MINISTERUL EDUCATIEI SI CERCETARII AL REPUBLICII MOLDOVA
Universitatea Tehnica a Moldovei
Facultatea Calculatoare Informatici si Microelectronica
Departamentul Ingineria Software si Automatica

Admis la sustinere
Sef de departament:
Fiodorov I. dr., conf.univ.

o " 2022

Analiza arhitecturilor monolitice si microservicii pentru

proiectarea aplicatiilor web
Teza de master

Student: Alexandru Jucov, T1-201M
Coordonator: Antohi lonel, asistent univ. mag.
Consultant: Cojocaru Svetlana, lector univ. mag.

Chisinau, 2022



AHHOTALUA

Hannuue mnpaBuiabHOW apXUTEKTYphl JJISI CHCTEMBI SIBISIETCS pPEIIAOMUM  (aKTOPOM IS
orpenesieHus OyayIield peMOHTOIIPUTOHOCTH, YIIYUIICHUH ¥ MacIITAa0OHPyEMOCTH.

B mepBoii riaBe npoaHanu3upoBaHbl MEHEE MOMYJISPHBIE APXUTEKTYPHBIE PEIICHHs], XOTS OHHU JI0
CUX TIOp HCTONB3YIOTCA B HEKOTOPBIX MPHUIOKEHHUAX BBISBIECHBI WX TOCTOMHCTBA U HemocTaTku. llemb
MEepBON TJIaBBl - MPOAHAIM3UPOBATH TUIBI APXUTEKTYP MOHOJMTHOIO MPOTPAMMHOI0 OOecredeHus U
MHUKPOCEPBHCOB U CAETATh BHIBOJ O TOM, Kakasi U3 HUX 0oJiee MOIXOAUT Ui pa3paboTKy BeO -IPUITOKEHUIMA
JUIS MaJIbIX W CPEIHUX TPEINPHUITHI. AHAIW3 YYUTHIBAET CHIIbHBIC W CJa0ble CTOPOHBI KaXIOM
apXUTEKTYphl. B KOHIIE muccepranuy ObUIO MPUHSITO OOBEKTUBHOE PEIICHWE OTHOCUTEIBHO TOTO, UYTO
HBIHE MOJHAasi MHUKPOCEpPBUCHAs apXUTEKTypa HE SBISETCS IMaHalee OT BceX MpoOieM M MHOXKECTBO
pelIeHUii KOTopasi OHa MpeaiaraeT paboTarT B OCHOBHOM Ha OOJIBIINX MPOeKTax. MaJeHbKUM U CPETHUM
IIPOEKTaM I1eJIb KOTOPBIX BBIMTH Ha PRIHOK Kak 0oJjiee CKOpel He clielyeT UCIO0Ib30BaTh MUKPOCEPBUCHYIO
apXUTEKTYpY, a Jy4Yllle COCPEIOTOYUTHCS Ha MOHOJUTHOM apXUTEKType, KOTOpasl MO3BOJSAT OBICTPO
BHOCHUTH paJKalbHbIe H3MEHEHHUS U MIPOIIE B TECTUPYEMOCTH.

Bo BTOpOIi TTaBe MpoAEMOHCTPUPOBAHBI MIAOIOHBI MPOCKTUPOBAHUS, MTOJXOABI U UHCTPYMEHTBI
JUI pean3aliii MUKPOCEPBUCHOMN apXUTEKTYPhI B CEPBEPHBIX MPUIIOKEHHIX. B 3TOM ri1aBe paccMOTpeHbI
CTpaTeTUU JEKOMIIO3HMIIMU, & UMEHHO KaK MOCTPOUTh MHUKPOCEPBUCHYIO apXUTEKTYpy M KaK CTOUT
pa3buBaTh CHCTEMY Ha MHKPOCEPBHUCHL Takke pacCMOTPEHBI MEKIIPOIICCCOPHBIC B3aMMOJICHCTBUS,
MPOAHAIIU3UPOBAHBl CUHXPOHHBIE W ACHHXPOHHBIC METOJBI OOIICHUS MEXIy MHUKPOCEPBHUCAMH,
pPaccMOTpEHbl MEXaHU3Mbl KOMMYHHUKAIIMHM Ha OCHOBE 3ampocos/oTBeToB Takue kak REST u gRPC
BBISIBIICHBI UX JOCTOMHCTBA U HEJAOCTATKU. PAacCMOTpEeHbI Ia0I0HEBI TPOSKTUPOBAHUS U IMTOAXO0/IbI, KOTOPHIE
pemaT npodiieMbl ¢ 0OHApyKEeHHEM MHUKPOCEPBUCOB U BOCCTAHOBIIEHUE TOCTE OTKa3a. Tak e B 3Toi
TJIaBe MPOAHAIM3UPOBAHBI HHCTPYMEHTHI I aCHHXPOHHOTO OOIIeHUs1 Ha ocHoBe cTtaHmapToB AMQP u
STOMP rakue kak ActiveMQ, RabbitMQ, Apache Kafka, paccMoTpeHb! MX TOCTOMHCTBA U HEIOCTATKH.
Tak e TpoaHATU3UPOBAHBI pEIICHUs] MPOOJIeM, CBsI3aHHBIE C JyOJUpPOBAaHWEM COOOIICHHUA W
yCcTapeBaHHUEM COOOIICHUH.

B Tpereii rmaBe paccMoOTpeHbl OMOTMOTEKH U (HPEHMBOPKU IS CO3TaHUS CEPBEPHBIX MPHUIOKEHHI
Ha OCHOBE MHUKDPOCEPBHCHOW apXUTEKTYpPHI JJIs s3blka TporpammupoBanus C#. [IpomeMoHCTpHUpOBaH
peanu3zanus MUHUMAJIbHO KU3HECTIOCOOHOIO MPOJIYKTa 3JIEKTPOHHOE MTPABUTEILCTBO, KOTOPHIA OyJeT B
ce0sl BKJIIOYATH OHJIAMH TOJOCOBaHHWE, OHJAWH HIECHTU()UKATOp TpakIaHWHA, TpaBa Ha BOXKICHHUE
MEXaHUYECKOTO CpPEJCTBA, TEXHUUYECKHI MAaCIOPT MEXaHHYECKOro cpeacTBa. Tak ke pacCMOTpPEHBI

HpO6J'I€MBI IIpH p€ain3allu AaHHOT'O ITPOCKTA.



REZUMAT

A avea arhitectura potrivita pentru un sistem este esential pentru determinarea intretinerii,
imbunatatirilor si scalabilitatii viitoare.

In primul capitol, sunt analizate solutiile arhitecturale mai putin populare, desi sunt inci utilizate in
unele aplicatii, avantajele si dezavantajele lor sunt dezvaluite. Scopul primului capitol este de a analiza
tipurile de software monolitic si arhitecturi de microservicii si de a concluziona care dintre acestea este mai
potrivit pentru dezvoltarea aplicatiilor web pentru intreprinderile mici si mijlocii. Analiza ia in considerare
punctele tari si punctele slabe ale fiecarei arhitecturi. La sfarsitul disertatiei, a fost luata o decizie obiectiva
cu privire la faptul cd acum arhitectura la moda a microserviciului nu este un panaceu pentru toate
problemele si numeroasele solutii pe care le ofera functioneaza in principal pe proiecte mari. Proiectele
mici si mijlocii al caror obiectiv este de a intra pe piatd cat mai curdnd posibil nu ar trebui sa utilizeze o
arhitectura de microserviciu, ci mai degraba sa se concentreze pe o arhitecturd monolitica care sa permita
schimbadri radicale rapide si o testabilitate mai usoara.

Al doilea capitol demonstreaza modele de proiectare, abordari si instrumente pentru implementarea
arhitecturii microservice 1n aplicatii server. Acest capitol discuta strategiile de descompunere, si anume
cum sa construim o arhitecturd de microservice si cum s impartim un sistem in microservicii. De asemenea,
sunt luate in considerare interactiunile interprocesorului, sunt analizate metodele de comunicare sincrone
si asincrone intre microservicii, sunt luate in considerare mecanismele de comunicare bazate pe cereri /
raspunsuri precum REST si gRPC, sunt identificate avantajele si dezavantajele acestora. Discuta modele
de proiectare si abordari care abordeazad problemele de descoperire si de reluare a microserviciilor. De
asemenea, in acest capitol, sunt analizate instrumentele pentru comunicarea asincrond bazate pe standardele
AMQP si STOMP, precum ActiveMQ, RabbitMQ, Apache Kafka, sunt luate in considerare avantajele si
dezavantajele acestora. Sunt analizate, de asemenea, solutiile la problemele asociate cu mesajele duplicate
si caducitatea mesajelor.

Al treilea capitol discuta bibliotecile si cadrele pentru crearea de aplicatii server bazate pe o
arhitectura de microserviciu pentru limbajul de programare C #. A demonstrat implementarea produsului
minim viabil de e-guvernare, care va include votul online, ID-ul cetdteanului online, permisul de conducere
pentruun vehicul mecanic, pasaportul tehnic al unui vehicul mecanic. Sunt luate in considerare si probleme

in implementarea acestui proiect.



ABSTRACT

Having the right architecture for a system is critical to determining future maintainability,
enhancements, and scalability.

In the first chapter, less popular architectural solutions are analyzed, although they are still used in
some applications, their advantages and disadvantages are revealed. The purpose of the first chapter is to
analyze the types of monolithic software and microservices architectures and conclude which one is more
suitable for developing web applications for small and medium enterprises. The analysis takes into account
the strengths and weaknesses of each architecture. At the end of the dissertation, an objective decision was
made regarding the fact that the now fashionable microservice architecture is not a panacea for all problems
and the many solutions that it offers work mainly on large projects. Small and medium-sized projects whose
goal is to go to market as soon as possible should not use a microservice architecture, but rather focus on a
monolithic architecture that will allow for quick radical changes and easier testability.

The second chapter demonstrates design patterns, approaches, and tools for implementing
microservice architecture in server applications. This chapter discusses decomposition strategies, namely
how to build a microservice architecture and how to break a system into microservices. Also, interprocessor
interactions are considered, synchronous and asynchronous methods of communication between
microservices are analyzed, communication mechanisms based on requests/ responses such as REST and
gRPC are considered, their advantages and disadvantages are identified. It discusses design patterns and
approaches that address microservice discovery and failover issues. Also in this chapter, tools for
asynchronous communication based on AMQP and STOMP standards, such as ActiveMQ, RabbitMQ,
Apache Kafka, are analyzed, their advantages and disadvantages are considered. The solutions to the
problems associated with duplicate messages and obsolescence of messages are also analyzed.

The third chapter discusses libraries and frameworks for creating server applications based on a
microservice architecture for the C # programming language. Demonstrated the implementation of the
minimum viable e-government product, which will include online voting, online citizen ID, driving license
for a mechanical vehicle, technical passport of a mechanical vehicle. Problems in the implementation of

this project are also considered.
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BBEJAEHUE

B Teyenne n0aroro BpeMeHH WHIYCTPHS TPOrPaMMHOTO 00eCTIeUeHHS TPUAECPKUBaTach MHEHUS,
9TO apXHTEKTypa - 3TO TO, YTO HEOOXOIMMO pa3paboTaTh W 3aBEPIIATH J0 HAMMCAHUS IEPBOM CTPOUKH
KoZa. BIOXHOBIIEHHBIN CTPOUTENBHOI OTPACIblO, CUUTANIOCH, YTO MPU3HAKOM YCIEIIHON ap XUTEKTYpbI
porpaMMHOro olecreueHus: ObII0 TO, YTO HE HYXHO OBLIO MEHATH BO BpeMs pa3pabOTKH, 4acTO ATO
peakius Ha BBICOKYIO CTOMMOCTb Opaka M NEepelesioK, KOTOpPble MOTYT BO3HHMKHYTh HM3-3a COOBITHS
U3MEHEHHUS apXUTEKTYpbl. OTO BHJIEHUE APXUTEKTYpbl ObLIO pPE3KO OCIOPEHO MOSBICHHEM TI'MOKHMX
METO0B pa3paboTKu MporpaMMHOro odecnedenus. [loaxon k 3apaHee CIUIaHUPOBAHHON apXUTEKTYpe ObUT
OCHOBAH Ha TIOHATHUH, YTO TPeOOBaHUS TAK)Ke JOJDKHBI OBITh MCIPABICHBI 10 HaYajla KOAUPOBAHUS, YTO
MIPUBEJIO K MO3TAITHOMY (MJIM BOJIONAHOMY) MOAXOTY, KOIIa 32 TpeOOBaHUAMH CJIe/l0Bajla apXUTEKTYpa,
3a KOTOPOH CJIe10BaJI0 MOCTPOeHHE (MIporpaMMupoBanue). OnHako rTHOKUI MUp [TOCTABUII O] COMHEHUE
caMO TOHATHE (UKCUPOBAHHBIX TPeOOBaHMIl, 3aMETUB, YTO PETYJSPHbIE U3MEHEHUS B TPEOOBaHMIX
SBISIOTCS OW3HEC-HEOOXOAMMOCTBIO B COBPEMEHHOM MHUpPE, W MPEIOCTaBHUII METOIbl IJIAHHPOBAHUS
MIPOEKTOB, YUUTHIBAIONINE KOHTPOJIMPYEMble U3MEHEHHUs. B 3TOM HOBOM TMOKOM MHpE MHOTHE JIOAU
COMHEBAJIMChH B POJIM apXUTEKTYpHL. M, KOHEUHO ke, 3apaHee CIJIaHMPOBAHHOE apXUTEKTYPHOE BHICHUE
HE MOIJI0O COOTBETCTBOBATh COBPEMEHHOMY AunHamu3My. Ho ecTb u apyroil moaxopi K apXHUTEKTYPE,
KOTOpBIN MpejnonaraeT THOkue M3MeHeHus. B 3ToM mpeacTaBleHHH apXMTEKTypa - 3TO MOCTOSHHOE
yCHITHE, KOTOPOE TECHO CBSI3aHO C MPOTPaMMHUPOBAHUEM, TAK UTO APXUTEKTypa MOXKET PearupoBaTh Kak Ha
M3MEHSIONHECS TPEOOBaHMS, TaK U Ha OOPaTHYIO CBSI3b OT MPOTPaMMHUPOBAHUSI.

Ecnu BBl pazpabaThiBacTe M 3alyCcKaeTe OHJIAWH-TPOLYKT, BBl PAHO WUJIHM MO3THO CTOJIKHETECH C
ujeel apXUTEeKTypbl BEO-NPHIIOKEHUN . Pa3paboTynku MporpaMMHOro 00ECTIeYeHHs UCIIOJIB3YIOT 3TO
CJIOBO Ul 0003HAYEHHUS BBICOKOYPOBHEBOM CTPYKTYpbI IU(POBOrO IPOAYKTA, KOTOPas BKIIOYAET B ceOs
XpaHWINIIE JaHHBIX U JeTaau paboThl cepBepa.

HanexHOCTb, TPOM3BOAUTEIBHOCTD M O€30MACHOCTD BaIIEr0 MPOAYKTa ONPEACISIOTCS KaueCTBOM
BeO-nH(DPaACTPYKTYpHL. B 310Xy cTpeMHUTENBHBIX MPOIIECCOB HUKTO HE 3HAET, UTO OYAET C X IMPOITYKTOM
B OynymeM. OpHax/apl MOMYJISPHOCTh NMPUIIOKEHUS MOXET BBIPACTH, PE3KO YBEIMUYUBAsl KOJIMYECTBO
noJsp3oBareneil. Jlroau Takke MOryT HadaTh OoJiee aKTMBHO HMCIIOJIB30BaTh HEKOTOpbIe nepudepuiitbe
(yHKIIMH UITU TIOTIPOCUTH 100aBUTH Oosiblle PYHKIUMI B OT3bIBaX. Ha 3TOM 3Tarne apxurekTypa onpeaesnser
CIOCOOHOCTb NMPHUIJIOKEHUS PACTH BMECTE C BalllUM OM3HECOM M PELIaTh HOBbIE MPOOJIEMBI [0 MEPE €ro

HU3MCHCHUA.
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