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Crnaiinu npe3eHTarii
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JlocijpkeHHSA 3aJ1eXKHOCTI
NPOAYKTHUBHOCTI
pessliinHUX Ta rpadoBUX
0a3 JaHUX BiJl JaHUX

Hepaes Irop CepriiioBuy, IT13m-22-1
HaykoBuii kepiBHUK: K.T.H, foll. MasypoBa OkcaHa
—— OuiekciiBHa

18 yepsHs 2024

AKTyaJIbHICTb JOCJIIPKEeHH

» Y cydacHUX NporpaMmHuX NpoaykTax BUHWKAE notpeba He nuile y
36epiraHHi TekcToBOI abo Yncnosoi iHpopmaLii, ane 1 y 36epiraHHi
306paxeHsb, Bigeo Ta aygio dannis.

> Y 3B'A3KY i3 PO3BMTKOM TEXHONOTI Ta 36iNbLUEHHAM 06CAry AaHUX, 3 AKUMU
NpayrooTb NPOrpamMHi NPoayKTy, BCe YacTille BUHMKAE HeOBXiAHICTb
36epiraHHs ixX y BeNKoMy 06csa3i.

» Lle 3ymMoBNto€E BUKOPUCTAHHA Pi3HKX TUMiB B/l, KOXeH i3 AKNX Ma€ CBOE
NpPU3HaYeHHSA, Nnepesarn T1a HeJoNIKW.
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[locTaHOBKa 3a7ay4i

"  npoBecTW aHani3 Ta Bnbip penauiiHnx Ta rpadpoBuX AN AOCAIAKEHHS;

" [poBecTW aHani3 Ta MoAentBaHHA obpaHoi NpeaMeTHOI obnacTi (nobyaysaTtun
iHbonoriuHy Mmogenb, penauinHy Ta rpadosy norivHi mozeni);

" po3pOobUTK NNaH eKCnepuMeHTaIbHOro JOCNISKEHHS (BU3HAYMTL YyMOBM
NnpoBeAeHHS eKCnepriMeHTIB, METPUKK AN AOCNIAKEHHSRA, PO3POOUTI 3anNUTN 4N
AOCNIAXYBaHUX AaHUX);

" CMpOeKTyBaTh Ta po3pobuTy NporpamHe 3abesrneyeHHs AN NPOBeAeHHS
AOCNIKEeHHS;

"  MpoBecTW eKcnepuMeHTanbHe AOCNIKEHHA NPOAYKTUBHOCTI pOHOTM 3a3HaYEHMNX
CKBJ, 3a noro pesynstatamm chopmyBaTh pekomeHaauil Wo40 BUKOPUCTAHHSA

pocnigxkysaHnx CKB/ i3 pisHUMK gaHyMK (TUN 4aHWX, iX 06csr, iX 3B'A3HICTb TOLLO).
F —
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" .
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Pofioya Hora YepBoHi KapTKW MocunakHa Ha sigeo
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3o0paxenna Acucn —— -
) PK | Mary_ID
3irpaHo xBMNuH
MocunaxHa Ha Ceson
300paenHa
Cratuctukalpu :: Oara
L Uina PK | Crarucrukalpu_ID Cranion
PK | Llina_ID lonwu BigeinysasicTe
fara Csoe none Pedepi
Lina Mepemora Mocunanka
L Kny6 - 3maranHA —
PK | Kny6_ID PK | 3maranHa_ID
ER-piarpama B/ Haa Hasea
Uina Atpesiarypa
Cragion Tun
Tpexep Kpaina
o g . ‘“ o D‘ d Beb-cropinka Beb-cTopinka
Player GameEvent
- — Appearance -
q 1 yer_ID GameEvent 1D
PK | Appearance_ID
Haﬂls Ta FK1| Club_ID P Ae FK1| Game_ID B
FK1| Game_ID
Name: String FK2| Player_ID
FK2| Player_ID
MO/IeJIF0BAaHHA .
ate: DateTime
DateOfBirth Minute: Integer
DateTime YellowCards: Integer
. L] . . VideoLink: String
[npeaMeTHOI O0JIACTI i e -
Foot: String MinutesPlayed: Description: String
ProfileUrl: String Integer EventType: String
, 5 Assists: Integer
mage: Byte
oe Bytel Goals: Integer Game
ImageUrl: String T D -
ClubGame -
FK1| C _ID —
PlayerValuation - -
. Season: String
PK | PlayerValuation_ID
FK1| Game_ID p—
—FK1| Player_ID - Date DateTime
= FK2| Club_ID P —
. Stadium: String
Date: DateTime
Goals: Integer
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Value: Double

HasWon: Boolean

IsHosting: String

Attendance: Integer
Referee: String

Url: String
Club - -
PK|Club 1D Pk Compstition ID

ClubName: String Name: String
MarketValue:
Decimal Code: String
Stadium: String Type: String
Coach: String Country: String
Url: String Url: String




AHaJsi3 Ta
MO/JIeJIIOBAHHSA

npeAMeTHOI 06J1aCT

JloriyHa MmoJienib
rpadoBoi B/|
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Player

PK

Player 1D

Name: String

Country: String

DateOfBirth
DateTime

Position: String
Foot: String
ProfileUrl: String
Image: Byte(]
ImageUrl: String

PERFORMED

Date: DateTime

Minute: Integer

VideoLink: String
Description: String
EventType: String

APPEARED_IN

[
VALUED_FOR

PlayerValuation

PK

PlayerValuation_ID

Date: DateTime

Value: Double

BELONGS_TO

Date: DateTime
YellowCards: Integer
RedCards: Integer

MinutesPlayed
Integer

Assists: Integer

Goals: Integer

Competition

PK | Competition_ID

Name: String
Code: String
Type: String
Country: String

Beb-cTopitka

PART_OF
1

Game

—» PK | Game_ID

Season: String

Date: DateTime

Stadium: String

Attendance Integer

Club Referee: String
PK| Club_ID Url: String
ClubName: String 1
MarketValue PARTICIPATED_IN
Decimal Goals: Integer

Stadium: String
Coach: String
Url: String

HasWon: Boolean

IsHosting: String

[ls1TaHyBaHHA eKCIIEpUMEHTAJIbHOTO
NOCJIIP)KEHHS

O6paHOo HACTYMHI MeTPUKN:
» WBUAKICTb BUKOHAHHA 3anuTy (MC);
» BIACOTOK BUKOPUCTaHHSA npouecopa (%),
» BUTpaTW onepaTVBHOI Nam'aTi (M6).

Response body

All done!

Memory used by SQL Server during query execution:
»951640067680618%

CPU SQL Server during query execution:

Execution time:

,4471 ms

,15234375 MB
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HJIaHYBaHHH CKCIIEpPHUMEHTAJIBHOI'O

NOCJIP)KEeHHH

Ans koxHoro i3 4-ox Tunie 3anuTie (INSERT/CREATE, UPDATE, DELETE, SELECT)
6yno po3pobneHo 4 Bapiayii, Ae KOXeH 3annT BUKOPUCTOBYE CyTHOCTI, LWO:

* MaoTb MO 4 aKTUBHUNX 3B'A3KM Ta BUKOPUCTOBYIOTL 306PaXeHHS;

" MakTb MO 4 aKTUBHUX 3B'A3KN Ta HE BUKOPUCTOBYHOTb 306paXeHHs;

" He MalTb aKTWUBHWX 3B'A3KIB Ta BUKOPUCTOBYHOTbL 306paKeHHs;

" He MalTb akTUBHWX 3B'A3KIB Ta He BUKOPUCTOBYHOTb 306paKeHHs.

——
| —

ApXiTeKTypa CUCTEMHU JJi IPOBeleHHH
eKCIIepUMEHTAJILHOI0 JOCIKEeHHS

» Cuncrema 418 NpoBeAeHHs
eKCrneprMeHTaIbHOro AOC/IAKEHHS
CKNAJAEThCS i3 2 NpoekTiB-peanizauiin
CKB/, Ta 6ibnioTekn ANa NpoBeseHHS
BUMIpHOBaHb AOCNIAXKYBaHUX METPUK.

» YCi 3aCTOCYHKW po3pobneHi Ha b6as3i

nnatpopmu .NET.

——
o —
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W TransfermarktDB
&= Tables

M System Tables

Bl External Tables

Ml Dropped Ledger Tables
BH dbo._ EFMigrationsHistory
BH dbo.Appearances

B8 dbo.ClubGames

B dbo.Clubs

BB dbo.Competitions

BR dbo.GameEvents

BB dbo.GamelLinups

BE dbo.Games

BB dbo.Players

BB dbo.PlayerValuations



Onuc nporpaMHOro 3abe3neyeHHs, 1110
O0yJI0 BUKOPUCTAHO Y AOCJII>KEeHHI

@ Swagger

> [MpoekT ana npoBefeHHA 3aMipiB MeTPUK —
KOHCONbHa bibnioTeka, cTBopeHa Ha NnaThopmi DataResearch @&
NET. A

Experiment

» [NpoekTn-peanizauii penauiiHoi Ta rpadosoi CKB/, -
ASP.NET API, L0 BUKOPUCTOBYHOTL Swagger y AKOCTi
CBOro iHTepdeicy.

/Experiment/GetPlayers

/Experiment/AddPlayers

/Experiment/UpdatePlayers

» [NpoektTn HanvcaHi Ha C#8.0. [ /oxperinent/oeteternaers
I | POST /Experiment/Test

LWenakicTs BKoHaHHA | BigcoToK BUKOPUCTaHHA | BWTpaTu onepaTtueHol
CKBA Ta 3annT 3anuTy (Mc) npoecopa (%) nam‘aTi(MB)
IMeTprkn

Mepwnin ekCnepuMeHT:
INSERT ana MSSQL 1a CREATE ey
.ﬂ,ﬂﬂ NEO4J_ + 306paXKeHHs)

MSSQL (3B'A3KN,
6e3 306paxeHsb)
MSSQL (6ea

3B'A3KIB + 2808 6259 12670 13,69 2212 27,56 130,2 442 7988
306paX<eHHs

MSSQL (6ea
3B'A3KiB, Ge3 2403 5611 11171 11,94 22,32 32,39 129,5 4441 893,8
3o06pameHs)

10000 25000 50000 100000 25000 50000 10000 25000

18757 47170 100844 1815 37,41 7481 2612 5515 10813

18232 46835 97738 16,53 35,3 7496 2376 5369 10655

Neodj (3g'A3Kn +

306paXkenHs) 12913 31433 44778 6,63 6,72 6,84 68,8 209,1 6066

Neodj (3B'A3KM,
6e3 306paxceHs)

857 1491 2630 5,98 6,65 6,77 31,3 57 153

Neodj (6e3
P | — 3B'A3KIB + 12672 31384 44484 4 3,28 4.8 69,8 205,6 610
306paXKeHHs)

| — =l

38‘A3KiB, 6e3 566 946 1686 4,72 3,16 4,15 29,6 71,2 145,9
306paXkeHb)




Pe3yyibTaTu eKCIEpUMEHTY

Yac BukoHaHHA anAa CREATE 3anuTie

» Ha npoayKTnBHICTb

58

100000 MSSQL (as'AskuK +
90000 _ﬁsﬁgg”f(’;’;?gw s MSSQL HanbinbLe
o 80000 306paxeHb) BM/IMBAE 3B'A3HICTb
H ———MSSQL (6e3 3B'A3KiB +
5:570000 306pakeHHs) AdaHWNX.
EGOOOO —2‘156;5)?;9(5:)3 sg'nskie 663 Ha n POAYKTU BHICTb
%jgggg =-==MNeodj (s + Neo4j Bnnusae
o 306paxeHHs .
8 20000 - === Neodj (3831w, Ges HasfABHICTb 306paXeHs.
T 306paxeHsb)
20000 --=-=Neo4j (6e3 38's3KB +
10000 300paxkeHHs)
Neo4j (bea 3p’a3kis be3
0 306pakeHs)
10000 25000 50000
KinbkicTb 3anuTiB
—  —
d h
LWBMAKICTE BUKOHAHHA | BificOTOK BUKOPUCTAHHA | BWTpaTh onepaTWBHOI
,ﬂ,pyFVII?'I EKCI'IEpI/IIVIE‘HT UPDATE CKBA Ta sanuT 3anmuTy (Mc) npouecopa (%) nam'aTi (MB)
. . ™M
> N 4 STRIE 10000 25000 50000 10000 25000 50000 10000 25000 50000
eo4j BUABUNACh .
J X M S S QL 4836 8639 21679 19,96 22,29 37,60 28251 48388 843,61
NPOAYKTMBHILLOK 33 :
% MSSQL nﬂ.ﬂﬂ BCiX 4 BapiaLl,il;:l 3350 8213 18973 12,22 1893 29,69 251,95 452,10 83885
B SSQL (Ge3
3aNATIB NOKaz3ala . i 3444 8322 16253 1351 2448 33,32 192,79 399,84 77486
306paNeHHA)
A MSSQL (6e3
an6nM3HO Oﬂ'HaKOBMM ECUECICNC-S 3346 7789 15453 147 23,77 27,48 15853 370,7 741,96
BpaXkeHb)
e3y/bTar. o
p y 14638 38311 51910 6,61 6,8 71 140,16 392,94 904,61
5"”‘” ol 74 73 1730 616 637 667 296 7222 1469
e3 306paKeHb)
Neodj (6ez
3@'A3Kie + 16297 37265 49492 642 654 729 14563 492,66 894,16
F r— 306paMeHHn)
' ‘ Neodj (6ez
3m'askis, 6e3 368 749 1745 6,11 6,22 669 2538 6898 14585

306paeHk)



Pe3ysibTaTu eKCLIEPUMEHTY

TpeTin ekcnepumeHT: DELETE.

» Kpawuin BigcoToK
BMKOPWCTaHHSA npouecopa
3HOBY nokasana Neod,.

» BuTtpaTtn onepaTtnsHOI
NaM'ATi TaKOX MeHLUi y
Neod4,.

CKBA Ta 3annT
/MeTprkn

10000

KW
+ 306pakeHHn)

MSSQL (3B'A3KN, 1234
6e3 so6paxeHs)
MSSQL (6e3

3B'A3KIB + 1346
306paX(eHHA

MSSQL (6e3
3B'A3KiE, Gez 1262

Neodj (3p'As3kn +

1549

306paXkeHHs) ez
Neo. 3KW,
6e3 306paXceHb) =l
Neodj (6ez
' + 793
400

306paXkeHb)

25000

2369

1582

2387

1605

3221

2297

1741

692

icTb BUKOHaHHA

50000

4138

3082

3643

1998

957

7558

3467

1218

10000

B84

87

11,76

11,44

6,21

5,15

6,01

4,38

25000

10,8

11,83

11,75

11,56

6,68

535

6,53

5,07

LWenAKIicTE BUKOHAHHSA BiacoToK BUKOPUCTAHHA BuTpaTtk onepatueHol
CKB/l Ta 3anuT 3anuTy (mc) npouecopa (%) nam'aTi (ME)

YeTBepTuniA eKCnepuMeHT:

SELECT.

» Ha npoayktreHicTe MSSQL
HanbinbLue BNAMBAE
3B'A3HICTb 4aHUX.

» Ha npoayktveHicTe Neodj
BMN/INBAE HAABHICTb
306paxeHsb.

IMeTpuKu
10000

MSSQL (38'A3KN +

32736
306paXkeHHA)

MSSQL (38'A3KK 32287
6e3 306paXKeHb)

MSSQL (6es
3B'A3KiB + 1722,4
306paXkeHHA
MSsQL (6ez
1586
30 ]

Neodj (3B'A3KM + 6514
306paKeHHRA)

Neodj (28'A3KN,

Ges 306paxeHs) Sk

5746

4441

306paXkeHb)

25000

4874,9

4938,8

2051,7

1844

9754

6747

790,1

4838

50000

8761,7

7925

2561,5

20479

1889,4

10733

16383

923,2

10000

20,96

18,85

15,25

14,84

17,86

7,28

3,07

3,96

25000

2223

19,75

19,15

20,96

20,41

9,97

8,16

5,50

50000

8,89

11,83

11,95

11,71

7,75

5,68

7,32

5,35

50000

23,31

22,73

21,51

21,56

28,60

13,64

18,34

15,12

10000

23,59

23,47

23,44

2342

2,49

2,44

23

2,28

10000

173,55

81,33

125,48

49,12

174,84

52,87

159,95

35,36

25000

23,66

23,61

23,62

23,62

2,61

2,5

237

2,39

25000

347,64

169,93

334,99

71,46

37547

144,52

342,18

65,55

59

BigcoTok BUKOpUCTaHHA | BWTpaTu onepaTtuBHoi
npouecopa (%) nam‘aTti (MB)

50000

23,72

23.71

23,72

23,68

2,94

2.64

2,6

2,43

50000

690,63

231,61

613,27

82,42

697,73

300,16

495,24

182,23



AHaJ113 OTPUMAHHUX pe3yJIbTaTIB

» Y Bcix gocnigax Neo4j nokasana Harkpawmin NOKasHMK NPoLEeCOpPHOro
BiACOTKa Ta MalXxe Y BCiX - HalMKpaLLni NOKa3sHNK BUKOPUCTaHHA
onepatMBHOI Nam'aTi.

» MSSQL BuaBMNack NPOAYKTUBHILLOK 3a MOKa3HVKOM «4ac BUKOHaHHSA
3anuUTy» Marxe y BCiX JOCNiAax i3 BUKOPUCTAHHAM 306paxeHb, Kpim
cueHapito.

BUCHOBKHU

NpoBeZAEHO aHani3 Ta Bubip penauiriHux Ta rpadoeux B4 ans gocnigxeHHs;
NpoBeAeHo aHai3 Ta MoAeNtoBaHHA 06paHol NpeAMeTHOT ranysi GyT6onsHoI
CTaTUCTUKW;

po3pobsieHo NaaH eKcnepuMeHTanbLHOro AoCNiKeHHS;

CNPOeKTOBAHO Ta po3pob1eHo NporpamMHe 3abesneyeHHs 415 NPOBejeHHS
AOCNIAXKEeHHS,;

NpoBeAeHO ekcnepuMeHTanbHe JOCNIAXKEHHA NPOAYKTUBHOCTI po60TK 3a3HaYeHNX
CKBZ, 3a vioro pesynbtatamu cpopMOBaHO pekoMeHAaUil LWOAO BUKOPUCTAHHSA
aocnigxyBaHnx CKBJ, i3 pisHMW gaHUMU (TN faHuX, X 06CAr, iX 3B'A3HICTb TOLLO).
> 3a pesynbTatamu 4oCigKeHHs onybnikoBaHo Te3n «Investigation of the Efficiency
Dependence of Relational and Graph Databases on Data» Ha 12-Tiii MixkHapoaHii
HayKOBIM Ta TexHiYHIA koHdepeHUiT «IHbopMaLiiHi cMcTemMn Ta TexHonorii» (IST-2023)
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Investigation of the Efficiency Dependence of Relational and
Graph Databases on Data

Ihor Nedaiev’, Oksana Mazurova® and Marija Shirokopetleva®
? Eharkiv National University of Radio Elecironics, 14 Nauky Avenue, Kharkiv, 64166, Ukraine

Abstract
The purpose of the study is to analyze the methods of working with relational and
graph databases, to develop recommendations for their use depending on the input data.

Keywords *
Data, dependence, efliciency, graph database, metric, relational database

1. Introduction

Nowadays, databases are an integral part of most application software systems under development.
During development, different types of databases are used, where the logic of each of them has its
own purpose, strengths and weaknesses. Accordingly, each type of DBMS (database management
system) has its own specialized field of use and was created to solve its own range of tasks. In order to
maodel complex, loosely structured subject areas with different tvpes of data, relationships, etc.,
developers face an important task of determining which type of DBMS is best suited in this context.

2. Problem statement

The purpose of this paper is to formulate more effective recommendations for choosing a data
model and a suitable DBMS taking into account the context of the data that will form the basis of the
respective databases based on the analysis of the results of their experimental studies.

To achieve this goal, the following tasks need to be solved:

* to select the best database systems for further research based on the analysis of existing

DBMSs and multi-criteria decision-making;

*  plan an experimental study (select a subject arca and design a database, develop a query

system for the study and select metrics for the study);

«  develop software solutions for each of the studied DBMSs;

= conduct experiments and formulate recommendations for choosing a DBMS in accordance

with the context of the subject area data,

3. Description of the study

It was decided to focus on the study of the efficiency of relational and graph [1.2] databases and
their dependence on the data context. The object of the study is the process of working with graph and
relational databases, and the subject of the study is the methods of storing, processing and accessing
data in relational and graph database management systems, in particular, lazy loading using the Entity
Framework.

There are some general recommendations in the literature on choosing a database, but there is no
clear division - the choice is up to the developers. Many studies show that graph databases are much

Proceedings of the feformation Svstems and Technology (IST-2023), November 28-Decemther O, 2023, Kharkiv, Ukraine
EMAIL: thor.nedmevignure.us A, 1) oksana.mgurovaanureua (A 2); marijashirokopetleveianure.ua (A 3)
ORCID: QO09-0000-6194-H143 (AL 1); O000-0005-3715-3476 (A, Z); (D00-0002-7472-6045 (A, 3)

| & Information Systems ond Technology (IST-2023) Part 2. Youth section
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more efficient than relational databases if the database contains many relationships between tables [2],
while with a large amount of data and a small number of relationships, their performance 1s much
lower [1, 3].

We analyzed such popular graph DBMSs as: Neodj, ArangoDB, OrientDB-X, Amazon Neptune,
and Azure Cosmos DB. In order to select a DBMS for further research, the task of multicriteria
selection was solved, taking into account such criteria as response time, scalability, data consistency
and support for ACID properties during transaction processing, support for a graphical data model,
ease of use and development.

The qualitative assessments obtained during the analysis were converted to quantitative scales,
normalized, and analyzed using the Pareto principle. A convolutional model based on linear additive
convolution with weighting coefficients was chosen for the multicriteria selection:

Based on the results of solving the multicriteria decision-making problem, the Neod) graph DBMS
was chosen for further research, since Amazon Neptune is focused on larger projects and has limited
capabilities when used for free.

As a subject area for modeling and studying the dependence on the data context, the field of
football statistics was chosen, which is described by data of various types, including media data, and
requires modeling various types of relationships, for example, the history of encounters between two
players, etc.

Researching the process of working with graph and relational databases involves studying the
ways of storing, processing, and accessing data in these systems, as well as their differences in terms
of efficiency.

As methods of storing, processing and accessing data in relational and graph database management
systems, it was decided to consider the option of lazy loading using the Entity Framework as well.
Lazy loading is a technique used to postpone the loading of related data until the moment when it is
really needed.

4, Conclusion

At this stage, the most suitable database systems were selected for further research and an
experimental study was planned. In the future, the obtained results will be used to write a master's
thesis, in particular, to develop a software solution and develop recommendations for the choice of a
DBMS depending on the subject area based on the experiments.
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