnipkeHHS MeTOAIB 00poOKM pO3MOJUIEHHX TpaH3akUidH B MIKpOCEpBICHIH
apxITeKTypl Moxe aornomortd obnermmth Bruposapkenns ACID smacruBocTeil B
pO3MOINEH] CHCTEMH, TNpH TOMy 30epirmM IIBHAKOJII0 T4 ONTHMAIBHE
BHKOPHCTaHHA PECYPCIB.

| — —
! —

Pucynoxk B.2 — Cnaiin - AKTyanbHICTh JOCIIHKCHHS




IlocTaHoBKa 3agaul

o IlpoBectn amamis Ta BHOIp MeToAiB 0OpoOKH pPO3MOMIICHHX TpaH3AKIH s
JOCITIIAKEHHA.

o [IpoBecTH IUTaHYBaHHA EKCIIEPHMEHTAIBHOTO JOCTTKeHHA (06paTH mnpeaMeTHY
obnacTe, 0OpaTH METPHKH JUIA 3aMipiB II 4Yac eKCIEPHMEHTIB, CIPOEKTYBaTH
apXITeKTYpY MIKPOCEPBICHOTO IOATKY ).

e CnpoekryBatn BJ] ans obpanoi npeamersoi ofmacTi Ta onMcaTH 3amuTH Ul
JOCITIIKEHHA.

e PeanizyBaTH mporpamMHy cHcTeMy Ta oOpaHi METOIH AN CHPOEKTOBAHHX 3allHTIB,
CIPOEKTYBATH Ta peanizyBaTh gonomixue [13 171 aBToMaTH3aI1 EKCIIEPHMEHTIB.

e TIpoBecTH eKCIIEPHMEHTAIBHE JIOCHTI/KEHHS, OIIHHTH AKICTh OOpaHHX METOJB Ta
BHpOOHTH peKOMEH/alIi CTOCOBHO 1X BHOOPY Ta BHKOPHCTaHHA.

S

TRCTI 3

Pucynox B.3 — Crnaiin - [locranoBka 3amadi

AHasi3 Ta BHOip MeToAIB 06p0OKH
po3noji/ieHuX TPpaH3aKLiNA A1 AOCTiKeHHA

Jliniiina afATHBHA 3rOPTKA 3 BATOBHMH Koedimicaramn
Metona /
KpuTepii

Mapaneasi

MARILITAHNE

1 1 1 1 0.33 0.8325

JAeodasani

. 1 1 0.5 1 0.67 0.7925
KoMmiT

MOHOIT

Barogi

koedinicaTn o

Pucynox B.4 — Cnaiin - Anani3 Ta BUOip METO/IIB 0OpOOKH PO3MOAIICHUX TPaH3aKIIHN JJ1st

JTOCIIIKEHHS



AHati3 MeToAIB 00pOOKH PO3MOAiJIEHHX TPAH3aAKIIA

Haiifinem nonynapauM nareprom peanizauii xopeorpadii rpansaxuiii € SAGA — nocnigoBHiCTs TOKATEHIX TPAHIAKLTH.

Distributed Transaction (2PC)

Ohrler Customer
Senvice Sarvice
Saga
Customes Ord
S?nﬂ:e Message/event Servace Message'event SW:!
Local Local Local
SE — — —
AAf . e 5
Pucynok B.5 — Cnaiin - Anani3 MeToiB 00poOKHU po3MOAIIEHUX TPaH3aKIIN
L] L] L] - L]
Bubip ma00HiB 1151 10CaII2KEeHHS | TOPiBHAHHS
Transactional Outbox - cepeic, axwii R
HAOCHIAE NOBIJOMICHHA, CIOOYATKY .
abepirae nosigomicHua B 0asi JaHHX sK e v o
YACTHHY m&HSE.KI.I.ﬁ, AKdA OHOBIHMW e AESERY UPCATE. CELETE T
BizHec-00 EKTH. IToriv OKpeMHIT i , D @ o cman o B
R T T | — Bleauge | Mg
NpoLUec  HajJACHIaE NOBLIOMICHHA 10 Feler Land
Opokepa NOBITOMICHE,

bt i,
Li

[T p——

L.

__"

L

Event Sourcing - 0Oisnec-of'ewr 30epiraerhcs  MUIEXOM
30epiraHHA NOCHI0BHOCT] NOMIH, W0 IMIHIWOTE AOro CTaH.
lopasy, KoM ctad 00'exTa IMIHIOETHCA, 10 MOCHLI0BHOCTI
noaiit gogaerkes #Hosa nojis. OckiibkH Ue oAHA onepauis,
BOHA € ATOMAPHOK 33 CBOEK cyTTo. [loTounuii cran ob'exra
BIIHOBTIOETRCH UIAXOM BiATBOPCHHA foro nogiii.

6

Pucynox B.6 — Crnaiin - Bubip ma0a0HIB A1 JOCTIIKEHHS 1 TOPIBHSIHHS




[InanyBaHHS €KCIIEPUMEHTAIHLHOTO
MOCIIDKECHHA

Obpati npeamMeTHy 0bnacTs Ta nodyayeaTd Mojen bJ1 s nocmijukeHHs.

Cnpoekrysati GisHec-TpaH3aKIlii, 0 OyayTh TOCTIKEH], Ta METPHKH TOPIiBHAHHA,
Hanamryearu nokansHe cepe/IoBHIIe, iH(PAacTPYKTYPY Ta KOHTelHepH3aLil0.

Po3pobuTH mnporpaMHMii  KOMIUIEKC MIKPOCEPBICIR, peami3yBaBIIH KoXHY OizHec-
TpaH3aKLiio M1 KoAkeH narepH, po3pobutn nojarkore 13 apToMaTH3alii eKCIIEpPHMEHTIB
Ta MPOBECTH iX.

e [IpoBecTH aHam3 eKCIIEPUMEHTIB.

B akocTi MeTpHK s ocniixkenHs 6yau obpawi:

-IIBHIKICTE BHKOHAHHSA 3AMHTIB (MC);

-po3mip mypHany noaii (Mb);
-KineKicTs BUTpadenHol nam’ati (Mb);
f -BHKOPHCTaHHSA pouecopHoro gacy (%);

-NpoIryckHa 3arHicTe Mepexi 1/O (Mb/Mb). 7

Pucynok B.7 — Cnaiig — IlnanyBaHHS €KCIIEpUMEHTAIBHOTO JOCIIKEHHS

AHaJi3 Ta MOJICTIOBAHHS MPEIMETHOI 001aCTi

B sxocTi npeamMeTHOi 061acTi 6yna obpana obnacTs erekTpoHHOI Komepuii (e-commerce).

User — Basket I Product_basket Product by
i
FH | User_|d NOT NULL Basket_ld NOT NULL J P | Product_basket_ld NOTNULL PK | Product_ld NOT MULL T
Usar_nama Tefal_cquality Clisanlity Product_name
Phanehumber Todal_pnice Prica Discnplion
Emad | Product_prce
User_kogn Lo Order Product_order Image
|
Password_hash Grder_id NGT NULL - PH | Product_order_ld NOT HULL Product_quantity
T Cuaniity
Ragisirabon_dats it _pros -
1 B
Order_dale e tegony
P¥ | Category_ld MOT NULL —
Oder_slstud
Pr Categan
SMpong_type ARy by
P i PH | Preperty_kd NOT NULL )
BYyTan_ypa —
Property_name Product_property
Shipping_addrass y p—
Vel

ER- giarpama npegmetHoi obnacti

Pucynoxk B.8 — Crnaiin - Anaii3 Ta MOJIeTTIOBaHHS TIPEIMETHOI 00J1aCTi




IIpoexryBanns b/l

Usar Sarvice DB
— Qetar Order Service DB
BJ] 6yna po3nopineHa Ha I puspd [
4 cKmajoBi: — e L
. Gl’dﬂl’ DB e sctcn e ' --m-::w: - ll_,-—-ti Prosuel_id
* Basket DB
*  Product DB ":::': - — Product Servics DB
» User DB W = :::utm -y e —
: Ed: r,_ \\ C mmmumm |
.'.'.::.I..L.'. ' r @ R (g et b == [ ety e 9
Pucynok B.9 — Cnaiix - [lpoextyBanus b/1
Po3pobka apXiTeKTypHu CUCTEMU
| ° < Product
Col —> | S
Product DB -~
o
8
User DB
e < | o e
g —— | ‘o
Order DB
g User
. Service
C.J '
<— | Baset it
SE |88 — [==| =
gy s - Basket DB i0

Pucynox B.10 — Cnaiiz - Po3poOka apXiTeKTypu CUCTEMU




Po3po0ka TpaH3aKIi 11 JOCT1IKCHHSA

Tpanzakiis «OdopMIeHEA JAMOBIEHHE

1} Ordering: Ha OTPHMYE 34MHT CTBOPEHHA . .
) B PHMY P Tpansaknis «ITrreepImeHHE OMIATHE

17 Ordering: miarsepisye OMIary,
AMIHKWE CTAH FAMORIEHHA Ha
PENDING _PAYMENT _CONFIRMED i
HANCHIAE OB TOMISHEA 18 OHOBIEHHEA
sanmacis g0 Catalog,

2) Catalog: oTpHMYe MO, IMEHITYE
KUIBKICTE HARBHMX NpoaykTie vy Oam

IAMOBIEHHA 3 [CTANHMH JIOCTABKH T4 OILIATH,
afepirae LY iHfopuanio, HAJICHIIAE
OrderPlacemeniRequestedEvent no Basket
Service Ta 04IKYE IETANT KOUIHKA,

2) Basket Service: oTpiMye nojii, BUITpARILE
TOBAPH 3 KOWMKA ¥ B0 OB IOMIEHHS
BasketCheckedOutEvent no Ordering.

3) Ordering: oTpHMYE JaH] JAMOBICHHA 3 DO,

. . JIAHHX, HaJICHIAE [HOBIIOMITEHHA
aMiHIE CcTaH saMoBtedHs Ha PENDING; abepirae

ProductQuantityReservedEvent.

OeTam  MMOBNEHHY — OPpOIVETE,  HAJCHIas .
. @i " E 4 . 3} Ordering:  oHOBIKE  CTATYC
igentHdrikaTo TAMOBRNEHHA BHTIET A
P ’ aMoBieHHs Ha APPROVED  mcns
OrderPlacedEvent nazan no Basker — T —
4) Basket Service:  0UMINAE  KOIIHK P ! P

. . . IMEHIIEHHA 1AIacis,
KOPHCTYEASA MiCHA OTPHMAHHA igeHTndikaropa

FAMOBIIEHHA.
—_——
e
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Pucynok B.11 — Cnaiin — Po3poOka TpaH3akIii 1jst JOCH1IKEHHS

Posropranns nporpamuoi cucremu B Docker koHTeiiHepax

dded7bed0b30

534f1b7a4

f6B850dc1e913

Transactional Outbox 3araneHi Event Sourcing

12

Pucynoxk B.12 — Cnaiin - Posropranns nporpamuoi cucremu B Docker konTeitHepax




PesyneraTi 3a METPUKOIO «Jac BUKOHaHHA,
cepeanii gac ;s 100 mocimiqoBHUX 3aNIUTIB

Transactional Outbox (Mc) | Event Sourcing (Mc)

«/lomaBanHA TOBApY Y KOIIHK? 4.9 22,47

«OdopMiIeHHS 3aMOBJICHHR» 28,24 23,55

«IligTBepaKeHHA ONJIATH) 22,33 20,38

«CxacysaHHs 3aMOBJICHHD? 23,11 19,64

U
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Pucynok B.13 — Cnaiin - PesynpTaTu 3a MeTpukoio «Hac BUKOHaHHS», CEpEAHIN yac ams

100 mociiT0BHUX 3aIIMTIB

PesyneTaTi 3a MeTpHUKOIO «Hac BUKOHAHHY,
cepeaHii gac jurst 100 ogHOYACHUX 3aIIUTIB

Transactional Outbox (Mc) | Event Sourcing (mc)

«/lonaBanHsA TOBAPY Y KOIMHK) 655,06 587,51

«OdopmiieHHSA 3aMOBJICHHA» 929,75 801,52
«IligTBepAKEeHHN ONJIATH» 633,79 5679

«CkacyBaHHA 3aMOBJICHHD? 557.8 571,9

14

Pucynoxk B.14 — Cnaiig - Pesynbratu 3a MmeTpukoro «Hac BUKOHaHHS», CEPEIHIN yac AJis

100 ogHOYACHUX 3aIUTIB



10

Pesyneratn 3a MeTpukoio «Po3Mip xKypHaTy mouii»,
100 ogHOYACHHX 3aNHTIB

Transactional Outbox (mb) | Event Sourcing (mb)

«/lonaBaHHA TOBAPY ¥ KOIIHK» 0,1 0,0
«OdopmieHHn 3aMOBJICHHA» 0,23 0,32
«IligTBepIXKEeHHA OIJIATH» 0,20 0,05

«CracyBanHs 3aMOBJICHHD 1,08 0,08

U

15

Pucynok B.15 — Crnaiin - Pesynbpratu 3a MmeTpukoro «Po3Mmip xypHaiy nofii», 100

OJTHOYACHHUX 3aIINTIB

PesynbTatn 3a MeTpuKkor0 «CIIOKUBaHHA ONIEPATHBHOI ITaM’ AT1»,
100 o1HOYACHHX 3aIHTIB

Tpanszaxnin / Ilarepn Transactional Outbox (mb) | Event Sourcing (mb)

«/lonaBaHHA TOBAPY ¥ KOIIHK» (B)+(C)=3,31+1,97=5.28 (B) +(C) =564 +9,00=

«OdopmaenHs 3aMOBJICHHTD) (O)+(B)=494+2.80=774 (O)+(B)=1761+141=19,02
«IligTBepIKeHHA OIUIATHY (0)+(C)=2,14+1,25=339 (0)+(C)=1,25+7,29=8,54

«CkacyBaHHA 3aMOBJICHHI» (0)+(C)=2,94+ 1,13 =407 (0)+(C)= 6,06+ 11,02 = 17,08

16

Pucynox B.16 — Cnaiin - Pesynbraru 3a meTpukoro « Crio’kMBaHHS OTIEPATUBHOI IaM’ AT1»,

100 ogHOYACHHX 3aIIUTIB



PesynpTaTi 32 MeTpHKOI0 «CIIOKMBAHHA IIPOLECOPHOTO 4acy»,
100 ogHOYACHUX 3aIIUTIB

Transactional Outbox (%) Event Sourcing (%)

«/logapaHHA TOBAPY ¥ KOIIAK» (B)+(C)=333+9,7=430 (B)+(C)=284 +84=368
«OdopmienHs 3aMOBJICHHD) (0)+(B)=41,9+ 12,8 =548 (0)+(B)=314+13,1=445
«IligTBepaAXKEHHHA OILIATHY (O)+(C)=21,7+92=309 (0)+(C)=23,8+10,9 =347

«CkacysaHHs 3aMOBJIEHHA» (0)+(C)=17,9 + 8,7 = 26,6 (0)+(C)=23,3+8,5=31,8

U
)

17
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Pucynok B.17 — Crnaiin - Pesynbpratu 3a MeTpukoro « CrioKuBaHHS MPOIIECOPHOTO Yacy»,

100 ogHOYACHUX 3aIIUTIB

PesynbraTy 3a MeTpHukoro «IIponmyckHa 37aTHICTE Mepexin,
100 o1HOYACHHX 3aIHTIB

Tpanszaxnin / Ilarepn Transactional Outbox (mb) | Event Sourcing mb)

«J/lonaBaHHA TOBAPY ¥ KOIIHK» 1,07 /1,20 1,22/1,13

«IligTBepIKeHHA OIUIATHY 0,83/1,23 1,69/1,35

«CracyBaHHSA 3aMOBJICHHT) 1,18/1.23 2,01/1,31

18

Pucynoxk B.18 — Cnaiin - Pesynbraru 3a metpukoro «IIponyckHa 3naTHicTh Mepexi», 100

OJTHOYACHHUX 3aIIUTIB



CdopmoBaH1 peKOMEHIaIl1

B cucTeMax, e BHMOIOW € [EHIKOIS Tpan3akiii, sapro Hajaty nepesary Event Sourcing, Kosna 3mina ctany
CYTHOCTI B Da3i € nuiie nogieio, Aka WBHAKO J0J46TECH B KIHeUs Tabnuul 3a koHeTaHTHUME vac, Tak caMo WwBHiaKo
MOEYTE OyTH BigTeopeHi Bel noil s KoHkpeTHol CyTHOCTI npH ediekTHBHI peanisauii cxosrma mo,1ii.

Event Sourcing pofpe migxofuts g0 TpaHsakiii, ae samyuarorecs 38'asku 1:1; Tpassakuil i3 samyueHHAM
sp’askie 1:M sianpausosyBany ripiue v 38'asxy 3 Heodxiguicrio nybnikauil noaiii mig xosen s8’a30k, wo Gyio
HEOITHMANBHMM ¥ KOHTCKCT] BHKODHCTAHHA ONEPATHEHOT NaM AT1 T4 HABAHTARCHHA HA MEPCKY.

Transactional Outbox - rapumii subip ana cuerem, fe € Bumora 8 3DepemenHi pecypels BHKOHAHHA
MiKpocepBicy, a caMe ONEpaTHEHOT NaM ATl BIPTYaikHOT MAIIMHN BHKOHAHHA T2 HABAHTAMCHHA HA MCPEKY.

[Tpu snpoeamaenni wabnony Transactional Outbox, BapTo 3 0DepeXHICTIO CTABHTHCE 40 HOI0 BUKOPHCTAHHA B
CHCTEMAX, [ € BHMOTA 10 OnTHMIzauil kinexocri sicus, wo safimae BJl Ha gucky, Ta 3anyuartd J0aTKos
FYCHILIA HA Po3po0Ky MEXAHIIMY OUHILEHHA HENOTPIDHHX NOBIOMICHE 3 YACOM.

Transactional Outbox pexoMEHIVETBCH Ul CHCTEM, ¢ BAXKIHBA CKOHOMIA pecypcis oneparteHol nam’ari Ta
MepeeBoro Tpaiky, MiAXoHTs s BHKOpHCcTanHg 3 pensuifinumu CKBI, e kpHTHUHO BasIHMBa HaMiHHICTE
SOCPEHEHHS JAHHX.

Event Sourcing pekoMeHIYETECA BHKOPHCTOBYBATH B CHCTEMAX 3 BHCOKMMH BHMOTAMH A0 WBHAKOAI TpaHzakuii
T4 HEODXIAHICTIO PETENLHONO AYAHTY HOLH; MIX0IHTE I8 CHCTEM 3 0JHOPA30BHMH 38" A3KaMu (0/IHH 40 0JHOIO)
T4 CCKTHEHHM BHKOPHCTAHHAM I18M HT1. 19

Pucynox B.19 — Cnaiin - ChopmoBaHi pekoMeHaaii

BucHOBKH

IMposeneno awaniz ta obpano wmerogm oOOpOOKH PpO3MOAIUIEHHX TPaH3AKIIH JUIA
OCTIIKCHHA.

[TpoBeieHo NIaHyBaHHA €KCIIEPHMEHTAIBHOTO JOCTIKEHHA.

Cnpoekrosano BJI ans obnacTi enekTpoHHOI KOMepIIil.

[MobynoBaHo MIKPOCEPBICHY apXiTEKTYpy, CIPOEKTOBAaHO Ol3HEC-TpaH3akmii A
eKCIIEPHMEHTIB.

Pozpobneno cepeoBHILE U1 NPOBEICHHS EKCIIEPHMEHTIB.

IlpoBeneHo €KCIEPHMEHTH, BHKOHAHO dHAM3 1X pe3yasTaTiB Ta po3pobieHo
peKoMeHarl.

Mogano  Tesw  gomoBidl Ha 28 MIKHAPOTHHI MOJTOTIAKHHH dopym
«PAJIOEJIEKTPOHIKA I MOJIOZb B XXI cm»; migrorosneno marepiann «Research
of choreography methods for processing distributed transactions in a microservice
architecture based on the SAGA pattern» (6 cropiok) mma mogadi Ha Ckomyc-
koHpepennio «Problems of Infocommunications. Science and Technology» (PIC

S&T’2024). 20
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JIOJIATOK T

Amnpo0arrist pe3ynbTariB

V]IK 004.45:004.65
JOCJIDKEHHSA METOAIB OBPOBKH PO3IOIJIEHUX
TPAH3AKIIII1 B MIKPOCEPBICHII APXITEKTYPI
Ky3nenos P. O.
HayxkoBwuii kepiBHHK — K.T.H., Jioll. Ma3yposa O. O.
XapKiBCbKHIA HalllOHAJTBHUI YHIBEPCHTET paaioeieKTpoHiky, kad. I11
M. XapkiB, YkpaiHa
e-mail: roman.kuznetsov@nure.ua

Distributed systems more often become a robust architecture choice for a
plenty of use cases in different domains. Despite of their advantages in
improving scalability, reliability and maintainability of software systems, they
provide additional level of complexity of handling business transactions in
atomic and consistent way. This paper describes research that is aimed to
analyze different practices in implementing distributed transactions handling
patterns in microservices-based systems and provide recommendations what to
use in specific situation.

CporojiHi Bce Oibllla KUIBKICTh MPOTPaMHHUX pillleHb B THX YW 1HIIMX
NPEIMETHHUX Taly3siX 3BOJJUTHCS IO BAKOPHCTAHHS MiKPOCEPBICHOI apXITEKTypH
yepe3 HHM3Ky IIepeBar: JieTIie PpO3HOJAUICHHS pOOOTH MDK KOMaHJaMHy,
He3aJe)KHE PO3rOpTaHHS CEpBICIB, MOKpAIICHHS BiJIMOBOCTIHKOCTI CHCTEMH,
OOJermeHHs TOKa3HUKIB MaciuTaOyBaHHS Tomo. J[ist OUIBIIOCTI HPOEKTIB
BIIPOBA/UKEHHS MIKPOCEPBICHOI apXiTeKTypH cTae Je-(paKkTo CTaHJapTOM IpH
II0YaTKOBOMY IIJIaHyBaHHI Ha [10YaTKy pO3pOOKH.

[Ipote nanuit miaxig Hece 3 o000 1 psi/l TPYAHOIIB, 3HEBara IKUMH MOXe
HECTH KaTacTpo(iuHi HACIJKH JUIl CHCTEMH, OJMH 3 SKMX Le o0poOka
posnozaiteHux Tpansakuis Ta rapanTis ACID BiactuBocTel. Bee Oumbmie 1
Olibllle pO3POOHUKIB CTHKAIOTHCS 13 TPYAHOLIAaMH B PO3yMiHHI Ta BHOOpI
MpPaBHJIHOTO MIJXO/AY [0 OIpalioBaHHs, (ikcallii Ta BiJKaTy TpaH3aKIii B
PO3MOJIUIEHNX MaclITaboBaHUX cepBicaXx. I[CHYIOTH psil MaTepHIB Ta MiAXOIB,
SKI MOXYTh OyTH TO-pi3HOMY BHKOPHCTaHI B THX 4YH IHIIMX Bapiamisx
MIKPOCEpBICHOT apXITEeKTYpH Ta KOMYHIKaIlii CepBICIB.

OTxe, Ul OTPUMaHHS pILIEHHS LUX NpobiieM Oysa MocTaBlieHa 3ajada
BUKOHATH JIOCJI/DKEHHS METOIB OOpOOKHM pO3MOJUICEHUX TpaH3akiid B
MIKPOCEpPBICHIi apXITeKTypl, 10 Nepeabdadae aHai3 Ta BUOIp MEeBHUX I1a0JIOHIB
peanizaiii po3NOAUICHUX TpaH3aKIliil /Ui MMOpPIBHSAHHS, POEKTYBAaHHS 3aIlUTiB
Ta TpaH3aKIiii, Ta, BIAMOBIIHO, TMPOBEJCHHS EKCIEPUMEHTIB Ta (hOpMyBaHHS
NPAKTHYHO OOIPYHTOBAaHUX PEKOMEH/ALLIH.

Byno npoBejeHo anaii3 Ta 00paHO Bapiallilo MIKpOCEPBICHOI apXiTeKTypU
B KOMOIHAIlll CHHXPOHHOI Ta aCHHXPOHHOI B3aeMojIii pa3oM i3 matepHoM «DB
per service» [uis e(eKTHBHOTO MOJCIIOBaHHS PO3MOIUICHUX TpaH3akuiil. bys
oOpaHuii matepH Saga Ha OCHOBI Xopeorpadii SK KOHKpPETHMH MiIXia Juis
JOCIIJDKEHHST TPUPOJM OOpOOKH pO3MOAUIEHUX TpaH3akuid. Bymu obpawi
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Bapiallii peaizallii aToMapHOTO OHOBJICHHs 0a3u Ta MmyOJiKauii NoBiIOMJICHb Ha
ocHoBi Transactional Outbox ta Event Sourcing.

ITpoBeeHO TUTaHYBaHHS €KCIIEPUMEHTATBHUX JIOCII/KEHb, a caMe:

— B sKocTi mpeamerHoi obmacti Ui moOyaoBu bJl, Ha skiii Oyne
MPOBOUTHCS JIOCTIDKEHHS, 00paHO MpeIMETHY Taly3b eJIeKTPOHHOI KOMepIIii,
fKa JIerko Moke OyTH po3KiaZieHa Ha MIKPOCEPBICH 13 BHKOPUCTAHHIM
po3MnoiIeHuX O13Hec TpaH3aKIii;

— po3zpobieHa cTpomieHa turnoBa b/l sika Bkitodae B cebe Takl CyTHOCTI,
ak  KopucrtyBau, Kopsuna, Tosap, ToBap Kopsuna, 3amoBieHHS,
Toap 3amoniienns, Kareropis, Biactusicts, ToBap BnacTtusicTs;

— B SIKOCTI METPUK /Ul IPOBEJICHHS 3aMipiB 0oOpaHO 4ac BHKOHaHHS,
HaJIIHHICTh, TMPOIYCKHY 3/IaTHICTh, CKJIAIHICTh YNPaBIIHHS, KOHCUCTEHTHICTb
JAHUX, JIETKICTh PO3LIMPEHHS, 0OCIT ONepaTUBHOI ITaM’SIT1, 3aTPHUMKY B MEPEXI;

— 3aIUIaHOBaHI TaKOX YMOBH IIPOBE/ICHHS €KCIIEPUMEHTIB, a caMme
MPOBEICHHSI SKCIIEPUMEHTIB BUKOPHCTOBYIOUH JIOKalbHY MammHy Mac Book
Pro (M3 Pro, 12CPU, 36 Gb), BUKOPUCTOBYIOYH pi3HI BHUIH HaBaHTa)KCHHS,
PO3MIp JIaHHX, IMITYIOUH 3aTPUMKY MEPEKi, JIOCTYITHICTh CEPBICIB.

Ha ocHoBI npoananizoBanux MeToziB Saga, Transactional Outbox Ta Event
Sourcing po3po0ieHO NporpaMHy CHUCTEMI B CKJIaJl 13 TPhOX HE3aJICKHHX
MIKPOCEPBICIB, KO)KEH 3 SKHX Ma€ CBOI BJacHy 0a3y JaHHX Ta KOMYHIKYE 3
IHIIUMH CepBiCaMH, BUKOPHCTOBYIOUH Xopeorpadiio TpaH3aKI1i.

Po3pobiieHo mporpaMHi pillieHHs ISl IPOBEICHHSI €KCIIEPUMEHTIB, a caMe
JOTIOMDKHHH cepBic JUIsL IMITallli HaBaHTA)XCHHS HAa CHCTEMY, BHKOHAHHS
TpaH3aKIii Ta Qikcallii CTaTHCTHKN BUKOHAHHUX OIEepariil.

ITin yac mpoBeeHHS EKCIIEPUMEHTIB OYIKY€ThCSI OTPUMATH pe3yJIbTaTy,
K1 J1O3BOJIATH TNIHOIIE 3pO3yMITH MPAaKTHYHI acleKTH 3aCTOCYBaHHS IaTEpHIB
Transactional Outbox 1 Event Sourcing Ta po3poOutu Kpurtepii BHOOpY
HaNHOUIBII MIIXOAIIOT0 METO/IY B 3aJIEKHOCTI B1JI KOHKPETHHX BUMOT.

OtpumaHi B pe3yibTaTi peKoMeHJalli OyayTh KOPUCHI i pO3pOOHUKIB
MIKPOCEPBICHHX apXITEKTyp, apXiTEeKTOpiB IPOrpaMHOro 3abe3ledeHHs,
IH)KEHEpIB, K1 MPaIIOIOTh HaJ MPOEKTaMU BHUCOKOI JIOCTYITHOCTI 1 BEJIHMKOIO
HaBaHTa)XEHH, e € noTpeba B 3abe3redeHH1 KOHCUCTEHTHOCTI JIaHHX.

B pesynbrati 4oro OyayTh CHpOIIeHI Ta MPUCKOPEHI TakKi MPOIECH, 5K
BIIPOBA/DKCHHS MeXaHi3My 3a0e3ledyeHHs] TpPaH3aKIIHHOCTI B PO3MOAUICHUX
CHCTeMax Ha OCHOBI MIKPOCEPBICHOT apXITEKTYpH.
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Abstract — The paper presents the results of a study of
choreography methods for processing distributed
transactions for applications developed based on
microservice architecture using the Transactional Outbox
and Event Sourcing patterns of the SAGA pattern. An
extended infological (ER) model is proposed for designing a
microservice architecture and, accordingly, a distributed
database. The results of designing a distributed database for
microservice architecture in the field of e-commerce are
presented. The results of experiments are analysed and
recommendations for the use of the studied methods are
formulated.

Keywords —  database, distributed transaction,
choreography, ER-model, Event Sourcing, MySQL, SAGA,
Transactional Outbox.

I INTRODUCTION

Nowadays, with the active use of various Internet
applications, including e-commerce systems, the issue of
scaling such systems is important. In the direction of
creating highly scalable systems, information systems
based on microservice architecture (MA) are becoming
increasingly common.

One of the important stages in the development of such
systems is the design of distributed databases (DB) that
underlie them, or the reengineering of existing DB [1]. The
main issue when allocating parts of the database for
separate microservices is to consider the data processing
operations that make up the business logic of the software
system. Thus, designing a distributed database (DDB)
requires modelling queries and transactions that are
necessary to support the business logic of a software
system, which is not provided by the classical database
design methodology [2]. The solution to this problem may
be to extend the traditional ER model by adding elements
such as transaction execution maps.

Aspects of physical integration and support of DB
designed for MA, along with the correct processing of
distributed transactions, also remain as important questions
for developers. Developers of modern microservice
information systems widely use the latest technologies and
architectural patterns that facilitate the processing of
distributed transactions [3]. The most popular approaches
today are the use of event-driven architectures, Event
Sourcing, CQRS, transaction orchestration and
choreography, and the SAGA pattem [4]. The
implementation of these technological solutions has a
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significant impact on the efficiency of the systems being
developed.

Thus, to solve the problem of creating high-
performance DDB, the task of studying methods of
processing distributed transactions in the MA based on the
use of certain patterns is relevant.

1L ANALYSIS OF BASIC RESEARCHES

In response to the challenges of processing rapidly
growing volumes of data and transactions, today's MA is
gaining popularity as a means of achieving scalability,
flexibility, and speed of deployment. However, in addition
to the advantages, developers face several difficulties and
challenges caused by the peculiarities of this approach. It is
necessary to adapt to specific approaches to infrastructure
setup, centralised logging, communication, security,
monitoring, distributed data processing, etc [5].

In the context of MA, distributed transaction
management approaches play a key role in ensuring data
integrity and consistency of business operations. In a
distributed system, where each microservice may have its
own database or even use different storage technologies, it
is necessary to provide reliable mechanisms for data
coordination and consistency between services [6]. Today,
the choice of technologies and patterns for processing
distributed transactions is often based on the principles
expressed in the CAP and PACELC theorems [7] regarding
the impossibility of simultaneously ensuring data
consistency, availability, and partition tolerance in
distributed systems.

Today, there are many approaches to event processing
in Event-Driven architectures [8]: based on two-phase
(2PC) or three-phase (3PC) commit [6], transaction
choreography and orchestration, Event Sourcing and
Transactional Outbox patterns.

Transaction orchestration and choreography
mechanisms are widely used in distributed microservice
systems. Both approaches can be implemented by the
SAGA microservice system design pattern. Orchestration
involves a centralised orchestrator that manages all
microservices, but it involves additional synchronous calls
that may not scale well under high load. Transaction
choreography, on the contrary, has a decentralised model
[9], where each microservice independently initiates and
responds to events. Architectures that use transaction
choreography patterns provide more flexible solutions
because they allow each service to manage its transactions
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autonomously, thereby increasing availability and
resilience to network partitions [10].

Thus, the choice of microservices system architecture
should be based on a detailed analysis of specific business
requirements and technical capabilities, considering the
specific goals of the project.

The importance of considering business requirements
and modelling business processes is also noted by
developers of distributed, in particular heterogeneous, DBs
[11]. Existing approaches to modelling DDBs for MA,
aimed at cutting off parts of the designed database
monolith [5] for separate business logics, are rather
informal and require the development of a single
methodology like the methodology for designing relational
databases [2]. This would allow to consider the
peculiarities of existing business processes and to break
down the database model monolith at earlier stages, and,
accordingly, to consider the variety of data models that
have emerged today, including NoSQL and NewSQL,
during the logical design [12].

The appropriate stage for making a decision to divide a
database into separate parts is the stage of infological (ER)
modelling [2], which is based on modelling the entities and
relationships of the subject area. The classical ER model is
not aimed at modelling the elements of the business logic
of the subject area, namely data processing operations
(transactions, queries) that are important for DB
partitioning. Extending such a model with data processing
models would allow purposeful design of the DDB to
implement efficient microservice transaction processing on
its basis.

Therefore, designing and implementing an effective
MA requires targeted design of the DDB for this particular
architecture, as well as studying the effectiveness of
methods for processing distributed transactions based on
modem technologies and patterns such as SAGA.

III.  PROBLEM STATEMENT

The purpose of this paper is to study the efficiency of
Event Sourcing and Transactional Outbox distributed
transaction processing templates based on the SAGA
pattern in MA to develop qualitative recommendations for
their use. To achieve this goal, the following tasks need to
be solved:

s - to develop elements that would allow to extend
the ER-model for use in the design of the DDB for
MA;

s - design DDB for MA for the research;

e - plan experimental research, including the
development of criteria for assessing the
effectiveness of patterns and relevant transactions;

e - conduct an experimental research and develop
recommendations for the use of selected patterns.

v. MODELS AND METHODS

A.  Modelling data processing operations to extend
the ER-model of DB
In recent years, researchers have noted the need to use
various semantic models [13], transaction execution maps,

etc. to represent data processing operations when designing
a database. Thus, a transaction execution map displays the
sequence of CRUD operations that make up the essence of
a transaction on database entities. It is proposed to extend
transaction execution maps, starting now referred to as
operation execution maps (OEM), to model queries, the
distributed nature of which is also important to consider
when designing a DDB.

Therefore, to ensure a cross-cutting approach to the
design of the DDB for MA, it is proposed to extend the
traditional ER model by integrating with the OEM, as well
as taking into account the requirements of consistency,
availability, partition tolerance, considered in the CAP-
theorem [7], and other performance requirements for the
following operations.

Thus, extended ER-model (EER) can be specified by a
tuple EER =< E,R,O >, where E - a set of entities of a
subject area; R — a set of relationships between entities;
o= t‘k =1,p{ — a set of data processing operations

consisting of sets of queries and transactions.

Each operation O, can be represented by a tuple
O, =< OM,CAP, ,Fr,,rT, >, where OM, =|lom,| sets
the execution map of the k-th operation; CAF, sets the

requirements for processing the operation in accordance
with CAP theorem; Fr, — estimated frequency of the

operation; r7, — requirements for the execution time of the
operation.

Elements omb={CRUDw J =1,_q} are specified by a

sequence of CRUD-operators performed on database
entities. The description of the CRUD-operator can be
specified by a tuple

CRUD,, =< poz,;,CRUD _ Name,,ex _max ,, > (1),

where poz,, — the order in which the j-th operator is
executed within the k-th operation;
CRUD _ Name,, <{C,R,U,D} — type of CRUD-operator;
ex _max , - the maximum number of instances of the i-th
entity that can be processed by the corresponding operator.

The requirements for processing an operation can be
specified by a vector C4AP, =||p[,j=13. Elements p,, of
the vector will take the value 1 if the requirements for

processing the k-th operation contain, respectively, the
requirement «(C)onsistency» for the component p,,,

requirement «(A)valability» for the componentp,,,
requirement «(P)artitioning» for the component p,,. In the
absence of a relevant requirement, p, =0 .

For further analysis and design of the DDB model of
individual transactions OM, it is proposed to combine
them into a common operations execution map (COEM),
which can be presented in the form of a matrix
EOM =|OM,| = |om, -

The proposed extension of the ER-model allows us to
consider the process of designing a DDB in the world of
traditional methodology with the stages of conceptual and
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infological modelling, which will be enhanced by the
possibility of modelling the business logic of the subject
area.

B. Designing a distributed database for
microservice architecture

The e-commerce industry was chosen for the research,
which is an area where the use of MA is quite popular. The
analysis, conceptual and infological modelling of the
subject industry were performed. A classic ER diagram
was built using Burker and «Crow's foot» notations (see
Fig. 1). For designing distributed, especially
heterogeneous, databases, it is important not to display
attributes on the diagram that can be used to model
relationships, as is common for relational databases.

Based on the ER-model, an extended EER-model with
operation maps was developed. The following data
operations were considered for the business logic of
working with the user's basket: O, — transaction of adding
product to the basket; O, — transaction of order placement;
O, — transaction for adjusting the amount of stock of
products after payment of the order; O, — transaction to
cancel an order in case of a payment error and others.

Figure 1 shows as EER with OEM O,. O, consists of
the following operators:

s operator <1, C, 1> adding (CREATE) a record of a
new product to the basket (to the Product Basket
entity), which has a sequence number of 1, is
essentially a CRUD-operator C (CREATE) and
processes 1 instance of the entity (1 product);

* operator <2, R, 1> reading R (READ) product price
from the Product entity for price validation.

The operation of adding an item to the basket can be
performed up to 30,000 times per day. This is indicated by
the corresponding number under the description of the first
CRUD operator. Other characteristics of the operation,

such as the requirements for its execution time and
compliance with the CAP theorem, are not shown in the
figure in order not to complicate the perception.

In general, for modelling and further analysis of
operations that implement the business logic of an
application, it will be more convenient to use the COEM,
which can be visually represented in the form of a table
shown in Figure 2. It contains a description of the operation
(in this case, transaction) used during the study. It should
be noted that the above transactions are designed in such a
way that when studying patterns and templates for
processing  distributed transactions, it is possible to
consider the features of processing transaction rollbacks
and options when several microservices are involved in a
transaction.

The extended EER, namely the COEM analysis (see
Fig. 2), allowed us to distinguish the sets of entities most
often used in joint operations into separate local models on
which a separate microservice can be implemented,
namely:

* the Basket and Product_Basket entities are involved
in common transactions for adding, deleting and
editing data, have the same requirements for their
execution; accordingly, they can be allocated to the
local Basket model;

e the Product, Category,  Property  and
Product Property entities are allocated to the
Catalog model because they are involved in
common operations (more often queries) to search
and filter products and also have similar
requirements for their execution;

e the User, Order and Product order entities are
allocated to the local Ordering model.

ot<1, R 1>
01<2.C.1> 30 000
User Basket _/—o< - Product_basket - Product —
PK | User_Ild NOT NULL PK | Basket_ld NOT NULL PK| Product_basket_Id NOT NULL PK | Product_ld NOT NULL 1
User_name Total_quantity Quantity Product_name
PhoneNumber Total_price Price Description
Email Product_price
User_login = Order /_( Product_order Image
Password_hash PK | Order_ld NOT NULL FIG] Pricha:t ofder_JI MO T AL Product_quantity
Quanti
Registration_date Total_price cd - e
P a
Order_date L oy
PK | Category_ld NOT NULL —
Order_status
o Prope Cate
Shipping_type e 4 elogory
PK | Property_ld NOT NULL
Payment_type =

b
Property_name Product_property

Shipping_address

Fig. 1. The fragment of EER-diagram with operation execution map

PK | Product_property_Ild NOT NULL

Value
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Characteristics of  |Basket Ordering
Operations operations
C | A | P |Frequency | Basket | Product_ |Product_ |Order
(units/day) Basket |Order

O1 - Adding a product to 1 0of 1 30 000 <1,C, 1> <2,R, 1>
the basket
02 - Placing an order i 11 0 5000 <2,R10>|<3,C,10> [<1,C, 1>

<5, D,10> <4, U 1>
O3 - Adjustment of the 1 1 0 5000 <1,U, 1> <2,U,10>
quantity of stock of goods <3, U 1>
after payment of the order
04 - Order cancellationin | 1| 1( 0 1000 <1, R, 10> |<1, U, 1> <2, U, 10>
case of payment error <4, U, 1>

Fig.2. F of operation ion map

Thus, the analysis of the COEM allowed us to design a
heterogeneous database for the e-commerce domain, the
quality of which is confirmed by microservice solutions
tested in practice. For this study, it was decided to use a
homogeneous relational database. In accordance with the
proposed DDB, the corresponding microservices Ordering,
Basket and Catalog were implemented using the MySQL
relational DBMS.

C. Planning of the experimental research

For the experimental research, two popular
choreography implementations were chosen - the
Transactional Outbox and Event Sourcing templates. They
are used to ensure consistency through asynchronous data
updates and event publishing, which allows the system to
be fault-tolerant and efficiently distribute the load,
significantly reducing the latency in data processing and
improving system performance on a large amount of data

[9].

Transactional Outbox is used in a fairly standard way:
entities are stored as relational tables, but two infrastructure
tables are added to publish event processing. Event
Sourcing has a different approach to transaction
processing, as any action on an entity is represented in the
Event format. Fault tolerance and consistency between data
updates is achieved through the use of events both for
storing data and transmitting it in the form of messages to
other services.

For the experimental research, an asynchronous
interaction of business transactions (see Fig. 2) was
designed. For example, the operation Ol "Adding a
product to the basket" (for now and then, in the
experiments, the transaction T1) consists of the following
microservice operations:

e Basket: receives a request from the client to add a
product to the basket, updates the data in its
database, and then sends the
ProductAddedToBasketEvent event to the Catalog
to validate the product price;

e Catalog: receives the event, validates the price of

the product, sends a response
ProductBasketAdditionValidatedEvent if
everything is fine;
ProductBasketPriceHasChangedEvent if the price
has changed, or

ProductBasketAdditionValidationFailedEvent if the
product does not exist at all back to the Basket;

e Basket: confirms the addition of an item to the
user's basket, taking into account the data received,
or compensates for changes by updating the value
of items in the basket following the received data.

Transaction T2 «Placing an order»:

e Ordering: receives a request to create an order with
delivery and payment details. Saves this
information, sends an
OrderPlacementRequestedEvent to the Basket
Service to further receive the basket details;

e Basket Service: receives the event, sends the
products from the basket as a message
BasketCheckedOutEvent to Ordering;

e Ordering: receives order data from the event.
Changes the order status to PENDING. Saves the
details of the ordered products, sends the order
identifier as an OrderPlacedEvent back to the
Basket;

e Basket Service: clears the user's basket after
receiving the order ID.

The transactions T3 of «Confirming the payment» and
T4 of «Cancelling the orden» were designed too (see Figure
2 for O3 and O4 operations, respectively).

To implement the transactions, Java, Spring, Kafka,
Eventuate we chosed as programming tools, and a software
package of designed e-commerce microservices was
implemented. Each microservice is implemented in two
variations - one using SAGA communications with the
Transactional Outbox pattern, and the other using Event
Sourcing.

For the experiments, a local Mac Book Pro machine
was used with the following configuration: M3 Pro (12-
core CPU with 6 performance cores up to 4.06 GHz and 6
efficiency cores up to 2.8 GHz), 36 Gb RAM. The service
for the automated launch of a large number of transactions
was launched on the local machine, but all microservices
and their infrastructure (database servers, Kafka,
Zookeeper, CDC service, Zipkin, Kibana) were deployed
using Docker Compose for automated deployment of more
than one container. The following configuration was used
for Docker: CPU limit (cores) — 12; Memory limit (RAM,
Gb) — 16; Swap (Gb) — 1; Virtual disk limit (Gb) — 64.

Separately, a JVM-level configuration was introduced
for services and infrastructure components: Core Services
Max Heap Size (Mb) — 64; Zookeeper Max Heap Size
(Mb) — 64; Katka Max Heap Size (Mb) — 192; CDC
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service Max Heap Size (Mb) — 64. Limiting the maximum
size of the JVM Heap is an important component for
further experiments and their accuracy, because an
unlimited Heap size means that as the number of objects in
memory increases, the Heap size will grow until it reaches
the host machine resource limit, which is suboptimal in the
context of modern systems and can lead to Memory Leaks
and OutOfMemoryError. In addition, with an unlimited
Heap size, the Garbage Collector (GC) will be called much
less frequently, which will also make the experiments more
distant from real systems.

The service used for the experiments was designed to
pre-populate with data and execute each transaction N
times. For the experiments, it was decided to choose the
value N = 100, which is a balance between peak load and
low load.

During the experiments, we decided to collect data on
the following metrics: T — the total execution time from
the first request to the processing of the last event in the
SAGA chain (ms); S — the size of the event log (Mb); M —
the consumption of RAM (Mb); C — the consumption of
CPU time (%); N — the network bandwidth, Network /O
(bytes).

All transactions were performed on "warmed-up"
microservices and databases, i.e. with data allocated to the
internal cache, pre-created framework components, a
connection pools to the database, Kafka, etc.

V. CONDUCTING EXPERIMENTS AND ITS CONCLUSIONS

Let's consider the most interesting performance trends
of the experiments conducted to study the designed
transactions for Outbox and Event Sourcing.
Measurements of the average execution time of 100
transactions in parallel mode are shown in Table 1.

TABLE 1. RESULTS FOR THE METRIC «EXECUTION TIME», AVERAGE TIME
FOR THE 100 SIMULTANEOUS TRANSACTIONS

ryion | Tt | gy St o9
T1 655,06 587,51
T2 . 929,75 . 801,52
T3 I 633,79 . 5679
T4 l 557.8 7 5719

We can see that in almost all cases, except for T4,
Event Sourcing shows slightly better results, which is
because when using this pattern, the event is intended to
trigger the next handler and update the data. It is worth
noting that Event Sourcing shows better results because it
was the first cycle of filling the basket and creating an
order based on it. All subsequent cycles would have to
replay the events of all previous iterations, but by using the
Snapshots mechanism, this problem of replaying
unnecessary events would be solved [15].

An average transaction execution time of more than
500 ms can be a problematic factor for systems where low
latency and high throughput are critical, where there is
usually a requirement that a transaction should be executed
in about 200-300 ms. This is due to the higher resource
consumption in parallel processing, simultaneous running
of processing threads, the cost of synchronising critical
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sections in the code, database and message broker,
overheads on the locking mechanism and ensuring data
consistency. But usually, for such systems, the SAGA
pattern is not chosen because of the presence of Eventual
Consistency.

Let's consider the results by the metric of the size of the
generated event log (see Table 2).

TABLE 2. RESULTS FOR THE METRIC «EVENT LOG SIZE», 100
SIMULTANEOUS TRANSACTIONS

Tr;n’z::;’" / g:x:ir:::;] Event Sourcing (mb)
Tl 0,14 0,06
T2 0,23 0,32
T3 0,20 0,05
T4 1,08 0,08

As you can see, a larger event log in all cases except T2
is observed for Outbox, because Event Sourcing stores the
entire state of entities in these events, and Outbox needs
additional meta-information.

Let us consider the specifics of RAM consumption in
the involved services (see Table 3). For the respective
values, the sum of the RAM consumption of the
microservices involved in the execution of the transaction
was used. The abbreviations are as follows: (B) — Basket,
(C) — Catalog, (O) — Ordering.

TABLE 3. RESULTS FOR THE METRIC «RAM CONSUMPTION», 100
SIMULTANEOUS TRANSACTIONS

Tr;‘:::::_:m ! .g:;f:ir;‘::;] Event Sourcing (mb)

Tl (B)+(C)=331+ (B)+(C)=5,64 +
1,97=528 9,00 = 14,64

T2 (0) +(B) = 4,94 + (0)+(B)=17.61+
280=7,74 1,41 =19,02

T3 (0)+(C)=2,14 + (0)+(C)=1,25+
1,25=3,39 7,29 =854

T4 0) +(C)=2,94+ (0) +(C) = 6,06 +
1,13=4,07 11,02=17,08

As seen from the results, Event Sourcing uses more
RAM. When events are replayed, empty objects are created
in memory on which these changes are performed. You can
also see that in all transactions, Catalog uses much more
memory. This is because when working with products, we
need to create an event for each individual product,
because an individual product is an aggregate and is also
updated through a set of events.

Let's take a look at how the CPU time was consumed
during transactions (see Table 4).

TABLE 4. RESULTS FOR THE METRIC «CPU CONSUMPTION», 100
SIMULTANEOUS TRANSACTIONS

Transaction / Transactional

Pattern ‘Outbox (%) Event Sourcing (%)

- (B)+(C)=333+ | (B)+(C)=284+84
9.7=43.0 =368

™ (0)+(B)=41,9+ (O +(B)=31,4+
12,8 =548 13,1 =445

T3 (0)+(C)=21,7+ (0)+(C)=23,8+
9.2=309 10,9 =347

T4 (0)+(C)=179+ (0)+(C)=233+85
8,7=26,6 =318

PIC SKT 7021

Pucynok I'.7 — Mixxnaponna Ckonyc-koHdepeniis «Problems of Infocommunications.
Science and Technology» (PIC S&T°2024), XapkiB, Ykpaina. [I’ara cropinka

19



It can be seen that the most costly transactions in the
previous metrics, such as T1 and T2, use fewer CPU
instructions for Event Sourcing.

Regarding the last metric, network bandwidth, or the
ratio of bytes received and sent by the service (I/O) through
the network, the following observations were made: less
load on the network was performed by transactions when
using the Outbox pattern. The transmitted data was
considered in REST requests to launch a transaction,
database queries, and message transmission via a message
broker. A larger number of events in Event Sourcing also
leads to duplication of certain meta-information, such as
entity identifiers, which is used more efficiently in Outbox
and allows for less payload to be transmitted in the
network.

Thus, we can draw conclusions and develop certain
recommendations on the use of a particular method in a
particular situation. In systems where transaction speed is a
requirement, Event Sourcing should be preferred. Each
change in the state of an entity in the database is just an
event that is quickly added to the end of the table in a
constant time. In addition, Event Sourcing is suitable for
systems where there is a requirement for a clear audit of
events — this requirement is easily covered by the fact that
we have the ability to track to the smallest detail how the
state of the entity has changed over time. At the same time,
the pattern optimises the use of database memory, as it
does not require a separate place to separate business data
and published events.

Event Sourcing is well suited to transactions involving
one-to-one relationships. As seen in the research results,
transactions involving one-to-many connections performed
worse due to the need to publish events for each
connection, which was suboptimal in terms of memory
usage and network load. Therefore, for systems where the
use of memory resources is critical, it is worth choosing a
different pattern.

Transactional Outbox is well suited for using relational
DBMSs and will be a good choice for systems where there
is a requirement to save microservice execution resources,
namely the virtual machine's RAM and less network load.
However, you should be cautious about using it in systems
where there is a requirement to optimise the amount of
space occupied by the database on the disc and engage in
additional efforts to develop a mechanism for clearing
unnecessary messages over time.

Both patterns showed approximately the same CPU
usage, but they are still somewhat high. This is due to the
large number of queries and events to process entity
relationships. In this case, it is worth considering
alternatives to transaction processing that will allow you to
use not only relational databases, but also NoSQL
databases such as MongoDB and Redis, which can
significantly reduce CPU costs and improve system
throughput.

VI. CONCLUSION

A number of scientific and practical results have been
obtained in the field of designing and implementing DDB
for MA, namely:

(1

[2]

[3]

(4]
[5]
(6]

71

[8]

9

[10]

(1

[12]

[13]

[14]

[15]

o the extension of the ER-model by means of maps of
data processing operations was proposed, which
allowed to use them as a basis for designing a DDB
for MA;

e in the field of e-commerce, a DDB was designed for
microservice architecture, which showed the
practical value of the proposed approach;

e an experimental study of the effectiveness of
choreography methods for processing distributed
transactions for MA based on the use of the
Transactional Outbox and Event Sourcing templates
of the SAGA pattern was carried out, and
recommendations for their use were formed.
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