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Pe3ynbpraTu nepeBipky Ha yHIKaIbHICTh TeKCTy B 0a31 XHYPE
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Pucynok B.1 — Ilepmuii cnaiin npe3eHTanii

META

TecTt npogykTnBHOCTI CYB/[], B KOHTEKCTI
CUCTEMM YN paBriHHA 3anacamMu.

O6paHi CYB/L;
o« PostgreSQL
« MongoDB
° SQthe
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AOCNIAXEHHSA

Po3po6ka cuctemMm ynpasniHHS 3anacamMm.
MinroToBka naHux.

Bubip noka3HUKIB NPOAYKTUBHOCTI.
CTBOpPEHHS TecTiB.

HanawTtyBaHHA TeCTOoBOro cepenoBumila.

Pucynok B.3 — Tperiii craiin npe3enTarii

PO3POBKA CUCTEMM YI'IPABHIHHFI
3ANACAMM

Pospobka cuctemMm ynpaBniHHA 3anacamu 6yna 3pobneHa Ha MOBI
nporpamMyBaHHA Java. [118 CnpoLeHHsA nNpoLlecy CTBOPEHHS, HanalTyBaHHS
Ta po3ropTaHHA aoaatka 6yno obpaHo ¢penmBopk Spring Boot. Llen
dperMBOPK BKNKOYAE OCHOBHI 6ibnioTekn Spring, WO [03BONSE LWBUOKO
CTBOPIOBATU HafivHi Ta MacwraboBaHi aoaaTtku. Spring Boot aBTOMaTU3yE
6e3niy pPYyTUHHUX 3aBOaHb, WO CNpPUSE NIOBULLEHHIO MPOAYKTUBHOCTI
po3po6bku Ta nonerwye KoH@irypauito nporpam.

Ona aBToMaTu3auii TectyBaHHA 6yno o6paHo ¢penmBopK JUnit.
BukopuctaHHa JUnit [O3BONSE aBTOMaTU3yBaTUM Ta CNPOCTUTU nNpouec
CTBOPEHHSA TecTiB, 3abe3neuvyioun ePeKTUBHICTb, PerynsipHICTb Ta 3py4HICTb
Yy BUAIBNEHHI Ta BUNpaBneHHi MOMUNOK.

Pucynok B.4 — UeTBeptuii craiin npe3eHTanii




niaroToBKA JAHUX

TectoBi paHi 6ynu  3reHepoBaHi 3a
OOMNOMOroK KnaciB, €Ki CTBOpKOBanu
06'eKTU 3 3aNOBHEHWUMU BNAaCTUBOCTAMM.

CaMi BNacTUBOCTI , 3aNOBHEeHI AaHUMMU, AKi
TaKOX MICTATb AOYipHiI 06'EKTK, HaNpuUKnNag,
Order mae o6'ektu Orderltem.

CrBopeHHA 06'ekiB AnAa TecTyBaHHA 6yno 2

BUAIB — ANA BUKOPUCTAHHA AK OCHOBHOIO
ob6'ekTa i AK ANA A0YIPHbLOrO.

Pucynok B.5 — II’sTtuii cnaiin npeseHTaii

BUBIP NOKA3HUKIB
NMPOAYKTUBHOCTI CYBA4

. Yac BUKOHaHHA 'rpaHaaKui‘l'

. BUKOpUCTaHHSA npouecopa

. BukopucTaHHs onepaTUBHOI NaM'aTi
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CTBOPEHHSA TECTIB

Tectn 6ynu cTBOpeHi ONA WapiB «repository» Ta «service» aKi
BKNoYanu aK 3BuyamHi CRUD onepauii 3 ob'ektamMu, Tak i
cneundivyHi onepauii AnNa CUCTeM ynpasniHHA 3anacamMmu.

[na BUMipioBaHHSA Yacy BUKOHaHHS TeCTiB BUKOPUCTOBYBanuCs
CTaHOApPTHI IHCTPYMEHTU Java, 30KpeMma, Knac
“System.nanoTime()”, akui 3abe3snedyye BUCOKY TOYHICTb
BMMIipIOBaHb.

KoxeH TecT noBToploeTbea no 10 pasie. [10 noYyaTky BUKOHaAHHA
onepauii 3anyckaBcsa 00OaTKOBUM MOTIK MOHITOPUHIY pecypciB
3a AOMNOMOrolo Knacie “PerformanceMonitor” i
“MonitoringThread” AKi BUKOHYIOTb BUMIipIOBaHHA
BukopuctaHHa CPU i RAM npouecom CYB[.

Pucynok B.7 — CpoMuii crnaiin npe3eHTarii

HAJIALUTYBAHHSA TECTOBOFO
CEPEANOBMLLA

e TecTu npoBoAUNUCA Ha ABOX Nnatdopmax - Linux Ubuntu 22.04.3 LTS Ta
Windows Server 2019. B ofox onepauinHMX cucteMax Ha MOMEHT
TecTyBaHHA 6yno BcraHoBneHo nNo 4 CYB[ ocraHHboi Bepcii. Ona
TecTyBaHHSA BUKOpUCTOBYBanucs Taki CYB/[] - PostgreSQL 16.2, MySQL 8.3,
MongoDB 7.0, SQLite 3.45.02.

BiptyanbHa MawwuHa Windows Mana npouecop Intel Core i5-13500,
onepatuBHOI NaM'aTi 6yno 64 6, Tmn nam'ari - DDR4, naHi i cucrema
36epiranuca Ha aBox Auckax 512 GB NVMe SSD (Gen4) o6'eqHaHux y
RAID 1.

BiptyanbHa MawwuHa Linux Mana npouecop AMD Ryzen 5 3600,
onepatuBHoOI naM'aTi 6yno 64 6, Tun naM'ati - DDR4, naHi i cucrtema
36epiranuca Ha aBox Auckax 512 GB NVMe SSD (Gen4) o6'eqHaHux y

RAID 1. .

Pucynok B.8 — BoceMmuii ciaiin npesenTanii




11 o Liaux
.

\
L

Aversze RA
»0
‘“ I
Y
»
’
[T ———

Milliscconds

1069

MosgoDB Execwnon  MySQL Execunon Time  SQlLite Executon Time
Average Average

Pucynok B.9 — JleB’situii cnaiin npeseHTanii

PE3YJ/IbTATU HA OC WINDOWS SERVER

VI CTU g Mgl CTU Arvrnge MSGL (TS Avewnge
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BUCHOBKMU

pecypcie CPU i RAM.

PostgreSQL noctynaerbca MongoDB y LUBUAOKOCTI BUKOHaHHA TpaH3akuii, oaHak
BUKOPUCTOBYE 3HAa4YHO MeHLle pecypciB Ha Windows Server i BUKOPUCTOBYE MeHLLe
nam'aTi Ha Ubuntu Linux.

MySQL nosinbHiwa 3a MongoDB i PostgreSQL Ha o6ox nnatgopmax

SQLite No WBMAOKOCTI BUKOHaHHSA TPaH3aKUih Ha OCTaHHbLOMY MicCli 3 BeNUKUM
BiAPUBOM.

Ona Ubuntu Linux onTuManbHUiA BUGIp 3 TOUKM 30py LWBMAOKOCTI, TO ana NoSQL
CYBl ue MongoDB, ana SQL - PostgreSQL. #HAKWO KPUTUYHO BaXX/1MBa
3aBaHTaXEHICTb NpoLecopa, To XopoLww M BUbopoM Moxe ctatn MySQL.

Ona nnatdpopmm Windows HankpawmM BubopoM € PostgreSQL 3 TOYKM 30py
6anaHca MiXX BUKOPUCTaHHAM pecypciB i Yacy BUKOHaHHSA TpaH3aKuin. AKWOo X
HeobXxigHO BMKOHYBaTKU TpaH3aKLUii AKOMOra wsugle, a BUKOPUCTaHHSA pecypciB €
MEHLL BaXXNTMBUM, TO O/19 CUCTEM YNpaBniHHA 3anacaMu MoXHa o6patu MongoDB
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ANPOBALIA AOCNIAKEH Hg -l

l‘lporpaMa KOHd)epeHLUI

IEEE Information about paper:

e Article Title: Free DBMSs Performance for an Inventory Management System
based on Spring Boot
Publication Title: 2024 |IEEE Open Conference of Electrical, Electronic and
Information Sciences (eStream)
Publication Type: Conference
Authors: Viacheslav Guzhov
Article Identifier: 697613

Authors E-mail: viacheslav.huzhov@nure.ua
eCF Paper Id: 697613

Pucynok B.12 — /IBanaansatuii cnai mpe3eHTali




ASKYIO 3A TE WO NPOCNYXAJIX MOIO
AonoBiAb 3 MATICTPCbKOIO AIOCNIAXKEHHA

3BOPOTHIN 3B'A30K
Badvecnas Ny»KoB
viacheslav.huzhov@nure.ua

XapKiBCbKMWM HauioHanbHM YHIiBeCUTET PaflioeNneKTpoHIKU

CREDITS: This presentation template w
created by Slidesgo, Including icons by
and infographics & images by Freepik.

Please keep this slide for attribution.

Pucynok B.13 — Tpunaausaruii ciaiin npe3eHTarii



JIOJIATOK T

Tekct HaykoBO1 MyOsiKalii 3a TEMOIO KBasli(PikaliiftHOi poOOTH

Free DBMSs Performance for an Inventory
Management System based on Spring Boot

Viacheslav Guzhov
Software Engineering Department
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
viacheslav.huzhov@nure.ua

Abstract — This research examines the integration of free

b M. (DBMSs) with a Spring Boot-
driven Inventory Management System. Evaluating MySQL,
PostgreSQL, MongoDB, and SQLite, the study explores
performance metrics, benchmarks, and practical scenarios,
unveiling the strengths and weaknesses of each DBMS. Tailored
for developers, architects, and decision-makers, the results aid
in selecting an optimal free DBMS for improved system
performance and informed decision-making  within
organizati i ce ions.)

pling op

K. deT M.

oy y System, DBMS, MySQL,
PostgreSQL, MongoDB, SQLite, performance.

I. INTRODUCTION

In today's business landscape, where cost-effectiveness
and flexibility are paramount, organizations are increasingly
turning to free and open-source technologies. This paper
explores the performance of free DBMSs with Spring Boot
application which is also free and open-source and makes it
possible to build enterprise-ready applications [1, 2]. Spring
Boot also greatly simplifies the testing process [3]. Modern
technologies even allow for the identification of goods by
image [4] or the identification of employees using facial
identification [5], which can be incorporated into modern
inventory management systems.

As companies seek cost-effective solutions, the choice of
an appropriate DBMS becomes critical. This study evaluates
and compares the efficiency and reliability of popular free
DBMSs — MySQL, PostgreSQL, MongoDB, and SQLite —
in the context of an Inventory Management System. In this
study, a NoSQL database is specifically added because this
type of datat has its ad ges over SQL datab [6, 71.
It is known that MongoDB can execute transactions faster
than SQL databases [8, 9] but besides the speed of transaction
execution, there are other criteria for choosing a DBMS that
will be considered in this study. The significance of this
research lies in its potential to guide decision-makers in
making informed choices aligned with their organization’s
specific needs and goals.

In the realm of inventory management, organizations often
aim to develop in-house solutions to optimize resource
utilization. Inventory Management Systems solve many of the
problems faced by e-commerce companies [10, 11, 12, 13].
Leveraging the versatility of the Spring Boot framework, this
research focuses on performance metrics with integrating free
DBMSs into an Inventory Management System.

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

Kyrylo Smelyakov
Software Engineering Department
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
kyrylo.smelyakov@nure.ua

II. METHODS AND MATERIALS

The next subsections in this section describe the creating
application, prepare data for testing and evaluation metrics
which have been used for experiments.

A. Creating an application

To test the DBMS’s, an application was created in the Java
programming language using the Spring Boot framework. The
application includes all the basic entities for the inventory
management system. Class diagram presented on Appendix 1.

The application has several layers of abstraction - a layer
of entities that are database objects, a repository layer for
interacting with the DBMS, and a service layer where business
logic is written. The database schema is shown in Appendix
2.

Tests were written for the Repository and Service layers to
verify the correctness of their operation.

B. Prepare data for testing

To prepare the test data, special classes were written to
generate objects, the data of the object fields were filled with
random data, and objects were created that had connections to
the test objects, for example, for the Order object, Orderltem
objects were created, and so on. The number of objects to be
tested for each repository and service is shown in Table 1.

TABLE 1
NUMBER OF TEST ENTITIES
Entity Name Quantity
Role 5000
User 5000
Address 20000
Cargo 300
Cartegory 5000
Di i 10000
ItemOption 20000
Marketplace 5
Orderltem 2000
Order 1000
Product 5000
SaleTransaction 10000
Store 10
Warehouse 5
Weight 20000
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C. Creating tests

For the service and repository layers, tests have been
created that check the operation of functions that are necessary
for the inventory management system. In each test function
there is the part of the function in which the key calls take
place, the performance of which we measure. These key calls
is repeated 1000 times in test function to avoid anomalies in
the results. For the same purpose, each test is run 10 times in
both the repository and service layers.

D. Prepare an environment for running tests in Linux and

Windows virtual machines

The tests were conducted on two platforms - Linux Ubuntu
22.04.3 LTS and Windows Server 2019. Both operating
systems had 4 DBMSs of the latest version installed at the time
of testing. The following DBMSs were used for testing —
PostgreSQL 16.2, MySQL 8.3, MongoDB 7.0, SQLite
3.45.02.

E. Define performace metrics

To evaluate the performance of each DBMS, it was chosen
to collect data on the execution time of operations and the
CPU and RAM load. Monitoring of CPU and RAM utilization
was built into the application in such a way that when the test
is started, a separate thread is launched in which data on CPU
and RAM utilization is read.

III. EXPERIMENT

The experiment consists of three parts.

1. Prepare an environment for running tests in Linux
and Windows virtual machines.

2. Run tests and collect test results.

3. Compare results.

A. Prepare an environment for running tests in Linux and
Windows virtual machines

The tests were conducted on two platforms - Linux Ubuntu
22.04.3 LTS and Windows Server 2019. Both operating
systems had 4 DBMSs of the latest version installed at the time
of testing. The following DBMSs were used for testing —
PostgreSQL 16.2, MySQL 8.3, MongoDB 7.0, SQLite
3450200.

B. Run tests and collect test results
The testing was performed using the Junit 5.10 library and

the results were recorded in a CSV file upon completion of the
test. The test results are available at the link:

https://docs.google.com/spreadsheets/d/1nAsdjWZGHtQ
08SsOMYyWvY_k4RSluuOOAt5eWSShExY

IV. EXPERIMENTAL RESULTS ANALYSIS

First of all, it is worth noting that SQLite does not have a
separate application compared to other DBMSs and the
database is managed in the application itself without sending
commands to a separate DBMS application compared to other
DBMS:s under consideration. Because of this, it is impossible
to determine exactly how much SQLite uses CPU and RAM,
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the only thing that can be measured is the speed of query
execution.

A. Analyzing the results on the Linux platform

Let's start by looking at the results on Linux. The RAM
usage among these four DBMSs differs, but not much. On
average, PostgreSQL consumes the least amount of memory,
followed by MySQL and after them MongoDB. The graph
with the results can be seen in Figure 1.

Average RAM Usage on Linux
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MongoDB RAM
Average

Figure 1: Average RAM usage on Linux

If we look at the results of CPU usage, we can see strong
differences between these DBMSs. MySQL consumed the
least, PostgreSQL and MongoDB consume significantly more
CPU. The graph with the results can be seen in Figure 2.

Average CPU Usage on Linux
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Figure 2: Average CPU usage on Linux

An important performance indicator is the speed of query
execution, and here we can see that MongoDB is the leader in
speed. If we take into account only relational databases, then
PostgreSQL is the leader with a strong margin, followed by
MySQL, which is 2 times slower. SQLite turned out to be very
slow. The graph with the results can be seen in Figure 3.

Average Test Execution Time on Linux
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Figure 3: Average test execution time on Linux
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B. Analyzing the results on the Windows platform

Figure 4 shows the average memory usage on the
Windows platform. From this graph, you can see that MySQL
consumes the least amount of memory, followed by
PostgreSQL with slightly higher results. MongoDB consumes
more than 2 times more memory than MySQL and
PostgreSQL.

Average RAM Usage on Windows
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Figure 4: Average RAM usage on Windows

Figure 5 shows a graph comparing CPU usage during
testing on the Windows platform. In terms of CPU usage,
PostgreSQL uses the least CPU. MySQL uses more than 2
times more CPU than PostgreSQL. MongoDB uses the most
CPU among all the contenders.

Average CPU Usage on Windows
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Figure 5: Average CPU usage on Windows

Figure 6 shows a graph of the average execution time of
operations on the Windows platform.
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Figure 6: Average test execution time on Windows

In terms of query execution speed, MongoDB is the leader
by a wide margin, using more memory and CPU, MongoDB
executes queries much faster than other contenders. Among
SQL databases, PostgreSQL was the fastest by a wide margin,
followed by MySQL. SQLite turned out to be very slow and
significantly inferior to other contenders.

V. CONCLUSION

Summarizing the performance of these four DBMSs on
Ubuntu Linux, we can see that SQLite is a very slow DBMS
and can hardly be considered a good performance DBMS.
MongoDB was faster than the other candidates, but it
consumes more CPU than MySQL. The choice of a DBMS
depends on the requirements of the company. If we take the
optimal choice in terms of speed, then for NoSQL DBMS it is
MongoDB, for SQL - PostgreSQL. If CPU utilization is
critical, MySQL can be a good choice.

To summarize, it seems that PostgreSQL is the best choice
for the Windows platform in terms of resource utilization and
transaction execution time. If it’s necessary to execute
transactions as quickly as possible and resource utilization is
less important, the choice is MongoDB.
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ExcriepTHHI BHCHOBOK pE3yIIbTaTiB MEPEeBIpKH KBasTiikariiHoi po6oTn

CTVIIeHT NPOrpaMHOi ikeHepii II13m-22-3
(mocana) (xapenpa) (rpyna)
I'yxxoB B. O.
(npissaue, ine's, no Garswoni )
3ayBaXKeHHs
Tysxr ACTY 3008- . Cropiaka
2015 3MiCT myHKTY kBaidikauiitnoi
poboTn
1 2 3
7.1 3aranbHi H0J0KeHHS
7.3 Hymepauisi_CTOpiHOK 3BiTy
7.4 Hymepauisi po3iJiB, miApo3i;iis, MyHKTiB, NiANYHKTIB
7.5 PHCyHKH
7.6 Tabuumi
7.7 lepeikn
SIKIIO MOJAKOTh MEPEiKM OJHOTO PiBHSA MiANOPANKOBAHOCTI, Ha fKi Yy
3BiTI HEMae MOCWIaHb, TO MEpPe] KOXHHM i3 NEpeliKiB CTaBIATH 3HAK
«THpPE».
772 Slkmo y 3BiTi € NOCWIAHHS Ha nepetikd, nianopsakosaicTs| 10, nasi 3a TekcToM

N03HAYAKOTh  MAIMMH  JiTepaMu  yKpaiHcbkoi aberku, Jjam —
apabcekumu  1dpamu, aani — depe3 3Haku «ruper. [licas unppu abo
JiTepH MEBHOT NO3HIL IIEPEIiKy CTaB/IATh KPYITY AYXKKY.

7.8 IlpumiTkn

7.9 Bunocku

7.10 ®opmysiu Ta_piBHSHHSA

7.11 Mocuaanus

7.13 Cnucok aBTopiB

7.14 CxopoyeHHs Ta yMOBHi

7.15 lonatku
Meromaii Brasiskn 1o PuCYyHOK NOBHHEH pO3MilllyBaTHCs OJpasy micis HOro 3rajyBaHHA Yy
BiKOHAHHA KBatidikauifinoi | TeKCTi, ab0 Ha HacTymHii cropinmi. ITix pucynkom OyTn

poboTu MaricTpa...

3ATBEP/I)KEHO
xadeaporo Il nporokon Ne
5 Bin 13.11.2023p. 32
OdopmieHHs

NOACHIOBAILHOT 3aITHCKH
3riano 3 JICTY 3008:2015
3siTH y chepi HaykH i
Texuiku. CTpykTypa Ta
npasiIa 0GOPMIIOBAHHA.
Illa6aon 3aTBep/UKEHMI
3aciannaM kadenpu Ne3
i 16.10.2023.

i3 c;ioBoM PHCYHOK, OPSIAKOBHM HOMEPOM IBOI0 PHCYHKY, Yepe3 THpe
3 BeJHMKOI JIiTepH — HA3BA PHCYHKY TA B KPYIJIHX AYKKAX BKA3y€ThCs
/Kepesio 3 SIKOro B3siTHil mel puCyHOK, a6o To, mo0 i0oro BHKOHAHO
camocTiiino.

19, naui 3a TekcToM

MeTomuni BKa3iBku 10
BHKOHaHHA KBatiikauiinoi
poGoTu maricrpa...
3ATBEP/I)KEHO
kadenpoto 1l nporokon Ne
5 in 13.11.2023p. 32

Odopmenns HasBy TaGmuui ApPYKYIOTH 3 BENMKOI JITEPHM 1 pPO3MIlLyIOTH Haj

VOACHIOBAIILHOL 3AIMCKH | raGypnielo 3 ab3aHOrO BiICTYNmy Ta B KPYINIMX y)XKaX BKasyeThCs 33

3rigno 3 JICTY 3008:2015 )

Ssir y cdepi Hayxa i JDKepero 3 IKOro B3sTa 11 pucyHokabmui. [IPUKIIAJL: mabion, crop.15

Texniku. CTpykTypa Ta

npasria 0hOPMIIOBAHHA.

a6aon 3arBepuKeHni

3acifanism kadeapu Ne3

Bin 16.10.2023.

Excnept Bagnv HEUBOJIO/{
(nizumac) (npissuute, iHiuiam)
05.06.2024
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