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TIOJIATOK T

Crnaiiau pe3eHTaiii

®

NURE

AOCNIAKEHHA METOAIB
CTBOPEHHSA TA
PO3rOPTAHHSA
BAFTATOMOAYIbHUX
JAVA 3ACTOCYHKIB

BMKOHAB: CT. IP. I3NM-22-1 BEPEC M.[
KEPIBHWK: K.T.H. 4OLU. KA®. ML TONAH H.B.

AKTYyanbHICTb Ta

LiIJ1b AOCNIAKEHHS

+ 3HayHa NoNYNAPHICTE BUKOPUCTAHHSA Java.

- Benuka KINbKICTL AK HOBUX, TaK | legacy NpoeKTIB.

+ Mpo6nemu MOHONITHOT ApPXITEKTYPIA

+ 3pocTaHHs Npo6nieM I3 MacLITa6oBaHICTIO Ta MIATPUMKOH

FonoBHa 14eR AOCNIPKEHHA — POSMNAHYTH ICHYIOHI MIAX0AW Ta IHCTPYMEHTM Ta cnpobyBaTi
pO3po6UT PEKOMEHAALYT LLO/0 ONTUMI3ALYT NPOLIeCIE PO3POBKI, PO3FOPTaHHS Ta NIATPUMKIA.
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[MnaHyBaHHSA

AnsA Noyatky, ByNo BIAOKPEMAEHHO OKPEMI aBCTPaKTHI 8Tanu “KUTTEBOTO LUKNY™ Java-NpoexTis Ta
PO3MAAHYTO TX OKPEMo.

» CTBOpEHHA KOJoBOT Basun
« 3bipka apTedaxTy
« PosropTauHs apTedakTty

— —

m=xn
M=
L=

L 2

EL'ZLELB

CTBOpEeHHS KoAOBOI
6asun

ETan cTBOpeHHs KoA0BOI Ba3K MICTUTEL POBOTY 13 apXITEKTYPOIO NPOEKTY Ta BE3N0CepeaHbLO HOro KoAom.

€ ayke cneurdidHnM 40 BUMOT Ta LiNeid KOXKHOro NPOEKTY. ByNo PO3rNAHYTO PAj KpaLlux NpakTuk, Wo
BUKOPUCTOBYIOTLCA B CBITI PO3POBKK Ta NPONOHYIOTLCA B aKTYanbHIA CBITOBIA NTepaTtypl.

« BripoBagxeHHa MeTOAIK ONTUMIZaLIT NpoUecy KOMMIAAWT Koay B Java.

« HagegeHo Kpalwl NPakTWKK 13 aBTOMATU30BaHOIo TECTYBAHHA KO4Y B Java.

« BUKOPWUCTAHHA IHCTPYMEHTIB KOHTPONIO AKOCTI Java-Koay.

« HagegeHo onuc 6aratoMofyNbHoi apXITEKTYPK Ta 0COBNMBOCTI 1T 3aCTOCYBAHHA B NPOEKTAX.
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baraTomMoaysibHa
apXITeKTypa

BapTo BIAOKPEMAETW AOCNIAKEHHA BaraToMOAyNLHOT apXITekTypu. OTHe He BEl MOHONTHI Java-NpoekTi
BUKOPUCTOBYIOTEL BaraToMoaybHY apxITeKTypy, ane Maiixe Bl 6aratoMoaynbHI Java-npoekTi — MOHOMITA.

TONOBHI BIAMIHHOCTI BAraTOMOAYNLHOT apXITEKTYPU:

+ KOXEH MOAYNL € BIZOKPEMAEHNM aBTOHOMHUAM “WMAaTOUKOM” KO/Y Ta MAE CBOID LNk,

« MOAYAl MOXKYTE MATH 3aN1EXHICTL O4WH BIA O4HOTO.

- Tpyna Moaynie, B3aEMOAIKOYUX OAWH 3 OAHUM NPEACTaBARE coBOI0 NPOrPaMHNI 33CTOCYHOK.
« B Java 9 (BepeceHb 2017) FABMNACA BNACHA IMNNEMEHTALIA BaraToMoayNbHOCTI.

06 )
/

«

3

Java 9 Module System —

He3sgaxatoqm Ha Te wo, JIPMS (Java Platform Module System) € “odiuiiHoK" peanizauie
BararomogyneHOCTI. B X041 foCnigeHHs ByN0 NOMIMEHO, WO BUKOPWCTAHHA 4aHOI TEXHONOTIT Malixe He Mae
MICLLA B PEANLHUX NPOEKTaX Hepes pag A0BoNI BIAHYTHUX HEA0NIKIB.

Heponikw IPMS

« He gyse 3pydHa peanizauis kepyeaHHa 3a0exHoCcTAMM.
« Huzkuii piseHs NONYIAPHOCTI cepey po3po6HUKIB Ta BIACYTHICTE A0OCEILY.
« Malixe BIACYTHA NIATPUMES HARBINELW nonynsapHUMK dpeimBopkamMm (Hanprknag, Spring).
« BIACYTHS NIATPUMEKA HalBINbLL NONYARPHUMIA cucTemani 381pku (Maven, Gradle).
Takvm YK HOM, MU MOXEMO NEePeTK 40 HACTYNHOro eTany.
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36IpKa apTedaKkTy

OgHUM 12 KNKYOBKUX NYHKTIB poBoTK € NoLwyk 3acobie onTuMIZaLi npouecy 361pKu.
MpocTumu cnoeamu, 361pka NPOEKTY - NPOLEC CTBOPEHHA KIHLEBOID NPorpamMHoro NpoaykTy 3 Ko4oBsoi Gasun
NpPoEKTa.
« PO3rNAHYTO HARBINLL NONYAAPHI IHCTPYMEHTK 381pKkw B Java (Ant, Maven, Gradile).
« MpoBegeHo aHan3 IHCTPYMEHTIE LWOAD edekTMBHOCTI BUKOPWCTaHHA y BaraToMoAynbHWX Java-nNpoekTax.
« Po3rnauyTo NpakTU4HI NPUENAGA Ta Nopagy Woao onTUMIZaui BUKOPUCTaHHA IHCTYPMEHTIE 381pKki.

08

AHanNI3 IHCTPYMEHTIB

<KAPACHE ANT>

361pKn Maven

Ans aHamzy, BIAIBPaHO TP HAWBLILL NONYAAPHI IHETPYMEHTK 361pki. MeTa aHan3y Ha gaHomMy eTani —
oBpary Ty cuctemy 361pKw, Wo Byge HalBINbLW edekTUEHOK BILNOBIAHO 40 BUKOPUCTAHHA Y ﬁ G dl
BararoMoAyNLHWX NpoEKTax Java 3a BIAIBpaHMMI XapakeTpucTUKamu. radie

A came:

+ Apache Ant
« Apache Maven
« Gradle




Cuctema 36ipku

XapaKTepucTuka Apache Ant

Apache Maven

DM BiacyTHe HaABHe

CS CKNagHOo [OCTYMHO

PS BiACYTHA HaABHA

Is BiACyTHA HaABHA

BMCOKMIA obmeseHuin

BiACYTHA HaABHa

HafABHa HafABHa

bazosa poswmpeHa

BiACYTHA HafABHa

Gradle

poslmpeHe

AOCTYNHO

HaABHa

HafABHa

BMCOKUIA

HaABHa

HafABHa

po3wmpeHa

HaABHa

kepysaHHa sanemHoctamu — DM (dependency
management);

AETKICTb CNIPUIAHATTA CTPYKTYPKM Ta KoHdirypayii —
CS (structure clarity);

niagTpMMKa napanensHoi 36ipku — PS (parallelisn]
support);

nigTpUmMKa iHkpemeHTHOI 36ipku — IS
(incremental support);

CTYNiHb THYYKOCTi Ta MOM/IMBOCTI PO3WMPEHHA —
FLX (flexibility);

nigTpumka creopenHa nnarivis — PES (plugins
ecosystem support);

NiATPUMKa KepPYBaHHA BNaCTMBOCTAMM Ta
aminnmmun — V'S (variables support),

AkicTe 06pobku nomunok — EP (errors

processing);

nigTPUMKa KelwysaHHa 3anexHoctelt — DCS
(dependency caching support).

o9

Cucrema 36ipku

XapaKkTepucTuKa Apache Ant

Apache Maven

DM 0 05

Gradle

XapaktepucTuku byno nepesegeHo y

KiNbKiCHI Ta HOPMOBaHO 3a MiHIMaKc

HOPMYyBaHHAM.
% X —min
" max — min

Ae X — 3HaqeHHs, wo HeobxigHo
HOpMyBaTH,

min — miHiManbHe 3HayeHHA 3a
WKano,

max — MakcMmanbHe 3Ha4YeHHA 3a
WKanokw.
V'S 6yna BuAaneHa 3 NopiBHAHHA Yepes
OAHaKOBi 3HAYEHHA ANA BCiX cMCTEM
36ipok. Bie 3 Tabnuui moxxHa nobaumntn

Kpalily. 10




Cuctema 36iprm

Apache Ant Apache Maven Gradle Koediujent

0 05 0,16 [Ona oTpMMaHHA KiHUeBOro

3HayeHHsa byno
BMKOPUCTAHO NiHINHY

afAUTUBHY 3ropTKY

n

r_
2 = max ) o %,

=
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KiHuesumn pesynbrat R Gradle
aHani3sy etany 36ipKu

* Gradle-1,0
* Apache Maven - 0,84
+ Apache Ant - 0,08

Ome, 3 po3paxoBaHMX AaHWUX, MW MOMEMO OTpUMaTH HBCTVHHI- pe3aynsTaTu:

1. Gradle € Haiibinbw ederTuBHOW ANA BUKOpUCTaHHA B BaratomoayneHux npoekTax Java.

2 Maven 3aiimae gpyre micue, NpoTe TakoXK € AOBO/T ePEKTUBHOIO CUCTEMOIO Ta MOME NPOAOBKYBATH BUKOPUCTOBYBATUCH
Y BXe iCHYIO4YMX NPOEKTaX.

3.Apache Ant zaiimae ocTaHHe Micue 33 ebeKTUBHICTIO Ta 30BCIM HE PEKOMEHYETbA [0 BMKOPWCTAHHA B PO3MAHYTHX
BULLLE NMPOEKTAX.
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Po3ropTaHHA apTedaKTy

Hactynumit eTan aHanisy — po3mafaHHA eTany posroptaHHa aptedakTy. [TpocTMMKM CI0BAMM Le eTar, KON M1 MAEMO Bie
3i6paHmii roTOBMI 40 BMKOPUCTaHHA NPOrPamMHUIA NPOAYKT, Wo HeobXigHo NOMICTUTH y NeeHe cepepoBuLle (Hanpuknag, Ha
cepBep), Ae BiH Byae 3anylieHnii Ta BMKOHYBaTH cBOT GYHKLI.

* PozarnanyTo npouec CI/CD (nocTilfiHoi iHTerpauii Ta nocTifiHOT AocTaBKK).

* Po3arnauyTo NpakTURY KoHTeiliHepu3aauii npoekTis (Ha npuknani Docker).

* HasepeHo npuknaam Ta nopaam eukopucranta incrpymentie CI/CD (1a npuxnagai Jenkins).

* MNposeaeHo Biabip HaiWbinbw onTMMansHOT xMapHoi nnatGopmu AnA posropTaHHA baraToMoaynbHOTO 3aCTOCYHKY.

aws

AHanNI3 XMapHUX NNATHOPM

[Ina npoeefeHHA aHanizy XmapHux nnatpopm, 6yno cTBopeHO BUMOTM TeopeTuuHoro baraTomodynbHOTO NPOEKTa Ha lava 2
obmerkeHum BrogkeTom Ta BracTMBOCTAMM. BiaiGpaHo HacTynHi Haibinblu NonyAApHI B NOTOUHKMIA yac XxMapHi nnathopmu.

[\’

A came:

* Amazon Web Services (AWS).
* Microsoft Azure.

= IBM Cloud.

* Google Cloud.

* Oracle Cloud.

ORACLE

DATA CLOUD
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Hasea cepsicy

Microsoft Azure

IBM Cloud

Google Cloud

Oracle Cloud

.

.

VMS$ - BapTicTb BMKOpUCTaHHA cepaepy (aon.
CLUA) (He BKAKOYAKOYM BapTICTh BUKOPMCTAHHA
CTOPOHHIX CEPBICIB, TAKMX AK CXOBMLA AaHWUX,
cucTemu Geanexn 1a iH.).

RAM - gocTynHa onepatMeHa nam'aTe
BignosigHO A0 Mogeni BIPTYaNnbHOT MALIKMHK.
VCPU - gocTynHa KinbKIicTb BipTyanbHUX Agep
gignosigHo Ao moaeni BipTyanbHOT MalWHHK.
LOGS - KinbKicTb 6e3K0WTOBHMX rirabait ana
30epiraHHA NOTIB NPU MOHITOPUHTY METPHK
33CTOCYHKY.

ST$ - sapTicTb BMKOPUCTaHHA cepsicy (gon. CLUA)
36epiraHHA daiinis (He BRAIOYaOYK Tapudikauio
3a 36epiraHHA 260 3UMTYBaHHA faHKX) 32 5
rirabaiT 36epiraHHa Ha pisHi Cold storage Ha
MicALb.

15

Hazea cepsicy

Microsoft Azure

IBM Cloud

Google Cloud

Oracle Cloud

AVCPU

3HaueHHA 6yno npueefeHO A0 BEKTOPOHOTO
onwucy.
DNeski xapaktepuctukm Byno amineHo:

VMS$ - VMS (Virtual Machine Savings).
Bigobpamae exoHOMIO Npu opeHai
BipTyanbHOI MaLUKMHK BIANOBIAHO 10 BUMOT.
RAM - ARAM (Additional RAM).
Bino6pamae A0AATKOBY KiNbKICTb
onepaTtueHoT namaTi nicna 2-x HeobxigHmx
rirabait.

VCPU - AVCPU (Additional Virtual
CPU). Bigobparae poaaTkoBy KinbKicTb
BipTyanbHUX A/1Ep NPOLECcopa OKpiM 2-x
HeobxiaHMx.

ST$ - STS (Storage Savings).
Bigobpamae exoHomito npu opeHai 5
rirabait cxoenwa piena Cold Storage.

16
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Hazea cepsicy

Microsoft Azure

IBM Cloud

Google Cloud

Oracle Cloud

XapakTepucTnku Byno HopmoBaHo 3a
NPUHUMNOM MiHiIMaKcy. Tak camo, AK i npy|
aHanisi cuctem 36ipok.

, X —min

" max — min
ne X — 3HauyeHHs, Wwo HeobxigHo
HOpMYyBaTH,
min — miHimanbHe 3Ha4YeHHA 3a
LIKaNoto,
max — MakcuManbHe 3HauyeHHA 3a
LIKaOH0.

17

Hasea cepsicy

Microsoft Azure

IBM Cloud

Google Cloud

Oracle Cloud

Koedivjent

00833

01667

XapaKTepWcTMKam HagaHo Barosi
KoedillieHTw, AKi, B cBOIO Yepry, Bynu
HOPMOBaHI.

LnA nowyKy oNnTUMManbHOro pPilleHHA

6yno BUKOPUCTAHO NiHIMHY aaUTUBHY
3rOpPTHY.

n
r—
2= max > @by,

j=1

18




13

19

KiHUEeBUN pe3ynbraT ORACLE
aHanNI3y XMapHUX
nnatpopm

+ Oracle Cloud - 0,8811L

* Google Cloud - 0,3371. TakUM YMHOM HA MOMEHT AOCNIAMKEHHA MAEMO HaibNibll oNTUManbHe

« AWS -0,2515. XMapHe cepeloBULLE Ha MOMEHT ananisy sianosigHo no sapaum — Oracle
+ Microsoft Azure - 0,2405. Cloud. OgHak, 8ignoeigHO 40 BUMOT KOMHOTO NPOEKTY, PE3YNBTaTH MOMYTb
+ IBM Cloud - 01551 BiapisHATUCH.

* Apache Ant - 0,08

20

Cucrtema pekomeHaaLiv

Ak pe3ynbTar, 3 aHani3y eTanis “XKUTTEBOro LMKy” 6aratomoayibHoro npoekTy Java, 6yno cTBopeHo naaH cuctemu
pekomeHAauii, AOTPUMaHHA AKUX NpU3Bese A0 BNPOBAAMKEHHA KPaLMX NPaKTUK AK Y HOBI, TaK i iCHYIOYI NPOEKTH.

MnaH MiCTUTb HaCTYNHI KPOKM:
* ApXiTeKTypHUIA aHani3
* TexHiuHuit aHani3 Ta naaHyBaHHA
* OnTumizoBaHa imnaemeHTauis
* OnTumisoBaHa AocTaBKa Ta iHTerpauis
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3aCTOCYBaHHA g
PEKOMEHAALN Ha AW
peasibHOMY NPUKAAA]

* MpoekT - BekeHa-4acTMHa cucTemu onutyBaHb XHYPE “NURE Survey™.
* MoHoniTHa CTPYKTYpa, OGHOMOAYbHA apXiTeKTypa.

* Mictute pyHKuioHan REST API ta Vaadin UI KoHCTpyKTOp 0nuUTyBaHb.
* Cuctema 36ipku — Maven.

Llink - onTMMi3yBaTH NpOLLECK NPOEKTY, BUKOPUCTOBYIOYM N/1AaH CUCTEMW PEKOMEHAALLI.

14

22

ApPXITEKTYPHMNIN aHaNI3.
PilleHHA

fonosHa npobnema NpoeKTy - macwTaboBaHicTb.
BiocyTHicTb MoAMBOCTI po3ropTaHHa dyHKuioHany UL 1a API okpemo oauH 8ig ogHoro.
ObmexeHa rHyuKicTb KoHbirypauii npoekTy.

a

PR
——————

.

3anuwuTy cuctemy 36ipkn Maven. Nepexig Ha Gradle notpebye Ginblue pecypcis Hix o4vikyBaHKin BoHyc
edeKTMBHOCTI.

Mepexig, Ao 6araToMoayNbHOT apXiTEKTYPM.
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TexHiYHMnM aHani3 Ta
NNaHyBaHHA™. PilweHHA

MPOEKT MICTUTb 3acTapini Bepcii 3aneXHOCTeN, AKI NPU3BOAATL L0 BPa3IMBOCTEN.

He HanawToBaHO iHKPEMEHTHY 36ipKy.

BiacyTHE HanawTyBaHHA IHCTPYMEHTIB NepeBipKM AKOCTI Koay.
Docker notpebye nepeHanaluTysaHHa nicna nepexody Ha 6araTomoaynbHy apxiTeKkTypy.

OHOBNEHO BepCii 3aneHocTel A0 6inbl akTyanbHUX.
3aKpUTO BPa3/IMBOCTI NMPOEKTY.

HanawToBaHo cepefosuiLe po3pobKu i3 BUKOPUCTAHHAM NAATiHIB A8 NEPEBiPKM AKOCTI Koay i3
nnariHom SonarLint.

HanalTtoBaHo iHKpEMEHTHY Ta napannenbHy N0KanbHY 36ipKy NPOEKTY.
MepeHanawTosaHo Docker dainu.

15
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OnNTUMmI30BaHa AOCTaBKa Ta
IHTerpauia. PilueHHA

MpPOEKT He Mae oaHuMx 3acobiB aBTomaTuU3aLii npouecy 36ipKu.
MPOEKT He Ma€e }oaHMX 3acobiB aBTOMaTU3aLii PO3ropTaHHA.

Bukopucraro Jenkins.

CTBOpEHO 33Jauy, WO aBTOMATUYHO nepeBipato MOXAUBICTb 36ipKK NPOEKTY nicasa 3miH B Git—
penosunTopil.

CTBOpEHO 3a4auy, Wo 36upae penisHy Bepcito apTedakTy NPorpamHoro 3acTocyHKy.
CTBOpEHO 3a4auy, WO iMITye po3ropTaHHA penisHoi Bepcii apTedaKTy NporpamHOro 3acToCyHKy.
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Pe3ynbraTt poboTtun

KiHuesuit pesynbrat poboTn — CTBOPEHH:A CMCTEMM PEeKoMEeHAaUIi ANA ONTUMI3auii Nnpouecis CTBOPEHHA Ta
posropTaHHa baraTomoAynbHUX NpoeKTiB Ha Java. Byno nposeaeHo aHanis eTanis MUTTEBOTO LIMKNY CTBOPEHHA Ta
po3ropTaHHsA NogibHUX NPOEKTIB, PO3rNAHYTO MOM/IMBI ONTUMI3aL,Tl Ta IHCTPYMEHTM AN BUKOPUCTAHHA Ha KOMHOMY i3
eTanis.

Cuctema Byna 3actocoBaHa AnA onTUMisaLii npouecis Ha icHylowomy npoekti NURE Survey.

PesynbTaTom 3acTocyBaHHA eKCnepUmeHTanbHol cucTemm ctano HanarogxeHHa npouecis CI/CD, nokpaweHHaA Ta
aBTOMaTW3alia Npouecis NepeBipKky AKOCTI KoAY Ta NPUCKOPEHHA npouecy 36ipkn NpoekTy npubamsHo Ha 40% i came
ronoBHe — BUpiWeHHA robanbHux apxitekTypHux npobnem, Aki NpU3BOAMAM TO NOTEHUIAHWX NEPeLKoy, i3

macwTaboBaHiCTIO NPOrPamHOTo NPOEKTY.
DocnigxeHHa moxe ByTe posropHyTo gani y Hanpami cTeoperHa abo naariHis Ao icHylo4MX IHCTpyMeHTiB, abo

CTBOPEHHA OKPEMMX IHCTPYMEHTIB AN KPawoi iHTerpauii mixk poarnaHyTumu etanamm 6aratomoaynbHUX NPOEKTIB Ha

Java ta aBTomaTH3aLii KOHTPONIO HaA CTPYKTYPOHO Ta AKICTIO NPOrpamHMX NPOEKTIB.

Ve OAKYHo 3a yBary!

16
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OPTIMIZATION OF THE DEVELOPMENT PROCESS OF MONOLITHIC MULTI-MODULE PROJECTS
IN JAVA

In recent years, there has been an merease in the complexity of Java software development and a change in the scope of projects, including an increase
in the number of modules in progects. The multi-modularty of projects, although it improves manageability o a certain extent, bt often creates a
number of problems that can o heate development and, a problem that will appear n the furene, reguine mons resources to support. This article wall
amalyze the mam problems of monolithic muli-module Java progects and will 1y 10 consider a number of possible salutions 1o overcome the abave
problems. The article discusses the peculianties of warking with multi-module monolithic projects using Java as the main programming language. The
purpose of this article is 1o identify features and obstackes using the above anchitectural appcrmdl of the software, analysis of the mamn possshle Bses
of working with the monolithse multi-module Java projecis, as well as provading r !} for 2l these ohatacles ar dl.ns.nhllg, the
features of the process that could help engineers in supporing this kind of projecis. In other word the main goal of this work = 0 create
recommendations, provide modern best practices for working with monolithic multi-modular software architecture and the most popular modem
technological solutions used m corporate development. The proposed necommendations allow the team, primanly developers and the engineering sade,
1o avoid possable ohstscles that lead 1o the less of efficiency of the monolithic software development process. The mest imporiant advantage, from the
recommenidations given in the artcle, 1 the optimization of resource costs (tme, money and labor) for the development process. As a result of the
artiche, a general st of recommendations was oblamed, which allows the developer to better analyze what changes m the project should (if necessary)
e made w0 optimize the development, assembly amd deployment processes of a monolithic Java project, =2 well as advice before designing new

software to avoud the mam ohstacles of monolithic anchitectuns m the fure.

Keywards: monolithie architecire, mult-module architecture, Java, project build. module, development, project deployment.

Introduction. To begin with, here is a short
description of monolithic architecture and its features. To
do this, let’s wm w the article «Microservices vs,
monolithic architectures by Atlassian marketing strategist

Chandler Harns [1].
A monolithic application is a single common project,
while a microservice architecture, n turn, 15 a

combination of small, independently deploved services.
Monolithie architecture has already become a traditional
software model; it represents a single project that works
autonomously and independently of other applications. In
turm, the code base in such an architecture combines all
business tasks.

Let wus highlight the main advantages and
disadvantages of monolithic architecture. The advantage is
the ease of deploying applications with a monolithic
architecture.  Fewer  independent  modules  reduce
configuration and deployment costs. Using a single code
base in some situations leads 1o simplified development,
however, making fundamental changes to its structure can,
on the contrary, significantly increase costs.

In some siuations, the performance of monolithic
applications can be higher than that of applications with a
microservice architecture. For example, in a centralized
codebase it is sometimes possible o use a single APL
which often immediately sends a request to the data
storage system, when, in lurn, a microservice architecture
requires calling various APIs, as well as transferning data
through  application communication mierfaces (for
example, REST).

In cases where at the initial stages, as the monolhithic
application grows, its main disadvantages begin to appear.

One of the main ones is a significant increase in resource
costs  for  development (both material and  time).
Especially, this faw will manifest itself during major
changes in a single code base, which may affect all
functionality. Not only does the developer need to take
this into account, but also a competent team lead must
realize that it is necessary to almost completely test the
functwonality of the project, which could be affected by
these changes. This 15 a rather unpleasant factor,
especially durng the penod when, for example, the
release date is approaching, and changes to the code base
are  requested and occur after the main  business
functionality has been tested. Thus, there i1s a need 1o
retest the application, where there is a nisk that it will not
be fully completed by the release date.

As a possible example, a situation where the
business side wrgently requires new functionality, in
addition to what was planned in advance, and from the
technical management side, closer to the end of the
development period, a request comes for a mandatory
update of the project build system plugins o close a
technical vulnerability. After updating the plugins, part of
the project’s functionality stops working with an error.
The development team needs to ry o fix the problem
with urgency, and the testing team has even more urgency
to verify that the problem s fixed.

The next disadvantage of such an architecture -
unrelability. An mstability or bug in one module has the
risk of affecting the availability of the entire application.

Scalability is the third key problem. Individual
components cannol be scaled, since they are part of a
single code base and are not presented, at least, as a
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separate stand-alone module [2].

About multimodularity. Let us briefly recall what
multimodularity is, why this approach is used, and what
advantages and disadvantages it has. To do this, let's tum
o Google's article on using the modularization approach
i Android development [3].

And so, modularization is a practical approach that
consists of breaking the project's code base into loosely
coupled and autonomous parts, each of which 15 a separate
mudule. Each such module is independent and created for
a clear purpose. For example, a simple application that has
a presentation module, a module that represents business
logic, and a module for communicating with the data
storage environment. Thus, dividing the code base into
modules can reduce the complexity of designing and
mainiaining especially large systems. Let us highlight the
main advantages of this approach.

The multimodular approach opens up the possibality
that a module’s code base can be reused both within a
project and across multiple applications. In this case,
modules are individual building blocks. An example
would be where an application has multiple presentation
midules, say a Ul module and multiple REST API
modules. In this case, they can reuse the functionality of
the module {modules) for working with busmmess logic,
which in turn uses the module for working with the data
slorage environment.

Another  benefit 15 increased  efficiency  n
dependency management. It becomes possible o control
which module dependencies and which part of its code
base needs to be transferred to other modules, and which
needs (o be hidden or encapsulated.

The next advantage 15 scalability. When using a
properly implemented principle of separation of concerns,
changes in one module will not cause a cascade of
changes in all other modules of the project [4]. However,
often, in practice, in both old and new monolithic projects,
this  principle 15 not taken into  account, which
subsequently significantly increases support resources.

However, in the process of implementing a
modularization approach, developers can offen encounter
risks and common architectural mistakes. For example,
each module will intreduce additional costs in the form of
mereased  assembly  complesaty  and  cumbersome
boilerplate code. Al the same time, the complexity of the
mudule assembly configuration creates the risk of making
it difficult to mamntain configuration consistency across all
project modules in the long term. The costs of
implementing this approach should be assessed to see 1f
they will hinder the improvement in scalability. In such
cases, a possible solution would be to conduct an
architectural refactoring to find modules that could be
consolidated.

Conversely, in some cases, especially on large
monolithic multimodule projects that are already guite
old, the problem arises that the modules can become o
large, thereby spawning another monolith, which in tum
deprives almost all the benefits of the multimodularity of
the project. For example, business logic modules guite

often grow in applications, but some functionality 15 used

only once, at the same time requiring guite a lot of
configurations and resource costs [5].

The next danger in implementing a multimodule
approach is unnecessary complexity. It is necessary to
analyze whether, in principle, it makes sense (o split the
project into modules. The main thing to pay attention Lo is
the size of the codebase. If the project 15 nol expected 1o
exceed a certain size limil, the scalability gain will be
cither so small or non-existent that implementing the
approach discussed will make no sense. As an example,
there 15 no point in splitting very small microservices that
perform one single simple action into modules.

To SUMMArize, Lo determine whether
multimodularity is suitable for a particular project. you
can only first assess its expecied size, the need for
scalability, encapsulation, or simply reduce build time,
then it makies sense to consider the possibility of switching
o a multimodular architecture.

Multimodularity in Java. JTava 15 one of the most
popular object-oriented programming languages today [6].
Generally, more commonly uwsed today for either
enterprise  development or Android development. In
addition to a number of advantages that this language has,
one of them has only recently begun to appear in a neal
development environment - the Java Platform Module
System (JPMS). Let's look at how this works, using an
article from the Baeldung resource [7] as well as material
presented in the book «The Java Module Svystems [8].

JPMS arrived with the 9th release of Java and
brought with it a new layer of abstraction over packages
known as the Java Platform Module System.

A module in JPMS tsell s a group of closely related
packages and resources, along with a newly introduced
module descriptor file. The packages within each such
module are identical to those already existing in Java.
Each module 15 responsible for its own resources, such as,
for example, media or properties and configuration files.

At the time of writing, there are four types of
modules: svstem modules - modules that are hsted when
the list-modules command is run. They include Java SE
and JDK modules. Application modules are those modules
that are usually created when there is a need 1o use
multimodularity. They are defined in the compiled
ubodule-info.classs file included in the compiled JAR
file. Automatic modules are unofficial modules that can be
added to a project by appending existing JAR files to the
module path. The module name will be denved from the
name of the JAR file. Automatic modules recerve full read
access o all other modules that have been written to the
path. Unnamed Module - In situations where a class or
JAR file 15 loaded on the classpath but not on the module
path, 1t automatically becomes part of the unnamed
module. Thus, it is a universal module that allows
backward compatibility with previously written Java code.

Modules have two distribution methods. The first s
in the form of a JAR file or in the form of a
udisassembleds» compiled project. It is also possible to
create multimodule projects consisting of a  w«main
programe and several library modules. When creating new
modules, you need o make sure that there is only one
modile in each JAR file. When setting up the bunld file, it
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15 necessary (o combine each project module into a
separate JAR file. To configure the module, vou need to
place a specialized file named Module-infojava n the
ool of the packages. This file is known as a module
descriptor, containing all the data necessary to create and
use a new module.

It 15 worth highlighting a number of problems
associated with using the Java Platform Module System.
Large number of projects {especially in the corporate
environment) are currenily avolding the implementation
of this technology due to the difficult migration of existing
projects, since il requires quite sigmficant resources and
changes. Also, managing dependencies between modules
can add complexity to the development process. JPMS
requires exphicit defimtion of dependencies, which in turn
creates the possibility that the project structure will
become more granular and more additional code will need
o be written (o manage dependencies. Another problem s
the limited support for JPMS by the currently extremely
popular Maven and Gradle build and deployment systems,
which often results in a refusal to implement JPMS into a
project. Quite ofien third-party libraries and frameworks
do not have support with JPMS, in cases where their
dependency  structure 15 guite complex, or the Java
Reflection API s used. In this case, it 15 necessary o
create additional «adapterss that will allow the
implementation of JPMS. In some cases, the use of JPMS,
like any complex module management structure, can lead
to a drop in performance and additional resource costs,
which can be especially sensitive for some projects.

Perhaps, the lack of sufficient experience with this
technology and, accordingly, its support by third-party
frameworks and code makes JPMS a rather controversial
option for implementation as a project modulanzation
system. inferior in capabilities to the same tools for
assembling and deployving applications such as Gradle and
Maven.

Popular solutions. Lets look at popular solutions to
improve the process of working with monolithic
multimodule applications. The very first and obvious
thing 15 to use popular project build systems for Java
projects, such as Apache Maven and Gradle.

Apache Maven is a dependency management and
build automation ool primarily used for Java projects [9].
The core concepts of Maven include the POM (Project
Object Model) approach, which 15 an XML file that
descnbes the project structure, its dependencies, plugns
and other settings. This file is the main configuration
element for Maven and, in tum, confains project
mformation such as name, version, dependencies, ele.

The next concept of Maven i1s the automatic
downloading and management of dependencies, which are
specified n the POM file and downloaded automatically
using the central Maven repository or other remote
repositories. This process build system contains a division
of the project build process into several phases, which
include compilation, testing, packaging, deployment and
others. Each such phase 15 performed in a specific project
and can be configured using plugins. Plugins, in turn,
allow you to expamnd functionality by introducing new

build goals or performing other tasks. Maven has both
built-in plugins and support for creating your own plugins.

Let's look at how to use Maven for a new project. To
do this, we will generate code using the application
archetype smaven-archetype-quickstart». We will use the
next example command:

mvn archetype:generate -Dgroupld=com.example -
Dartifactld=my-project  -DarchetypeArtifactld=maven-
archetype-guickstart -DinteractiveMode=false

Further, as the code 15 wrlten, the necessary
dependencies will be added to the project, for example,
the JTUnit testing framework. To do this, we need to edit
the spom.xmls fle and declare the dependency in it. The
example for JUnit dependency 15 displayed on fig. 1.

<dependency>
<groupld:junit</groupld:
cartifactId>junit</artifactIds
<version»d.l12</version>
<scopestest</scoper
</dependency>

Fig. 1. The example of the spom.xml» modification

And when evervthing 15 ready, we can run the
following command to get the project JAR file in the local
Muaven repository «mvyn clean installs.

Gradle 15 also a tool for automating project build,
testing, and deployment, with an emphasis on a
declarative paradigm as opposed (o an imperative one
[10]. The project structure and s dependencies are
deseribed using DSL (Domain Specific Language). This
toel 15 more flexible in describing the project structure:
DSL can be used based on Groovy, Kotlin, There 15 also
support for parallel builds, mcremental builds, the ability
o create separate tasks, and much more. For example, the
ability 1o define various assembly  fasks, configure
dependencies, source code sources, resource management,
eic. While Maven can also be used for monolithic,
multimodule Java projects, Gradle, due to its flexibility
and rich customization options, 15 often preferred for more
complex projects with a large number of modules and
components.

Let's look on at a sumple example of how Gradle
allows us o create a task to package, test, further build
and deploy a JAR file of a specific module to a specific
path. The example is on fig, 2.

The image describes the general example structure of
the wbuild. gradles files. With defining the plugins, group,
version, module  dependencies, configured repository
sources and specific tasks created manually. This file s
placed in each module of the project supported by Gradle
build system. The configuration properties could be
changed in the wsgmadlepropertiess file placed n
TESOUCES,

This «build.gradles file defines the following tasks.
ahuildModules — the task that builds the module will first
execute the ecleans (to clean up previous builds) and
wlests (1o run tesis) commands, afier which a JAR file will
be created using the corresponding «Jare  plugin.
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wtestModules is a task that runs unit tests for the module.
adeployModules — this ask deplovs the assembled JAR
file to the specified directory. Thus, you can execule all
three commands by running only one of them.

plugin: {
id “java’
1

group ‘oom.exasple’
werslon *1.8-5SHAPSHOT®

rapositories {
mavenCantrall}
}

dependencies |
testlmplementation *junit: junit:4 12"
1

task buildModule{type: Jar) {
dependsin ‘clean’, “test’
archiveFileHawe = “§{project.rame}-#{project.version}.jar®
destinationidr = filef™$bud MdDirf1ims")
from sourceSets.sain.output

1

task testModule{typa: Tast) {
testilassaslirs = sourcaSets.test.output.classasdirs
classpath = sourceSets.test.runtimel lacpath

}

taik deployModule{type: Copy) {
depandwlin "hulldModuls”
from “ShulldDir/1ibs"
inta 'path/to/deployment /directory”

Fig. 2. The example of the sbuild gradles file

Gradle has incremental (enabled by default) and
parallel project builds.

Parallel assembly, while reducing time costs,
especially for multicore systems, can also significantly
increase the required computing resources of the system
where it ocours.

And the next recommendation is to uwse Docker to
saimphfy the deployment process [11]. The use of this
technology will bring a number of advantages to the
project. The ability to flexibly configure Docker hles for
each module has a positive impact on the scalability of the
project.

Perhaps one of the few disadvantages of this
technology 15 the complexity of configuning the Docker
images themselves, especially for beginners and in cases
where the project has a complex structure with a large
number of dependencies. Docker contmners themselves
will require additional computing resources o operate.
This may result in increased costs for maintaining the
application deployment environment [12].

Thus, Docker may introduce additional costs for
mainienance  and  support,  including  container
orchestrators (for example, Kubernetes). However, for
large projects this is a good solution that will make the
deployment process much more efficient.

Let's look at how 1o use Docker in practice. Let's
imagine that we have a monolithic project m Java, which
has  several moduoles, let's call them abstractly
areposilorys, sapiy, wservices, wwebs, First of all, we will
define a Dockerfile for each of the modules. The example
of the Dockerfile for «apis is displaved on fig. 3.

The next step will be bullding and running the
Docker images for each of the modules with the next tvpe
of commands. «docker build -t myvproject-api: 1.0 api/s
and «docker run <l --name api-container myproject-
api:l.0» And this is how we gel a running container for
the wapis module in the background.

# Using a baze JOE imsge

FROM apenidk: 11

# Copy a JAR-fila from ctha project build oo cha concaimes
COFY build/libs/api.jar fapp/apl.]ar

§ Define a commamd for project start

D ["java™, "-jar®, "/app/api.iar”]

Fig. 3. The example of the Dockerfile

Conclusions. The result of this article, is examined
features of working with multimodule monolithie Java
projects.

Listed the key problems of this type of project
architecture, ways to solve them, as well as technologies
and tools that can improve the efficiency of the
development and deployment of these projects, and gave
practical examples of their use. Discovered the ways o
replace the monolithic architecture with the microservice
architecture.

As a summary, the main recommendation discovered
in this article is to get rid of most of the problems s 1o
swilch o a microservice architecture whenever possible,
use the Gradle project buwld tool and Docker
containerization. This makes the development process
more effective and reduces the project support costs.
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OINTHMBANIIA MPOLHECY PO3POLBKH MOHOIITHHX BATATOMOAYJILHHX ITPOEKTIB HA JAVA

B ocramm POKH CHOCTEPIEICTECH POCTANEA CRAAHOCT] POIPOOKH NPOIPAMHONe sabeinevesy Ha Java 1a amMina ODCArY OpOeKTis, ¥ TOMY “HCH
WOLISIICHHN KUILKOCT] MOAY/RE ¥ npoexTax. Baratomoxyassicm (IPOSKTIE X043 T ROKPRUIYE HEBHOIO Mip ICTh, 40¢ MACTO CTSOPIOE HIUIKY
mpoliies, *K1 MOKYTE YCKAAIHHTH PO3podiy T4, npodaeMy, SKa 3 tBITLcE b MaillyTHROMY, BHMara Glaisue pa.ypu- A marpsaxs. Y il crarn
Oyiie NPOAHANISOSIHO OCHOBHE NPOGIEMIt MOHOM THHX GaraToMOAYIRHIX Java-npoextis | 3podsena cnpoda POTANHYTH P MOAIHEMX PLUCHS 1%
NOACIAHKN  BHILESATHAYEHHX npolules. VY Crarm poarisaoTaea 0COMIMBOCTT podomn 3 GAraroMOAYILHHME MOHOMITHIDIE OPOSKTAMN 3
HUKOpUCTaHHEM Java MK OCHOBHOT MOSI OpOrpaMybasne. MeTolw SaHoi Crarn ¢ suamicHns ocoluupocredl | nep nps PUCTAHHI
BMILEIAIHANEHONO  APXITEKTYPHOIO MIAXOAY OPOCPAMIOIO Sabesnevenns, AMATT OCHOBHHX MOAMBAX 0podaeM poBOTH 3 MOHOIITHHMM
GaraToMOAYALHHMI JAVA-OPOSKTAMIL, 3 TAKOK HAJAHAN PEKOMEHAMIET WOI0 YCYHEHHA LNX Nepewxo] a00 ouncy ocobausocteii npoyecy, axui
MOAE JO00MOITHI IHACHEPAM Y NLXTPHMIL TEXOr0 poay npoexris. | CHOBAMM, OC METOK J3H0T POBOTH € CTSOPEHHR PEKOMEHAAIL,
cyac I NPAKTI POOOTH 3 MOHOXITHOK GArATOMOAYLHOW apx:mrlwum npumauno«u sabeumedenny 1 BAfNONYANPHILNMI
CYMACHMMS TEXHOMOITH MMM pumennmu Wl BHKOPUCTOBYIOTLER & KOPHOY posp MBI AT A ™
Popod Ta il cTop VHUKHYTH MOAIRSHX (ePetiKo], 161 npuxao,un 20 npam SHERTIEHOCTI ApoLeCY POIPOGKI
SMOHOITTHOIO POT PEMHOCO sabesnenennn. Hafsas tBinson NEPEBANOIO, 3 PEKOMEHBANIL, HASCICHMX Y CTATTI, € ONTHMIMALIR BHIPAT pecypeis
(MACHUX, [POLIOBAX | TPYAOBHX) 12 npoues porpodin. B peryvanTan Crarm oTpaMano araibsmil COMCoK PeKoMes aii, axuil A0ssaume pospodemnsy
KPAle NPOAHATITYSATH, 2K IMIHN 8 OPOeKTI HCOOXIAHO (AXIN0 HEOGXIAHO) BHECTI LN ONTHMIBALI npouecis poIpo0ki, SHIPKM T3 POArOPTaI
MOBOIITHONO JAVA-NPOEKTY, 8 TAKOK NOPALN LI POIPOGKH HOBOIO IPOFPAMHOND 3a0esne entn, o0 YHUKHYTH OCHOBHHX MIEPELIKO] MOHOXITHOT
apxrrexTypi s MafioyTHLosy.
K0vosi CHoBa: MORONITHS APXITEXTYPA, (A ATOMOAYILHA SpXTTexTypa, Java, s0ipka NPoeKTy, MOAYIL, POIPODKI, POITOP TIHAN (IPOEKTY.
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