ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

ACADEMIC SCIENTIFIC

JOURNAL OF COMPUTER SCIENCE




ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

ACADEMIC SCIENTIFIC
JOURNAL OF COMPUTER
SCIENCE

1 (357)

JANUARY - MARCH 2026

PUBLISHED SINCE JANUARY 1963
PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



Chief Editor:

MUTANOV Galimkair Mutanovich, doctor of technical sciences, professor, academician of NAS
RK, (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6506682964, https://www.
webofscience.com/wos/author/record/1423665

EDITORIAL BOARD:

KALIMOLDAYEYV Maksat Nuradilovich, (Deputy Editor-in-Chief), Doctor of Physical and Mathematical
Sciences, Professor, Academician of NAS RK, Advisor to the General Director of the Institute of Information and
Computing Technologies of the CS MES RK, Head of the Laboratory (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/record/2428551

MAMYRBAEYV Orken Zhumazhanovich, (Academic Secretary), PhD in Information Systems, Deputy
Director for Science of the Institute of Information and Computing Technologies CS MES RK (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=55967630400, https://www.webofscience.com/
wos/author/record/1774027

BAIGUNCHEKOV Zhumadil Zhanabaevich, Doctor of Technical Sciences, Professor, Academician
of NAS RK, Institute of Cybernetics and Information Technologies, Department of Applied Mechanics and
Engineering Graphics, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6506823633, https://www.webofscience.com/wos/author/record/1923423

WOICIK Waldemar, Doctor of Technical Sciences (Phys.-Math.), Professor of the Lublin University of
Technology (Lublin, Poland), https://www.scopus.com/authid/detail.uri?authorld=7005121594, https://www.
webofscience.com/wos/author/record/678586

SMOLARJ Andrej, Associate Professor Faculty of Electronics, Lublin polytechnic university (Lublin,
Poland), https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.webofscience.com/wos/
author/record/1268523

KEILAN Alimkhan, Doctor of Technical Sciences, Professor (Doctor of science (Japan)), chief researcher
of Institute of Information and Computational Technologies CS MES RK (Almaty, Kazakhstan), https:/www.
scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/wos/author/record/1436451

KHAIROVA Nina, Doctor of Technical Sciences, Professor, Chief Researcher of the Institute of Information
and Computational Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515

OTMAN Mohamed, PhD, Professor of Computer Science Department of Communication Technology
and Networks, Putra University Malaysia (Selangor, Malaysia), https://www.scopus.com/authid/detail.
uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649

NYSANBAYEVA Saule Yerkebulanovna, Doctor of Technical Sciences, Associate Professor, Senior
Researcher of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=55453992600,  https://www.webofscience.com/wos/author/
record/3802041

USATOVA Olga Alexandrovna, PhD, Associate Professor, Chief Scientific Secretary of the Institute of
Information and Computing Technologies of the National Academy of Sciences of the Republic of Kazakhstan
(Almaty,  Kazakhstan),  https://www.scopus.com/authid/detail.uri?authorld=57204581062,  https:/www.
webofscience.com/wos/author/record/JCO-3058-2023

KAPALOVA Nursulu Aldazharovna, Candidate of Technical Sciences, Head of the Laboratory cybersecurity,
Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=57191242124,

KOVALYOYV Alexander Mikhailovich, Doctor of Physical and Mathematical Sciences, Academician of the
National Academy of Sciences of Ukraine, Institute of Applied Mathematics and Mechanics (Donetsk, Ukraine),
https://www.scopus.com/authid/detail.uri?authorld=7202799321,  https://www.webofscience.com/wos/author/
record/38481396

MIKHALEVICH Alexander Alexandrovich, Doctor of Technical Sciences, Professor, Academician
of the National Academy of Sciences of Belarus (Minsk, Belarus), https://www.scopus.com/authid/detail.
uri?authorld=7004159952, https://www.webofscience.com/wos/author/record/46249977

TIGHINEANU Ion Mihailovich, Doctor of Physical and Mathematical Sciences, Academician, President
of the Academy of Sciences of Moldova, Technical University of Moldova (Chisinau, Moldova), https:/www.
scopus.com/authid/detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

Owner: «Central Asian Academic Research Center» LLP (Almaty).

Certificate Ne KZ77VPY00121154 on the re-registration of the periodical printed and online publication of the
information agency, issued on 05.06.2025 by the Republican State Institution «Information Committee» of the
Ministry of Culture and Information of the Republic of Kazakhstan

Subject area: information and communication technologies.

Currently: included in the list of journals recommended by the CCSES MSHE RK in the direction of «Information
and communication technologiesy.

Periodicity: 4 times a year.

http://www.physico-mathematical.kz/index.php/en/

© «Central Asian Academic Research Center» LLP, 2026

2



BAC PEJAKTOP:

MYTAHOB Fanbivkaiiblp MyTaHyJIbl, TEXHUKA FBUIBIMAAPBIHBIH JOKTOPHI, npodeccop, KP ¥FA aka-
nemuri, (Anmarel, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=6506682964, https:/www.
webofscience.com/wos/author/record/1423665

PEJAKIUS AIKACBHI:

KAJIMMOJIIAEB Makcar Hypominyasl, (6ac penaktopiasiH opbiHOacapbl), (H3HKa-MareMarHka
FBUIBIMIAPBIHBIH TOKTOPBI, podeccop, KP ¥FA akanemuri, KP F)JKBM FK «AKmaparTbik jKoHE ecenrtey Tex-
HOJIOTHSIAPBl MHCTUTYTB» 0ac JAMPEKTOPBIHBIH KeHecuIici, 3eprxaHa MmeHrepyurici (Anmarel, Kazakcral),
https://www.scopus.com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/
record/2428551

MAMBIPBAEB Opxen KymakaHyabl (FaJgbIM XaTIIbl), AKIApaTTHIK XKyHelep calachbIHAArbl TeXHHKa
rputbiMaapsIHblH (PhD) moktopsl, KP F2KBM FK «AKmapaTThiK jkoHE ecenTey TeXHOIOTHsIapbl HHCTUTYThD)
JIUPEKTOPBIHBIH FBUIBIM JKOHIHIeTi opbiHOacapsl (Anmarsl, Kaszakcran), https://www.scopus.com/authid/detail.
uri?authorld=55967630400, https://www.webofscience.com/wos/author/record/1774027

BAUT'YHUYEKOB Kymaznin Kana6aiiy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JTOKTOpHI, mpodeccop, KP ¥FA
akagemuri, KnbepHeTrKa jk0He aKIapaTThIK TEXHOIOTHSIIap HHCTUTYTH, KonanOais MexaHuKa yxKoHe HHKeHep-
nik rpaduxa xapenpacsl, CordaeB yHuBepcuretTi (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=6506823633, https://www.webofscience.com/wos/author/record/1923423

BOUYUK Baubjemap, TeXHUKA FbUIBIMIAPBIHBIH JOKTOPHI ((hu3-Mar), JItoOIUH TEXHOIOTHAIBIK YHUBEP-
curetiniyg npodeccopsr (JIrobnun, Ilonbma), https://www.scopus.com/authid/detail.uri?authorld=7005121594,
https://www.webofscience.com/wos/author/record/678586

CMOJIAPXK Amnpxeii, JIIoOnMH NOMMTEXHHUKAIBIK YHHBEPCUTETIHIH OJIEKTPOHHMKA (aKyIbTETiHIH 10-
ueHti  (JIroOmuu, Ilomeina), https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.
webofscience.com/wos/author/record/1268523

KEWJIAH OJimxaH, TeXHHKA FBUIBIMIAPBIHBIH JOKTOPHI, podeccop (FoutbiM gokTopbl (JKamouus)), KP
F)XBM FK «AxnaparTsIK ®aHe ecentey TEeXHOJIOTUsIIapbl HHCTUTYTBIHBIHY 0acC FBUIBIMU KbI3METKepi (AJIMaThl,
Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/
wos/author/record/1436451

XAHUPOBA Huna, TexHuka FBUIBIMAAPBIHEIH J0KTOPHI, mpodeccop, KP FIKBM FK «AkmaparTsik sxoHe
€CeITey TEXHOJIOTUsIIaphl HHCTUTYTHIHBIHY 0ac FhUIBIME KbI3MeTKepi (Anmarsl, Kasakcran), https://www.scopus.
com/authid/detail.uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515

OTMAH Moxammen, PhD, Mudopmarnka, KoMMyHUKaIMSIBIK TEXHONIOTHSIAP JKOHE Kelinep Kadenpa-
ceiHbIH nipodeccopsl, [TyTpa yHuBepcuteri Manaiizus (Cenanrop, Manaiizust), https:/www.scopus.com/authid/
detail.uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649

HBICAHBAEBA Cayne Epke0yJaHKbI3bl, TEXHUKA FbUIBIMIAPBIHBIH JOKTOpBI, poueHT, KP F2XBM FK
«AKIapaTThIK XKOHE €CENTEey TEXHOJIOTUsIaphl HHCTUTYTHIHBIH» aFa FhUIBIMH KbI3MeTKepi (Anmatsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=55453992600,  https://www.webofscience.com/wos/author/
record/3802041

YCATOBA Oubra Anexkcanaposna, PhD, kaysimaacteipsutrat npodeccop, KP F2KBM "AknaparThIk )xoHe
ecelnTey TeXHOIOTHsIapbl HHCTHTYTHIHBIH" Oac FaiabIM XaTmbsick! (Anmarsl, Kazakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57204581062, https://www.webofscience.com/wos/author/record/JCO-3058-2023

KAITAJIOBA Hypceyiy AnjaxkapKbi3bl, TEXHUKA FhUIbIMAAPbIHBbIH Kanauaatel, KP F2)KBM FK «Aknapar-
TBIK JKOHE €CENTey TEeXHOJOTHsUIApbl MHCTHTYTh», Kubepkayinci3aik 3epTXaHachblHbIH MEHrepymrici (AJMarsl,
Kaszakcran), https://www.scopus.com/authid/detail.uri?authorld=57191242124,

KOBAJIEB Aunekcanap MuxaiijioBuy, ¢pusnka-MaTeMarika FhUIBIMIAPBIHBIH TOKTOPBI, YKpanHa ¥ ITTBIK
FruibIM akaaeMHUsIChIHBIH akagemuri, Konanbansl MaTeMaTrKa sKoHe MeXaHHKa HHCTHTYThI (JloHeuk, YkpaunHa),
https://www.scopus.com/authid/detail.uri?authorld=7202799321,  https://www.webofscience.com/wos/author/
record/38481396

MUXAJIEBUY Anekcanap AJieKCaHIPOBHY, TEXHUKA FhUIBIMAAPBIHBIH JOKTOpHI, npodeccop, berna-
pych ¥nTThIK FhutbiM akageMuschIHbIH akagemuri (Munck, benapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004159952, https://www.webofscience.com/wos/author/record/46249977

TUTWUHSHY Won MuxaiinoBuy, ¢usuka-mMareMaruka FbUIBIMJIAPBIHBIH JOKTOPHI, akajeMHuk, Moigosa
FoutbiM AkaIeMUSICBIHBIH ITpe3uieHTi, MoiioBa TexHUKabIK yHIBepcuTeTi (Kumues, Moiiosa), https:/www.
scopus.com/authid/detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

Menmikreymi: «OpTaiblk A3ust akaeMUsUTBIK FBUTBIME opTabirbly XKIIC (Anmarsr).

AKmnapar areHTTiriHig Mep3imMzi 0acrnace3 0aChUIBIMBIH, aKIapaT areHTTIriH )KOHE JKEITUTIK 6achUTBIMIIBI KaliTa ecerKe
Kot Typansl KP Mazenuer sxoHe AKapar MUHUCTPIIIT «AKapar KOMUTETD PeciyOimKaibik MEMIIEKETTIK MeKeMecl
05.06.2025 5. 6eprer Ne KZ77VPY 00121154 Kyarik.

TaKbIPBIITHIK OAFBITBI: AKNAPAMMBIK-KOMMYHUKAYUATIBIK MEXHONO02UALAD

Kasipri yakpITTa: «axnapammolk-KOMMYHUKAYUALLIK mexHoro2usaapy 6azeimel 6otvinuia KP BFM BFCHK
YCbIHRAH JICYPHANOAP MIZIMIHE eHOL.

Mepaimainiri: ocolrvina 4 pem.

http://www.physico-mathematical.kz/index.php/en/

© «OpTanbIK A3usi akaJIeMUsUIBIK FhUTBIMU opTaibiFsDy JKIIC, 2026

3



IF'naBpHbBIH pexakToOp:

MYTAHOB I'aaumkanp MyTaHoBHY, JOKTOP TEXHHYECKHX Hayk, npodeccop, akanemuk HAH PK, (An-
marsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6506682964, https://www.webofscience.
com/wos/author/record/1423665

PenakuuoHHas KoJdJderus:

KAJIMMOJIIAEB Maxkcar HypaanioBuy, (3aMecTUTeNb ITIABHOTO PEAAKTOPA), TOKTOp (GU3HKO-MaTeMa-
THYECKUX HayK, podeccop, akaxemnk HAH PK, coBeTnuk renepanbHoro aupexropa «HcTHTyTa HHpOpMAIH-
OHHBIX W BbIUMCIHTENBbHBIX TexHonoruity KH MHBO PK, 3aBenyrommii naboparopueii (Anmarsl, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/
record/2428551

MAMBIPBAEB Opxen KymaxkanoBu4, (yu4eHslil cekperapb), goktop dunocoduu (PhD) mo crennans-
HOCTH «IIH(pOpPMALIOHHBIE CHCTEMBI», 3aMECTUTENb JupekTopa o Hayke PITI «HCTUTYT MH(OPMALIOHHEIX
W BBIYMCIUTENBHBIX TexHONOrHi» Komurera Hayku MHBO PK (Anwmarsl, Kazaxcran), https://www.scopus.com/
authid/detail.uri?authorld=55967630400, https://www.webofscience.com/wos/author/record/1774027

BAUT'YHYEKOB Kymagun KanaGaeBud4, TOKTOp TEXHHYECKHX Hayk, mpodeccop, axamemuk HAH
PK, MHctutyr xubepHeTHMKM M HMH(OPMALMOHHBIX TEXHOJOTHH, Kadenpa NPHUKIaJHOW MEXaHMKH M WHXKe-
HepHO#T rpadmkn, Yrusepcuter CarmaeBa (Anmarel, Kaszaxcran), https:/www.scopus.com/authid/detail.
uri?authorld=6506823633, https://www.webofscience.com/wos/author/record/1923423

BOHMYMUK Banbaemap, 10KTOp TeXHUUECKUX Hayk ((u3.-Mar.), npodeccop JII0OINHCKOr0 TEXHOIOTHIECKO-
ro yunusepcutera (JIroomun, [Tonsma), https://www.scopus.com/authid/detail.uri?authorld=7005121594, https:/
www.webofscience.com/wos/author/record/678586

CMOJIAPXK Amnpmxkeil, noneHT (akynsreta dIEKTPOHUKH JIFOOIMHCKOTO IMONUTEXHUYECKOTO YHHUBEp-
curera (JIrobnuu, ITosbima), https:/www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.
webofScience.com/wos/author/record/1268523

KEWJIAH AnumxaH, TOKTOp TeXHHYECKHX HayK, Ipodeccop (Doctor of science (Japan)), I1aBHbII HayYHBII
corpyauuk PI'TI «MucTHTyTa MHODOPMALMOHHBIX U BRMUCIHTENBHBIX Texnomoruin»y KH MHBO PK (Anmarsr,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/
wos/author/record/1436451

XAMPOBA Huna, I0KTOp TeXHUHECKUX HAYK, IPOdEccop, MaBHblii HayuHbii corpytuuk PTTT «MucTuTyTa
nH(OPMAIMOHHBIX U BEMUCIUTENbHEIX TexHonoruiiy KH MHBO PK (Anmarst, Kazaxcran), https://www.scopus.
com/authid/detail.uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515

OTMAH Moxawmen, noxtop ¢unocodun, npopeccop KOMIBIOTEPHBIX HayK, JlemapTaMeHT KOMMYHHUKAIH-
OHHBIX TEXHOJIOTHH U ceTel, YHuBepcuteT [Tyrpa Manaiizus (Cenanrop, Manaiizus), https://www.scopus.com/
authid/detail.uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649

HBICAHBAEBA Cayne Epke0y1anoBHa, JOKTOp TeXHHYECKUX HAyK, JOLEHT, CTapIINH HAyYHBI COTPYH-
nuk PI'TI «MucTuTyTa MHGOpMAMOHHBIX M BhruucauTenbHbIX TexHosorniy KH MHBO PK (Anmarsl, Kazax-
cran), https://www.scopus.com/authid/detail.uri?authorld=55453992600, https://www.webofscience.com/wos/
author/record/3802041

YCATOBA Oasbra Anekcanapona, PhD, acconnmposanHslii npodeccop, IaBHblil ydeHslii cekperapb
«ucTuTyTa HHGOPMAIMOHHBIX U BEMUCIUTENBHEIX TexHoxoruiy KH MHBO PK (Anmarsl, Kazaxcran), https:/
www.scopus.com/authid/detail.uri?authorld=57204581062, https://www.webofscience.com/wos/author/record/
JCO-3058-2023

KAITAJIOBA Hypcyay AnjaxkapoBHa, KaHAWAAT TEXHUYECKUX HayK, 3aBeytouii taboparopueit kubep-
6esonacHocTn PI'TI «MHCTHTYTa MHDOPMAIMOHHBIX M BEIYUCIUTENBHBIX TexHOTorni» KH MHBO PK (Amvarsr,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=57191242124,

KOBAJIEB Autexcanp MuxaiisioBuy, 10KTop GU3MKO-MaTeMaTHYeCcKuX Hayk, akajeMuk HAH Ykpaunsl,
WHCTUTYT TpHKIagHOH MaremaTukud ¥ Mexanuku (loHenk, Ykpauna), https:/www.scopus.com/authid/detail.
uri?authorld=7202799321, https://www.webofscience.com/wos/author/record/38481396

MUXAJIEBUY Anexcanap AjeKcaHIpoBHY, JOKTOP TEXHHYECKMX Hayk, mpodeccop, akagemuk HAH
Benmapycn (Munck, bemapycs), https://www.scopus.com/authid/detail.uri?authorld=7004159952, https://www.
webofscience.com/wos/author/record/46249977

TUT'UHAHY Uon MuxaiiioBH4, JOKTOp (HU3HKO-MaTeMaTHISCKUX HAyK, aKaJJeMHK, IIPE3UICHT AKaIeMUI
Hayk MomnnoBbl, Texuudeckuit yansepcuter Mongossl (Kumuunes, Mongosa), https://www.scopus.com/authid/
detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

Cobcteennuk: TOO «L]enmpanbHo-a3uamcKuil akaoemMuyecKull HayuHolll yenmpy (2. Aimamaot).

CBHIETETBECTBO O IIOCTAHOBKE Ha TepeydeT MePHOANYESCKOTO IIEYaTHOTO M3AaHus, HH(OPMAIMOHHOTO areHTCTBA
u cereBoro u3nanust Ne KZ77VPY00121154. [Tara Beigaun 05.06.2025

Temartnueckas HANPaBICHHOCTD: UHAOPMAYUOHHO-KOMMYHUKAYUOHHDIE MEXHONO0UM.

B Hacrosiiiee BpeMsi: goutenr 8 cnucok scypHanos, pekomeroosanuvix KOKCHBO MHBO PK no umanpagienuro
«UHDOPMAYUOHHO-KOMMYHUKAYUOHHBIE MEXHOIO2UUY.

TepuonuuHocCTh: 4 pasa é 200.

http://'www.physico-mathematical.kz/index.php/en/

© TOO «lleHTpanbHO-a3uaTCKU aKaAEMUYECKUIl HAyYHBIN LIEHTP», 2026

4



ISSN 1991-346X 1.2026

CONTENTS
COMPUTER SCIENCE

Akhmetova S.T., Yunussova A.A., Alisheva S.S., Olzhataeva B.T., Mussirepova E.B.
Social network data mining for automated offensive language detection............c.cccceueuee. 13

Amanov A.N., Kazbekova G.N., Zhunissov N.M., Abibullayeva A.A., Aben A.B.
Artificial intelligence-based intrusion detection for DDOS attacks in Software
Defined NetWOTrKING.......coouiiiiiiiiiiieieee et ettt 30

Amanzholova S.T., Ussatova O.A., Mutanov G.M., Mukhanov S.B., Aitmukash D.
Backend architecture of a hybrid blockchain-based academic credential
VETTICALION SYSTEIML....uviitieiieeieieeie et eie et ete ettt te et e te e e e sseesaesaeessessaesseesseseessenseessenseenns 52

Amirkhanova G.A., Nurgazy T.N., Amirkhanov B.S., Tokhtassyn M.M., Nurgazy N.N.
Developing a predictive digital twin for a food product based on
Edge ML and LOT SENSOTS. .....cccuteieiiieiesieeieeiieteeeeete et e e st eee st eeesneesaeeseenseeneesseeneeeneenes 73

Bekarystankyzy A., Ussen D., Kassenkhan A., Chinibayev Y.
Cold-start in educational recommender systems: classical and LLM-Era strategies.......... 91

Bimoldina Zh., Mussiraliyeva Sh., Bagitova K., Tereikovska L.
Detection of cyber-propaganda content using machine learning and semantic models....106

Chezhimbayeva K.S.
Forecasting key 5G network KPIs using MLP and LSTM neural network models.......... 129

Dauitbayeva A.O., Konyrbaev N.B., Abildayeva Zh.T., Yessirkepova A.U., Karim N.A.
Development of an application to optimize the process of employment of graduates......148

Dzhsupbekova G., Othman M., Ordabayeva G.
Comparative analysis of artificial intelligence algorithms to detect network attacks....... 167

Issakhov A., Orazmoldayev N., Zharkynbek Y., Abylkassymova A.
Numerical modeling of the spread of viral infection by airborne droplets
10 CONTINEA SPACES.....vvitieiiieiieiieteeie ettt ettt ettt ste e e te s e eseesseeseesseeneesseensesseennens 182

Kantureeva M., Omarova G.S., Duisen Z.D., Shekerbek A.A., Tulebayev Y.B.
Application of machine learning methods in forecasting and optimizing the processes of
evacuation of people in high-rise buildings...........ccceoeeviriiiiinininninieee 202

Khusain B., Telmanov M., Khusain A.B., Brodskiy A.R., Sass A.S.
Digital twin of an integrated emission purification and decarbonization
system for thermal UNItS...........ooveiiiiiiiiii e 218

Kulakayeva A., Ashurov A., Zhumazhanov B., Daineko Ye., Zylgara A.
Algorithm for determining the initial orbital parameters of KazeEOSat-1
FOT ACOIDILING . ....evivieiiicieeie ettt ettt te b e ebe e e easebeess s 236



Academic Scientific Journal of Computer Science 1. 2026

Mimenbayeva A.B., Turebayeva R.D., Ospanova T.T., Aruova A.B., Naizagarayeva A.A.
Development and comparative analysis of machine learning models for urban traffic
PIEAICTION. ... tiitietieteete ettt ettt ettt e te e e ebe e b e ssaesseesseesseenseesseeseensaenseensesnsessnenns 253

Naumenko V.V., Mukanova Zh.A., Kiseleva O.V., Maintser D.A., Nerezov A.K.
The use of real-time polling to improve student academic performance..............cccocucu.... 271

Nazyrova A.E., Kaderkeyeva Z.K., Bekmanova G.T., Milosz M., Lamasheva Zh.
Transformation of education through digital technologies: advancing student academic
performance across [Carning StAZES.......ccvveveruieiereerieieeieseeieeeere et ereeaesreeseeereesseseeeneas 287

Oralbekova D., Mamyrbayev O., Akhmediyarova A., Kassymova D., Alibiyeva Z.
Development of a multi-level model for text summarization based
on Pretrained MOAECIS.......ccviiiiriiiieii ettt sbe e reenne s 316

Orazbayev B.B., Zhumadillayeva A.K., Kurbangalieva N.B., Yessirkessinov R.Zh.,
Orazbayeva K.N.

Synthesis of linguistic models for assessing sulfur quality and fuzzy modeling

of the sulfur Production PrOCESS.........cuevviivieriieieiieiesteete ettt sbeeseesaeeneea 337

Sarsenbayeva A.K., Rakhimova D.R., Shormakova A.N., Mansurova M.E., Adali E.
Application of semantic methods in the field of legislation: an intellectual system for
analysis of ag@IUtINALIVE tEXIS......ervirieriieietietieite ettt ettt steebesteesbe e eseeneenes 354

Serek A., Shoiynbek A., Sharipov K., Kuanyshbay D., Mukhametzhanov A.
Analysis and classification of telephone fraud based on lexical features
Of SPEECH rANSCIIPTIONS. ....vivieiiieiieii ettt ettt ettt ettt te e e e e aeeaeesseesaesseenaesseennens 373

Shynzhigit B.B., Balabekova M.O., Amangeldy T.T.
Analysis and forecasting of brick product sales using machine learning models............. 393

Tokhayeva A.O., Alzhanov A.K., Nezih Onal, Ziyatbekova G.Z., Begalieva K.B.
Formation of students virtualization competencies in higher education based
ON PTOXMOX VE.. ..ottt sttt ettt e s enaees 412

Tukenova L.M., Auyelbekov O.A., Sapakova S.Z., Sametova A.A., Bostanov E.L.
Modelling and optimisation of hybrid power plant operating modes
for unmanned aerial VERICIES.........ccviiiviiiiiiiiiiceecee e 430

Yerimbetova A., Berzhanova U., Daiyrbayeva E., Sakenov B., Sambetbayeva M.
Sign language recognition using temporal convolutional network and MediaPipe.......... 443

Zhukabayeva T.K., Benkhelifa E., Mardenov Y.M., Baumuratova D., Karabayev N.
Decision support for responding to attacks in cyber-physical industrial
INtErNEt-0f-things SYSIEIMS......ccuiiiiriiiieiiiiecie ettt e sbe e saeenne 461



ISSN 1991-346X 1.2026

MA3MYHbI
NH®OPMATHUKA

AxmertoBa C.T., FOunycoBa A.A., Anumesa C.C., OnxaraeBa b.T., Mycipenosa J.b.
OJIeyMETTIK KeJiieri Oeiaien mikipiep/i aBToMaTThl aHbIKTay/a AepeKTep/i

AmanoB A.H., KazoexoBa I'.H., ’Kynuco H.M., Aoudy.iiaeBa A.A., Aden A.b.
barnapiamasblk jkacakraMaMeH aHbIKTainraH xenijgeri DDOS mabybuiiaps! yiniH
YKACAHJIbl MHTEJUICKTKE HETI3CITeH MA0YBULAAPIBI AHBIKTAY. .. c..euververeeneeneeneeneaseeseaseanennes 30

Amamnxoiosa C.T., YearoBa O.A., Myranos .M., Myxanos C.b., Alitmykam /I.
I'uOpuaTiK OJIOKICHHTE HETI3ICATCH aKaIeMHSIIBIK CCHIMIIIK JCPEKTEP/Il TEKCEPY
KYHECTHIH OCKEHIIK APXHTEKTYPACBL. c..cuveueeueertanrenteueaseatenseasensessessessessensensenseneeneaseeseaseesennes 52

Amupxanosa I.A., Hypra3ssl T.H., Amupxanos b.C., Hypra3sl H. H.
EDGE ML xone IOT cencopnapsl HeriziHze a3blK-TYJIIK OHIMIHIH TPEAUKTHBTI
LIAQPITBIK ETI3TH Q3IPIIEY. . cveavervententetetententeseesteutetteteeteetesteetestesseseesbesseneessenseneeneeneesesseeseanes 73

BekapbicTankbi3bl A., Ycen Jl., Kacenxan A., Unnnoaes E.
binim Gepy canachiHIarbl YCHIHBIMIBIK JKYyHenepinaeri «Cold-starty maceneci:
KJIACCHKAJIBIK oicTep xoHe LLM MoyipiHIH CTPATCTHSIIAPDL. ....e.vvevverererreeerenseeseenseesneneeenns 91

Bumonnuna JK.A., Mycupanuesa II1.7K., Barutosa K.B., TepeiikoBckas JI.3
KunbepHacuXxaTThIK KOHTEHTTI aHBIKTAY YIIIH MAIIHHAJIBIK OKBITY
YKOHE CEMAHTUKAIIBIK MOJIEITBIED KOTITAHY. ..uvveurrenrreenreenreensseenseesnseeseessseenseesseesseessnesnses 106

Yexxnmoaena K.C.
MLP xone LSTM HelpoHIBIK el MOICIbICPiH KOJIaHa OThIPHIIL,

JayiroaeBa A.O., KonbipoaeB H.b., 96innaesa XK. T., Ecipkenosa A.Y., Kopim H.O.
Bitipymi TyseKTep/iH )KYMBICKA OpHAIACTBIPY MPOLECIH OHTAMIAHBIPY YIIIH
KOCBIMIITA O3IPIICY ... evveuvteureeseessesseessesseessesseessesssesseessesseessesssessanssessesssensesssessesssessesssessenssens 148

Jxycynoexosa I'., Othman M., Opna6aesa I'.
JKacaHpl HHTEIICKT aIrOPUTMICPIH JKEIUTIK Ma0ybUIAap bl AHBIKTAY
YUIH CATBICTBIPMAITIBI TAIIIAY. «...veuvenvensentenseneentententeseaseasesseaseasessessesensensensensenseneeseeneeseasens 167

HcaxoB A.A., Opa3monnaes H., JKapkbinoek E., AdbuikacsiMoBa A.
Aya TaMIIbUIapbl apKbUTBI BUPYCTHIK HH(EKIUSIHBIH MIEKTEY I KEHICTIKTe

KantypeeBa M.A., Omaposa I.C., [lyiicen K./, lllekepOek A.O., Tyaebaes E.B.
buik rumaparraparsl agaMaap/isl 3BaKyalysiay mporecTepin Oomkay KoHe
OHTANTAHBIPYIAa MAITUHAIIBIK OKBITY QIICTCPIH KOJIAHY.....veveerreereerreereerseeseenseeseessennnens 202

7



Academic Scientific Journal of Computer Science 1. 2026

XycauH B., Teisbmanos M.M., Xycaun A.b., Bponcknuii A.P., Cacc A.C.
Kbty KOHIBIPFBUIAPBIHBIH IIBIFAPBIHABUIAPBIH KEIICH II Ta3ajay jKoHe
JICKapOOHHU3ALUSIIAY JKYUECTHIH HUPPITBIK €TI31..uecveeeiiiriietiateriesteteieseeeeieeeeeieeieeieeneas 218

Kyinakaesa A.E., Amypos A.E., ’Kymaxanos B.P., laiinexo E.A., 3p11rapa A.E.
KAZEOSAT-1 rapsii annaparbIHbIH JICOPOUTALMSCHIH JKY3€re achlpy YIIiH
OacTarnKpl OPOUTAIIBIK TAPAMETPIICPIH AHBIKTAY AIITOPUTMI....vvevveveeriereeeniesreeveeseeseeenenns 236

Mumenb6aeBa A.B., Typedaesa A./l., OcnanoBa T.T., ApyoBa A.b.,

HaiizarapaeBa A.A.

KanaspIK Kestik aFbIHbIH OOJDKayFa apHaJIFaH MalllMHAIBIK OKBITY MOJICIIbIEPiH

93IPJICY KOHE CATBICTBIPMAIIBI TATIIIAY. .. e.vvevverresseesseseeseesseessesseessesseessesseesesseessenssessenseenns 253

Haymenko B.B., MykanoBa K.A., Kucenea O.B., Maiinuep /I.A., Hepe3oB A.K.
biniM anymibuiapbIH YIrepiMiH apTThipy yiIiH real-time
CaAYATHAMATIAPBIH KOJIZIAHY. .vevveenrreenreeteesnreenseesseesseesnseeseesssesnseessseenseessseenseesseesnseessesnsees 271

HassipoBa A.E., Kagepkeena 3.K., Bekmanosa I.T., Muiom M., Jlamamesa K.B.
Ludpibik Oi1iM )KOHE CTYACHTTEPAIH aKaIeMHUSUIBIK )KETICTIKTEpi:
JICHTCHIICD OOMBIHIIIA OUTIM OCPYIIL TAMBITY. ... eeveeerereeererreeseeseesseeseesseeseessesssessesssessesssens 287

Opanbexosa /I., MambipoaeB O., Axmeausiposa A., Kacvimona /1.3, Anuéuena K.,
AJIIIBIH aJia OKBITBUIFAH MOJICIIBICP HET131H/IC MOTIH/II pe3toMerieyre
APHAJIFAH KOIICHICUITL MOMCIBIIL O3IPIICY. ... e evverriereeteereesseeseesseessesseessesseessessaessenssensenseenns 316

Opa3baes b.b., ’Kymagunnaesa A.K., Kypoanuranuesa H.b., Opa3zoaesa K.H.
KyKipT camacbiH Oarasiay/iblH JIMHIBUCTHKAJIBIK MOJICIIBICPIH CHHTE3/ICY
YKOHE KYKIPTTI OHIIPY HPOLECIH OYIIBIHFBIP MOCIIBIIEY. «. e veeververtenrenreneensenseneeneeseeseaneaneas 337

CapcenbaeBa A.K., Paxumosa JI.P., [llopmakoBa A.H., MancypoBa M.E., Anaau 3.
CeMaHTHKAJIBIK 9JlicTep/ii 3aHHAMa CaJlaChbIH/Ia KOJJIaHy: arrIFOTHHATHBTI
MOTIHAEPI TajlayFa apHAIFaH HHTEIUICKTYAIIIBL HYHEC. ..coveeveeeeeteieneenieieieeeieeieeieeeeas 354

Cepek A., Llojibinoek A., llapunos K., Kyansimoaii /I., MyxameT:KkaHOB A.
Ceilniey TpaHCKPUIIHSJIAPBIHBIH JICKCUKAJIBIK OCITIepiHe HEeri3ereH Teae(oH
QMASKTBIKTAPBIH TAAY FKOHE HKIKTECY..vevverreerrereereesseeseesseessesseesesseessesseessesssessenssessenseenns 373

Isinxirit B.B., banadekoa M.O., Amanrenai T.T.
Kipmimr eHiMzEpiH caTy KesieMIepiH MallliHAJIBIK OKBITY/a TaJIAay

ToxaeBa A.O., AabkanoB A.K., Nezih O., 3usitéexosa I.3., Berasmesa K.B.
PROXMOX VE Herizinje »orapbl 0Ky OpbIHAAPbIHAA O11IM aJTyIIblIapibl
BUPTYAJIAHABIPY KY3BIPETTCPIH KATBIITACTBIPY. ... veeveerrerrerenseessenseessesseessessessesssessenssens 412



ISSN 1991-346X 1.2026

Texenoa JI.M., OyendexoB O.A., CanaxkoBa C., CameroBa A.A., bocranos E.JI.
[TunoTcrI3 yiry anmaparrapbiHa apHaJiFaH THOPUATI SJIEKTP CTaHIMSIIAPBIHBIH
HKYMBIC PEKUMACPIH MOJECIIBICY HKOHE OHTAMITAHIIBIPY. . veveeverveeentenreeensenseneeneeneeneeeaneas 430

EpumoéertoBa A.C., bep:xxanoBa Y.I'., [laiibip6aeBa J.H., Cokenos B.E.,
CamberdaeBa ML.A.
VYakpITIIIa KOHBOJOISUIBIK XKelli MeH mediapipe KOMETIMEH bIM TUTIH TaHY................... 443

Kykaodaesa T.K., benxeaunda J., Mapaenos E.M., baymyparosa /I., Kapataes H.
Kunbepduzukaiblk ©HEpKICINTIK HHTEPHET 3aTTaphl JKykenepineri malybuiaapra
OPEKET €Ty KE31H/IC MICIIIM KAOBUIIAYIBI KOJIIIAY. ... e.veereereereerreenresseessesseessessaessenssensenseenns 461



Academic Scientific Journal of Computer Science 1. 2026

COJEP)KAHME
WH®OPMATHKA

AxmertoBa C.T., IOnycoBa A.A., Anumesa C.C., Onxaraesa b.T., Mycipenosa J.b.
I/IHTeHHeKTyaHI)HbII\/II AaHaAJIU3 JaHHbIX IS aBTOMATUYCCKOI'O BbISIBIICHHA
SI3BIKA HEHABUCTU B COITUATBHBIX COTX .veeuvveureenrreenreenseesnseenseessseesseesseensessnsesnsessnsesnseesnses 13

AmanoB A.H., KazoexoBa I'.H., ’Kynuco H.M., AGudy.i1aeBa A.A., Aden A.b.
OOHapy»KeHHe BTOP)KEHUH Ha OCHOBE NCKYCCTBEHHOTO MHTEIUIEKTa
quig DDoS-atak B IPOrPaMMHO-OTIPEIEIIAEMBIX CETAX . cuvuvvenreemrerirererirenuenirenieerenseesenseenne 30

Amamnxoiosa C.T., YearoBa O.A., Myranos .M., Myxanos C.b., Alitmykam /I.
BokeHI-apXUTeKTypa THOPUIIHON CUCTEMBI TPOBEPKH aKaIEMHUYECKUX
JOCTHIKCHUH HA OCHOBE OJIOKUCHHA. ... .cuveueeueenienieiteieetietenteetestestesee e te e estene e e eneeneeneeneenes 52

Amupxanosa I.A., Hyprassl T.H., Amupxanos b.C., Hypra3s! H.H.
Pa3paboTka npeJuKTUBHOTO 1(POBOTrO JBOMHMKA MTUILEBOIO MPOAYKTA
Ha OCHOBE Edge ML 1 [0T-CEHCOPOB......coviiiieiiieiieiieiieeie ettt 73

BekapbicTankbi3bl A., Ycen Jl., Kacenxan A., Unnunoaes E.
XO0JIOMHBIN CTAPT B CHCTEMax PEKOMEHIAINI B 00JaCTH 00pa30BaHUs: KIIACCUUCCKUC
TOJXOBI M CTPATETUN AMOXH LLIM....iiiiiiiiiiiiiiiiiiiecicet e 91

Bumosauna 7K.A., Mycupanuesa III.JK., barutoBa K.B., TepeiikoBckas JI.
Hcnonp3oBaHue MalinHHOTO 06yqu1/1;1 U CCMaHTHYCCKHX Moueneﬂ
JUIsl OOHAPYIKEHUSI KHOEPIIPONATraHIHCTCKOTO KOHTCHTR. ... veuveuventenrenseeeneenseneeneeneeneeneaneas 106

Yexumobaena K.C.
IIporunosuposanue kinroueBbix KPI ceteit 5G Ha 0cHOBE HEWPOCETEBBIX
MOJIETIEH MLP M LSTM ..ottt ettt 129

JayrbaeBa A.O., KonbipoaeB H.b., Aouabaaena K. T., Ecupkenosa A.Y.,

Kapum H.A.

Pa3pabotka npunoskeHus A1 ONTHMU3ALUH NIpoLiecca TPYA0yCTpoiicTBa

BBITTYCKHIKOB. 1. ..ttt uteesuteesuteestseenseeeseeenseesnsteenseesaseesnseessseessseessseenssesnseeenseesnseesnseesnsessnsesnnses 148

Jxycynoexosa I'., Othman M., Opnataesa I'.
CpaBHHTeHLHbIﬁ aHaJIN3 aJITOPUTMOB UCKYCCTBCHHOI'O UHTCJIJICKTA
JUTST OOHAPYKECHHST CETEBBIX ATAK...euveeuvreeureesrernreensreeseenseeesesnseesseenseessseenseesssesnseessesnsees 167

HcaxoB A.A., Opa3moanae H., JKapkbinoek E., AdbuikacsiMoBa A.

YucneHHOe MOJICIUPOBAaHHUE PACIIPOCTPAHEHHS BUPYCHOM HHEKINH
BO3/AYIIHO-KATIEIbHBIM MYTEM B 3AMKHYTBIX MTOMEIIEHHUAX  ...c.veeuverienienieenienieeniensreniennnens 182

10



ISSN 1991-346X 1.2026

KantypeeBa M.A., Omaposa I.C., [lyiicen XK./, lllekepOek A.O., Tyaebaes E.B.
Hcnonb3oBaHrne METOI0B MALIMHHOTO O0YUYEeHUS JUIsl IPOTHO3UPOBAHUS
1 ONTHMHU3ALUH ITPOLECCOB 3BAKYALNH JIFOJICH B BBICOTHBIX 3JAHMAXK ....eenveveenrenerevenenens 202

Xycaun b., TeabmanoB M.M., Xycaun A.B., Bponckuii A.P., Cacc A.C.
L{udppoBoii 1BOWHUK KOMIUIEKCHON CHCTEMBbI OUUCTKU M AEKapOOHH3ALUH
BBIOPOCOB TETIITOBBIX YCTAHOBOK. .. ..uvteutettentettenteeitenteeetenteemtenteestesseensesseenuesseensesseensesnens 218

Kyinakaesa A.E., Amypos A.E., ’Kymaxanos B.P., laiinexo E.A., 3p11rapa A.E.
AJITOpUTM OnpeJielieHns] HauallbHbIX OpOMTaibHbIX napamerpoB KazEOSat-1
JUTST JICOPOTITALLIFL. .......e.veeuveeeensesseessesssessesssessesssesseessesseessenssessesseessesseessesssessesssessesssessensens 236

Mumenb6aeBa A.B., Typedaesa A./l., OcnanoBa T.T., ApyoBa A.b.,

HaiizarapaeBa A.A.

Pa3paboTka u cpaBHUTEIIBHBIN aHATU3 MOJIEIICH MAIIHHHOTO 00YUYCHUS

JUTSL IPOTHO3UPOBAHUS TOPOIICKOTO TPAMIKA. 1..v.vveevenreerrereenreeseesseeseessesseessesssessesssesseenens 253

Haymenko B.B., MykanoBa K.A., Kucenéna O.B., Maiinuep /I.A., Hepe3oB A.K.
IIpumeHeHMe OnpOCOB B PEKUME PEaIbHOIO BPEMEHU JUIsl ITOBBILLICHUS
YCIIEBACMOCTH OOYUAROIIIIIXCSL. ... vvvveeresseseessesssesseesseseessesssessesseessesseessesseessesssessesssessenssens 271

HassipoBa A.E., Kagepkeesa 3.K., Bekmanosa I.T., Muiom M., Jlamamesa K.B.
[{udpoBoe oOpa3zoBaHKe U aKaJeMUYECKasl yCIIEBAEMOCTh yUaIHXCs:
MEIKYPOBHEBBIM AHATTHS....ceuvveeuveenrreenreeueesnseeseesnseenseesnseenseesssesnseesssesnseessseenseesseesnseesssesnses 287

Opanbexosa /I., MambipoaeB O., AxmeausipoBa A., KacoimoBa /I., Aiinouena 7K.
Pa3paboTka MHOrOypOBHEBOIT MO IJIsI aOCTPAKTUBHOTO PE3IOMHUPOBAHUS TEKCTa
HA OCHOBE MPEIBAPUTEIEHO OOYUCHHBIX MOMECIICH. ...c.vvevvevieereerienreeeeeseeseesseeeesseesnesseennens 316

Opa3zbaes b.b., Kymaauiainaea A.K., Kyp6anraaunesa H.b., Ecupkecunon P.JK.,
Opa3baeBa K.H.

CI/IHTeS JIMHI'BUCTHUYCCKHUX Mo,uenei/i OLICHKU Ka4€CTBa CEPhbI U HEYETKOE

MOJICTTUPOBAHHE MPOIECCA €€ TIPOUBBOMCTBA. ...uvveervrerureenrreenreeseessreenseessseenseenseesnseesnesnses 337

CapcenbaeBa A.K., Paxumosa /I.P., [llopmakosa A.H., Maucyposa M.E., Ananu J.
[IpuMeHeHHE CeMaHTHUCCKUX METO/IOB B FOPUINYCCKOM aHAIU3E: HMHTCIICKTyalbHAsI
cucrema JJisl 00PaOOTKH I TITFOTUHATHBHBIX TEKCTOB.....c..etitetetetenseeensenseneeneeneeneaneaneas 354

Cepek A., llloiibinGek A., [lapunos K., Kyansimoaii /I., MyxameT:kaHOB A.
Amnanuz n knaccupukanus tesie()OHHOT0 MOIICHHUYECTBA HA OCHOBE
JIEKCUYECKUX MTPU3HAKOB PEUEBBIX TPAHCKPUIIITHM. ...c.vevviieenieniienieniieieeieeieeieenieenee s 373

I sinxirit B.B., banadexkoa M.O., Amanrenai T.T.

AHanu3 ¥ NporHo3upoBaHue 00bEMOB MTPOIAXK KUPIUYHON MPOTYKLIUU
C HCIOJIb30BAHUECM MAITHHHOTO OOYUCHHMSL. .. .vvevveeereveeereseensenseessesseesseeseessesssessesssessensnens 393

11



Academic Scientific Journal of Computer Science 1. 2026

ToxaeBa A.O., Aab:kanoB A.K., Nezih O., 3usr6exona I.3., Berasmesa K.B.
dopMupoBaHUE KOMIICTCHIIMN B 00JIACTH BUPTYAIU3AIUH Y 00yUYarOIIAXCS
B BBICIIIEM 00pa30BaHUK Ha OCHOBE IIaTGOPMBI Proxmox VE.........ccocoviiiiniiiiinn 412

TykenoBa JI.M., AyesioexoB O.A., Canakoa C.3., CameroBa A.A., bocranos E.JI.
MozenpoBaHue U ONITUMHU3ALINS PEKUMOB PaOOThI THOPUIHBIX CHIIOBBIX YCTAaHOBOK
JUTS OCCIMIIOTHBIX JICTATCIBHBIX AITIIAPATOB. .. .vevveevrereerreseeseeseesseeseessesseessesssessesssessensens 430

EpumoéertoBa A.C., bep:xxanoa Y.I'., /laiibip6aeBa J.H., CakenoB b.E.,

CamberdaeBa ML.A.

Pacrnio3HaBaHue s13bIKa KECTOB C UCIIOJIB30BAHHEM BPEMCHHBIX CBEPTOUHBIX

CETCH Ml MEAIAPIPCA.......ooiieiiiiiee sttt st s be e e eneenne 43

KykaodaeBa T.K., benxeaunda J., Mapaenos E.M., baymyparosa /I., Kapataes H.

[Moxneprkka NMPUHSATHS PEILICHNH [TPY pearipoBaHUU Ha aTakh B KHOEP(U3MUECKUX
MIPOMBIIIJICHHBIX CUCTEMAX MHTEPHETA BEIICH. .. .eevvveeereenrieenieeieesiieeieesireeseesieeeseesnneennees 461

12



ISSN 1991-346X 1.2026

ACADEMIC SCIENTIFIC JOURNAL OF COMPUTER SCIENCE
ISSN 1991-346X

Volume 1.

Namber 357 (2026). 253-270

https://doi.org/10.32014/2026.2518-1726.412

IRSTI 77.03.09
UDC 621.7.08

© Mimenbayeva A.B.!, Turebayeva R.D.2, Ospanova T.T.?*,
Aruova A.B.!, Naizagarayeva A.A.3, 2026.
'Astana IT University, Astana, Kazakhstan;
2L.N. Gumilyov National Eurasian University, Astana, Kazakhstan;
SNCISC «S. Seifullin Kazakh AgroTechnical Research University»,
Astana, Kazakhstan.
E-mail: Tleu2009@mail.ru

DEVELOPMENT AND COMPARATIVE ANALYSIS OF MACHINE
LEARNING MODELS FOR URBAN TRAFFIC PREDICTION

Mimenbayeva Aigul — Senior Lecturer, Astana IT University, Astana, Kazakhstan,

E-mail: A.Mimenbayeva@astanait.edu.kz, https://orcid.org/0000-0003-4652-470X;

Turebayeva Rakhila — Senior Lecturer, L.N. Gumilyov National Eurasian University, Astana,
Kazakhstan,

E-mail: turebayeva rd@enu.kz, https://orcid.org/0009-0006-4530-1300;

Ospanova Tleugaisha — Associate Professor, L.N. Gumilyov National Eurasian University,
Astana, Kazakhstan,

E-mail: Tleu2009@mail.ru, https://orcid.org/0000-0002-1729-1321;

Aruova Aliya — Associate Professor, Astana IT University, Astana, Kazakhstan,

E-mail: a.aruova@astanait.edu.kz, https://orcid.org/0000-0001-7477-3856;

Naizagarayeva Akgul — Senior Lecturer, NCJSC «S.Seifullin Kazakh AgroTechnical Research
University», Astana, Kazakhstan,

E-mail: a.naizagaraeva@kazatu.edu.kz, orcid.org/0000-0002-3616-0925.

Abstract. Urban traffic congestion is a major issue in modern cities. Rapid
urbanization and increasing vehicle numbers intensify this problem. Accurate
traffic prediction is essential for reducing congestion. It also improves road
safety and supports intelligent transportation systems. The study aims to develop
and compare machine learning models for regulating urban traffic. In addition,
it aims to identify the most effective approach for predicting road traffic in
advance. To achieve this goal, the study involves several tasks, including data
collection and preprocessing, exploratory data analysis, feature engineering, and
data normalization. Additionally, three machine learning algorithms—Ilogistic
regression, supportvectormachine (SVM), and Random Forest—were implemented
and evaluated based on performance metrics such as accuracy, precision, recall, and
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F1-score. The results of the study demonstrate that all models provide satisfactory
performance; however, their effectiveness varies across traffic classes. Logistic
Regression achieved an accuracy of 0.87 but showed weaker performance in the
“low” traffic class. The SVC model improved classification balance and reached
an accuracy of 0.88. The best performance was achieved by the Random Forest
model, which demonstrated an overall accuracy of 0.99 and a weighted F1-score
0f'0.99, indicating high reliability and strong predictive capability across all traffic
categories. The practical significance of the study lies in the potential application
of the proposed model in real-time traffic management systems. The integration of
machine learning models, particularly ensemble methods such as Random Forest,
can support decision-making processes, optimize traffic flow, reduce congestion,
and improve road safety. Furthermore, the developed approach can contribute to
the advancement of intelligent transportation systems and serve as a foundation
for future research involving real-time data and advanced predictive models. The
findings indicate that ensemble learning methods, particularly Random Forest,
provide superior accuracy and reliability for urban traffic prediction tasks. The
proposed model can be integrated into real-time traffic management systems to
enhance decision-making and improve urban mobility.

Keywords: Machine learning, Random forest, Support Vector Machine,
Logistic Regression, Traffic classification, Urban traffic management
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Annoranus. Kazipri 3aManfbl Kajaiap/ia KajlaldblK KOJiK KenTelici — 0acThl
Mocenenepain Oipi Oonbim TaObutagpl. Kemenm ypOaHM3alUsl KOHE KOJIKTEp
CaHBIHBIH apTybl Oy MOcelleHIH apTyblHa oKedyne. KenTemicTi aszaidTy ymriH
KONIKTIH KO3FaJlbICBIH TN Ooipkay MaHb3Abl. COHBIMEH KaTtap, Oy Koi
KayilCi3/IiriH )KaKcapTa/bl )KOHE aKbIJIbI KOTIK XKYHWEIePiH KOIal b, 3epTTEYIiH
MaKCaThl — KaJaJblK KOJIK KO3FaJbICBIH PETTEyre apHaJIFaH MAllMHAMEH OKBITY
MOJIeNbACPiH a3ipIiey skoHe calbICThIpy. COHBIMEH KaTap, 3epTTey KO KO3FaIbIChIH
AJJIBIH ajia OoJDKay/ia eH THIMJII TOCIIl aHbIKTaybl Makcar erei. Ochbl MakcaTKa
KETy YIIiH 3epTTey AEPeKTepii >KHHAy >KOHE ajIbIH aja eHJEY, 3epTTEeyIIiTiK
JiepeKTep Tajjaybl, EpeKLICTIKTEpAl HMHKEHEpIeY >KOHE AEpEeKTepli HopManiay
CHSIKTBI OipHemie TarcblpManbl KamMTHAbl. COHBIMEH Karap, JOTHMCTHKAJbBIK
perpeccusi, Konjaay BeKTopiblK MamuHacel (SVM) skone Random Forest cusikTh
YII MalMHaMeH OKBITY allTOPUTMI iCKe achIPBUIBIN, AJJIIK, HAKTBUIBIK, KaiTa
Taly KepceTkimn >koHe F1-moT CHSKTH OHIMAUIIK KepceTKimTepi OOHbIHIIA
OaranaHabl. 3epTTey HOTHKeNepl OapiblK MOJENbACPAIH KaHaraTTaHAPJbIK
OHIMJILJIIK KOPCETKCHIH KOPCETe/i; alaia oJiap/blH THIMJILTIT] KO KO3FaIbIChI
Knactapsl OoibiHIIA opTypui. Jloructukansik perpeccust 0,87 AonmiKKe >KETTi,
Oipak «TeMEeH» OJI KO3FaJIbIChI KJIachlHa dJICi3 eHiMIUTiK kepceTTi. SVC Moneri
KIKTEY Tele-TeHIIriH )kakcapThi, 0.88 nonikke xkerTi. EH kakchl HoTH)Re Random
Forest moneninae Tipkenmi: on xanmbl 0.99 monaik nen 0.99 canmakranran F1-
0amn kepceTTi, Oy OapIbIK KO KO3FallbIChl KaTeropusuiapbl OOWBIHIIA KOFAPHI
CEHIMIITIK TIeH MBIKTBI OOoJpKay KaOijeTiH KepceTendi. 3epTTeyliH NpaKTHKAIbIK
MaHbBI3bl YCBHIHBUIFAH MOJICNbJI HAaKTHl YaKbITTaFbl KOJ KO3FalBICBIH OacKapy
KyHenepinae KoiJaHy MYMKIHIITiH/e *KaTelp. MalinHaMeH OKBITY MOACIbICPiH,
ocipece Random Forest cusikTel ancamMO1b 9icTepiH OipikTipy miemiM Kaobuiiay
MPOLECTEePiH KOJNJAM, KO3FalbIC aFbIHBIH OHTAWIaHIBIPBIN, KENTENICTI a3aiThIl,
KOJI KayilCi3AiriH apTThIpyFa MYMKiHZIIK Oepeni. COHbIMEH KaTap, 93ipJeHTeH
TOCII MHTEJUICKTYal bl KOJiK JKYHelepiH JaMbITyFa yJieC KOCBHII, HaKThI
YaKbITTaFbl JICPEKTEP MEH JKETULAIPIIreH OOKAMIBIK MOACIbACPAl KaMTUTBIH
Oosamrak 3epTTeysep ylliH Heri3 0oa anaabl.

Tyiiin ce3nep: MalmIMHATBIK OKBITY, KE3JEHCOK OpMaH, TipeK BEKTOpJIap 9Iici,
JIOTHUCTUKANBIK perpeccusi, TpaduKTi xkiKkTey, KanaiblK Tpadukri 6ackapy
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AnHoTanus. TpaHCOpTHAS 3arpyKEHHOCTh SIBJISICTCS OJHOM M3 KIIHOYEBBIX
mpoOJieM COBPEMEHHBIX TOpOAOB. beicTpas ypOaHu3amuss W POCT 4YHUCIA
TPAHCIOPTHBIX CPEJICTB CYIICCTBCHHO YCHUJIMBAIOT HArpy3kKy Ha JOPOXKHYIO
uHppacTpykTypy. TOYHOE NTPOrHO3MPOBAHHME TPAHCIIOPTHBIX IMOTOKOB HIPaeT
BRXHYIO pPOJIb B CHIDKEHHUHU 3aTOPOB, IOBBIIICHUU OE30MaCHOCTU JIOPOKHOIO
JNBUKCHHUS W Pa3BUTHH HWHTCIUICKTYaJbHBIX TPAHCHOPTHBIX cucTeM. Llenbro
WCCIICIOBAHMsI SIBISICTCS pa3paboTKa M CpPaBHUTCIBHBIA aHAU3 Mojelieh
MalIMHHOT0 00YyYeHUS JJIs1 IPOTHO3UPOBAHUS TOPOJICKOTO TpauKa 1 OTPECIICHUS
Haubonee 3()(HEKTUBHOrO TMOAXOJAa K €ro paHHEMYy NPOrHO3upoBaHuio. s
JIOCTHIKEHUS TTIOCTABJIICHHOM 11eJIM BBITIOJHEHBI 3Tallbl COOpa U TPeBAPUTEIHHON
00paboTKu JaHHBIX, pa3BegodHoro ananmmuza (EDA), uHXeHepuu NpU3HAKOB
Y HOpMaJlU3alliu JIaHHBIX. B paMkax wuccienoBaHus peaii30BaHbl U CPaBHEHBI
TPU QJITOPUTMA MAIIUHHOTO OOYYEHUs: JIOTUCTUYECKAsh PErpeccus, METOJ
onopubIXx BekTopoB (SVM) u Random Forest. Onenka 3 dexruBHoct Mmopeneit
MPOBOJIMJIACH C HCIIOJNB30BAHUEM CTaHIAPTHBIX METPHUK KIIACCU(UKALIUU:
accuracy, precision, recall u Fl-score. Pe3ynbrarsl moka3saiu, 4To BCE MOJCIH
JIEMOHCTPUPYIOT ~ YJOBJICTBOPUTEIIBHYIO POU3BOAUTEIBHOCTh, OIHAKO HX
3¢ (EeKTUBHOCTh pa3IMYaeTCs B 3aBUCUMOCTH OT YPOBHS WHTCHCHBHOCTHU
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Tpaduka. Jlorucruueckas perpeccust gocturia TouHocty 0,87, ofHAKO MOKa3aa
Oomnee cmabple pe3yabTaThl IS Kilacca ¢ HU3KOH WHTEHCUBHOCTBIO JIBIKCHUS.
Mopnens SVM ynyumuna 6ananc kinaccupukanuu u pocturia tounoctu 0,88.
Hawnnyumme pesynsrarsl mpoaeMoHcTpupoBaia Mozaenb Random Forest ¢ oOmeit
tounocThio 0,99 u B3BemenusM Fl-score 0,99, uTo CBUAETEIBCTBYET O BHICOKOM
HaJE&KHOCTH M CIIOCOOHOCTH Mojaenu 3(PQEeKTHBHO MPOTHO3MPOBATH TpaPUK
BO Bcex Kareropusx. IlojyueHHbIC pe3yibTaThl MOATBEPKIAAOT, YTO METOIbI
aHcambneBoro oOydenms, B yacTHOcTH Random Forest, obecnieunBaror Oomee
BBICOKYIO TOYHOCTb M YCTOWYMBOCTH IPOTHO3MPOBAHUS TOPOJCKOTO Tpaduka.
[IpennoxenHass Mojelib MOXET OBITh MHTEIPUPOBAHA B CHUCTEMbI YIIPABIICHUS
JOPOXKHBIM JIBIDKEHHEM B PEXHME pPEalbHOTO BPEMEHH IS ONTHMH3AINN
MPUHSITHSI PEIICHUN U TIOBBIIICHUS MOOUILHOCTH B TOPOaXx.

KuaroueBsble ciioBa: MalmmHHOE 00ydYeHUE, CIIYYalHBIN JIeC, METOIl OTIOPHBIX
BEKTOPOB, JIOTUCTHYECKAsl perpeccusi, KiacCU(pUKarus TpaduKoB, yIpaBIeHHE
TOPOJICKUM JIBHXKECHHEM

Introduction. Nowadays, due to the increasing number of vehicles and
urbanization, traffic congestion has become widespread in cities around the world.
Accurate and efficient prediction of traffic flow on city roads plays a crucial role
in reducing the negative consequences of traffic congestion. In other words, timely
and accurate forecasting of road traffic is extremely important. This helps optimize
traffic flows and reduce traffic jams and delays on the roads. Traffic forecasting
systems are crucial for predicting such traffic jams and hazardous situations. They
help to warn drivers and regulate traffic lights. Thus, such a system reduces the
likelihood of accidents, which are common on city roads. Traffic jams caused
by vehicles contribute to air pollution due to the increased emissions of harmful
substances from stationary vehicles. Accurate and precise traffic forecasting
enables the reduction of costs resulting from traffic congestion. (Lv et al., 2015).

Machine learning has become an essential tool for analyzing and predicting
traffic patterns due to its ability to process large datasets and identify complex
patterns. Machine learning algorithms can analyze historical traffic data, current
updates, weather conditions, and other relevant factors to generate accurate
predictions (Xie et al., 2020).

The adaptability and learning abilities of machine learning models allow us to
constantly improve the accuracy of predictions. Consider three popular machine
learning algorithms: logistic regression, random forest, and the support vector
Machine method. Logistic regression is easy to implement and interpret; it works
well on small datasets and in binary classification tasks. A random forest is an
ensemble method that uses multiple decision trees to improve prediction accuracy
and reduce the risk of overfitting. It is effective when working with large and
complex data. The support vector machine (SVM) method is especially useful
for classification problems with high-dimensional data and can be adapted for
nonlinear decision boundaries using sound tricks. Each of these algorithms has
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unique advantages and features that make them suitable for different types of data
and tasks (Gao et al., 2024).

The object of the study is traffic flows and their characteristics, such as the
number of cars that affect the overall transport situation. The number of cars is
measured by the number of vehicles located on a certain length of road. This
parameter determines the current state and dynamics of traffic, and also helps to
analyze and predict the traffic situation.

The purpose of this study is to develop, compare, and evaluate the effectiveness
of' various machine learning algorithms for predicting traffic based on data obtained
from a specially collected dataset, as well as integrating the best model into a web
application for real-time use.

Objectives of the Research Work:

- Collection and preprocessing of data, including traffic parameters.

- Development of machine learning models using logistic regression, random
forest and support vector machine.

- Evaluating the effectiveness of models using accuracy, completeness, and F1-
measure metrics.

- Compare model performance and identify the best model for predicting traffic.

- Integration of the selected model into a web application for real-time traffic
prediction.

The results of the study can be used to further develop intelligent transport
systems and improve the management of urban traffic flows. Scientifically based
conclusions about the most effective methods of predicting traffic can be in demand
when creating and improving traffic management technologies, which in turn
helps to reduce traffic jams, improve road safety, and improve the environmental
situation in cities. Thus, this research represents an important contribution to the
development of the field of intelligent transport systems and can be used as a basis
for further research in this area.

Literature review

Traffic flow management in the city is an important part of overseeing the
city's overall infrastructure. This factor affects every aspect, from the efficiency of
residents' daily city travel to the speed of emergency response. The year-on-year
increase in population and the rapid growth in the number of vehicles on city roads
have become a traffic congestion problem.

To address this, researchers in the field use machine learning and big data
analysis methods to offer more efficient traffic prediction and management. The
proposed literature review examines several recent studies that have investigated
the technologies used in intelligent transportation systems in this area.

Bu (2019) explores the application of deep learning, a sophisticated machine
learning approach, to predict urban traffic. The study highlights the use of big data
analytics to process and analyze the vast amount of data generated by urban traffic
sensors, cameras, and GPS devices. Special attention is paid to the effectiveness
of convolutional neural networks (CNN) and recurrent neural networks (RNN) in
modeling and forecasting traffic flows.
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CNNs are excellent at processing spatial data, which makes them suitable
for analyzing images from street traffic cameras, while RNNs excel at analyzing
temporal data, ideal for time series such as speed and volume of traffic. The main
findings indicate that deep learning models, when trained on large and diverse
datasets, can predict traffic conditions with high accuracy. The study also discusses
the computing requirements and infrastructure needed to implement these models
in real-time applications for intelligent transportation systems. The integration
of deep learning into traffic management systems requires high computational
resources, since models must be trained on large amounts of data and executed in
real time to process incoming information from sensors and cameras. However,
with proper configuration and optimization, deep learning can be effectively
applied in real time to improve urban traffic management and ensure traffic safety
and efficiency.

Convolutional neural network (CNN) models can process spatially oriented
data very well. Therefore, such models are well-suited for analyzing images
obtained from street traffic cameras. RNN networks, on the other hand, are well-
suited for analyzing data that changes over time. These networks are often used in
such tasks to analyze time series of data, such as traffic speed and flow.

Furthermore, in the proposed review, the authors discussed the computational
requirements necessary to implement the aforementioned models in real-time
applications of intelligent transportation systems. Primarily, there are some
challenges in implementing neural network models in urban traffic management
systems. Specifically, training models with large volumes of data requires extensive
computational resources. Information about vehicle traffic continuously received
from sensors and cameras requires constant processing. However, by properly
configuring and optimizing the model's architecture, deep learning can be applied
efficiently in real time. This reduces the challenges in urban traffic management
and enhances safety and efficiency.

Hanan Almuhalfi (2024) has conducted an in-depth study of the machine
learning models used in such tasks. In the study, the author identifies three main
types of these models and highlights the advantages of each. The author notes
that supervised learning models are well-suited for short-term traffic forecasting.
Meanwhile, unsupervised learning helps detect anomalies in irregular traffic
patterns. This article notes that the effectiveness of machine learning models often
depends on the crucial role of effective feature selection.

Shahzad Ahmad's (2025) research focuses on a type of deep learning model,
the Stacked Autoencoder (SAE), for traffic flow prediction. This model effectively
encodes the most important features of the traffic, and further notes that traffic
flow models can be used for prediction by reconstructing their samples from
scratch. The author used data collected under various traffic conditions during
the study. Based on this data, the SAE model, Methods such as Support Vector
Machines (SVM) and decision trees were considered. The experimental results
proved that the SAE model demonstrated higher test accuracy than the other two
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models. Despite the computational complexity, this model can be scaled well. In
other words, this model was particularly suitable for collecting and processing the
large amounts of data encountered in city traffic.

In the next study, Xie et al. (2020) investigated urban traffic prediction using
machine learning methods based on spatio-temporal data. The study employed
models such as graph convolutional networks, Bayesian networks, and ensemble
methods. The study employed models such as Bayesian networks and ensemble
methods. The obtained results demonstrated that integrating spatial and temporal
data significantly improves the accuracy of urban traffic flow prediction. The
authors propose implementing deep learning models to achieve the best results in
Intelligent Transportation Systems.

In conclusion, although recent years of research in this area have demonstrated
the effective use of machine learning algorithms, real-time applications demand
improved rapid decision-making. In particular, when forecasting traffic flows in
large city centers, the scaling issues that arise in large-scale traffic flows must
be addressed. Such calculations should necessarily include weather, special city
events, and infrastructural changes (Datia et al., 2024). This issue leads to the use
of distributed computing methods and cloud solutions for managing large-scale
traffic (Teng et al., 2024).

Furthermore, the integration of effective machine learning models into real-
time road traffic management systems is essential. Moreover, it is desirable for
such systems to be accessible to the general public. It would also be beneficial for
them to be designed with user-friendly interfaces and equipped with visualization
tools.

Therefore, to predict and monitor city traffic, machine learning algorithms
require improvement, and more research is needed in this field.

Materials and methods

To address the challenges encountered in urban traffic congestion management,
this study conducted an extensive analysis of the dataset and employed three
machine learning methods.The dataset used in the study was obtained from
official traffic flow data from the Humanitarian Data Exchange (HDX) platform,
and employed for research purposes.

This study aims to leverage advanced data analytics and machine learning
techniques to predict traffic patterns and optimize traffic flow in urban settings.

Exploratory Data Analysis.

EDA is the initial stage of data analysis, the purpose of which is to gain an
understanding of the data structure and identify the main characteristics. In this
section, we apply various visualization and statistical analysis methods.

Data visualization

- Histograms: used to display the distribution of data for each variable.

- Scatter plots: used to show the relationship between two variables in the data.

- Heat maps: allow for the visualization of the correlation between given
variables.
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Statistical analysis
- Mean (u): is calculated by dividing the sum of the data in the dataset by the
total number of values:

N
1
u= yzl ()

- Standard deviation: measures the distribution of data in the dataset around
their mean (Moumen et al., 2023):

N
1
o= EZ(:@ — )2 @)

\

Pearson's correlation

Pearson Correlation

Pearson’s r correlation is a statistical measure that indicates the linear relationship
and its direction between input variables. This measure can take values from -1 to 1.
Here, a value of 1 indicates the strongest positive correlation, -1 indicates the strongest
negative correlation, and 0 indicates the complete absence of a linear relationship
between the variables. The covariance is normalized by the product of the standard
deviations of the variables to calculate this coefficient. A high positive coefficient
indicates that as one variable increases, the other increases, while a high negative
coefficient indicates that as one variable increases, the other decreases.
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Feature engineering.

After completing the EDA, we move on to feature engineering, which aims to
create new features that will improve the quality of our models.

1. Creation of Temporal Features. To create time features, we extracted the
hour from the timestamp to reflect the daily traffic patterns. We also extracted the
day of the week to account for weekly traffic variations. In addition, the month
was extracted to reflect the monthly trends.

2. Data Normalization. Bringing data to a common scale to enhance model
performance.

Normalization is a technique used to scale the values of a feature to a range
between 0 and 1. This is done by subtracting the minimum value of the feature
and then dividing by the range (difference between the maximum and minimum
values).
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x! = S Tmin_ “
Xmax ~ Xmin
Model Training.

After preparing the data, we proceed to train machine learning models. We
consider three main algorithms: Logistic Regression, Random Forest, and Support
Vector Machine (SVM).

Logistic Regression

Logistic regression is a statistical method used to model the probability
of an observation belonging to a certain category or class. It is widely used in
classification problems where it is necessary to predict the probability of an
observation belonging to two or more classes. Instead of a direct relationship
between features and the target variable, as in conventional linear regression,
logistic regression uses a logistic function to convert the sum of weighted features
into probability (Tripathi et al., 2023).

1
- 5

0@ =1 5)

Random Forest

Random Forest is an ensemble learning method that builds multiple decision
trees during training and outputs the mode of the classes (classification) or the mean
prediction (regression) of the individual trees. Each tree in this model (Figure 1) is
trained on a random partition of the training dataset (Jedhe et al., 2022). This method
prevents overfitting and enhances the model’s robustness. When predicting future
data, each tree in the model independently forecasts the target variable. The final
prediction aggregates the predictions obtained from all trees. Then, it calculates
their mode or mean value to determine the final prediction. This ensemble Random
Forest method has become widely popular due to its high accuracy, versatility, and
ability to work efficiently with large datasets (Razali et al., 2021).

Random Forest Classifier

X dataset

. semccar
N, features N, features N, features M, features
op\o o/qb O/O\O f o o/a o O/Q\o op\o @ ’\o
TREE #1 TREE #2 TREE #3 TREE #4
| | { -

CLASS C CLASS D CLASS B CLASS C

L I | |

MAJORITY VOTING

FINAL CLASS

Figure 1 — Illustration of the Random Forest classification process.
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Support Vector Machine (SVM)

The Support Vector Machine (SVM) method is a machine learning algorithm
that builds a hyperplane in the feature space to maximize the separation of two
classes of data. It uses reference vectors - the data points closest to the separating
hyperplane (Oyewola et al., 2022). SVM is effective even in the case of non-
linearly separable data, due to the use of nuclear functions to transition to a higher-
dimensional space (Balachander et al., 2022). The C regularization parameter in
SVM controls the trade-off between maximizing gap and minimizing classification
errors, making it a flexible tool for a variety of classification tasks (6).

f)=wix+b (6)

Results

The results of the study present the performance of the proposed machine
learning models and the analysis of traffic distribution patterns. The findings are
illustrated using statistical metrics and visualizations to demonstrate differences
between traffic categories.

Traffic Situation
= low

250 4 3 normal
3 heavy

=3 high

200 A

Count
=
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100
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Day of the week

Figure 2 — Distribution of traffic situations.

The bar chart in Figure 2 displays the distribution of traffic situations across
different days of the week. Each bar represents a day and is divided into segments
corresponding to different traffic situations: low, normal, heavy, and high. The chart
shows that traffic is predominantly normal across most days, with a notable decrease
in traffic on Fridays. The data indicates variability in traffic patterns, which can be
crucial for traffic prediction models. This visualization helps in understanding how
traffic conditions fluctuate throughout the week, providing insights into peak and
off-peak traffic days.
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Figure 3 — Daily traffic situation over a month.

The graph (Figure 3) presents the daily traffic situation over a month, categorized
into four types: low, normal, heavy, and high. The y-axis represents the count of traffic
instances, while the x-axis indicates days of the month. The plot shows significant
variability, particularly noticeable with ‘high’ traffic, which spikes dramatically
towards the middle of the graph. This visualization helps in understanding the
fluctuations in traffic conditions over time and can be used to predict traffic patterns
or plan traffic management strategies.
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Figure 4- Distribution of traffic situations over a range of total counts.

The stacked bar (Figure 4) chart shows the distribution of traffic situations over
a range of total counts. Each bar represents a total traffic count, segmented into four
categories: low, normal, heavy, and high. The chart provides a clear view of how
traffic conditions stack up against each other within various total count ranges. For
instance, lower total counts tend to have a higher proportion of ‘low’ and ‘normal’
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traffic conditions, while higher total counts include more instances of ‘heavy’ and
‘high’ conditions. This graph is useful for analyzing the composition of traffic
conditions relative to the overall traffic volume.
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Figure 5 — Traffic situation in respective total counts and truck count.

The scatter plot in Figure 5 displays individual data points categorized by traffic
situation against their respective total counts and truck counts. Each category (low,
normal, heavy, high) is marked by a distinct color. The plot includes marginal
histograms on the top and right, illustrating the distribution of total counts and truck
counts, respectively. The scatter plot reveals a positive correlation between the total
traffic counts and the severity of traffic conditions, suggesting that higher traffic
volumes are often associated with more severe traffic situations.
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Figure 6 — Confusion matrices of models.

The image in Figure 6 shows three error matrices (confusion matrices) for three
different machine learning models: logistic regression, SVC, and random forest.
Each matrix shows the number of correct and incorrect predictions for four classes
(0, 1, 2, and 3). For logistic regression, it can be noted that the model has difficulties
classifying classes 0 and 3, often confusing them with other classes. The second
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matrix for the SVC model shows that it does a better job with class 0 compared to
logistic regression, but also has some errors in the classification of classes 2 and 3.
The third matrix for a random forest demonstrates that this model does the best job
with classification, making almost no errors for classes 0 and 2, and has the least
number of errors for other classes.
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Figure 7 — ROC curves of the logistic regression model.

The graph of ROC curves in Figure 7 for logistic regression shows curves for
four classes. The model shows high classification quality for all classes, with an
area under the curve (AUC) from 0.96 to 1.00. Class 2 has an ideal classification
with AUC=1.00, and classes 0 and 1 have AUC=0.96. This indicates that logistic
regression copes well with the classification task, although for classes 0 and 1,
improvements are possible.
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Figure 8 — ROC curves of the SVC model.
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The ROC curve of the SVC model shown in Figure 8 demonstrates that it is very
well classified across all given vehicle data classes. Here, the AUC values range from
0.97 to 0.99. The AUC values for class 0 were 0.98, and for class 2 they were 0.99.
That is, this SVC model showed slightly better results compared to the previous logistic
regression model. This SVC model is very reliable for such classification tasks.
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Figure 9 — ROC curves of the Random Forest model.

In the following graph in Figure 9, the ROC curves based on the results of
the Random Forest model are shown. The AUC values for all classes are close to
0.99. That is, the trained model’s classification quality is very high. As a result, the
Random Forest model demonstrates much better discriminative ability for all classes
compared to the previous two models (Figure 10).

Classification Report - Logistic Regression
precision recall fl-score support
low e.74 .61 a.67 64
normal .39 2.92 8.91 334
heavy 2.91 2.98 9.94 138
high .30 .65 a.72 (=1%]
accuracy a.87 596
macro avg a.83 a.79 8.81 596
weighted avg 2.87 2.87 9.87 596

Classification Report - SVC
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Classification Report - Random Forest

precision recall fl-score  support

low 1.00 1.00 1.00 64

normal 1.00 a.99 @.99 334
heavy 8.99 1.00 8.99 138

high 8.98 8.98 8.98 658
accuracy 8.99 596
macro avg 08.99 9.99 8.99 596
weighted avg 08.99 09.99 8.99 596

Figure 10 — Classification report of proposed models.

Classification Report - Logistic Regression:

Logistic regression shows accuracy (precision) and completeness (recall) for
classes low (0.74 and 0.61), normal (0.89 and 0.92), heavy (0.91 and 0.98), high
(0.80 and 0.65). Weighted averages (weighted avg) for accuracy, completeness and
F1 measures are 0.87. The overall accuracy of the model is 0.87. The model copes
best with the heavy and normal classes, but has difficulties with the low class.

Classification Report - SVC:

The SVC model shows better results compared to logistic regression for classes
low (0.75 and 0.75), normal (0.91 and 0.92), heavy (0.89 and 0.96), high (0.83 and
0.67). The weighted averages for accuracy, completeness and F1 measures are 0.88.
The overall accuracy of the model is 0.88. The model shows the best results for all
metrics, especially for the low and high classes.

Classification Report - Random Forest:

The random forest shows the best results with accuracy and completeness for
all classes equal to or almost equal to 1.00. The weighted averages for accuracy,
completeness and F1 measures are 0.99. The overall accuracy of the model reaches
0.99. The model classifies all classes almost perfectly, which makes it the most
effective among the presented models.

Disscussion

The results of the proposed study show that machine learning models demonstrate
strong performance in predicting traffic flows. This study examined logistic
regression, support vector classification (SVC), and Random Forest algorithms.
Among the models considered, the Random Forest model, with an overall accuracy
0f 99.4%, was identified as the most effective. This result is regarded as significantly
good among models used in traffic flow prediction. By accurately predicting traffic
flow, it is possible to make traffic light schedules more efficient and provide drivers
with real-time traffic information. This improves overall traffic flow and reduces
congestion. As a result, it can lead to lower emissions and provide residents with
convenient access.

The comparative analysis also highlights the importance of incorporating both
spatial and temporal features in traffic modeling. The inclusion of time-based
variables, such as hour and day of the week, contributed to improved classification
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performance, confirming findings from previous studies on spatio-temporal traffic
prediction.

Despite these promising results, several limitations should be noted. The dataset
used in the study may not fully represent all possible traffic scenarios, particularly
rare or extreme events such as accidents, road closures, or sudden weather changes.
In addition, the models were evaluated in a controlled experimental setting, which
may differ from real-world deployment conditions.

Furthermore, while Random Forest demonstrated near-perfect performance,
such high accuracy may indicate potential overfitting or dataset bias, and therefore
requires further validation on larger and more diverse datasets. Future research
should focus on incorporating real-time data streams, external influencing factors
(e.g., weather conditions, special events), and exploring advanced deep learning
approaches to enhance model generalization and scalability.

Conclusion

In this study, machine learning models were used to predict urban traffic flow,
and their performance was comparatively analyzed. The provided data were trained,
tested, and evaluated using logistic regression, support vector machine (SVM), and
Random Forest algorithms. Overall, the results of all three models were good. The
logistic regression model used first yielded satisfactory results. However, this model
is limited in handling more complex traffic patterns.

The SVC model’s results were somewhat better than those of the first model,
providing a more balanced classification. Among the models used, the Random
Forest model proved the most reliable and highest in accuracy.

The obtained results determine the effectiveness of ensemble learning methods
for traffic forecasting tasks in large cities. In addition, it was determined that the
combined use of spatial and temporal data increases the model’s performance.
The proposed approach can be effectively applied in real-time traffic management
systems to support decision-making, optimize traffic flow, and reduce congestion in
urban environments.

However, in this regard, it is also necessary to note several limitations. The dataset
used in this study may not cover all possible traffic scenarios on the road. In other
words, situations such as sudden road closures caused by major accidents may not
be accounted for. Additionally, the study did not account for external factors such
as sudden weather changes, special city events, or road repairs. Incorporating these
factors into the models could enhance their predictive accuracy and reliability.

Future research will focus on incorporating additional factors, such as weather
and real-time data, to improve prediction accuracy. It is also important to explore
scaling and advanced deep learning models for processing big city data.
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