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CEKIIA 1. KOMIPIOTEPHI HAYKH

IHTEJIEKTYAJIBHI ITPOI'PAMHI CUCTEMMU ITIIATPUMKUN U1 / INTELLIGENT
AI SOFTWARE SUPPORT SYSTEMS
Inuboseyo M.M. /Glybovets M.
Hauionanshwmii yniepeuret “KueBo-MormsiHncbka Akanemis” / National University of Kyiv-Mohyla
Academy
04655, Kuis, Byn. ['puropist CkoBopou, 2, hakyiabreT iHpopMaTHKu, Kadeapa iHpopMaTuku
E-mail: glib@ukma.edu.ua
In this study presents the current state and prospects for the development of intelligent Al software
support systems. The topic is extremely relevant given the rapid development of both Al algorithms
and the infrastructure for their deployment. The report outlines the main modern problems facing
researchers and developers in this area: Explainability to Al: integration of symbolic and subsymbolic
approaches; autonomy and adaptability of intelligent systems; data collection, management and
semantic processing; interoperability and modularity; computing resources and optimization.

3a ocTaHHI KiJbKa POKIB BHHHKJIA TOTY>KHAa €KOCHCTEMa IPOrPaMHHUX CHCTEM IMIATPUMKH BCHOTO
KUTTEBOTO LUKy Mojeneld mryyHoro inrenekty. MLOps-mmardpopmu, AutoML-iHcTpymeHTH,
CHCTEMH KEpyBaHHS 3HAHHSMH, MYJIbTHAreHTHI CepeoBUINA CTaIM HEBII’€MHOI0 YaCTHHOIO
iHgycTpianbHOro BripoBapkeHHs 111 Ta MoBCAKIEHHOTO KUTTS JIFOAMHH.

MLOps Ta opkectpauis ML-koHBe€epiB

CydacHe 3acTocyBaHHA pi3HUX iHTenekTyanpHuX mnporpamaux cuctem (IIIC) cympoBoxy monemneit
MammHHOTO HaB4aHHA (MH) y BHpOOHMYMX cepeloBHINAX BHMAarae BHKOPHCTaHHS CTaHOAPTIB JUIA
CI/CD w™openeii, BiICTeKECHHsI €KCIIEPUMEHTIB, MOHITOPUHTY Apei(y Ta ympaBiiHHSI apTehaKTaMH.
MLOps Ta opxkecrpariss ML-koHBeepiB opieHTOBaHI Ha  3a0e3MedYeHHs ONTHMI3allil IpoIeciB
po3po0OKH, po3ropTaHHs Ta MATpUMKH Mojenedd MH. Bouum interpyrors nmpunnunm DevOps, Data
Engineering ta Machine Learning ans aBroMaTn3amii >KUTTEBOTO LUKIY MOJENeil 1 3a0e3meuyroTh
NPOCTY BIATBOPIOBAHICTh EKCIIEPUMEHTIB Ta KEPOBAaHICTh MOJIENISIMH,  HaJiiiHE pO3ropTaHHS,
MOHITOPHUHT 1 3BOPOTHHH 3B’SI30K.

Apxitektypao ~ ML-koraBeep (ML  Pipeline) mnpeacraBise Taky  IOCTIIOBHICTH
aBTOMAaTH30BaHUX KpokiB: 30ip i ounmmenHs manux (Data Collection, Cleaning), miaroroBka o3Hax
(Feature Engineering), nHaBwanHs wmomeni (Model Training), ominka (Evaluation), posropranas
(Deployment), moniTopuar (Monitoring). OpxkecTpaliis KOOpIMHYE BUKOHAHHS IUX KPOKIB HIJISXOM
3a0e3MnevyeHHs MOXIIMBOCTEH: MOOYJIOBH CKJIQJHIIINX TMOCHIZOBHOCTEHI 3aBlIaHb; TOCHTH IIPOCTO
BU3HAYaTH 3aJIOKHOCTI MDK eTarnamMu; MOBTOPHOI'O 3allyCKy JIMINE THX YacTHH, SKi 3MIHHIIHCS;
MacitaOyBaHHs BUKOHAHHS Ha Kiactepax abo y xmapi.

Hapasi Buninsrors Taki ¢hperimopku opkectpaiii: Kubeflow Pipelines (po6oTa y cepemoBuiii
Kubernetes ta interpamii 3 TensorFlow, PyTorch), Apache Airflow (mma xepyBaHHS poOodmMu
mporecamMu (DAGs)), MLflow (s ynpaBiiHHS €KCIIEpEMEHTaMH, MOJICISIMU Ta iX PO3TOPTAaHHSIM).
[puxnagamu npaktrnyHux cucteMm € Google Vertex Al (kommiexcHa mmatdopma MLOps y Google
Cloud), Amazon SageMaker (miaTpuMye MOBHUH )XUTTEBUHA MK ML, BKIIIOYHO 3 MOHITOPHHIOM).

[TepcriekTHBHUMH HaIlpsIMaMH PO3BUTKY Oa4MTHCS BUKOPHCTAHHS HEHPO-CUMBOJIIYHUX
cucreM MLOps, BIOCKOHaJICHHSI aBTOMAaTUYHOTO BUSIBJICHHS Ta BUIIPABJICHHS 3001B, ITOBHA iHTETparis
3 DataOps i ModelOps [1].

AutoML Ta 1emokpaTu3auisi Moae TI0BAHHS

CrBopennst edpextuBHHX Moxaened MH  morpebye rmmOOKMX 3HAHB y Taly3sSX HPOTpPaMyBaHHS,
CTaTUCTHKH, ONTHUMi3alii Ta aHATITAKA AaHUX. ToMmy 3’sBHJIacs KOHICMIS aBTOMAaTH30BAaHOTO
MalIMHHOTO HaB4YaHHS AutoML. Bona 30pi€eHTOBaHa Ha CIPOIIEHHS MNPOLECY MOJCIIOBAHHS IS
KOPHCTYBaYiB 0€3 CIeIialbHOI MaTEeMaTHYHOI Ta TEXHIYHOI MiATOTOBKH [2].

3a nonomororo AutoML cucrema camocTiiiHO 00Mpae HalKpallli aIrOpUTMH 1 KOH(piryparii,
BUKOPHCTOBYIOYH METOIM OaeCiBCHKOT ONTUMI3allil, EBOJTIOLIHHHUX CTpaTeriid, MeTa-HaBYaHHs Ta HEHpO
eBONIOLIMHMX minxoniB. Lle 3MeHmIye TexHiuHMNA Oap’ep BXOKEHHs (aBTOMAaTHU3YIOUYH CKIIaJIHI eTaru
noOy/oBH  Mojeneil), IMiABUIIYE MIBUAKICTh PO3POOKM aHANITHMYHUX pillleHb, 3abe3mnedye
BIITBOPIOBAHICTH 1 KOHTPOJb SKOCTI MoneneH, minTpumye interpamito 3 MLOps-mmiatdhopmamu s
YIPaBITiHHS JKATTEBUM IUKIIOM MOJEITI.

3’sBuacs 3HaYHA HHU3Ka BIIKPUTHX 1 KoMmepuiitHux AutoML-mmatdopm. BuzHanmvun
¢dpeiimBopkamu € Auto-sklearn, H20.ai, Google Cloud AutoML, Amazon SageMaker Autopilot).
Google Cloud AutoML mpencraBnsie Habip cepBiciB, IO aBTOMAaTHU3YIOTh PO3POOKY MoOIeNeH s
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300pa)keHb, TEKCTIB 1 TabaM4YHUX naHMX. biOmioreka 3 Bimkputum kogoM H20 AutoML migrpumye
CTEK MOJIeJIed Ta aBTOMAaTHYHUI aHcaMOmoBanpHui nijaxia. Python-inctpymentn Auto-sklearn, TPOT,
PyCaret opieHTOBaHI Ha MPOCTOTY BUKOpHCTaHHs, a Microsoft Azure AutoML Ta Amazon SageMaker
Autopilot Ha xMapHi pimeHHsT KopropaTuBHOro piBHA. Ili cucTemMu iHTErpyroThCs 3 TaThopMaMu
Kubeflow, MLflow, TFX s no6ynosu BupoOuHmanx ML-koHBeepiB, o 3ade3neuye eqmanit MLOps-
MIX1T 10 PO3POOKH Ta eKCIUTyaTallii MoIeNnei.

3po3yMisio, o BUKOpHCTaHHS AutoML Mae i HU3Ky BUKJIMKIB: 3HIKEHHS IHTEPIIPETOBAHOCTI
MoJerneid, oOMeXeHa THYUKICTh Ul CIenU(IYHUX 3a/ad Py4YHOI'O HAJAIITYBaHHS, PU3UKH €TUYHOTO
xapakrepy. Tomy  po3BuBaerbcsi HampsiM Explainable AutoML (XAutoML), sikuit mnoenHye
ABTOMATH3ALlil0 MOJICIIOBAHHS 3 ITOSICHIOBAJILHICTIO PE3YJIbTATIB.

[MepcriextBn AutoML nonsraiore y nopanpliiid iHTerpauii 3 HEWpO-CUMBOJIYHUMHU
cucremamu IIII, BenmkomoBHuMH Mmonemsimu (LLM) Ta self-optimizing pipelines. Ouikyerscst
CTBOPEHHS «IHTEIEKTyaIbHUX KOHCTPYKTOPIB» MOJEINEH, SKi 3MOXKYTh aBTOMaTHYHO MOSICHIOBATH CBOL
PpIIIeHHS Ta afanTyBaTHCS A0 HOBUX 3a7ad 0e3 yJacTi JIFOIUHH.

Takum umHOM, AutoML € kmodoBuM (akropom memokpatusamii III-rexHomoriil, skuii 3MiHIOE
MapajinrMy CTBOPEHHsI aHATITHYHHUX CHUCTEM 1 BIIKPUBAE MOXIIMBOCTI JUIsl X MacoBOr0 BUKOPUCTaHHS
y Pi3HHX cepax JIOICHKOI AiSUTBHOCTI.

3nannsa (Knowledge Graphs) i cemanTnuna nminTpumMka

Hnst inTerpauii po3pisHEHHMX JDKepesl JaHHWX, IOSCHIOBAHOCTI Ta CEMAHTHUYHOTO MOLIYKYy Jeiali
YacTillie 3aCTOCOBYIOTh KoprioparuiBHi knowledge-graphs (Neo4j ta inmi migxoau [3].

VY cygacHOMY ITU(pPOBOMY CBiTi 3aBAaHHS €(EKTHBHOTO IPEACTABICHH, IHTETpallii, MOIIyKY
1 HaJaro/UKeHHs CEMaHTHKH [aHHWX CTAalOTh KPUTHYHUMHU. ToMmMy HaOyBae 3HAYHOTO PO3BUTKY
koHuenuis rpadis 3HaHb (Knowledge Graphs, KG) — crpykTypoBaHuMX pemnpe3eHTaliii CyTHOCTEH i
BITHOCHH MK HUMH, SIKi HECYTh CEMaHTHUYHE HaBaHTaXeHHs. Y Semantic Web Taki rpadu 3agaroTbes
y dopmati RDF (Resource Description Framework), OWL-oHTOMOT1.

[lix ceMaHTMYHOIO MIATPUMKOIO pO3YMIEThCS HAOIp TEXHOJOTidH Ta METONIB, SKi
3a0e3MeduyroTh: IHTepIpeTaNito (PO3yMIHHS 3HAYCHHS JaHMX), iHTErpailiro (00’ €JHaHHSI reTePOreHHUX
JoKepe), TOIIYK/3aMuTH 13 CEMaHTHYHUM 3MicTOM, moOyaoBa 3mkimodeHs (inference, reasoning) Ha
OCHOBI 3HaHb, MATPUMKY MPHAHATTS PIlICHb 3 YpaXyBaHHAM KOHTEKCTY, CEMaHTHKH, 3B s3KiB. BoHa
peanizyeTbess JOAaBaHHSAM 10 TPATUIIHHUX JaHUX MIapiB 3HAUEHHS, 3B SA3KIB, IPABUIL.

Oxpim knacuuHoro RDF/oHTonoriif, chOrogHi aKTUBHO 3aCTOCOBYIOTHCS  METOAU
npeacrasiaenHs embeddings (knowledge graph embeddings) — umcnoBi  BekTOpHM IS
CYTHOCTEH/BITHOILICHb, SIKI JO3BOJISIIOTH 3actocoByBaTH ML-amroputmu. Takmit minxin noegHye
cUMBOJIUHI (rpad, OHTONOTIS) Ta CyOCHMMBOJIBHI (BEKTOpHW, Heiipomepexi) kommoneHTH. lle
3a0e3neuye: TOKpaIICHHsS IHTErpalilo JaHWX i3 PI3HOPIAHUX JUKepes, 30UIbIICHHS CEeMaHTHYHOI
BHUPA3HOCTi, MOKJIUBICTh TIOOY/IOBH HOBUX 3HAHb.

AJe 3’SBISIOTBCA 1 HOBI BUKIMKH. “Bpyani” maHi, HEMIOBHI MeTalaHi, HEOTHOPITHI Kepena
3HAYHO YCKJIAIHIOIOTH CTBOpeHHs rpadiB. Bemmki rpadm (MUTBHOHH CYTHOCTEH, NECATKA MUTBHOHIB
TPUIUTIB) TOTPeOyroTh edeKTUBHMX cxoBuil. OmuiHOBaHHS sKOCTi TpadiB (TOUHICTH, IOBHOTa,
KOPEKTHICTh 3aJIMIIAIOTBCS  JIOCI HEIOCTaTHBO CTAaHAApPTU30BaHMM. BaximBoio € ¥ 3aBgaHHS
JMHAMIYHOCTI Ta OHOBJICHHSL.

[lepcrieKTUBHUM HAIPSIMKOM AOCII/KEHb TYT OauuThecsl ilHTErpauis 3 BEJIMKUMH MOBHUMH
mozensiMa (LLM) a Ttakoxx OauenHst rpadiB 3HaHb SIK YaCTHHU HEHPO-CHMBOJIYHHMX CHCTEM:
KOMOIHAIIiSI CAMBOJIBHOTO 3HaHHA (rpad) + CTaTUCTHYHOTO HaB4YaHH: (Herpomepexi). [ToeaHanus qae
MOJKJIMBICTh: BHKOPHCTOBYBAaTH CHMBOJIIYHI IpaBWIA, JIOTiKy, OHTOJOTII (Tpadu); 3aCTOCOBYBAaTH
CTAaTUCTHYHI MOZAENi M aHajily, NpPOTHO3Y, pEKOMEHamii, 3a0e3lMeuYnTH MOsSCHIOBAHICTH;
CTHMYIJIIOBATH «TTUOOKE» CEMaHTUYHE PO3YMiHHS — HE JIHIIe Ia0JOHHI BiNIOBiMi, a BpaxyBaHHS
3B’513KiB, KOHTEKCTY.

I'pady 3HaHB 1 ceMaHTHMYHA WINTPUMKA BUCTYNAIOTh SK (YHAAMEHTalbHI IHCTPYMEHTH
CY4acHOTO IHTEJEKTYalbHOrO aHajli3y JaHUX Ta CHCTEM IUTYYHOrO IHTENeKTy. BOHM J03BOJISIOTH
HepelTH Bill JaHUX J0 3HAYCHHS, BiJ| 130Jb0OBAHMX 3aIMCIB IO 3B’5I3KiB, Bi/I CTATUYHKX pelpe3eHTalliid
JI0 TOOYZIOBH BHCHOBKIB.

Oco0MBO aKTyaJbHHUM € IXHIH CHHTE3 13 HeHpO-CHMBOJIYHUMH MiAXOJaMH: B MaOyTHOMY
BEJIMKi MOBHI MOZET, Tpadu 3HaHb, JIOTiKa, IIPaBUJIa — BCE IIe Ma€ IHTETPYBaTHCS Y CUCTEMH, 3IaTHI
JI0 TIIMOIIOTO PO3yMiHHS Ta HOSICHEHHS.

MosiBa «Al-kominOTiB» Ta MyJIbTHATEHTHUX CePe10BUIIL

Al-xomninotu (Al copilots) — 1€ iHTEepaKTHBHI 1HTENEKTyaIbHI TOMIYHHUKH, SKi PALIOIOTh MapajieibHO
3 JIIOIMHOIO, JIOTIOMAararouyy BUKOHYBAaTH 3aBAaHHs LIBHIUIE Ta eQeKkTuBHime. BoHM MOxyTh OyTH
TEKCTOBUMH, Bi3yalbHUMH a00 ToJIocOBUMH. KOMIOT po3ymie KOHTEKCT il KOpPHCTyBada Ta
MIPOITOHY€E peNIeBaHTHI MiKa3Ku. BiH BUKOPUCTOBYE iCTOpItO i, MabIOHM Ta JaHi I nepeadadyeHHs
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HACTYITHOTO KPOKY - IPOrHO3yBaHHs. [IoMiYHMK MOXe aBTOMAaTH3yBaTH PyTHHHI 3ajadvi, HalpuKiIal,
apto3zanoBHeHHs1 koay (GitHub Copilot), cTBOpeHHs mpe3eHTalliif, MmiAroToBKa 3BiTiB. Al-komimor
MOX€ CIIIJIKYBATHCS y PeallbHOMY 4aci, yTOYHIOBATH 3aIIUTH Ta KOPUTYBATH CBOI pexoMeHarii [4].
Boke icHyrOTh peainizoBaHi cucremu. Al-momiunuk s nporpamyBands GitHub Copilot mpomonye
KO Ha OCHOBI KOMEHTapiB i Koxy KopucTyBada. [aTerpoBanmii B Word, Excel, PowerPoint Microsoft
365 Copilot momomarae B reHepamii TeKcTiB, Tabmumb, mpeseHrtamiii. Notion Al  cTpykTypye
iH(pOpMaIIifO Ta TCHEPYE KOHTEHT.

Mynbruarenti cucremu (MAS, Multi-Agent Systems) B 1 iHterpaumii 3 Al-kominoramu
IloeqHaHHs 1UX TEXHOJOTIH BIIKPHUBA€E HOBI TOPU30HTH Yy cepi pO3yMHHX POOOYMX CEpEOBHIII,
ABTOHOMHHUX TPAHCIIOPTHUX CHCTEM, IHTEJIEKTYaJIbHUX MICT Ta CKJIaJHUX CUMYJIILIHHUX Mozenel. Al-
KOMJIOTH MiABUINYIOTh MPOAYKTHBHICTh 1 TOYHICTh BUKOHAHHS 3aBJaHb, a MYJIbTHAr€HTHI CHCTEMHU
JO3BOJISIIOTE €(hDeKTUBHO MOJEIIIOBATH CKJIAHI IIPOLIECH Ta YIPABISATH POIOAITIEHUMH PECYPCaMH.
Bucnosok
CydvacHi iHTeNeKTyaJbHI IporpamHi cuctemMu miarpuMmku LI miBHAKO pO3BUBAIOTHCS y HANPSIMKY
KOMIUIEKCHOTO CYIPOBOJY J>KHTTE€BOI'O IMKIY Mojeneld. [0JOBHMMHM BHMKIMKaMH 3aJIMIIAIOTHCS
NUTaHHS HAAIHHOCTI, IHTEPIPETOBAHOCTI Ta BIAMOBIJHOCTI HOpMaTrHBaM. llepcrieKTHBH HOBUX
JIOCITIJDKEHB TMOJISraloTh Yy MOTIMOJICHH] 1HTerpanii CUMBOJIIYHMX METO/IB 3 HEHPOHHUMH MepeKaMHu,
YCKJIATHEHHI MyJIbTUAr€HTHUX CUCTEM Ta aBTOMATH3allii ONepaniiHoro CyrnpoBoay MoOJeIeH.
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PO3IUMPEHHS KPUTEPIIO TECTOBOI'O HOKPUTTS JJIs1 BUSIBJIEHHSI
CJIABKOI BAJIJALIT BXITHUX JAHUX /

EXTENDING TEST COVERAGE CRITERION TO REVEAL WEAK INPUT
VALIDATION
Komunn O.B., Pynenko 1.b. / Kolchyn O.V., Rudenko D.B.
IacturyT kibepHetuky iMeni B.M. I'mymkoBa HAH Vkpainu / V.M. Glushkov Institute of cybernetics
NAS of Ukraine
0380 MCITI, npocm. Akanemika [nymkosa, 40
E-mail: kolchin_av(@yahoo.com, dasharudenko1902@gmail.com

This research addresses the problem of insufficient validation of external inputs in software systems,
which can lead to critical vulnerabilities such as out-of-bounds indexing, null pointer dereferences,
division by zero, and similar issues. Our approach combines static data-flow and taint analyses to
capture value-dependent data propagation. Input-dependent variables are modeled as taint sources,
while critical operations are identified as sinks. We introduce an additional data-flow coverage
requirement that distinguishes test cases based on the value ranges observed at sink locations. Early
experimental results demonstrate the capability of the proposed technique to detect unsafe propagation
paths and to reveal subtle instances of weak or missing input validation.

3HayHa YacTHHA BPA3NlMBOCTEH y MHporpaMHOMY 3a0e3lleueHHI BHHHUKA€E dYepe3 HEAOCTATHIO
IepeBipKy a0 HempaBWIbHY 00poOKy BXimHux naHuxX [1]. ToMy aHami3 mporpaMHOro KOOy 3 METOIO
BUSIBJICHHS MOTEHLIHHUX BPa3JIMBOCTEH, MOB’A3aHUX i3 HEKOPEKTHOKW BaNiIALI€l0, € BaXXIHMBUM
HarpsiMOM JIOCJIJDKEHb y Taiy3i 3a0e3nedeHHs HaliiHOCTI IporpaMHoro 3abe3nedeHHs [2].
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IcHye MIMPOKMI CIIEKTp MiIXOIB 10 MOLIYKY BPa3JIMBOCTEH y HMporpamMHOMY Koai. YacrtuHa 3
HUX CIpsMOBaHa Ha HiHBl/ILlIeHHSI TECTOBOT'O MNOKPUTTA 3a paxXyHOK aBTOMATHU30BaHOI'0 I'CHCPYBAHHS
BXigHUX JnanuX (fuzzing), Toai sk iHIII 0a3yIOThCS Ha CTATUYHOMY a00 TMHAMIYHOMY aHaji3l mporpam
I BUJBJCHHI THUIOBMX MA0JOHIB NOMWIOK (pattern-based), Takux SIK «HyJIb y 3HAMEHHHKY» a0o0
«IIOCTYTI TI03a MeXaMH MacuBy». OIHAaK He BCi JeeKTHI CTaHW MOXKHA OMHCATH depe3 MomiOHi
ma0IoHM, 1 HABITh BHCOKUH PiBEHb CTPYKTYPHOTO 200 IMOTOKOBOTO MOKPUTTS HE TapaHTY€ BUSBICHHS
CHUTYaIliif, TIOB’S3aHUX i3 JIOT1YHO CITA0KOIO0 BaJINAI€0 BXITHUX JAaHUX. PO3TIITHEMO MpPUKIAAN KOy
Ha puc.1,2.

1. int bar(int x, bool v) { 1. double foo(int x,bool v,int c) {
2. int res = x; 2. double res = 1.0;

3. if(v) | 3. if(x >0 || v ==1) {

4. if(x < 1) 4. if(c > 0)

5. res = 1; 5. res = div(c,x);

6. if(x > 10) 6. else

7. res = 10; 7. res = 0.0;

8. } 8. }

9. if (res == 10) 9. send (res) ;

10. report (“‘maximum”) ; 10.}

11. process (res) ;

12.}

Puc. 1. Ilpuknan 3 MOKPUTTSIM MOTOKY JaHUX Puc.2. Ilpuknaz 3 3aMackoBaHOIO YMOBOIO

Jns mporpamu, mojaHoi B MepIIOMY NPHKIaLi, TOKpUTTS 3a Kputepismu all-uses Ta MC/DC moxe
OyTH IOCATHYTO 3a JIONIOMOTOI0 TaKOr'o TecToBoro Habopy Bximnux mauux: {(0, T), (11, T), (10, F)}.
Jist 3MIHHOI res epIIuii TeCT MOKPUBAE Mmapy BU3HAUCHHI-BUKOpUCTaHHS 5—1 1, npyruit — mapy 7—
11, a Tperiit TecT oxormmroe mapu 2-9 ta 2—11. BapTo 3a3HaunTH, MO IIi TeCTH 3a0€3MEUYIOTh BUKIUK
¢yskmii process mwmmie st ABoX 3HadeHb: 1 (tect Ne 1) ta 10 (tectm 2, 3). Pemra MoxmmBHX
Jiara3oHiB 3aJIMIIAETHCS HETIEPEeBIPEHUMH, X04a /I IX TECTyBaHHs JIOCTaTHBO BHKOPHCTaTH BXIiTHI
3HaueHHa BUrIALY (X, F), ne x#10. Y apyromy mpuknani aist 3a0e3nedeHHs MOKPHUTTS JIOCTaTHHO
takux tectis: {(0,F,0), (1,F,1), (0,T,0)}. [Tlepmuii TectT mokpuBae napy 2—9 ajst 3MiHHOI res, Ipyrui 5
—9, Tpertiit 7—9; KpiM TOro Ipyruii TeCT MOKpUBAE Mapu 1—>5 i 3MIHHHUX X Ta €. Y CYKYIHOCTI 1
TECTH 3aJ0BOJIBHAIOTH BUMoru Kpurtepito MC/DC. Ilpore koleH i3 HHUX HE NOKPHUBAE 3HAYCHHS
3MIHHOI X TpW BHKOPHCTaHHI y mapameTpi BUKIHKY QyHKIil div y mianmasoni x<0. Takuii niama3on
NOTEHIIHHO Moxe (AKmo ¢yHKHis div 00YMCIIIOE TiICHHS) MPU3BECTH JI0 aBapiiiHOrO 3aBEepILCHHS
4epe3 AUICHHS Ha HYJIb.

3anpornoHOBaHUiA MiXiJ 0a3y€eThCsl HA CTATUYHOMY aHaJi31 abCTpakTHUX (POPMAaTBHUX MOJEINeit
nporpaM. CraTHYHHHA MiAXiZ XO3BOJSE IOCTIMKYBAaTH YCi MOXJIMBI NUIIXM BHUKOHAHHA 0e€3
HEOOXiTHOCTI TOBHOTO AWHAMIYHOTO 3aIyCKy HpPOTpPaMH, IO OCOOIMBO BaXKITUBO IUIS BUSBICHHS
MOTEHIIMHNX AedekTiB Ha paHHIX eramax po3poOmeHHA. Kpim Toro, ¢opmamsHa Moziens 30epirae
iHpOpMaIiF0 TIPO 3aleKHOCTI MK 3HAYCHHSAMH 3MIHHHX Ta YMOBAaMH, IO POOHTH MOKIHBHM
TOYHIIIMK aHaJi3 MOKPUTTS HAa CEMAaHTHYHOMY piBHI. TakoX MOXIIMBE CHMBOJBHE MOJEIIOBAHHS
CTaHIB IIPOTpaMu: 3aMiCThb ONEPYBaHHS KOHKPETHHMH 3HAYEHHSMU 3MIHHUX BHUKOPHCTOBYIOTBCS
oOMexeHHsI Ha iXHI MOXITHBI 3Ha4YeHHs. L{e nae 3Mory BiicTeXKyBaTu Aiana3oHH OMYCTUMHUX 3HAUYCHb
i/l YaC BUKOHAHHS PI3HUX TiJIOK MPOTrpaMK Ta BU3HAYATH 00JIACTI, SIKi 3aJTHIIAIOTHCS. HETTOKPUTHUMH.

®opmManbHa MOAeNb PO3MTAAAETHCS Y BHIILAAI COpAMOBaHOTO ammkiigaoro rpada (DAQG),
JOTIOBHEHOTO JIOJAaTKOBMMH KOMIIOHEHTaMH — 3MIHHMMH Ta mnpegukartamu. Kommonent DAG
¢opmanbHOo BH3HauaeTses K koptexk (V, E, s, I, S), ne: V MHOXMHA BepIuH, 10 MPEACTABISAIOTH
yMOBH abo omepaTtopu nporpamu, EEVXV MHOXHHa cIipAMOBaHHX pedep, AKi OMHCYIOTh IEPEeXOan
KEpYyIUoro NoToKy. SEV mnouarkoBa BepiirHa, ISV HemopoxkHs MHOKMHA BEPIIHH, SIKI BIAMOBIAAIOTH
30BHINIHIM JaHuM (taint sources), SCV HEMOPOXHSA MHOXXMHA BEpPIIMH, IO BIAMOBIIAIOTH
BUKOPUCTAHHIO y KPUTUYHUX ormeparisx (sinks). Tpacow Ha3uBaeThCcs CKiHUEHHA ITOCIITOBHICTH
BepmuH (1, ..., 1), k2, Taka, mo mg koxxaoro i=12,....k-1 icaye pebpo (n;, ni:;)EE.

Busnavenns (definition-use pair [3]). Hexait x — 3minHa, a q€V. Ilosnauumo defs(q)
MHOXKHHY BCiX 3MIHHUX, III0 BU3HAYAIOTHCS (TOOTO MPUIIMArOTh HOBE 3HAYCHHS) Y BepmuHi q. Tpaca t
= (v, qi, .-, qx, V'), k>1, Ha3uBaeThCa BUBbHOI Bix mpucBoeHb (definition-clear) Big BepmmHH V 10
BEPILMHY V' BiIHOCHO 3MiHHOI X sikino x&defs(q;) mns Beix 1<i<k. ITapa (d(x, v), u(x, v')) Ha3uBaeTHCA
napor «BU3HAYCHHs-BUKOpUCTaHH» (def-use pair), skuio icHye Tpaca (V, Vi, ..., Vy, V'), Taka mo Ii
gactuHa (Vy, ..., Vy) € BUIBHOIO BiJl IPUCBOEHD 3MiHHIH X.
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Hwxue omucaHe KIOYOBE BU3HAYEHHS PO3LIMPEHOTO KPUTEPIIO IOKPUTTS Jiala3oHaMHu
3HA4EHb:

Busznauennsi (range-sensitive def-use). Hexaii DU=(d(x,v), u(x,v')) — napa «BHU3HaueHHS-
BUKOpHUCTaHH». [TozHaunmo gepe3 C={C,,C,,...,C,,} ckiHueHHE po30UTTS 00JacTi 3HaYeHb 3MIHHOI X
Ha abcrpakTHi miamazonu. Toxi HaGip TectiB Tpy 3amoBoNbHIE KpuTepiii range-sensitive def-use
MOKpUTTS BigHOCHO mapu DU skmo mms xoxkHoro miamasony CEC icHye Tpaca tETpy, Taka mIo
3HA4YEHHS 3MIHHOI X y BEpIIMHI V' HaJIeKUTh Aiana3oHy Ci.

MosxsuBi  pi3Hi  cueHapil BHOPOBa/PKEHHS 3alpOIOHOBAHOIO KPHUTEPilO: 3a HAasBHOCTI
MOTIEPEIHBO 33/IaHUX Jiana3oHiB [4] MOKHA CIPSIMyBaTH HOIIyK O€3IOCepeHBO Ha JTOCATHEHHS iX
TOKPUTTS (HANPUKIIAA, METOIOM TMEepeBipKH Mojeni). SKmmo niama3oHu 3a3manerigs He 3amaHi,
MOXJIMBE X aBTOMaTH4HE T'eHepyBaHHS Ha JIbOTY I Yac aHaJi3y MpocTopy cTaHiB Moxem. Ilpu
IOMY OKPEMO BUIUISIOTHCS KPUTHYHI 3HAYCHHS (HAMPHKIAA, HEKOPCKTHICTH IHIEKcAIlil, Hylb B
3HAMEHHHKY).

Ha Bigminy Bim kputepito all-uses, sSIKUil Opi€HTYETBCS JIMINEC HA CTPYKTYPHE MOKPHUTTS Map
«BU3HAYEHHS—BUKOPHCTAHHS», 3alPONOHOBAHUN METOJ J0JAaTKOBO BHMAra€ MOKPHUTTS CEMaHTUYHO
pI3HMX Jiana3oHIB 3HAY€Hb, BIOCKOHAIIOIOYM TAKUM YHHOM IMEPEeBIpKY Basifaiii BXiTHUX JaHUX.
Merox [103BOJIsIE BUSIBIATH BHIIAJKH, KOJM MEBHI Aiala30HH MOMJIMBHX 3HA4YEHb 3aIHMIIAIOTHCS
HEBPAaXOBaHUMH TECTaMHM, MONPH (OopMajbHE IOCATHEHHS MOKPUTTS 3a KIACHYHHMH KPUTEpiIMU.
Iomepenni naHi 3acrocyBaHHS KpuTepito cBimdate mpo ~20% 3pOCTaHHS KUTBKOCTI TECTIB Y
MOPIBHAHHI 3 KpuTepieM all-uses, pyu IbOMY CHOCTEpIraeThesl MPOMOPLiifHE 3pOCTaHHS MyTaliiHOT
OLIIHKH.

1. Common Weakness Enumeration (CWE). 2024 CWE Top 25 Most Dangerous Software
Weaknesses [EnexTpoHHMit pecypcl. - Pexum JOCTYIIY:
https://cwe.mitre.org/top25/archive/2024/2024 kev_list.html

2. Herrera, A., Payer, M., Hosking, A. DatAFLow: Toward a Data-Flow-Guided Fuzzer // ACM
Transactions on Software Engineering and Methodology. — 2023. — Vol. 32, No. 5. — Article 132. —
31 p. DOI: 10.1145/3587156

3. Rapps, S., Weyuker, E. Data flow analysis techniques for test data selection // Proceedings of the

International Conference on Software Engineering. — 1982. — P. 272-277.
4. Kolchin, A., Potiyenko, S. Extending Data Flow Coverage to Test Constraint Refinements //

Lecture Notes in Computer Science, vol. 13274. — 2022. DOI: 10.1007/978-3-031-07727-2_17

KOHIEMNIISI CEPBICY O®JIAMH MAIT HA OCHOBI CESIUMJS
Tkauenko B.O.
Harmionanpamii YHiBepcuret “KueBo-MoruisHcbKa akaaeMis”
04655, m. Kuis, Bynmuus ['puropist CkoBopoay, 2, HaYKMA, ®akyneret inpopmaTiku (1
Kopm, KiMH. 302).
E-mail: vo.tkachenko@ukma.edu.ua; renedon (063) 704 97 37

This paper presents a concept for enabling offline workflows with geospatial data in web
applications built on CesiumJS. Since CesiumJS does not natively support offline use, the
proposed service introduces a user-controlled process. The workflow begins with selecting a
map region and associated datasets, which are preloaded into local persistent storage.
During offline operation, rendering relies solely on cached imagery tiles and 3D Tiles, while
user edits such as point additions, route creation, and object modifications are recorded in a
structured JSON. Upon reconnection, the changes are transmitted to the backend and
synchronized with the database, with conflict resolution applied if objects were modified in
parallel. This cycle — preparation, offline work, and synchronization — ensures predictable
behavior, preserves data integrity, and extends CesiumJS and 3D Tiles to environments
where network connectivity is limited or unavailable.

Y 1mifi poOOTiI 3amporNOHOBAaHO KOHIICTIIIIO CEPBiCYy, IO Ma€ 3MOTY TIPAaIOBaTH 3
TeONpPOCTOPOBUMH JaHUMH B o(raifH-pexkxumi y BeO-3acTocyHKax Ha ocHOBI CesiumlJS.
[Migxix nmepeabauae momepeqHe 3aBAaHTAKEHHS BHOPAaHOIO PErioHy Mamu A0 JIOKaJbHOTO
CXOBHWINA, 30epekKeHHS 3MIH 1 00’€KTIB JOMaHWX i dac poOOTH B pekmmi odaiiH Ta
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MoJajbllly CHUHXPOHI3amif0 3 0a3010 JaHUX TMicIsA BiAHOBJICHHA Mepexi. PosrmsHyto
apXITeKTYpHi PIlIEHHs Ta MPOIeC POOOTH 3 JAHWUMH — BiJ MATOTOBKHU IUITMTOK Marw i 3D-
MoJienielt 10 00poOIIeHHsT KOHQIIIKTIB ITi]] Yac 3BOPOTHOI iHTerpallii.

CesiumJS — mne JavaScript 06i0mioTeka 3 BIZKPUTUM KOAOM JJs  Bizyauizamii
TPUBUMIPHUX TEOMPOCTOPOBUX MaHWX y BeO-Opaysepi.[1] Bona minrpumye BimoOpaxxeHHS
penbedy, CyNmyTHUKOBHX 3HIMKIB, BEKTOPHUX WIapiB Ta pi3HUX TUMIB 3D-HabopiB, y TOMYy
yucai y ¢opmari 3D Tiles. Incrpymentapiii 6ibmiorekn Brmouae APl mis po3poOku
IHTEPaKTHBHUX 3aCTOCYHKIB, 8 TAKOXX HaBYaJIbHI MPUKIAIU W JOKyMEHTalilo. Y MaTtepianax
MIPOEKTY MMiAKPECTIOETHCS IOTOKOBA OpTaHi3allis poOOTH 3 TaHUMH Ta MOXIIHBICTE IHTETpaIlii
3 OHJIAMH-cepBicaMu 30epiraHHs 1 JOCTaBKH, 30KpeMa uepe3 miaTdopmy Cesium ion, 110
JIO3BOJISIE TIPALIIOBATH 3 BEIMKUMHU HA0OpaMH IIPOCTOPOBOTO KOHTEHTY Y BeO-CepelOBHIIII.

3D Tiles — Biakputuit crangapr (OGC Community Standard), mpusHadeHui mis
e(eKTHBHOTO TIONIAPOBOTO CTPHMIHTY Ta Bi3yalli3yBaTH BEIUKI TPHBHMIPHI T€OIPOCTOPOBI
naHi, Taki sk Qotorpammerpii, 3D-Oyaisens, BIM/CAD, toukoBux xmap. Cneundikaris
omucye iepapxir IUTOK, ¢dopmatu mHToK (b3dm, i3dm, pnts, cmpt) 1 MexarizMu
CTWITI3aIlii, IO JMO3BOJISIE KITIEHTY 3aBaHTAXyBaTH JIUINEC pEICBAaHTHI pIBHI JeTami3arii
3aJICKHO BiJf Maciitady Ta BHUIUMOCTI. 3aBIsSKH [bOMY 3D-KOHTEHT IMiJBAaHTAXKYETHCS
MOCTYIIOBO ¥ AOCTYNHUH I IHTEpaKTUBHOI poOoTH y BeO-Opaysepi.[2]

BaxnmBo 3a3HaunTH, 1m0 y craHAapTHi koH(piryparii CesiumJS He Mae MOXKXIHMBOCTI
npamoBatu B odraiiH-pexxuMi. Yci MUK Ta JOKyMeHTalis 0i0mioTekn nepeadadaroTh
JOCTYH JI0 OHJIaliH-CEepBICiB, 30KpeMa 110 00’eKTiB penbedy, murtoxk mamu Ta 3D Tiles, ski
30epiratotecsi Ha cepBepax. [ns OaraTtbox cdep 3acToCyBaHHS L€ HE € KPUTUYHOIO
npo0IeMor0, OJJHAK Y BWIAJKaX, KOJIM KOPUCTYBad IPAIIOE€ y TOJIHOBUX yMOBax abo B
perioHax i3 BiACYTHIM MiIKIIOUEHHAM 10 [HTEpHETY, BHHUKAE HEOOXigHICTh Y JIOKaTbHOMY
30epekeHH] Ta mojanblIiii CMHXpoHi3aUii naHux. CaMe 1e MOTHBYE 10 pO3pOOKH cepBicy
SAKUH NO3BOJISE MpaLoBaTH o(aiH Ta Ja€ MOXKIMBICTD KOPUCTYBady KEpyBaTH IPOLIECOM
30epeskeHHs Ta CHHXPOHI3aIllii.

Cecis mouynHaeTbCs 3 SABHOI Jii KOPHCTyBada — IEPEMHUKAHHS y PEXHM IiArOTOBKU
nmaHux. [HTepdelic mo3BONIE BUAUTUTH TEPUTOPIIO 1 BU3HAYMTH HaOIp MOTPIOHHWX MIApiB:
penbed, pactposi 300paxenns (WMTS), na6opu 3D Tiles Tormio. Jlai cipaiisoBye MexaHi3M
ACHHXPOHHOTO 3aBaHTAXKCHHS: OOYHCIIOIOTBCS aApEecH IUIMTOK JJs BCIX MOKJIHMBUX
MamTadiB, iHIMIIOIOTHCS MapajieNlbHI 3alUTH 3 KOHTPOJIEM Yeprd, TaiM-ayTiB i MOBTOPHHUX
cripo6. Ha etami Bamigarii mepeBipseThcss MiHIMaTbHA TOBHOTA IMIOKPUTTS: BIICYTHI €JIEMEHTH
MIO3HAYAIOTHCS JJIs IOBAHT)KEHHS a00 MOBI1IOMIISIIOTHCSI KOPUCTYBavy.

[licns ycmimHoro oTpuMaHHS pecypcd 30epiraloTbecss B JIOKanbHe cxoBuie. Jlis
300paxeHp 1€ CTPYKTypoBaHe 30epexeHHs 3a kiroueM cxemu {z}/{x}/{y}; mnsa 3D Tiles —
KEIIyBaHHS KOpeHeBoro Madidecty Habopy (tilesetjson) i mijyiepeB IUTUTOK, BKIIOYHO 3
iXHiMU JABiMiKOBHMH BMicTamMu. CXOBUIIE OpraHi3oBaHe Tak, 100 3a0e3MeyuTH CTaIui
JOCTYIH IIiJ 4ac peHIepuHry (mepe3amyck opaysepa un 3actocyHKy (PWA) He npu3BoauTh 10
BTpaTH naHux). /s poboTu 3 nokambHUMH (aiinamMu BHKOopUCTOByeThes File System API.
Le#i API nos3Bosisie B3aeMoisaTy 3 (haiiiamMu Ha JIOKAILHOMY MPUCTPOI KOPUCTyBaua abo Ha
MepexeBil aitnoBiil cucTeMi, 1OCTynHiN KopucTyBaueBi. OcHOBHA (YHKIIOHAIBHICTD ILOTO
API Britouae uwTaHHA QailniB, 3ammc abo 30epexeHHs ¢ailmiB, a TaKoX IOCTYyH 0
CTPYKTYPH Kataioris.[3]

[Micns BiAKIIOYEHHS MEpeXi peHIEPUHT MPalloe BUHATKOBO 3 JIOKAJIBHOTO Jukepena. JaHi
OTPUMYIOTBHCS 31 CXOBHILA 3a KIOYaMH IUIMTOK, 3D-Habopy BiAKpUBAIOTHCS 32 JIOKAJIbHUMHU
URL-nocunanHsMH, a cHCTeMa Bi3yami3alii 3acTOCOBye Ti cami MeEXaHi3MH DIBHIB
Jeramizanii, ane 0e3 MepeXeBUX BHKIHKIB. Y Ll yac pelakTOpPChbKi [ii KOpUCTyBaya —
JOJaBaHHS TOYOK 1IHTEpecy, JiHii/MaplipyTiB, MpaBKu aTpuOyTIB 00 €KTIB — HE
BIZIMIPaBJIIOTECS Ha cepBep, a 30epiraroThcs y JokanbHOMY JSON-(aiini. O0’ ekt MaroTh
inenTudikarop (HoBWI ab0 TOCHIAHHS Ha icHylouwii) Ta 4ac moaii. Lle mo3Boisie oHOBHTH
00’ekTH y Oe3meuHOMY MOPSIKY, KOJIM MepesKa 3HOBY 3’ SIBUTHCS.

IloBepHeHHsT B OHJNAWH iHImIFOETbCA KopuctyBaueM. OO6’ektm 3 JSON-daitry
HancunaroThess yepe3 APIL. Slkmio o0’eKT 3MiHIOBaBCS TaKOXK Ha cepBepi mija vac oduiaifH-
nepiony, CIpalboBye MOJTITHKA PO3B’SI3aHHS KOH(IIKTIB: MIPIOPUTET 38 YaCOBOIO MIiTKOIO 200
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3a SBHUM BUOOpOM KopucTyBaua. [licisa ycmimHoi iHTerpamii OexeH[ moBepTae OCTaTOYHI
imeHTUGIKATOPY, JOKANBbHI (ailin BUOANIIOTECS 1 KIIEHT TEPEXOAWTh Y 3BUYAWHUN
MEPEXKEBUI PEKUM.

Taxuii UMK 1a€ MOXKIUBICTG OyIoyBaTH IependadyBaHy MOBEIIHKY: KOPUCTYBad Kepye
CTapTOM Ta 3aBepIIeHHSIM odIaifH-cecii; perioH i HabopH JaHWX 3aBXKIM BiZOMi; 3MiHH HE
TyONSIThCS; CHHXPOHI3allis BiOYBAETHCS YIiTKO BHU3HAYCHWMH Kpokamu. Y BeO-iHTepdetici
BiJIOOPaXKAETHCS TOTOYHUH CTATYC Ta 1HIUKAI(iS 3aBaHTAXKEHHS 1111 YaC OTPUMAHHS JaHUX.

Po3pobnenunit migxig posmupioe MoxauBocTi CesiumlJS y HampsiMKy aBTOHOMHOI
poOOTH, BITKPHUBAIOUX TIEPCIIEKTHBH TS 3aCTOCYBAHHS y cepax e 3’ €THAHHSA 3 MEPEKEIO €
cnabkuM, abo BiJCYyTHE TOBHICTIO. KIIOYOBMM elEeMEHTOM IMiAXOQy € KepOBaHUM
KOpUCTYyBaueM IHKJI: BHOIp perioHy KapTh Ta Ha0Opy JaHMX [Js IONEPEeIHbOTO
3aBaHTAXEHHS, iX 30€peKeHHS y JOKATFHOMY (haillIoBOMY CXOBHII, HAKOIMYSHHS 3MiH ITiJl
yac oduaitH-cecii Ta CHHXpOHI3aIlis 3 0a3010 JaHHUX MICTS BiHOBIIEHHS JOCTYITY 10 MEPEXI.
Taxuii minxin 3abesnedye Oe3nepepBHICTs POOOTH, IUTICHICTE BHECEHHX 3MIH 1 MEXaHI3M iX
iHTerpanii i3 cepBepHOI0 yYacTHHOK. Mozenb 103BOJsiE €()EKTUBHO IOENHATH ITOTOKOBY
npupoxy CesiumlJS i3 moTpeboro 30epiratu gaHi JIOKaILHO.

Jliteparypa:

1.  CesiumJS Documentation — Learn & API. [octym: cesium.com/learn/ (odimiitai
marepianu, API-10BiIHUK, TpUKIaIN).

2. OGC 3D Tiles — Cnenudikanis ta orysg. Joctym: docs.ogc.org Ta peno3uTopii
cnenudikarii.

3.  File Sestem API - Concepts and Usage: Hocrym:
https://developer.mozilla.org/en-US/docs/Web/API/File_System API (odimiitHi Martepiaimu,
API-n0BiTHUK, TPUKIIAIH).

SYSTEM AND APPROACH FOR AUTOMATED PHOTO-LIKE FACIAL IMAGE

GENERATION FOR USE IN TESTING, TRAINING OR EVALUATION
Bohdan Artiushenko, PhD (Candidate of Technical Sciences),
National University of Kyiv-Mohyla Academy
04655, Kyiv, Hryhorii Skovoroda St 2., Faculty of Informatics, Department of Informatics
E-mail: b.artiushenko@ukma.edu.ua, https://orcid.org/0009-0007-6107-4205

This research focuses on systems, apparatuses, and methods for automatically gener-
ating photo-like facial image items that may be used on an exam or test. The test may be used
for evaluating a test-taker's proficiency in familiar faces recognition, training in facial recog-
nition, prosopagnosia or other similar purpose or goal. A combination of generative artificial
intelligence, image and face recognition and manual check is proposed and evaluated.

Prosopagnosia, or face blindness, is widely considered as hardly improbable cogni-
tive disorder, thus training on face recognition is often suggested [2]. It’s also widely believed
that it’s difficult for normal humans to distinguish faces of another nationality.
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Fig. 1. Facial photo-like image generation BPM diagram

One of possible training methods is to show sequentially human faces of various re-
peatable people with various backgrounds, colors, light with opportunity for the trainee to
mark found repeated faces. A limiting issue in facial recognition by humans is a need for an
appropriate facial photo-like library with faces which are not known to the patient. In this pa-
per we suggest an approach and method in general to generate needed photos for the above
training faces. Automatically generated tests are widely known, and for example, used by fa-
mous Duolingo products[1], and could be adjusted with Generative Artificial Intelligence (for
example, Stable Diffusion [3]) for generating image-based test, especially for face recognition
skill. When generating photos with AGA new challenges arise, for example there are a lot of
generated images with ugly or questionable human faces, in addition we need to guarantee
then newly generated phases are not repeated of existing one. Involving operator, even so
costly, but could be used to filter out non-human-face, thus filtering repeated faces in a data-
base of thousands of faces by a human is questionable. Conducted testing proves that nearly
95% of generated images are to be filtered out by operator as of bad quality. Due to those lim-
itations, we have added automatic check of generated images and utilize facial recognition
systems (OpenCV [4], Dlib etc.). Prompts to generate images both photos and backgrounds
are to be systematically reviewed, that leads to need of batch processing. The suggested ap-
proach to generate human faces images for training patients is presented in Fig. 1 and consists
of steps described on Table 1. As an input for generating images textual prompts, and AGA
models are used as an output image with photo on solid background and on various back-
ground to be obtained. Also, statistics of good vs bad image is to be collected for prompts ad-
justment.

Table 1 Step and stages descriptions

No Step Description Technology used Efficiency
1 | Generate face Generate images based on Generative Al like More than 99%
images stored prompts Stability-Al or other prompts gener-
ate an image
2 | Face recognition | Test if generated image has | OpenCV, Dlib Rejects 60% of
check a big, uncovered face generated im-
ages
3,7 | Check facial sim- | Test if generated image con- | Dlib Less than 1% of
ilarity tains faces same to previ- generated faces
ously generated are found to be
same
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4,8 | Manual check Manually checking N/A Rejects 40% of
generated im-
ages

5 | Add background | Generate new image by Generative Al, like More than 99%

changing background of ex- | Stability-Al or other prompts gener-

isted one ate an image,
30% of those
have nearly no
difference from
original

6 | Affinity change | Affinity transformation System and numerical | Generated im-

(mirroring, rotations, color | tools ages are nearly
shift) always good

9 | Store Storing the result to the Any Database or file N/A

DataBase format can be used

Conclusions: using generative artificial intelligence in combination with facial recog-
nition could be used as a basis for automated photo-like facial image generation for use in
testing, training or evaluation. The suggested apparatus was used to generate hundreds of suc-
cess images, which were picked from up to tens of thousands of generated images total) and
could be checked out on web resource: faciemo.web.app.
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INTELLECTUALIZED NETWORKS OF PUBLIC SERVICES
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CHCTEM
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Issues concerning possible use of digital twins and LLMs within a potential architecture of intellectual

agents’ networks for e-governance, e-government, and e-participation systems are discussed. Some
approaches for simulating decision-making and estimating their consequences are suggested.
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OcranHIM YacoM BiIOYBCsl MOMITHMII Hporpec B PO3BHTKY 3acCO0iB IUTYYHOTO IHTENEKTY, SKUH
MOB’SA3YETBCS 3 IMOABOI0 Ta PO3BUTKOM BeIMKMX MOBHMX Mojeneit (LLM). Bonm Hemorano
CIPABJISIFOTHCS 3 33Ja4aMHU, OB’ SI3aHUMHU 3 OOUMCIICHHSIMH, aHAII30M JIAHUX, JIOTIYHUM BHBEACHHSIM
(xou 1 He 6e3 mpobaem). LLM MOKyTh TOSICHIOBATH XiJI pO3B’ 3Ky 3a11adi, mo Habmmkae ix 10 cuctem
MATPUMKA TPUHHATTS pIillEHb, PEKOMEHIAIIHHUX CHCTEM, EKCIIEpTHHX CHCTeM. TOMy BOHH
3HAXOIATH BCe OLTBII MUPOKE 3aCTOCYBAaHHA B Pi3HHUX c(hepax TOACHKOI JisITBHOCTI.

3 ornmsigy Ha Le B YyChOMY CBITI pOOJIAIThCS 3YCHIUISA, CHPSMOBAHI Ha IHTEIEKTyai3alliio
myOJIYHUX CcepBiciB, 3aco0iB e-governance, e-government, e-participation. ITokazoBum npukiagom y
IbOMY KOHTEKCTi € npoekT Biirokratt, skuii peanizyerbcst B Ectonii [3]. B cBoill ocHOBI 1ieli mpoekT
MOXe OyTH OXapaKTepU30BaHMH SIK TakWid, IO CIPSIMOBAaHUI Ha MoOYyJOBY Mepexi 4aTOOTIB Ta
BIpTyallbHUX TIOMIYHMKIB, $IKi HaJaloTh JOINOMOTY KIHIEBHM KOPHCTYBaueéM Yy CIUIKYBaHHI 3
Jiep>)kaBHUMHU ycTaHoBamH. [1oaiOHI cripoOu poOAThes ¥ y IHIIMX KpaiHax; pO3BUBAIOTHCS METOIUKH,
CHpsSIMOBaHI Ha OLIHIOBAaHHS CTYIEHI 3pLIOCTI BIPOBAPKEHHS INTYYHOTO IHTEIEKTY B ICpPKaBHOMY
VIpaBIiHHI.

IIpu 3acrocyBanHi LLM CyTTEBO CKOPOUYYETHCS TPATUIIMHAN TEXHOJOTIYHHA PO3PHB MiXK
KOHLIENIISIMU Ta IIOCTAaHOBKaMH 3ajad, SIKi CHOYaTKy iCHYIOTh B CJIOBECHOMY BHIUIAL (IIPUYOMY He
3aBXK/IU JIOCTaTHBO 100pe chopMyIIbOBaHOMY) Ta iX peanizalisiMy y BUTJISII IPOrPaMHUX KOMIUIEKCIB,
rpadiuyHUX iHTEPENCIB 1 T.II., OCKUIBKH 0araTo MmoB’si3aHuX 3 UM nuTadb LLM MoXyTb po3B’si3yBaTu
“3 xOpoOKM”. SIKIIO Ka3aTd MPO MEPESIKEBY OPraHIi3allil0 CHCTEMH IHTCJICKTYAIbHUX arcHTIB SK
CEPBICIB, SIKi B3aEMOMIIOTH 3 YPSAOBUMHU YCTAHOBAMHU, KIHIIEBUMHU KOPHUCTYBauYaMH a TaKOXK MiX c00010,
TO CJIiI BAOKPEMHTH IPHWHANMHI TPH PiBHI BY3JiB Y TaKUX CEpBicax: BY3/H, Oe3MOCepeHBO OB’ sI3aHi1
3 KIHIIEBUMH KOPHCTYyBadaMH; BY3JIH-Xa0H, SIKi aKyMYJIIOIOTh alipoOOBaHi eKCIIEpTHI 3HAHHS 3 OKPEMHUX
MIUTaHb; BY3JIH, ITOB’s3aHi 3 Jep)KaBHUMHU OpraHaMH, IO MPUHMAIOTh pillleHHs Ta/abo 3a0e3MnedyroTh
myOJIivHi cepBicH.

VY 1pbOMy KOHTEKCTI BUAAETHCS TEPCIEKTHBHUM OyIyBaTh MOJENl IyONiYHHX CEpBICIB Ha
ocHoBI koHuenii nudposux neiitukiB [1]. KoHuenuis nudposoro ABiiiHUKa — 1€ IO CyTi PO3BUTOK
KOHLENLIT IMiTalliiHOT MOAIeNi, alie MiACKIIIOE 11 Ha OCHOBI OULIBII HOBHOIIHHOTO JOCTYITY JI0 pealibHUX
JAHWX, @ TaKOX IOBHOIIIHHUX 3aC00IB BHMIPIOBAHHS, KOHTPOIIO Ta MOHITOPHHTY. IIpo mmdposi
IBIMHUKY YacTimre 3ragyeTbes B KoHTEKCTi Internet of Things, Industry 4.0. Ase 151 KOHIIETIIIIST MOXe
OyTH 3aCcTOCOBaHA i 17151 MOJICITIOBAHHS CHCTEM JIEPKABHOTO YIPABIIHHSA Ta ITyOIIYHIX CEPBICIB.

Ha wiit ocHOBiI MOXHA TOBOPUTH TIPO MOOYIO0BY (popMati3oBaHUX MiAXOIB O MOJCITIOBAHHS,
1 B paMKax IIMX MoJeJieldl po3poOJIsiTH METOJMKH BHUPIIICHHS TUIOBUX 3a/1ad. SIK MpHUKIaJ HaBEAEMO
MOXJIMBHH MiJXiJ 0 aHajli3y TOro, sIK CYyCIIUIBCTBO OI[iHIOE €(EeKTUBHICTH a00 Hee(heKTHBHICTbH
JICPI)KaBHOTO aJMIHICTpYBaHHs. B imeayii ynpaBiiHCHKI pIlIEHHS MalOTh NpUHAMATHCA Tak, MO0
3IiICHIOBaBCS Tepexia A0 cuTyaulidl (CTaHIB) 3 KpallMMH 3HAUYEHHSMH THUX YU IHIIUX KPHUTEpiiB.

MaremMaTuyHO 3a7aua MOXKE 6yTI/I C(l)OpMyJ'ILOBaHa HAaCTYIIHUM YHUHOM: Bi[[ NOTOYHOI'0 CTaHy X(l) 31

3HAYCHHSAM KpHUTEpiiB ( f l(x“l“),_,_,f K(x(l))) NEPEUTH 0 CTaHy X(z) 31 3HAYCHHSIMU KPHUTEPIiB

(f1<X‘:ZI‘),._.,fK(X(Z)))TaK, 106 fk(x‘lz‘)sz(xm) vi=1,K (tyr K — ximbkicts kpurepiis), i

Xxo4a O JJIsi OAHOTO 3 KpUTEpiiB BKa3zaHa HepiBHICTH Oyna ctpororo. [licns yxBayieHHs Ta peasizarii
pillleHb 3IIHCHIOETHCS OIiHKAa (MOHITOPHHI) HOBOI cuTyauii. Y BHIagKy JAep>KaBHOT'O YIPaBIIiHHS
TaKUi MOHITOPUHI MOXKE 3/IHCHIOBATHCS SIK CHJIaMH CaMHX YIPaBIIHCHKUX OpraHiB, Tak i 3 OOKy
CYCIILIBCTBA.

Agne me ckiagHa 3a/1a4a, i i1 CKITagHICTh 3yMOBJICHA, 30KpeMa, THM, 1[0 KPUTEPil OIiHIOBAaHHS
He 000B’S3KOBO € KITBKICHUMHM, 0araTo 3 HUX HOCHUTH OLIHOYHHH Ta/ab0 PO3MUTHHA XapaKTep; 4acTo
cutyauiss € IlapeTo-ONTHMAaJbHOK B TOMY CEHCi, IO HEMOXXJIMBO MOKPAIIUTH 3HAYCHHS OJHUX
KpHTEpiiB, HE MOTIPIIUBILIY NP bOMY 3HAUEHHS IHIINX KPHUTEPiiB; 4acTo OyBae Tak, 10 MMOKPAIICHHS
MOYK€ HACTATH JIMIIE B JISSKiH NepCIIeKTHBI.

Jeski migxonau, MoB’si3aHi 3 OpraHi3ali€lo iMITaliifHOr0 eKCIEPUMEHTY LIOA0 HPHHHATTS
YIPaBIIHCHKUX PILIEHb Ta OLIHIOBAHHS X HACIIJIKIB HA OCHOBI TIOETHAHHS MOJIEIi «CTaH-HMOBIPHICTb
Iii» 3 JBOPIBHEBOIO CXEMOIO0 METOJIY aHaNi3y i€papXilf, OMHCYIOThCA B 3arajdbHUX pucax B [5]. Ilpu
IbOMY 3MiHa CYCITUIBHUX HACTPOIB HA OCHOBI OI[IHKH PE3YNbTaTiB NPUHHATHX PIICHb MOJCITIOETHCS B
TepMiHaX 3MiHHU MEePEXiTHUX HMOBIPHOCTEH MiX cTaHAMH (SIKi XapaKTepPH3YIOTh Mipy MTO3UTHBHOTO a0
HEraTHBHOTO CTAaBJICHHS arcHTa) B paMKax MapKOBCHKOIO JIAHIIOTA — MOKITHBO, HEOJHOPITHOrO abo X
YMOBHO OJJHOPIZHOTO, B SKOMY NepeXiaHi HMOBIPHOCTI PO3IIIAJAIOTECS SIK BUIIAKOBI BeIHYuHU. [Ipn
[bOMY HEPCIIEKTUBHUM BHIAETHCS PO3BUTOK IMIAXOIIB HA OCHOBI MOPIBHSAHHS (PAKTUYHO yXBAJICHOTO
pIlIEHHS 3 THM, sike OyJio O yXBaJeHO OUIBIIICTIO TOJIOCIB Ha 3aranbHoMy pedepenaymi. [IpoBeneHHs
pedepeHyMy 3 KOXKHOTO OKPEMOTO MHUTaHHS € aOCOJIOTHO HEMOXIIMBHM Y peajJbHOMY JKHTTi, ajie
MoKe OyTH 3IHCHEHO IPU MOJICTIOBAHHI HAa OCHOBI U(POBOTO IBIHHHKA.
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[lepcieKTUBHUM BHJA€ThCS IOEJAHAHHS MOXJIMBOCTEH Takoro mudpoBoro aBiHHHKA 3
MoxmBoCcTMH LLM; ocTaHHI MOXXHAa BHKOPHUCTOBYBATH, 30KpeMa, IS IHTEJICKTYAJIbHOTO aHAI3y
3BEpHEHb IPOMAJISH; JJIsi 300py Ta aHai3y MOCTIB Ta KOMEHTAPIB y COLIAILHUX MEpe)Xax TOIIO.

Bumaetncst 6€3yMOBHO JOLUTLHOIO OpTaHi3allis B3a€MOJIil IHTENeKTyalIbHIX areHTiB Ta/abo ix
KOMIOHEHT, NMpHHAHMHI B paMKaX OKPEMOTO BYy3Ja MOXJIIMBOI Mepei, Ha OCHOBI MiKpOCEpBiCHOI
apxitexrypu. [Ipu mpoMy ciix 3BepHYTH yBary Ha IMiIXOTU 10 KOOPAWHAIII MIKpOCEpBiciB Ha OCHOBI
MAIllMH CTaHiB, onucaHi B [4]. JlekinapaTHBHUI ONMC HA OCHOBI MaIlIMH CTAHIB JI03BOJISIE 3ACTOCOBYBAaTH
MaTeMaTH4Hi METOJM 10 aHamizy KoHQirypamii Mepexi Ta Mip BaKIMBOCTEH OKpEMHX BY3IIB —
30KpeMa Ha ocHOBI PageRank-monionux mMetoauk [4, 2].
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and technology. — 2013. — Vol. 64, no. 4. — P. 787-801. — Mode of access:
https://doi.org/10.1002/asi.22790 (date of access: 20.10.2025). — Title from screen.

7. Dreyling III R. Technology push in Al-enabled services: how to master
technology integration in case of Biirokratt [Electronic resource] / Richard Dreyling III, Tanel
Tammet, Ingrid Pappel / SN Computer science. — 2024. — Vol. 5, no. 6. — Mode of access:
https://doi.org/10.1007/s42979-024-03064-0 (date of access: 20.10.2025). — Title from screen.
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NOWCASTING SIK CYUYACHUM MIIXII 10 OIIHIOBAHHSI BBIT YKPATHMN:
MOPIBHSIHHSA 3 TPAIUIIMHUMHA MOJIEJISIMA ITPOTHO3YBAHHS / NOWCASTING
AS A MODERN APPROACH TO ESTIMATING UKRAINE'S GDP: COMPARISON WITH

TRADITIONAL FORECASTING MODELS
bonomos €. C., /lpins C. C. / Bolotov Y., Drin S.
Harionanshuii yaiBepcutet “KueBo-Mormnsucska Akanemis” / National University of Kyiv-Mohyla
Academy
04655, Kuis, By I'puropist CkoBoponu, 2, hakynbreT iHpopMaTuku, Kadenapa MaTeMaTHKH
E-mail: yehor.bolotov@ukma.edu.ua, svitlana.drin@ukma.edu.ua

This study evaluates advanced forecasting models (MF-VAR and MF-FAVAR) for estimating
Ukraine's GDP, which address issues associated with traditional low-frequency data. The MF-FAVAR
model stands out for its effectiveness in integrating large, diverse data sets, including regional “short
data” and high-frequency indicators such as nighttime lighting, Google Trends, and Twitter activity,
into common factors. This approach is vital for short-term forecasting, especially during wartime. In
future studies, this model will be applied to forecast the gross regional product (GRP) of the Lviv
region.

¥ cyyacHOMy MakpOEKOHOMIYHOTO aHali31 iCHy€e rocTpa moTpeda y MIBHIKIHA OiHII
KITIOUOBHX MOKa3HUKIB, Takux ik BBIT (Nowcast), no ix odiuiiinoro onpuiroguenss. Lis npobiema
YCKJIATHIOEThCS TIMTAHHSAM JJaHUX 3 pi3HOIO nepioanunicTio. Hanpuknan, BBII 3a3Buuaii
OIIPUITIOTHIOETHCS IIOKBAPTANILHO, TOI SIK 1HIII BaXKJIMBI OKA3HUKH MOXYTb OyTH IOCTYITHUMH
nromicsitsg abo HaBiTh moaHs. s Ykpainu, 0COOIHMBO B YMOBaxX BifHH, BAKOPHCTAHHS KIACHYHHUX
MeToAiB € MeHII epdexkTuBHIMHA. TpanuiiiiHi eKOHOMIYHI JaHi MOXYTh OyTH HEJOCTYITHUMH 2060

21



HeHaliiHUMU. BupitieHHs 1i€i npobieMn BUMarae BUKOPUCTaHHS CHELialli30BaHUX MOJIEIIEH, SIKi
MOXYTb €()EKTUBHO 00OpOOJIATH BENHKI MACUBH JAHHUX 3 PI3HOIO YACTOTOIO Ta 3 Pi3HHUX JDKEPEL.

MeTor0 1aHOT0 JAOCIIHKEHHS € MOPIBHUIbHHN aHasi3 ToYHOCTI mporHo3is BBIT Ykpainu. Jlo
TaKMX Cy4aCHHX IiXO/iB JI0 MPOTHO3YyBaHH Ha OCHOBI MOJIENIEH 3MIIIaHOT YaCTOTH HaJIeKaTh
BektopHoi aBToperpecii (MF-VAR) [1] ta ix ¢pakTopaux posmupers (MF-FAVAR) 3 tpaguniitanvu
MOJIEIAMH POTHO3YBaHH. OCOOMUBHI aKIIEHT POOUTHCS HA iX 3MATHOCTI IHTETpyBaTH
0araTovacTOTHI Ta HETpaaUIIiiHI JKepena iHpopmarii. [le qocmimkeHHs € 0cOONIHBO aKTyallbHUM,
OCKIJIbKH, X04a B YKPaiHCHKIN HAYIIl BXKE iCHYFOTh JOCHIPKCHHS 3MIlIaHUX YaCTOTHUX MOJENeH Ha
HalioHansHOMY piBHI (Hanpukian, U-MIDAS [2]), cyyacHi ekoHOMIYHI mijgxoau, Taki sk MF-FAVAR,
11I€ HE 3aCTOCOBYBAJIKCS JUIS PEriOHaIbHUX MPOTHO3IB.

st nocsirHeHHs i€l MeTn OyJIo 3aIpolIOHOBaHO BUKOPHCTOBYBaTH Moaenbb MF-FAVAR.
Bona migxoauTh Uit poOOTH 3 BEIMKMMU ITAHESIMU JaHUX Ta «short datay 31 3HAYHO KOPOTIIIMMHU
4acoOBUMH iHTepBanaMu. Ll Moaens iHTerpye iHpopMariitHuii 3MicT 0araTbOX perioHaIbHUX
MIPEIUKTOPIB, y3araTbHEHNX Y HEBEIUKY KUTBKICTh cliTbHUX (hakTopiB. MF-FAVAR edextuBHO
BHpiIIye pobieMy He30alaHCOBAaHUX IMaHenel nanux («ragged edge»), 0 BUHUKAIOTH Yepe3
ACHHXPOHHY IyOJIIKaIlil0 CTATUCTHYHHX JaHUX, BUKOpHCcTOBYIouH (inbTp Kanmmana. Mozens MoxxHa

OIIHCATH CHCTEMOIO PiBHSIHB, L0 PO3ALIsiE 3IMHHI Ia yacToTor0. JluHamika 1 naTeHTHHX dakropis F,
OIUCYETHCSI PIBHSHHSAM CTaHYy:

F=AF,_+A,F _,+..+A F _ +u,.
PiBHsSIHHA BUMIpIOBaHHS OB’ S3YIOTH 111 ()aKTOPH 31 CIIOCTEPEKYBAHUMHU (DaKTOPAMH:

XLH\:AiH}FI_I_nLHB,
(L] — 1\ (L)

Y[L\_A\L F[+n[L )

(L]

[H| oy
me: X, - o0’exHaHa aHENb BUCOKOYACTOTHUX OQILINHNX Ta albTEPHATHBHUX JAHUX; Y,

HU3bKO4acTOTHI nokasuuku (BPII); F - Bektop naTeHTHHUX (akTopiB (CIIOKUBYI HACTPOT, CTAH PUHKY

npai); A7 , A'E - MaTpuis GaKTOPHHX HABAHTAKCHB JUIS BUCOKO- Td HU3bKOYACTOTHUX JAHN3;
A - Marpui koedimieHtiB VAR-uyacTunu. KoxHa naHa MaTpuipst nokasye, sk MUHYJI 3HAYCHHSI
(axTOpiB BIUIMBAIOTH HA IIOTOYHI 3HAYCHHS; U, r,‘[m s rl“tu- BEKTOp 3JIHIIKIB BiAMMOBITHUX PiBHSIHb.
Jist OLIHKK TOYHOCTI IPOTHO3YBaHHS 11032 BHOIPKOIO OYAyTh BUKOPUCTOBYBATHCS
CTaHJAPTHI MMOKa3HUKH, BKIFOYAI0YH CepeIHhOKBapaTHIHy MoXHOKy nmporaosy (RMSFE) Ta
CHMETPHYHY CEPEIHIO aOCOIOTHY NMPOLeHTHY oXHOKy (SMAPE):
1< (5
RMSFE= H Z (YT+h\T Yo
h=1

100% < |3~y
noSH|pd+lyd) 2

KirouoBuM exeMeTHOM JOCHIPKEHHS € YHIKIbHUN Ha0ip nanux 3a 1991-2025 poku, mo
MOEAHYE JaHi pi3Hoi nepioguunocTi. [{inpoBoro 3mMinHOIO € BPIT JIbBiBChKOT 0071aCTi, OTpUMAHHUIA Bif
['o50BHOTO yIpaBIiHHS CTATUCTHKU. BiH IOMOBHIOETHCS OQILIHHIMHU JAaHUMH CEPETHBOT YaCTOTH,
BKJIIOYAF0OYH €KOHOMIYHI TOKa3HUKH (TIPOMHUCIIOBICTD, TOPTIBJIsL, CLTBCHKE TOCIIOAAPCTRO) 3 TIOPTALY
cratucTuku JIBIBCHKOI 001acTi Ta JaHi Mpo pUHOK mpati Bix JIpBiBchKOT 061acHOT city)0n
3aifHATOCTI. MOIENh TAKOXK IHTETpyBaTUME BUCOKOYACTOTHI aJbTePHATUBHI JIaHi: IIIOBa aKTUBHICTh
(peecTpamnis/TiKBigamis MPUBATHHUX ITiIPHUEMITIB Ta OPpUANIHHEX 0oci0) Bix Opendatabot, iHn Ha pHHKY
HEPYXOMOCTI, a TaK0XX MOIIyKOBa aKTHUBHICTH Ta HacTpoi Bixg Google Trends ta Twitter. Oxpemum
BUKJIMKOM JJIsl TOCITIJKEHHS € IHTeprpeTallist qanux 1npo Hiv"e ocsitiuienns (NLI) [3], ockinbkn neit
MOKa3HUK, HMOBIPHO, BiJoOpaskaB HE €KOHOMIYHY aKTHBHICTb, a (PaKTOPU OOMEKEHb Oe3MeKH
(BIIKJTFOYEHHS €IEKTPOCHEPTii) Ta NediuuTy eHeprii (BiKIIOYEHHs eJIEKTPOSHEPTii), 110 BUMarae
CremiaabHOT 00POOKH B MOJEII.

[TomepenHi pe3ynpTaTi OKA3ajH, IO BUKOPUCTAaHHA (PaKTOPHUX MOJETCH Ha OCHOBI
BEJIMKIX HAOOPIiB TaHMX Ma€ IepeBary HaJ mpocTUMH aBToperpeciitanmu (AR) mogensmu. Homo
HETpaJULiHHNAX JaHUX, OEJHAHHS JEKIJIBKOX KOPEJATIB 3HAUHO MOKPAIY€e TOYHICTh BIACTEIKECHHS
CKOHOMIYHOI aKTHBHOCTi. Moeli, 1110 BUKOPUCTOBYIOTB JIMIIE OAWH MOKa3HUK, IPALIOIOTH ripiue. B
EMITIPUYHOMY JIOCITI/DKCHHI perioHaIbHOT €KOHOMIYHOT aKTMBHOCTI B YKpaiHi KOMOIHOBaHa MOJIENb,

2
s

SMAPE =

1[0 BUKOPHCTOBYE I[i HETPAMIINHI JaHi, MOKA3a/Ia HA[3BHUANHO BUCOKY MOSCHIOBANbHY cHity (R’ Yy
BHGipui 99,60%) [3]. Boxnouac Takuii Bucokuii R? BUMarae o6epexHoi iHTeprpeTartii uepes
MOTEHIIHNN pr3KK nepeHaBdanHs. Ciix 3a3Ha4NTH, 10 X09a AWHAMIYHI (PaKTOPHI MOJeli MaroTh

22



TEOPETUYHI MEPEBATrH, EMITIPHYHI MOPIBHAHHS YaCcTO MOKA3yIOTh, 0 BOHH HE 3aBXKIH CUCTEMATHYHO
HepeBepIIyIOTh HaliiiHi cTaTiyHi (akTopHi Moeni (Stock & Watson) [4], siki 3a3BUUail peanizyroThes
3a JIOIIOMOT010 aHai3y rojoBHUX KomoHeHT (PCA), 3 TOUKH 30py TOYHOCTI IIPOrHO3YBaHHSI.

OTpuMaHi pe3yJIbTaTH BKa3ylOTh HAa MOYKJIMBICTh 1ICTOTHOT'O TTOJIIMIIIEHHSI STIKOCTI
KOPOTKOCTPOKOBHX eKOHOMIUHHX mporHo3iB (Nowcasting) ans BBII Ykpainu Ta ii perionis. Mogemi
MF-VAR/MF-FAVAR matote pyHAaMEHTAIbHI MIepeBaru HaJl TPAAULIHIMA MOJEIISIMH, OCKITBKA
BOHH 3JIaTHI 00pOOIIATH 3MillIaHi YaCTOTH JTaHUX 1 BENUKi He30aaHCOBaHI HAOOPH MaHUX 3a
JIONIOMOT 010 €()eKTHBHOT'O BUKOPUCTAHHS CIIUIbHUX (akTopiB. Lle 0coOIMBO BaskIIMBO IS
PErioHaTbHOTO MPOTHO3YBAHHS, JIe ISl OTPUMAHHS CBOE€YACHUX OIIHOK HEOOXiHA IHTETpallis
HEOJIHOPITHHUX 1 BHCOKOYACTOTHUX MOKA3HHUKIB.

Crmcox Kepet:
[1] Koop G., Mclntyre S., Mitchell J., Poon A., Wu P. Incorporating Short Data into Large Mixed-
Frequency VARs for Regional Nowcasting // Federal Reserve Bank of Cleveland Working Paper
Series. —2023. — No. 23-09
[2] 3omuak JI. M., PakoBa A. C. U-MIDAS-monens nporuosyBanns BBII Vkpainu Ha gaHuX 3MilIaHoi
yactotH // Cxinna €Bpona: ExoHomika, bisnec Ta Yrpasiinas. — 2020. — Bur. 2 (25). — C. 436-441.
[3] Constantinescu M., Kappner K., Szumilo N. The Warcast Index: Estimating Economic Activity
without Official Data during the Ukraine War in 2022 // NBU Working Papers. — 2024. — Ne 03/2024.
[4] Stock J. H., Watson M. W. Forecasting Using Principal Components From a Large Number of
Predictors // Journal of the American Statistical Association. — 2002. — Vol. 97, Ne 460. — P. 1167
1179.
®PAKTAJIBHO-TA®Y3IMHI TEHEPATUBHI MOJEJI: IEPAPXIYHUI MIAXII IO
CHUHTE3Y 306PAKEHDb / FRACTAL-DIFFUSION GENERATIVE MODELS: A
HIERARCHICAL APPROACH TO IMAGE SYNTHESIS
Llanimos A. B., Aépamenko O. B. / Shalimov A., Avramenko O.
Harionansuuii yaiBepcuret “KueBo-Mormnsuceska Akanemis” / National University of Kyiv-Mohyla
Academy
04655, Kuis, By I'puropist CkoBoponu, 2, hakynbreT iHhopMaTHKH, Kadeapa MaTeMaTHKH
E-mail: a.shalimov@ukma.edu.ua, o.avramenko@ukma.edu.ua

This study extends the Fractal Generative Model by replacing its autoregressive generator with a
diffusion-based generator at the top level of the hierarchy. FractalGen builds images recursively: each
level invokes a similar generative module on subregions, enforcing self-similar structure across scales.
In the original model, this module is autoregressive, generating pixels sequentially and enabling exact
likelihoods. We introduce a new generator type that uses a conditional diffusion U-Net to produce a
coarse global canvas in parallel via denoising. Lower levels of the hierarchy remain unchanged and
further refine local detail. This hybrid fractal-diffusion architecture preserves the recursive, self-similar
assembly of FractalGen while replacing pixel-by-pixel sampling with parallel diffusion at the latent
level. We evaluate a baseline DDPM against our approach on ImageNet using visual-fidelity and
distributional metrics.

CyuacHi MeroaM TeHepauii 300pakeHb IPYHTYIOTbCS Ha MaclITaOHUX aBTOPErpeciiHuX 1
Iuy3iiHAX MOJAENAX, 3MaTHUX CTBOPIOBATH PEANICTUYHI Ta CEMAHTUYHO Y3TOIKEHI 300paKeHHS.
Hudysivai migxomu [1] dopMyoTs 300paskeHHS IUISIXOM ITEPaTUBHOTO 3HEUIYMIJICHHS JIATEHTHOTO
BEKTOpa, 3a0e3ledyloun BHCOKY SKICTh, aje MOTpeOyrouMm 3HAYHUX OOYHCICHb. ABTOpErpeciiHi
Mozen (akTOPH3YIOTh PO3MONUT 32 perioHamu, mo 3abe3ledye Y3ro/DKEHICTh MK MigoOIacTsIMH,
MIpOTE 3aIMIIAIOTHCS MOBUIBHUMHU dYepe3 IOCIIJIOBHY IpHpoay reHepamii. s momonaHHsA IHX
0o0OMeXeHb 3armponoHoBaHO (pakTaibHi reHepaTuBHi Mojeni (Fractal Generative Models, FGM) [2],
SKi PEeKYpPCHBHO 3aCTOCOBYIOTH OJMH 1 TOH caMuil reHeparop Ha pi3HHX Maciitadax, (GopMmyrouu
CaMOIOIIOHy I€papxif0, IO KOHIENTYyalbHO Y3TO/UKYEThCA 3 (pakTampbHOO mpupomor [3]. Y
mouaTkoBid peamizarii FGM BUKOpHUCTOBYBaJM aBTOPETPECiiiHI MOMyJi, sKi 3a0e3nedyBain
Y3TOKEHICTh MiX TiobmacTsamMu, aie 30epiraii HU3bKy MBUAKOIIIO Yepe3 MOCTiIOBHY IeHeparliro.

Y mpoMy moCHiIKeHHI MpomnoHyeThest Momudikamis FGM i3 BuxopucraHHsIM Iudy3idHOL
HelpoHHOT Mepexi Ha apxiTekTypi U-Net 5K anbTepHaTHBHOTO reHeparopa. Takuil Mmiaxix miIBUILYE
MapaJieNIbHICTh NPOLIECy, CKOPOUYYE Yac CHHTE3y W IHTerpye iepapXiuHuii camonofiOHWH MpUHOWN Y
craniaptHy audysiiiHy moxens. KoHdiryparis mpaiioe B jaTeHTHOMY npoctopi [4], mo 3MmeHmnye
HMOBIpHICTh apTe(akTiB, CIPUYNHEHUX BIJCYTHICTIO SIBHOI'O aBTOPErPECiHHOrO 0O0yMOBIICHHSI.
BepxHiii piBeHb iHIIiadi3y€ raycCiBCbKUH IIyM, SIKMH 3HEIIYMIIIOIOTH JIOYIpHI BY3/HM, IO JIIOTh Ha
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MacKOBaHUX MiI00NACTSAX 13 KOHTEKCTHUM YpaxyBaHHSAM IJI00AILHOTO piBHS [5]. Y3romKeHiCTh Mix
mi00aacTAMU 3a0€3MeUy€eThCs CIUIHHOIO THIMIATI3aIl€r0 [IIyMY Ta KOHTEKCTHUM HABYaHHSM.

[MopiBHsiHHA pOOOTH MOJENl MPoBOAMMO 3 BukopucTanHsIM jaracetiB MNIST ta ImageNet y
po3aineHOCTI 64 X 64. Jlyia ouiHku sKocTi reHeparii 3actocoByemo MeTpuky FID (Fréchet Inception
Distance), sixka BimmoBimae 3a Bi3yalbHY fAKICTh 300pakeHb. TakoX BHKOHAHO EKCIEPUMEHTH 3
BapifOBaHHSM TIHOMHE (DpaKTaja, [0 BiAMOBiae 3a 30UIBIICHAS PiBHIB i€papXii Ta KITBKOCTI JOUipHIX
BY3JIiB.

989 [ 21729
1TV 3652062
025

0y
o~ ¢
W
&\

p o
2
-4

ey
/
\ A
1.3 48
Q2L L5 0&C B 2#5¢$HE?

Puc. 1 3renepoani 306pakenss mpu N = 50. Puc. 2 3renepoBani 300pakeHHs pu N=20.

p
0
5
S
!
0

TRV VR
W oNG e W
W OW
B pPln
QR VEQR W
= 00 PY R O
) of O B &) of V@

Ilin wac excnepumentiB wmerpuky FID omiHoBanm pmnsg  pisHEX THOWMH  (pakTana
Ng{20,30,50,80,100’150]. Pe3ynpraTi moka3anM HEMOHOTOHHY 3aJISKHICTh SIKOCTI Bin

rmubuan: FID 3MeHIyeTbest Bin 81,2( N :20) hi (6} 72.4( N :50), MICIIsT YOTO 3HOBY 3POCTAE 10
~78 mpu N >100. Taka moBemiHKa CBiTYUTH PO HASIBHICTH ONTHUMAIBHOI KUTBKOCTI PEKYPCHBHUX

PIiBHIB, 3a K01 HOCSTa€EThCs OallaHC MiX TITOOANTBEHOI CTPYKTYpPOKO Ta JIOKAJBHOIO JeTanizamicro. Sk
BUAHO 3 puc. 1-2, rmbun iepapxii (N =50) GpopMyoTh y3ro/pkeHy riobajibHy KOMIIO3MIIIO Ta
TUIaBHI TIepexoauM Mix mimoOnactsmu, Tomi sk MeHma rimouna (N =2(0) cnpuuuHse JOKalbHI
apredakTH i BTpaTy CEMaHTHYHOI ITIICHOCTI CLICHH.

OTtprMaHi pe3ysbTaTy MiATBEPIKYIOTh, 0 PEKYPCUBHUI (peiiMBOPK, onrcaHuil y poboTi [2],
Moe e(peKTHBHO MOEAHYBATHCSA 3 AU Y3IHHIMA MOIYIISIMH O€3 IOCIiZOBHOI aBTOperpecii. 36epexeHo
iepapxiuHy KOMIIO3HWIIIIO CIEHH Ta IOKPAaIIeHO MOJJIMBOCTI MapalieNbHOi TeHeparii ITiIperioHiB.
HacTtynHi kpokd BKIIOUAIOTh TEOPETHYHWH aHAIi3 iHimiaii3amii HEepBUHHOTO IIyMy B JaTCHTHOMY
MIPOCTOPi Ta JOCIHIIKEHHS B3Aa€EMO3B’SI3KY MIK CHEKTPAJIbHUMH W Bi3yaJbHUMH XapaKTEPHCTHKAMH
3reHepOBaHUX 300pakeHb 3aJISKHO Bij IITMOMHU (pakTana.

VY nepcrnekTuBi Takui (pakTaabHO-AM(Y31HHUA MiaXiq MoKe OyTH MOMIMPEHUH Ha 1HII THUMH
JIAHUX, 30KpeMa TPUBHMIPHI CLIEHH, BiJIEONOCIIIOBHOCTI Ta MyJIbTUMOAAIBHI MOJIEIi TUIY “TEKCT —
300paxkeHHs”. 3aBISKU 1€papXiuHiil CTPYKTYpi, MOMIOHI apXiTEeKTypH MOTEHIIIHO 3[aTHI MOEAHYBATH
ro0anbHy CEeMaHTHYHY IUTICHICTh 3 JIOKAJIFHOIO aJaNlTHUBHICTIO, IO BiKPUBA€ MOMIIMBOCTI IUIS
o0y 1oBH O1NTBII yHIBEPCATFHUX TEHEPATHBHUX CUCTEM HOBOTO MOKOTiHHS.
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Diffusion Models. Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
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IHTET'PALIIA METOY AHAJI3Y IEPAPXIMH 13 HEUITKOIO JIOTTKOXO JIJIsI
BUPIIIEHHSA BATATOKPUTEPIAJIBHUX 3AJIAY / INTEGRATION OF THE
ANALYTICAL HIERARCHY METHOD WITH FUZZY LOGIC FOR SOLVING MULTI-
CRITERION PROBLEMS
Tpuey6 O.C. / Tryhub O.S.

Hamionaneuuii yaiBepcuter «KneBo-Mormunsacbka Akanemiss» / National University of Kyiv-Mohyla
Academy
04655, Kuis, Byn. I'puropist CkoBopou, 2, hakynbTeT iHpopMaTHKH, Kadeapa iHpopmMaTuku
E-mail: oleksandr.tryhub@ukma.edu.ua

The decision-making process is often accompanied by uncertainty and subjectivity of expert
assessments. The Analytical Hierarchy Process (AHP) method is one of the most widely used methods
of multi-criteria choice. However, the classical AHP is based on fairly clear numerical estimates
according to the proposed scale [1], which does not always adequately reflect the real judgments of
experts. There are known situations when, when conducting the procedure of pairwise comparisons of
the importance of the elements of the problem, the decision-maker (DM, expert) has difficulties with
choosing such a clear numerical estimate. In such situations, the use of the AHP method with elements
of fuzzy logic (Fuzzy Logic AHP, FAHP) is quite promising, which allows better taking into account
such fuzziness in pairwise comparisons [2,3]. The results of solving the model problem demonstrate
that the use of elements of fuzzy logic can lead to a change in the leader among the alternatives.

PosrisiHeMo MozenbHy 3a7ady BUOOPY HAMKpAIIoi albTepHATHBU MPOIPaMHOTO 3a0e3IeHeHHs
(I13) mnst anmanmiTukn maHux cepen Tpbox anbrepHatuB: Al (Ilporpama X), A2 (IIporpama Y), A3
(ITporpama Z). OuiHioBaHHS 3/iHCHIOETECS 32 TphoMa Kputepisimu: K1 —  ¢ynkuionansHicts, K2 —
3pY4HICTh BUKOpHUCTaHHS, K3 — BapTicTh MPOrpaMHOro NpOIyKTY.

Po3B’spxkemMo 3amady criouaTky kimacuuHuM MeTojoM AHP. O6uucienus OymemMo 3ailCHIOBATU
3a JJONOMOT'OI0 TIPOrPaMHOI CUCTEMH JIOCIIKEHHS ClIab0CTPYKTYpPOBaHUX 3a/1au 0araToKpuTepiaibHOT
ontuMizanii [4]. OLiHKH eKcrepTa MO0 MAPHUX MOPIBHIHD KPUTEPIiB BiAHOCHO iX BIUIMBY Ha BHOIp
[13 HaBexeHi y MaTpHIi:

I13 K1 K2 K3
K1 1 2 3
K2 05 1 3
K3 0333 0333 1

PesynpraTé mapHUX NOPIBHIHB €KCIIEPTOM abTEPHATHB 3a KOKHUM 3 TpboX kputepiiB K1, K2,
K3 mpexcrasieHi y HACTYITHUX TPHOX MATPHIISX:

K1 X Y Z K2 X Y Z K3 X Y Z
X 1 3 5 X 1 0.500 3 X 1 2 0.500
Y 0.333 1 2 Y 2 1 4 Y 0500 1 0.333
Z 0200 0.500 1 Z 0333 0250 1 Z 2 3 1

OO0uucneHi BeTHYNHA Y3ro/pKeHocTel i HaBenennx matpuipb [13, K1, K2 ta K3 craHoBmATH
4,62%, 0,32%, 1,6% Tta 0,79% BIAMOBIAHO, IO CBIAYUTH TPO KOPEKTHICTH MPOLECAYPU TMAPHUX
HOPIBHSHb.

HopwmaiizoBaHi BEKTOpH JIOKJILHUX MIPIOPUTETIB, OOYMCIICH] ISl KOYKHOT MaTPHILIi CTAHOBIISIT:

V_=(0.528;0.333;0,139),V,,=(0.648;0.230;0.122);
V,,=10.320;0.558;0.122|,V,,=(0.297;0.163;0.140/.

Bektop rnoOanpHUX TIPIOPUTETIB, OOYHCICHHWH METONOM IIiHIHHOI 3TOPTKH TPHU3BIB [0
pesynsrary: V, -=(0.490;0.330 ;0.180/, 10670 mimepom cepen ambrepHatus € Al (ITporpama
X).

Po3p’spkemo tenep 1o 3anady metogom FAHP, 3 BUKOpUCTaHHSM €JIeMEHTIB HE4iTKOI JIOTIKH.
JI1st KOPEKTHOCTI MOPIBHIHHS ABOX IMiTXOIB 3AIMIIMMO MATPHII0 BATOMOCTEH KPUTEPIiB BITHOCHO X
BIUTHBY Ha npuadanHs [13 6e3 3MiH, a IpH IpoBeIeHHI MApHUX ITOPIBHAHB aJbTEPHATHB IO KOKHOMY
KpuTepito OyneMo BUKOPHUCTOBYBATH HEUIiTKi TpuKyTHI gucna Burminy (L, M, U) 3 mogamsmoro ix
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nedasudikauiero y urisiai (L+M+U)/3. Tyt M — giTke 3HaUu€HHSI HEUITKOTO TPUKYTHOTO uncia, L ta
U — niBa Ta mpaBa MexXi, sIKi BU3HAYalOTh CTYIiHb «PO3MHTOCTI» umcia [3]. HaBenemo cymkeHHs
eKcIepTa 010 MaPHHUX MTOPIBHAHB aJTbTEPHATUB 32 KOXKHUM KPUTEPIEM:

[Tapu anpTepHaTHB Kpurepiit K1 Kpurepiit K2 Kpurepiit K3
(A}, A, 11.0;1.1;1.2] 0.5;0.6,0.7] 11.0;1.1;1.2]
nedazudikamis = 1.1 nedazudikaris = 0.6 nedazudikamis = 1.1
(AL A, (1.2;1.3;1.4] 11.0;1.1;1.2 10.5;0.7;0.9)
nedaszudikamis = 1.3 nedazudikamis = 1.1 nedasudikaris = 0.7
|A,, A, 11.0;1.2;1.4 11.1;1.3;1.5] 10.5;0.65;0.8

nedasudikanis = 1.2 nedasudikamis = 1.3 nedaszudikamis = 0.65
Taki naHi 30epiratoTb BCi BiJHOIIGHHS MK albTepHATHBAMHU B TAaKOMY K BHUIVISAL, SK 1 IpH
PO3B’sI3aHHI 33/1a4i KJIACHYHUM METOAOM aHali3y iepapxiii AHP, pe3ynbratu sikoro HaBeJeHI BHUILE.
Takum unHoMm, ans metony FAHP marpurii mapHuX MOpiBHSHB albTEPHATHB 332 KOKHUM KPHUTEPIEM
MaTUMYTh BUTISA:

K1 X Y z K2 X Y Z
X 1 1.1 1.3 X 1 06 1.1
Y 0.909 1 1.2 Y 1.667 1 1.3
Z 0769 0833 1 Z 0909 0.769 1

K3 X Y Z
X 1 1.1 0.7
Y 0.909 1 0.650
Z 1429 1.538 1

Bennunnu ysromkenocreit matpunp K1, K2 ta K3 cranosnsars 0%, 1,1% T1a 0% BianosiaHo.
OO6uncieHi HopMalli3oBaHi BEKTOPH JOKAIbHUX MPIOPUTETIB HAOYBaIOTh BUTIISALY:

V ,=10.373;0.341;0.286,V,,=(0.285;0.424;0.291),V . ,=(0.300; 0.275; 0.425| .

3a MU JaHUMHK OyB 00UMCIICHUI METO/IOM JIIHIHHOT 3rOPTKH BEKTOP I1100aJIbHNX IMPIOPHUTETIB!
V. = (0.334 ;0.359,0.307 ' s TOOTO JiIepoM cepell albTEpPHATHB Temep Bxke € A2

2106
(ITporpama Y). Pe3ynbraTté po3paxyHKiB IJI00aIbHUX NPIOPUTETIB 32 000Ma METOJAaMH 3allUIIEMO Y
BUIJISAI MOPIBHSJIBHOT TaOJIUIII TTI00aIbHUX PIOPUTETIB aJIbTEPHATHB!

AnbpTepHaTHBA Kiacnunuit AHP Heuitkuit AHP
Al 0.490 0.334
A2 0.330 0.359
A3 0.180 0.307

TakyuM 4YMHOM, BHKOPUCTAaHHS MeTOJy 3 ejleMeHTaMMU HediTkol Jjoriku FAHP moxe
OpU3BOAWUTH [0 iHIIOrO PO3B’I3KYy 3aZiauyi OGaraTokpuTepiajbHOI omnTHMizanii, HiX mnpu
BUKOPUCTAHHI  KJIACUYHOTO MeToJy aHaniizy iepapxih AHP. B mneBHuUx 3ajavax
6araTokpuTepiaibHoro Bubopy metos FAHP fno3BoJisie kpalle BpaxoByBaTH HEBU3HAYEHICTh y
Cy/PKeHHsIX eKcrnepTiB, Hixx Metoj AHP, mo Moxe CyTTEBO BIJIUBAaTH Ha MNPUHUHATTA
OCTaTOYHOTO pillleHHs.
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TOIOJIOTTYHA CKJIATHICTh BYJIMUHUX MEPEX YKPATHCBKHX MICT:
EHTPOINIMHUIA AHAJI3
Cwmu O.P.
Hamionanpauii yHiBepcuTeT «KreBo-MoOTHIISTHCBKA aKaaeMis»
ByJs1. CkoBopoau 2, M. Kuie, 04070, Ykpaina, o.smysh@ukma.edu.ua
This study presents a comprehensive entropy-based data analysis of street network
configurations across all 463 Ukrainian cities, using graph-theoretic methods and information
entropy measures. The research quantifies the topological complexity of urban network
systems through the computation of two entropy measures: /7 , and @. Analysis of
OpenStreetMap data reveals significant regional differentiation in entropy characteristics
across Ukrainian cities, with eastern regions demonstrating higher @ values, while western
regions exhibit the inverse pattern. The results indicate a dependency between city size and
structural organization in Ukrainian urban systems, confirming a correlation between total
network length and the @ parameter. The findings reveal that maintaining regular grid-like
structures becomes increasingly complex for Ukrainian cities, particularly when considering
historical development patterns and topographical constraints that have shaped urban
morphology.

EHnTpormiifHi XapakTepUCTHKN YpOAHICTUIHUX MEPEKEBHX CTPYKTYP € (GopMarbHHUMH
MOKa3HWKaMH OpraHi3alifHOi CKIagHOCTI Ta (YHKIIOHAJIBHOI Y3TOJPKEHOCTI MiChKOTO
CepelloBHIa B TEPMiHAX aHalli3yBaHHS rpadis. Buxkopuctanns meroniB oOpoOiIeHHS JaHUX
Ta AJITOPUTMIB MEPEKEBOTO aHATI3yBaHHSA IS OCHIMKCHHS TOIOJOTIYHUX IapaMeTpiB
JIOPOXKHBOT 1HPPACTPYKTYPH YMOKIIMBIIIOE BUMIPIOBAHHS CTYIICHS BIOPSAKOBAHOCTI MiCHKHX
CHCTEM 1 BUSIBJIICHHsI CTA0UTbHUX 3aKOHOMIPHOCTEH IXHBOTO MPOCTOPOBOTO PO3BUTKY. CTaTTs
Geoff Boeing [1] meMoHCTpye e(eKTHBHICTH 3allpOMIOHOBAHUX EHTPOIMMHUAX Mip s
KUTBKICHOTO OIIIHIOBAaHHSI IPOCTOPOBOTO TOPSIIKY B MICBKHX MepeXax, LTIOCTPYIOUM 3HAYHI
BiZIMiHHOCTI Mi’K MiCTaMH{ Pi3HUX PETiOHIB CBITY.

METOAOJIOI'TA

CtBOpeHO mporpamy I aBTOMATHYHOTO aHaIi3yBaHHSI BCHOTO CHHUCKY O(]irmiitHuX
mict Ykpaiau (463 micta craHoM Ha 2025 pik), po3nopiieHnX Ha 27 aaMiHICTPATHBHUX
perionax, oxorumnoroun ABToHOMHY Pecny6Omiky Kpum ta micta Kuis 1 CeBactomons 3i
CHEIiaTbHUM CTaTyCOM. 3aB/ISKH HasSBHUM BiTKPUTHM JIaHUM i3 pecypcy OpenStreetMap [2]
JUTSE KOXKHOT'O MicTa 004MCIICHO HOro MEpeKeBi mapamMeTpHu.

VY nocrmipkeHHi BHKOpHCTaHO H, sSK OCHOBHY €HTpOMiifHY Mipy TOMOJOTTYHO]
CKJIaIHOCTI 3a hopmyJioro [llenHoHA:

H, =- Zn: P(o,.)logeP(o,.),
i=1

JIe N — 3arajibHa KUIBKICTh OIHIB, | — IHJAEKCye OiHM, a P(oi) — TPOIOPIIis
Opi€HTAaIiH{, 110 MOTPAIUIAIOTh Yy -il OiH.

Jlo1aTKOBOIO EHTPOMIHHOI0 XapaKTePUCTHKOI0 MEPEKEBOT CTPYKTYPH € 3HAaUEHHS () —
IHAMKATOP OpPIEHTAIIHHOTO TMOPSIKY, 10 KUIbKICHO BHU3HAYa€, HACKIJIBKH Mepexka MicTa
BIJINIOBiJIa€ TEOMETPUYHIH JIOTIIi BIOPSIIKYBaHHS €TUHOI CiTKH [1]:
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H,-H, |’
Hmax_Hg ’

ne H, =In(36)=3,584 nar — makcumanbHa eHTporis s 36 GiHiB opieHTALi

p=1-

npu piBHOMipHOMY posmozini, H ,=In (4)=1,386 nar — ineamizoBaHa eHTpOIIs i1eanbHOI
4OTUPHOCHOBOI CITKH 3 PIBHUMU IIPONOPIIsMH By/IUIb. 3HaueHHs ¢ =( BiNOBia€ MOBHICTIO
HEBIIOPSIIKOBaHIH CTPYKTYpI, a 9 =1 — iAealbHii CiTIi.

PE3VJIbTATH

AHani3 eHTpOMiMHMX XapaKTepUCTHUK MOKa3aB, mo wMipa H, ykpalHCbKHX MiCT
BapitoeThesl B AiamaszoHi Big 3,571 mo 1,855 3 cepenniM 3HaueHHsM 3,289, M0 CBiTYUTH TIPO
3Ha4YHY BapiaOCNbHICTh TOIOJOTIYHOI CKJIAJHOCTI MDK pI3HUMH MicTaMH YKpaiHd.
EnTponiiina mipa ¢ nemoncrpye aianason Bif 0,011 (m. Xapkis) go 0,954 (m. VkpaiHCEK,
Honeupka 0071.) i3 cepennim 3HayeHHsM 0,231, mo BKasye Ha HU3bKY 3arajbHy
BITOPSAIKOBAHICTh YKPATHCHKHX MICT.

PerionanpHuii aHami3, 10 MOKa3aHO HAa PUCYHKY |, BHABUB, 10 HaWBUI 3HAYEHHS ()
mae Jlonenpka obnacts. Cepen obnacteil HaliHMKYe cepelHE 3HAUEHHs MOKA3HHMKA () MICT
neMoHCTpye IBano-DpaHKiBChKa 00J1ACTb.

[oxeubka obn. 0,414
XepcoHcbKa 0611 0,390
Opecbka o6n. 0,330
[HinponeTposcbka 061 0,296
Kiposorpaacbxa o6 0,264
NyraHcbka obn. 0,252
BonuHcbka o6n. 0,239
JKuTomupcbka obn. 0,238
NbBiBCbKA 06N 0,234
3anopisbka 06n. 0,229
3akapnarcbka obn. 0,225
AP Kpum 0,205
Xapkiscbka obn. 0,204
Yepkacbka obn. 0,198
PisHeHcbKa 061 0,197
Mukonaiscbka o6. 0,188
YepHiBeubka o6 0,184
MonTaecbka ob. 0,182
CyMmcbka o61. 0,153
KuiBcbka o61. 0,150
BiHHWLUbKa 0611. 0,149
YepHiriecbka obn. 0,136
TepHoninkcbka o61. 0,125
XmenbHuubKa o6, 0,119
IBaHo-MpaHkiBcbka 061. 0,118
CesacTonons - 0,040
Kvis-0,018

T T T T T T T T T T T T T

0.;]4 0.1)8 0.‘12 O.IIE 0.120 0.;24 0.'28 0.32 0.36 0.40
Pucynok 1. 3nauenns @ 1 perioniB Yxpainn

T
0.00

BUCHOBKHU
Perionanbni 0co0nMMBOCTI BIKCYIOTH YiTKY Teorpadidny audepeHiialio eHTpOoTinHIX
xapakrepuctuk. CxinHi perionu, 3okpema J{oHenbka 001acTh, XapakTepU3yIOTHCS BUITUMHI
3HAYEHHAMH @, [0 MOKE BiI0Opa)kaTH iCTOPUYHO CPOPMOBAHY ITPOMHCIIOBY CIIELU(IKY
MicTOOyIyBaHHS 3 MEpeBaKaHHAM JIHIMHUX IUIAaHYBAJIBHUX CXeM. 3aXiJHi perioHu, 0co0IHnBO
IBano-PpaHKiBCchKa, XMeIbHUIbKA Ta TepHOMIbChKA 00JaCTi, MAIOTh HU3bKI MIOKa3HUKU @,
10 CBITYUTH PO MEHII CTPYKTYPOBaHY MEPEXKEBY OpraHizalliro.
3acTocyBaHHs eHTPONIHHUX Mip /7 , Ta @ NEMOHCTpYE MI€BICTh IJIs KiIbKICHOTO
OLIIHIOBAHHS TOTOJIOT1YHOT CKJIQJIHOCTI YpOaHICTUYHUX MEPEKEBUX CUCTEM, i ATBEPAKYIOUH
METOAOJIOTIYHY BaJliIHICTh MiIXOMAIB AJIsl IPOBEACHHS aHaIli3y CTPYKTYPHHUX BIaCTHBOCTEH
YKpalHCHKUX MICBKUX ariiomepariiii. JlocimikeHHs BUSBHIIO CTATHCTUYHO 3HAUYTINI
BiIMIHHOCTI B €HTPOIMIHHIX XapaKTEePUCTUKAX MK perioHamMu YKpaiHu, 10 BioOpaxae
icTopu4HO c(hOpMOBaHi 0COOIMBOCTI ypOAHICTUIHOTO PO3BUTKY Ta PETIOHAIBHY CIIEHU(IKY
IJIaHYyBAJIBHUX PIllIeHb.
OtpuMaHi pe3yibTaTd NP0 BCi YKpalHChKI MICTa MOXKJIMBO 3aCTOCOBYBATH IS
OLIIHIOBAaHHA MICHKOTO TUIAaHYBaHHS, ONTHMIi3allii TPAHCIIOPTHUX MEPEX Ta MPOTHO3YBAaHHS
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pO3BUTKY ypOaHICTUYHHX CHCTEM, [0 HAJa€ TNPAKTHYHUKA I1HCTpYMEHTapid uis
MICTOOY/IIBHOI TOJITHKA Ta CTPATETIYHOTO TEPUTOPIaTLHOTO PO3BUTKY, OCOOJIMBO B
MOBOEHHMI TIEPi0 BiIOYOBU MICT.

Hani npo g0pokHIO iHPPACTPYKTYpy VIS LBOTO JOCTIHKEHHS OTPUMAHO 3 Pecypcy
OpenStreetMap [2], mo0 € BiAKpUTUM KapTOorpadiyHUM HPOEKTOM, SKHH MiATPUMYETHCS
CHUTBHOTOIO JOOPOBIIHHUX MamepiB, KOTPi CaMOCTIHHO BHOCSTH i OHOBIIOIOTH 1H(pOpMAIIiF0
po goporu. OCKINBKH penaryBaHHSI TaHUX € BIIKPUTHM JUIA BCiX KOPHCTYBadiB, SKICTh 1
MMOBHOTa KapTorpadidHOr0 MOKPHUTTS MOXKYTh ICTOTHO BIAPIZHATHCS Bil peaahbHOI CHUTYyAIIi.
Uepes 1ie pe3ynbTaTH aHAi3y BapTO TIIYMAYUTH 3 HAJIEKHOI 00EPEIKHICTIO, MEePeayciM JuIs
MicT, 110 epeOyBatoTh il OKyMAaIi€lo ad0 3a3HANIM 3HAYHUX PYHHYBaHb YHACHTIIOK BOEHHUX
i, Ie aKTYaJIbHICTh Ta MPABAUBICTh JAHUX MOPYIIEHO.
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PINN MODELING OF INTERFACIAL GRAVITY-CAPILLARY WAVES /
MOJIEJTFOBAHHSI BHYTPIIIHIX I'PABITAIIMHO-KATILISIPHUX XBWJIb 3A
JOIMOMOTI'OIO PINN
Avramenko O., Sontikov M. / Aspamenxo O., Comnixos M.

National University of Kyiv-Mohyla Academy / Hamionansawmii yriBepcureT “KueBo-MormssHcbKa
Axanemis”

04655, Kuis, Byn. I'puropist CkoBopoan, 2, ¢hakyapTeT iHpopMaTuky, Kadenpa MaTeMaTHKA
E-mail: o.avramenko@ukma.edu.ua, m.sotnikov@ukma.edu.ua

This paper presents an automated computational framework for modeling hydrodynamic processes
using physics-informed neural networks (PINNs). The modular system integrates all stages of
numerical experimentation — from data generation and model training to validation and accuracy
evaluation — ensuring reproducibility, flexibility, and scalability. The framework was verified on the
classical problem of interfacial gravity—capillary waves between two incompressible fluids, using the
analytical solution as a benchmark for numerical assessment. Computational experiments showed that
increasing the number of training points from 400 to 1000 improved accuracy and convergence, with
the Extended configuration achieving 98.86% accuracy and a MAPE of 1.14%, while Adaptive LR
remained stable. The results confirm the reliability and efficiency of the proposed PINN-based
framework for solving complex hydrodynamic problems governed by nonlinear partial differential
equations.

Physics-informed neural networks (PINNs) are a powerful tool for solving forward and inverse
problems governed by nonlinear partial differential equations. The foundational framework introduced
by Raissi, Perdikaris, and Karniadakis [1] demonstrated how deep neural networks can incorporate
physical laws through equation residuals. Later improvements by Lin and Chen [2] enhanced accuracy
for localized wave phenomena, while Ren et al. [3] extended the method to large-scale geophysical
simulations. These developments established the basis for applying PINNs to complex hydrodynamic
systems, including interfacial gravity—capillary waves used here as a verification benchmark. The
developed software complex offers an integrated, modular environment for constructing, training, and
analyzing PINNSs, automating all stages of computation — from data generation and model training to
accuracy evaluation and visualization — ensuring reproducibility and scalability of numerical
experiments.
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The core of the software complex is a configuration management system that defines
standardized neural network architectures and training parameters, including the number of layers,
neurons, epochs, and learning rates. This design enables quick reconfiguration of experiments and
systematic exploration of the parameter space, allowing researchers to efficiently test various PINN
setups. The training workflow integrates all stages of numerical experimentation — automated
generation of analytical data, model training, and validation against reference solutions — as well as
batch execution of multiple experiments with detailed logging of timing, errors, and performance
metrics.

Data management and monitoring components ensure deterministic organization of results,
automatically collect metadata from completed runs, and generate summary tables with quantitative
indicators such as MAE, RMSE, MAPE, and RZ. Visualization and diagnostic tools provide interactive
comparison of trained models, producing plots that display the temporal evolution of wave profiles and
deviations from analytical benchmarks. The analytical datasets used for both training and validation
can be regenerated with increased spatial resolution to achieve higher accuracy in detailed simulations.
All components are integrated through an interactive command-line interface that unifies the workflow
and allows the user to execute all operations — from configuration and training to analysis and
visualization — without manual scripting.

The developed software complex was verified on the classical problem of interfacial gravity—
capillary waves between two incompressible, inviscid fluids of different densities. This benchmark
allows testing the accuracy and stability of numerical methods against an analytical solution. The
system describes potential fluid motion in two semi-infinite layers separated by a deformable interface,
whose evolution is governed by kinematic and dynamic conditions accounting for gravity and surface
tension. For verification, the linearized formulation was used, which admits an exact analytical solution
expressed as a superposition of harmonic components with a known dispersion relation linking
frequency and wavenumber. The analytical solution presented in [4] served as a reference for
validating the accuracy and convergence of the PINN-based model.

A comprehensive computational analysis was conducted to assess the impact of the number of
training points on the performance of physics-informed neural networks (PINNs) within the developed
framework. The comparison involved two datasets consisting of 400 and 1000 training points,
respectively, both derived from analytical wave profiles. The objective was to determine how an
increase in data resolution affects model accuracy, stability, and generalization. The results
demonstrated that increasing the number of training points generally improved model performance,
particularly for architectures trained over longer epochs. The Extended configuration (7 layers, 25
neurons, 20,000 epochs) achieved the highest accuracy, improving from 97.19% to 98.86%, with a
corresponding reduction in the mean absolute percentage error (MAPE) from 2.81% to 1.14%. This
improvement indicates that the model effectively utilized additional data to refine its approximation of
the analytical solution. The Adaptive LR model (8 layers, 32 neurons, 8,000 epochs) exhibited
exceptional stability, maintaining identical accuracy (98.22%) and MAPE (1.78%) across both datasets.
This result confirms the robustness of adaptive learning rate strategies with respect to training data
density. The Deep configuration (15 layers, 50 neurons, 5,000 epochs) showed a marginal yet
consistent improvement (+0.05%), reflecting stable convergence in deeper architectures. Conversely,
models with wider or larger architectures (Wide and Large) experienced significant degradation when
trained with more data, likely due to overfitting or suboptimal hyperparameter selection. Their
performance drop underscores the importance of model regularization and parameter tuning when
increasing dataset size.

Statistical evaluation revealed that two models improved, one remained stable, and two
deteriorated in performance, while two new configurations were introduced. The highest coefficient of
determination (R2>0,9999) was consistently achieved by the best-performing networks, confirming
their high fidelity to the analytical benchmark. Overall, the analysis established that increasing the
number of training points from 400 to 1000 yields measurable benefits for well-optimized
architectures, particularly those employing extended training durations and adaptive optimization
schemes. The Extended model was identified as the most accurate configuration, suitable for scientific
research requiring maximal precision, while Adaptive LR was recommended as the most reliable
option for practical applications due to its numerical stability.

The study confirmed the accuracy, stability, and adaptability of the developed PINN framework
for modeling internal gravity—capillary waves. The system successfully reproduces analytical results
and provides a unified environment for systematic testing and optimization of neural network
architectures. Future research will focus on extending the framework to nonlinear and
multidimensional regimes, incorporating adaptive sampling and hybrid data-driven approaches, and
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applying it to inverse problems and experimental data analysis. These developments are expected to
enhance the efficiency, generalization capability, and applicability of PINNs to a wide range of
complex hydrodynamic and geophysical systems.
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ML-ITJIXIT JIO ITEHTU®IKALE EMOIINA ¥ 3BYKOBHMX 3ATIMCAX HA BA3I MFCC /
MACHINE LEARNING APPROACH TO EMOTION IDENTIFICATION BASED ON MFCC
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This research presents the development of a custom Ukrainian dataset of human voice
recordings labeled by seven key emotional states: angry, disgust, fear, happy, neutral, sad, and surprise.
Each audio sample was processed to extract Mel-Frequency Cepstral Coefficients (MFCCs), which
serve as primary acoustic features representing emotional cues. A Random Forest classifier was trained
on these features to identify emotional categories from speech. The model achieved reliable accuracy
and demonstrated robustness against minor variations in tone and recording conditions. The study
highlights the efficiency of classical ensemble methods for emotion recognition and provides a
reproducible dataset for further research in affective computing and audio-based Al systems.

Y cydacHOMY CBITi, [Ie B3a€MOJIisl JIIOJUHH 3 KOMIT IOTEpPHIMHU CHCTeMaMH Ha0yBae Bce OibII
MIPUPOJHOTO XapaKTepy, PO3IMi3HABAHHSA EMOIil 3a TOJIOCOM CTa€ OJHUM i3 KIIFOYOBHX HAIpsMIB
PO3BUTKY IITYYHOTO iHTENIEKTY. '0JI0C € OHMM i3 HalBHPa3HIIINX KaHAJIIB NepelaBaHHs eMOLIHHOTO
CTaHy, TOMY aHaJli3 ayAiOCHTHAIIIB BiJIKPHBAE MOKJIMBOCTI JUIS CTBOPEHHS HTEJIEKTYAJIbHUX CHUCTEM,
3IaTHUX PO3YMITH HE JIMIIC 3MICT BHCJIOBJIIOBaHb, a i iX eMormiliHe 3a0apBiicHHs. Taki TEXHOIOTIT
MalTh LIMPOKUI CIEKTP MPAaKTUYHOIO 3aCTOCYBaHHS — BiJl MOKpAIIEHHS POOOTH BipTyaJbHUX
ACHCTEHTIB, CHCTEM IMIATPUMKH KJII€HTIB 1 aJaNTHBHUX OCBITHIX IUIATGOPM JO IICHXOJIOTIYHOTO
MOHITOPHHTY CTaHy KopucTyBadiB. OKpeMHUM HampsMoM, 0 HabyBa€e aKTyalbHOCTI, € BUKOPUCTAHHS
aHallizy eMOI[fHOTO TOHY TOJIOCY ISl OLIHIOBAaHHS €(EeKTHBHOCTI BENCHHS TPH B HACTUIBHUX
pOTBOBHX irpax, Je eMoLilfHa 3aIydeHiCTh Ta IWHaMiKa TOJOCY BilOOpa)karoTh SKICTBH IrpoOBOTO
mporecy Ta KOMyHikamii Mik ydacHukamu. CTBOpPEHHS BIIKPUTOTO JaTaceTy ayaio3aluciB,
pO3MoIiIeHHX 3a ciMOMa 0a30BMMHU €MOLISIMH, a TAKOK HAaBYAHHS MOJIENI MAIIMHHOTO HaBYaHHS VIS
X pO3Mi3HaBaHHS € BaYKJIMBUM KPOKOM JI0 PO3BUTKY CHCTEM a()eKTHBHHX OOUYHMCIIEHB, IO JJ03BOJISIOTH
ryoIIe po3yMiTH MOBENIHKY JIIOJAWHH Ta MiJBUILYBAaTH SKICTh IHTEPAaKTUBHUX I'POBUX 1 HABUAIBHHUX
CEepEeIOBHIL.

Jlnst po3mi3HaBaHHS €MOLH 32 TOJI0COM HaA3BHYAWHO Ba)XKJIMBO KOPEKTHO OIMHCATH aKyCTHYHI
OCOOJIMBOCTI MOBIIEHHS, IO BiOOpa)XarOTh iHTOHAMIiIO, TEMOp, CHIy TOJOCY Ta IHII MapaMeTpH,
IOB’s3aHI 3 eMOIHNM cTaHOM mofauHA. CaMme TOMy B IOCTiMKeHHI Oyiu oOpaHi MeN-4acTOTHI
kencrpaibHi koedinientn (MFCC) — onun i3 HaitedexTuBHImmX [1] Ta HalnmommpeHimmx crocoOiB
Npe/ICTABIEHHs ayJiOCHTHANIB y 3aja4aX aHajli3y MOBJIEHHS. IXHs mMepeBara mojsrae y 3JaTHOCTI
MOJIEJTIOBATH CHPUHHATTS 3BYKIB JIOJIMHOIO: IIKaja MeJIB BiJoOpaskae HeIiHIHHY YyTJIMBICTb CIYXY JI0
4acTOT, HAOJIM)KEHY J0 IICUXO0aKyCTHUHHUX BIIACTUBOCTEH ciiyxoBoro amapaty. Takum yumHoM, MFCC
JIAl0Th 3MOTY OTPHMATH KOMIIaKTHE, ajie iHpopMaTHBHE BiIOOpaXKEeHHS CIIEKTPAIbHUX XapaKTEPHCTHK
3BYKY, 110 JOOPE MiIXOAUTh IS TOJAIBIIOI 0OpOOKH METOAaMHu MallMHHOTO HaB4YaHHS. Ha BimMiHy
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BiJl CHpPHMX ayJiOCHIHaNiB ab0 NPOCTHUX CIEKTporpam, Li Koe(illieHTH 3MEHINYIOTh BIUIUB IIyMiB,
Bapialiil T'y4yHOCTI Ta XapaKTEpPUCTUK MIKpO(OHIB, 3ade3neuyroun cTabiIbHICTh Mozeni. Kpim Toro,
Bukopuctanisi MFCC 103BoJisie CyTTEBO CKOPOTUTH PO3MIPHICTh BXIJHHMX JAHHX, 30epirarouu mpu
FOMY KJIFOUOBY iH(OpPMAILIiFO PO TeMOp Ta apTUKYIIALI0. 3aBasku muM BracTuBocTsM MFCC cramu
CTaHapTOM Je-(hakTo y 3ajadax pO3IMi3HABaHHS MOBJICHHS, €MOIIHOTO aHali3y Ta OioMeTpudHOI
imeHTudiKarmii rojaocy.

OnHUM i3 KITIOYOBUX BHUKJIMKIB Y cepl aBTOMATUYHOTO PO3ITi3HABAHHS €MOILIii 3a TOJIOCOM €
BIJICYTHICTh SIKICHUX YKPaiHOMOBHUX BIIKPUTHX HAOOpiB JaHUX. BiTbIICTh HAsSBHUX JIaTAacETIB, IIO
BUKOPHCTOBYIOTBCS y CBITOBUX JOCIHIPKEHHSIX, MICTATH ayJi03alMCH aHIJIHCHKOI0, HIMEIBKOI 4H
KHUTACHKOI0 MOBAaMH, 1[0 POOUTH 1X MAJOMPUAATHHUMHU JUIS MOJEITIOBAHHS E€MOIIHHOTO 3a0apBIICHHS
ykpaiHcbkoi MoBH. Lle noB’s13aH0 3 (POHETUYHUMH, IHTOHALIWHIMY Ta TIPOCOJUYHUMHE BiJMiHHOCTSMH,
saKi Oe3mocepelHb0 BIUIMBAIOTh HA aKyCTHYHI XapaKTEPUCTUKH EMOIIHHOrO MOBJIEHHSA. Binrak
CTBOPEHHSI YKpPaiHCBKOTO [aTaceTy ayaio3ammciB, KiIacH(PikoBaHMX 3a Oa30BUMH €MOISIMH, €
HEOOXiTHIUM KPOKOM JJIsi PO3BHTKY HAIIOHANBHUX MOCTIIXKEHb Yy chepi apeKTHBHHX OOYHCIEHH i
TOJIOCOBOI aHAJITHKH.

Po3pobiiennii naracer npeacraBieHuii y 1Box Gopmax:

1. VY Burmini Habopy xoedinientie MFCC i3 BiamoBimHumu MiTkamu eMmolliii (angry, disgust,
fear, happy, neutral, sad, surprise), 110 103B0JIsi€ OE3MOCEPEIHHO BUKOPUCTOBYBATH JaHI JJIs
HaBYaHHS Ta TECTYBaHH: MOJieJiel MallIMHHOTO HABYAHHSI.

2. Y Burmni cupux ayaiodaiiniB, po3copTOBaHUX MO MaIKax, M0 BiAMOBIJAIOTh KOXKHIN eMOIIii.
Taka cTpykTypa 3a0e3nedye THyYKiCTh BUKOPHCTAHHS — SIK JJIS TTOJAIBIIOi 00poOKH, TaK i
JUTA Bizyaltizallii CrieKTporpaM ab0 MOPIiBHIHHSA 3 iHIMUMH Ha0OpaMH TaHUX.

Juis 3amagi knmacudikamii eMomiif 3a TOJIOCOM Y IIbOMY IOCHIKEHHI Oyno oOpaHO MOJensb
Random Forest, sika moeHy€e npocTOTY peaiisanii, BACOKY TOYHICTb i CTIHKICTh JI0 IIYMiB y 1aHuX [2].
CyTb 1IbOTO METOAY IOJISITAE Y CTBOPEHHI aHCAaMOJIIO PillIeHb — BEJIHMKOI KUIBKOCTI HEe3aJIe)KHUX JEpeB
PIIICHB, KOXKHE 3 SIKHUX HABYAETHCS HA BUIIAIKOBIH MiIMHOXHHI JaHUX 1 03HaK. OCTaTOYHUN pe3yJIbTaT
BU3HAYAETHCS 32 MPHUHIMIIOM TOJOCYBAaHHS MDK JEepeBaMH, II0 JO3BOJSIE 3MEHIIMTH PH3HK
MepeHaBuaHHs, MPUTAMAHHAN 1HIIUM MozelsiM. Takuid miaxin 3abe3meuye cTabinbHICTh pPe3yabTaTiB
HABITh 32 YMOB 00OMEKEHOT0 00CATY JaHUX YH BapiaTUBHOCTI 3aITHCIB.

ITepeBaroto Random Forest y mopiBHAHHI 3 HEHPOHHUMHU MEpeXaMH 9{ iHITUMH CKJIaTHUMHA
MOZEISIMH € MEHIIIA oTpeda B MONePeAHbOMY HANIAIITYBaHHI TapaMeTpiB Ta BUILA IHTEPIPETOBaHICTh
pe3yibTaTiB — MOXKHAa OLIHUTH BaXKIMBICTh KOXKHOTO 3 KoediumientiB MFCC s po3niHaBaHHS
neBHOi emorii. KpiM Toro, Meron mno0pe mpaiioe 3 JaHUMHU PIi3HOTO Maciitady, He MOTpedye
HOpMautizalii Ta JEMOHCTPYE BHCOKY Yy3arajibHIOBaJbHY 3/aTHICTh Ha HEBEJIMKHX BHUOIpKax, IO
0COOJIMBO BXXJIMBO Ha €Talli CTBOPEHHS HOBOT'O JlaTaceTy. 3aBAsku 1M BiacTuBocTsM Random Forest
CTaB ONTUMAJIBHAM BHUOOPOM I MOOYA0BH 0a30BOi, ajle HaMiHHOT MOJIeIi PO3Mi3HABAaHHS €MOIlii Ha
OCHOBI aKyCTUYHHX O3HAK T'OJIOCY.

[lig gac excriepuMeHTiB Oylio MPOBEACHO MOPIBHSUIBHUI aHami3 TodHocTi Mojeni Random
Forest, HatpeHOBaHOT Ha Pi3HUX MOBHUX Habopax HaHHX. Monenb, HaBYCHA HA AHTJIOMOBHOMY
Jaraceri, mpojaeMoHcTpyBaa e 19% npaBninbHUX Kiacuikaii eMonii y BUNaAKy po3IiZHaBaHH
YKpalHCBKUX ayJi03alKciB, M0 MiATBEPIMIO 3HAYHY 3aJISKHICTh €MOLIHHUX XapaKTEPUCTHK TOJIOCY
Bil MOBHMX Ta (oHeTHYHHX ocoOnmBocTeil. HaromicTh Mopenb, HaByeHa Oe3nocepenHbO Ha
CTBOPEHOMY YKpaiHChKOMY martaceTi, gocsria 81% TOYHOCTI, 10 CBIAYUTH Mpo ii e()EeKTHUBHICTH i
PEJIEeBaHTHICTh J0 OCOONMBOCTEH YKpaiHCHKOTO MOBIeHHS. OTpuMaHi pe3yibTaTH MiATBEPIKYIOTH
JOLITBHICTH pO3pOOKH JTOKANi30BaHMX HAOOPIB JaHUX /IS 3a/1a4 PO3ITi3HABaHHS €MOIIil 32 TOIOCOM.

VY pe3ynbTaTi MPOBEICHOTO AOCIHIIKEHHS OyJIO CTBOPEHO 0a30BHH YKpaiHOMOBHHIM JaTacer
aynmio3amuciB, kiacu]ikoBaHUX 3a ciMOMa eMOIIfHIMU cTaHamu: angry, disgust, fear, happy, neutral,
sad, surprise. Ha oOcHOBI OTpMMaHMX MeJI-4aCTOTHHX KemcTpaidbHuX KoedinieHntiB (MFCC)
noOyoBaHO MoJieb Kiacudikanii emomnii 3a pornomoroto anropurMy Random Forest, sikuii mokasas
CTabUIbHY TOYHICTh Ta BHCOKY Y3arajJbHIOBAIbHY 3JaTHICTh Ha OOMEXKCHIH KIJBKOCTI JaHUX.
OorpynroBano Bu6ip MFCC sik ontumanbHOro HabOpy O3HAK JUIsi OIHCY €MOILIIMHUX XapaKTePUCTHUK
MOBJICHHS, a TaKOX M0BeacHO edexkruBHicTh Random Forest sik iHTepmpeToBaHOi Ta HamiHOI MOAETi
A miei 3amadi. CTBOpeHHUI JaTaceT Mae NMPaKTUYHY I[IHHICT SK BiAKPHUTa OCHOBA UIS IOAAIBIITNX
JIOCIIKEHB Y cdepi apeKTHBHUX 00UHCIICHD, pO3Mi3HABAHHS MOBJICHHS Ta EMOLIIHOTO aHaMi3y.
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This research explores the use of fuzzy logic methods to achieve intelligent control during the cooling
stage of ingot formation in mold casting processes. The main challenges we ran into when trying to
automate these metallurgical processes were: dealing with uncertainty in sensor readings, transforming
human operator experience into computational algorithms, and ensuring rapid real-time control
responses. So we built a Mamdani fuzzy inference system to tackle these problems to turn what the
operators were telling us into actual control commands. The system processes three main input
parameters: molten metal temperature, casting speed, and cooling rate, and applies a rule base of 27
fuzzy if-then statements to determine adaptive cooling corrections. Experimental tests confirmed the
model’s high reliability, achieving a correlation of 0.91 with expert evaluations and maintaining
reaction times below one second. The results look promising for actually using this in a real plant. We
coded everything in Python, mainly using, particularly scikit fuzzy, NumPy, and SciPy.

[IpoOnema KepyBaHHS OXOJIOJPKEHHSM 3JMBKY HiJ 4ac HOr KpHcTali3amii yCKJIQJHIOETHCS
3HAQYHOI0 TAPaMETPUYHOI0 HEBM3HAYEHICTIO, HEINHIMHOIO NPHUPOJOI0 TEIUIOBUX IIPOLECIB 1
HEeOOXiTHICTIO BKJIFOUEHHS EKCIIEPTHOTO JIOCBIy OeparopiB y GpopMaiizoBaHi airOPUTMHU NPUHHATTS
pimeHb. Tpaauiifini ASTEPMIHICTHYHI MIAXOIX MOTPEOYIOTh AETAJbHUX MATEMATHYHHUX MOJCICH i
MOBHO1 iH(OpMaIlii Mpo rpaHUYHI YMOBH, 10 HE 3aBXKIH MOXKJIMBO B YMOBaxX pPealbHOTO BUPOOHUIITBA
[1]. e BukmMKae MOMHAT Ha METOAOJOTIIO, KA 3[aTHA TPAIFOBATH 3 SKICHUMH XapaKTEePUCTHKAMU
MPOIIeCy Ta OOMEKEHOIO KiTbKICTIO JaHUX.

OCHOBHOIO 1/1€€10 € BUKOPHCTaHHS HEYITKOI JIOTIKH sl y3araJbHeHHS Ta BiITBOPEHHS JOCBiITy
OIepaTopiB IIiJ] Yac mpolecy Kpucraisauii 371uBKy. Takuil miaxix 103BoIsS€ MEPETBOPUTH IPAKTHUHI
3HaHHA (axiBLiB y CHCTEMy QJITOPUTMIYHUX IPaBWI, LIO ONEPYIOTh JIHIBICTUYHHMH 3MIHHUMH
3aMICTh TOYHHMX YHCJIOBHX 3HaueHb. Hampukiiaja, 3aMiCTh >KOPCTKOTO PIBHSHHS BHIJISLY <CGIKIIO
Temrieparypa po3miaBy 1560 °C, To BUTpaTH 0X0No[Kytouol piauHu 350 1/XB.», 3aCTOCOBYHOTHCS
Oimpm THyuki mpaBwia: "skmo Temnepatypa BUCOKA, mBuakicte ButsaryBanas CEPEJIHA i
noroune oxonomkeHHss HU3BKE, togi CYTTEBO 3BIJIBIIIMTU iHTEHCHBHICTE OXOJIOMKEHHS'".
Takwif migxig MOBHINIE BiAMOBiIaEe crmocody MHCIEHHS ONEpaTopiB, AKi 3a3BHYail BUKOPHCTOBYIOTH
SIKICHI OITIHKH TS aHAJIi3y CTaHy MPOIECy.

TeXHOJOTIYHUI ANTOPUTM CKIIQJIAEThCS 3 YOTUPHOX eTamiB 00poOku iHdopMmariii. Ha neprromy
erani — ¢asudikarii — KOHKPETHI BUMIPH BiJ] IaTYMKIB (Harpukiaz, Temneparypa 1560 °C, mBuakicts
1,2 M/XB) HIEpETBOPIOIOTHCS Y CTYIEHI HAJEKHOCTI J0 HEHITKUX TEPMIB 3a JIONMOMOIOIO BiAIOBIJHUX
GyHKIIH HalnexXHOCTI, sIK TPUKyTHOI uM TpaneuienonioHoi. Tak, Temmneparypa 1560 °C moxe
OJIHOYACHO MaTH CTYIiHb HanexxHocTi 0,7 10 Tepmy «Brucoka» i 0,3 mo «HopMaibpHa». Ha HacTymHOMY
eTari — arperamii aHTeIeIeHTIB — BU3HAYA€THCSI CTYIIHb aKTUBAIll KO)KHOTO TPaBHIIa, 3aCTOCOBYIOUHN
omepanii MiHiMyMy («I») abo makcumymy («ABOy). Tperiit eranm — KOMIO3HIlisS BUCHOBKIB — JJO3BOJISIE
00’€eHATH PE3yJIbTATH CIPALbOBAHUX IPABHJ Y HEUITKY MHOXHMHY BHXIJTHOI 3MiHHOI. 3aBeplIaibHuH,
4yeTBepTH eran — Aedasudikanis — MepeTBOPIOE OTPUMaHy HEHITKy MHOXKMHY Y KOHKPETHE YHCIIOBE
3HA4YEHHs KOPEKIlii IHTeHCHUBHOCTI OXOJIOMYKEHHS, BUKOPHCTOBYIOUYH, HAIIPUKIIAJ, METOJ| LIEHTPY Baru
[2].

OCHOBHOO TIEPEBAro0 MbOr0 METOY € 3MaTHICTh e()EKTUBHO MPAIFOBATH 3 KOHPIIKTHUMH 200
YACTKOBUMH JaHMMH, BUKIIOYAIOYM TOMMJIKH I 4ac obuucieHb. Hampuknan, SKIIO JaT4uK
Temneparypu (ikcye MOKa3HHK, IO 3HAXOAWTHCS HAa MEXi JBOX KaTEeropii, cHCTeMa aBTOMATHYHO
BpaxoBye 0OHM/IBa 3HAYCHHS 3 BIAIIOBIAHUMH BaroBuMH KoedinieHramu. Lle cyTTeBO BiApi3HAETHCS Bif
KIIACHYHUX ITiJXO/IB, SKi BUMAaraloTh CyBOPOTO MOPOTOBOTO BM3HAYEHHS I MOKYTh BHKJIHMKATH Pi3Ki
3MIHM KEpyIuUoro CHrHaly. 3aBISIKM aKTHBAlil MHOXWHHU IIpaBWJI 3a0e3NedyeThesl IIIaBHE
peryJItOBaHHS: MiABHINCHHS TeMneparypu 3 1555 °C mo 1565 °C npu3BOIuTh 0 MOCTYIIOBOI 3MiHU
peKOMeH/Iallii, a He 10 palTOBUX CTPHOKIB.
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[Iporpamua peasnizanis Bukonana Ha Python i3 3amy4ennsm 6i0miorek scikit-fuzzy nst podoTu 3
HEUiTKOO Jiorikoro, NumPy i SciPy mist matematnunux pospaxyskiB, Matplotlib mis Bizyaunizarii Ta
Tkinter anst ctBopeHHs rpadiynoro iHrepdeiicy. MaTemMaTyHa MOJIEINb TEILIONPOBITHOCTI 0a3yeThes
Ha OJHOBHMIpDHOMY HeECTallioOHapHOMY piBHSIHHI Dyp'e 3 TPaHUYHHUMH yMOBaMHU TPETHOTO POy, SIKE
PO3B'sI3y€eThCS UHCENbHO MeToioM Pyrre-KyTTn werBeproro mopsaaky 3 iHtepBanom iHTerpysanss 0,1
CEKYH/IH.

MMinxin mo dopmyBaHHS 0a3u 3HAaH mependadae po3OUTTS eKCIepTHOI iH(opMaIlii omeparopis
Ha IPOCTi NpaBWiIa NPUHHATTA piieHb. s TppoX BXIAHMX 3MIHHHX i3 3 — 4 TepMamMM KOXHa
TEOPETHYHO MOXJMBE (hopmyBaHHs 0azu 3 27 — 48 mpaBui. [Ipore Ha MpakTUIl BUKOPUCTOBYETHCS
JUIIE MiJMHOKMHA HaWBaXIMBIIIMX KoMOiHamid. Hanpukianm, cuTyariss THIY «IyXKe BHCOKa
TeMIepaTypa + BUCOKa IIBUAKICTb + HU3bKE OXOJOKEHHD KIAaCU(iKyeThCs K KPUTUYHA 1 HOTpedye
MaKCHUMaJbHOTO Kepyrodoro BBy (+ 50%). BomHowac koHirypamisi «HH3bKa TemIlepatypa +
HU3bKa IIBUJAKICTh + BHCOKE OXOJOKEHHSI» BHMarae 3HAYHOTO 3HIDKEHHS BILMBY (— 50%), mo6
YHUKHYTH TEPMIYHOTO LIOKY METaIy.

[lpoBeneni BuUMpoOyBaHHS HAa pEATbHUX BUPOOHUYMX JAHUX 3aCBiJUUIM  BHCOKY
Pe3yJIbTaTUBHICTh 3alPOIIOHOBAHOTO MMIAXOAY. AHami3 IOKa3aB, IO peKoMeHjamlii, chopMoBaHi
HEYITKOIO JIOTIYHOIO CHCTEMOIO, Mai)Ke MOBHICTIO 30iratoThesl 3 PillIeHHSIMH, SKi 3a3BUYail IPUIMAIOTh
JOCBimdeHi oneparopu. 3HaueHHs KoedimieHTa kopessinii 0,91 mixTBepaxkye TICHHH B3a€MO3B’S30K
MDK pe3y/bTaTaMH CHCTEMH Ta €KCIIEPTHHUMH OIIHKaMH, IO CBIAYMTH HPO aJCKBATHE BiATBOPCHHS
noriku ¢axiBiiB y Momeni. OauH MOBHUM UK 00YMCICHh BUKOHYEThCS 3a pubmm3Ho 0,15 cexyHan
Ha TUIIOBOMY IIEPCOHAJIBEHOMY KOMII'IOTEpi, 0 3HAYHO IIBHIMUIE MMOPIBHSAHO 3 KIACHYHHM METOIOM
CKIHYEHHUX €JIEMEHTIB. Ba)xmBo, 0 cucreMa JeMOHCTPYE HaIiifHy poOOTY HABiTh 32 3MiH YMOB UH
rmapaMeTpiB Iporecy, 3a0e3neuyroun cTabiIbHI Ta KOPEKTHI peKOMeH il 6e3 3001B.

Merton JeMOHCTpY€E BHCOKY aJalTHBHICTh 1 3py4HicTh MaciitaOyBaHHs. 1100 nmomatu HOBI
napameTpH, HallpyKiIaJ MapKy CTajll, TOBIIMHY BUPOOy abo SKicTh MaCTHJILHOTO MaTepiaiy, JOCTaTHbO
pO3IIKPUTH 0a3y NMpaBWI, HE 3MIHIOIYH IPUHITUIK POOOTH crcTeMH. BoHa 31aTHA MiIalITOBYBAaTUCS
Hil peaibHi yMOBHM eKCIUIyararii, aBTOMAaTHYHO KOPHUIYIOUM mapamerpu (GYHKIIH HaJeKHOCTI Ha
OCHOBI JJaHUX TIPO poOOTYy 00 THAHHS.

IIpakTryHi pe3ynbTaTH BOPOBAKCHHS [HOTO MIAXOAY MiATBEPIKYIOTh AOIIIBHICTH
BUKOPHUCTAaHHS HEYITKOI JIOTIKH [UIS pO3B’S3aHHSA 3aBlaHb IHTEIEKTyallbHOTO KEpyBaHHSI Y
MeTanmypridHiii cdepi. IloemHaHHS MOCBiMY (axiBIIB i3 MOTYXKHICTIO OOYHCITIOBAIBFHUX AITOPHTMIB
CTBOPIOE E€()EKTUBHY aIbTEPHATUBY KIACHYHUM MAaTeMAaTHYHUM MOJENSAM 1 MiJABHIIYE SKIiCTh
NPUIHATTS TEXHOJIOTIUYHUX pilleHb. TakoX MiJXiJ XapaKTepU3yeThCsl CTIMKICTIO 10 3001B OKpeMHX
CeHCOpiB a00 BIUIMBY LIYMIB y BUMIipIOBIBHUX KaHallaX. 3aBASKH BUKOPUCTAHHIO HEWITKUX (QYHKIIN
HaJIOKHOCTI CHCTeMa MOXKE MpAIFOBATH HaBITh Y pa3i OTPHMMaHHsS HEMOBHUX a00 HETOYHUX JaHHX,
aHAMI3YIOYM CHUTYaIlil0 3a CTYNEHEM MPUHAIEKHOCTI 0 BCTAHOBJICHHX TEPMiB. Y TPOMHUCIOBUX
yMOBax, € BIUIMB HaBKONWIIHIX (akToOpiB (Temreparypa, BiOpamis, THI) YCKIAQIHIOE TOYHICTH
BHUMIpIOBaHb, TaKi BIACTHBOCTI HAJAIOTh 3HAYHI IEepPEeBArdl MOPIBHSHO 3 KIACHYHUMHE aJTOPUTMaMHU
KepyBaHHSI.

[omanpmnii pO3BUTOK METONY MOXKE BpPaxOBYBAaTH IHTETpalil0 MOAYJIB IPOTHO3YBaHHS
JMHAMIKH TEMIIEPaTypHOro I10JIsl 33 JIOIIOMOTOI0 METO/IB MAIIMHHOTO HaB4YaHHs. Takuil miaxiJ 1acTb
3MOTy peaji3yBaTH HE TUIbKM PEaKTHBHI, a i NMPOAKTHBHI yNpaBIiHCHKI Jil: HAIIPUKIAJ, MOMEPEIHE
pEryJlOBaHHS IHTEHCHBHOCTI OXOJIOJDKEHHS Y BIANOBIAb HAa IPOTHO30BaHI 3MIiHM LIBHIKOCTI
pO3MBAaHHS YW TeMmieparypu MeTtany. KoMmOiHarisi Takux pimieHb Ha OCHOBI HEYITKO-JIOTi4HOTO
MiAXO4y BIIKpUBA€E MUISX IO CTBOPEHHS NOBHOLIHHUX CHCTEM «PO3YMHOTO JIUTTS», 30aTHHX MO
ABTOMATHYHOI a/IalTalii B yMOBaX peaJbHOTO Jacy.
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MacoBo napajiejabHa peadizaunis MorphoNAS / Massively Parallel MorphoNAS Implementation
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Our GPU-accelerated MorphoNAS (Morphogenetic Neural Architecture Search) enhances the
biologically motivated developmental model of the original MorphoNAS, from sequential
developmental simulations to large scale parallel simulation. Like the original CPU-based MorphoNAS
system, the GPU enhanced version models morphogenesis (neural development) through reaction-
diffusion, progenitor differentiation and axon-guided wiring that grow recurrent controllers. Unlike the
original CPU-based version, the GPU-based version has the ability to formulate growth and control in
parallel execution of thousands of genomes. Through use of sparse, device-resident representations of
developmental dynamics and recurrent rollouts, we produce behaviorally equivalent recurrent
controllers with up to three orders of magnitude speedup. As a result, we have enabled the possibility
of performing evolutionary search over populations of developmental programs, transforming
MorphoNAS from a proof-of-concept model of artificial morphogenesis and adaptive architecture
discovery to a scalable framework for those objectives.

Background

MorphoNAS [1]is a biologically inspired approach to neural architecture search that views the
development of recurrent neural networks as a process of morphogenesis [2].

In its original form, MorphoNAS executes development sequentially by first simulating morphogen
secretion, diffusion, inhibition, and cell fate transitions from a single progenitor cell to a recurrent
neural network. Because of this sequential nature of the process, it limits the size of the search space
that can be explored. It exhibits both control-flow irregularity and memory access irregularity [3].
MorphoNAS also defines how the resulting networks will behave as controllers. The original
MorphoNAS implementation performs the control loop sequentially by evaluating the behavior of each
developed network individually and executing them in parallel using multiple CPU cores. However,
this approach scales poorly. The cost of the rollouts increases quadratically with the number of
neurons, and must be performed for each of the controller-environment pairs.

MorphoNAS GPU Implementation

To construct the developmental component of MorphoNAS, we preserve the morphogenetic rules used
in the original MorphoNAS implementation and reformulate them to enable batched, massively parallel
execution: diffusion and secretion are implemented as convolutional CUDA kernels; genome
parameters are broadcast across the developmental grid of each network being grown; and cell division,
differentiation, and synaptogenesis are performed for thousands of networks at a time.

For the controller component of MorphoNAS, we preserve the exact same control laws as the original
MorphoNAS implementation: here, we represent them in a sparse CSR-like format representation (i.e.,
row pointers, edge indices, weights); then concatenate multiple such sparse representations of
controllers, along with additional metadata describing their properties (neuron range, edge range, input
neuron indices, output neuron indices, and internal settling depth) into large device buffers. We then
execute the rollout portion of the MorphoNAS control loop using a single CUDA kernel that evaluates
all active controllers in parallel. Controllers’ observations are injected into the appropriate input
neurons; the kernel then iteratively updates neurons of each controller using on-GPU ping-pong buffers
for state; and finally, the kernel collects activity of output neurons of each controller as an action.
Temporal memory of controllers is preserved throughout the entire loop, without incurring the
overhead associated with moving the hidden state between host and device [4].

Functionally, "Evaluate one dense recurrent controller sequentially”" becomes "Evaluate a population of
sparse recurrent controllers simultaneously," allowing us to execute the rollout portion of the
MorphoNAS control loop in parallel over the entire population of controllers. Therefore, we can
evaluate hundreds or thousands of different controllers simultaneously, and apply selection based on
their performance on the task at hand.

Performance and Scaling

Developmental growth is now population-scale. GPU-driven growth reaches 9,710 networks/s on
RTX 5090 and 5,379 networks/s on RTX 3090, versus 15-20 networks/s on high-core-count CPUs (12-
core Apple M2 Max: 15.2 networks/s; 56-core Xeon: 14.4 networks/s; 192-core AMD EPYC: 19.9
networks/s). Poor CPU speedup is attributed to limited multithreading scalability in the BLAS/MKL
implementations. Apple’s Accelerate demonstrated the highest parallel efficiency which confirms
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findings in [5]. GPU implementation results in ~354x-639x speedup over CPU-based growth, even

against 192-core servers.

Recurrent controller rollout accelerates 1-2 orders of magnitude depending on the networks

diversity. For the real evolutionary runs with highly diverse networks, GPU recurrent rollout reaches

~0.5-1.1 million propagations per second depending on GPU and network class. This represents
roughly 6-10x speedup over a parallel 12-core Apple M2 Max CPU baseline (113,837 propagations/s).

Importantly, the GPU implementation preserves the exact recurrent control loop used on CPU.

The bottleneck moves from development to behavior. With GPU acceleration, developmental

growth becomes effectively free compared to other parts. Growth on RTX 5090 proceeds at 9,710

networks/s, whereas even the best CPU setup reaches only 19.9 networks/s for the same genomes.

Implications. GPU implementation is able to simulate growth of thousands of networks in parallel and

apply parallel evaluation of thousands controllers at a time. It has eliminated morphogenesis as a

computational bottleneck in MorphoNAS and significantly widened target search space. The

combination of biological realism with large-scale parallelism has potential to transform MorphoNAS
into a scalable platform for discovering adaptive, self-organizing neural architectures.
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This research focuses on a conceptual framework for an adaptive multimodal cognitive system
designed to optimize logistics processes in dynamic and uncertain environments. Proposed architecture
for a continually updated world-model (knowledge graph) from fused sensory inputs that employs
interacting with cognitive agents to decompose logistics objectives, plan actions, and re-plan in
response to incoming observations. Unlike traditional static optimization approaches, the proposed
system implements perception—action feedback loops enabling real-time adaptation and robustness to
incomplete or adversarial data. Expected contributions include a formalization of the perception-to-
planning pipeline, a hybrid agentic optimization scheme, and evaluation scenarios demonstrating
improved resilience and decision latency in non-standard logistics tasks. The research contributes to
developing intelligent logistics systems capable of operating effectively in complex, non-standard, or
military scenarios.

CyuyacHi JOTICTHYHI CUCTEMH (QYHKIIOHYIOTH y CKJIQJHUX YMOBaXx, IO XapaKTEPHU3YIOTHCS BUCOKOIO

JUHAMIYHICTIO, HCBH3HAUYCHICTIO Ta HECTA4CH0 JOCTOBIpHMX AaHuX. Lle 0coOJHMBO akTyanbHO Y
KOHTEKCTI TyMaHITapHuX a00 BiHCHKOBHUX OIepallii, /ie pillieHHs 11100 TIOCTa4aHHs, TPAHCIIOPTYBaHHS
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YM PO3NOALIY PECypCiB MalOTh NpUHMATHCS B peajbHOMY 4Yaci Ta 4acToO 3a BIJCYTHOCTI ITOBHOL
iHpopMaii npo cepenoBuiie.

KitacuuHi migxou O JIOTICTUYHOI ONTUMI3alil — BiJl MAaTEMAaTHYHHUX aJTOPUTMIB JI0 €BPUCTHYHHUX i
HEHPOHHUX METO/IB — €(EKTHBHI JIUIIC 32 YMOB CTaTUYHOro abo0 100pe BH3HAYCHOIO CEPHIOBHIIA.
Bogrodac TexHOJIOTIT KOMIT IOTEPHOTO 30Dy, ay[dioaHalli3y Ta CEHCOPHOTO CIPHUHHATTSA BiIKPUBAIOTH
MOJKJIMBICTE CTBOPEHHS IHTEIEKTYaJbHHX CHCTEM, 3HaTHHUX IOUHAMIYHO OIIHIOBATH CHTYalil0 W
aIanTyBaTH CBOI PIlIGHHS BiAIMOBIIHO J0 3MiH CepeIOBHIIIA.

VY niif poOOTI MPONOHYETHCS KOHIEMIIS aJanTUBHOI MYJIBTHMOJAIBHOT KOTHITUBHOI CHCTEMH, SIKa
IHTErpy€ CHPUIHATTS HAaBKOJIMIIHBOIO CEpeloBHINA (300pa’KeHHsS, BiZ€O, 3BYKOBI 3allHCH,
TeneMeTpuuHi gani [1]) i3 mpomecom omrtuMmizarii JsorictuuHux nAid. CucreMa MOETHYE MOy
po3Mi3HaBaHHs, aHali3y, MIpKYBaHHS Ta IUIAHYBaHHS, YTBOPIOIOYHM 3aMKHEHHH IMKJ CHPUHHSATTSI—[II,
MOMIOHUH 10 KOTHITUBHOTO UK JIFOINHHU.

CydacHi JoCHipKeHHS B 00JIacTi TPAaHCIIOPTHOI JIOTICTHKH 30CEPEKYIOThCS MEPEBAKHO Ha 3aJadax
ONITUMI3aIlil MapIIPYTiB, PO3IOILTY PECYpPCiB Ta IPOTHO3YBAaHHI IOMUTY 3 BUKOPHCTAHHIM KIACHIHUX
HEHPOHHMX MepexX ad0 METOJIIB HiIKPIIIIOBAIBHOIO HaBYaHHs. Binomi pimenHs Ha ocHoBi XGBoost,
DQN [2, 3] neMOHCTPYIOTh e(eKTHBHICTh Y CTabIIbHNX CepeIOBUINAX, IPOTE NOraHO MacIITa0yIOThCS
JI0 YMOB 3MIHHOI CTPYKTYpH JIaHUX a00 HerepeadadyBaHUX MOJiH.

BopHo4Yac akTHBHO pO3BHMBAIOTHhCS HANPSIMKH MYJIbTHUMOAAIBHOIO pPO3MI3HABaHHS — 1HTErparii
pisHOMaHiTHOT iH(poOpMaNiil Ui NOOyAOBH y3arajbHEHOI ‘“KapTuHH cBiTy”. [IpoTe OUIbLIICTH TakuX
CHUCTEM 30CepelKeHa Ha CIPUHHATTI, HE 1HTETPYIOUM HOro i3 piBHEM NPUHHATTS pimieHb. Takum
YHHOM, 3aJIMIIAE€THCS BiIKPUTOIO MPOOIeMa CTBOPCHHS €JMHOI KOTHITUBHOI MOJENi, 31aTHOI 3B’ s3aTH
CEHCOpHE CIIPUHHATTS 3 ONTUMIi3aIliiHIM MipKYBaHHSIM.

Juis BupimeHHs 11i€i mpoOiieMH 3alpOIIOHOBAHO CTaH CEepelOBHINA B IEBHUII MOMEHT dHacy t
BU3HAYAHATH HA OCHOBI MHOXWHH MYJIbTUMOJAIBHUX CIIOCTEPEKECHD, 8 ONTUMAJIbHUN ITUIaH AiH, KUK
MiHIMi3y€ CYKyITHY BapTiCTh a00 pHU3UK JOTiCTUIHUX OTIEepaLliil 3HANTH HACTYITHUM YHHOM:

a(,\_ .
P (t)—argmpmEEM“[C(P,E(t))L
ae:

E(t) — IIe CTaH CepeIOBHINA B MOMEHT Hacy t (IOTOIHI YMOBH, HAsBHICTH TPAaHCIIOPTY, 3arpo3H,
JOCTYITHICTh MapUIPyTiB TOIIO);

C ( P,E ( t )) — (yHkuis BapTocTi (pU3MKY) IS TUIAHY [iif Py KOHKPETHOMY CTaHi cepeoBuina (t]

Ockinbku E ( t) HE 3aBXKIU MOXKHA TOYHO BUMIpATH abo0 mependavnTH, HOro BBaXKarOTh BUMAAKOBOKO
BenmuyKuHOK. TOAI MaTeMaTH4HEe CIOJiBaHHSA O3HAYae OYIKyBaHY CEpEIHI0 BapTicTh IiaHy P,
o0uHCIIeHY 3a BCiMa MOJKIIMBUMH CTaHAMHU CEPEIOBHIIA 3 YpaxXyBaHHIM IX iMOBIPHOCTEH.
Oco0MBICTIO 3aIIPOIIOHOBAHOTO PIllIEHHSI € Te, II0 CTaH CepeloBUINa HE € (IKCOBaHWUM, a MOCTIHHO
OHOBIIIOETBHCS HA OCHOBI HOBMX CEHCOPHHUX JaHMX 1 pe3yibTaTiB Iiit cucremu. Lle cTBOproe 3aMKHyTHIA
KOTHITUBHMHU LUK, Ie CIIPUHHATTS Oe3M0cepeIHbO BIUTUBAE HA CTPATETII0 ONTHMI3allil.

Cucrema, IO TNPONOHYETHCS JUIA ABTOHOMHOTO HPUHMHATTS pIilleHb Y CKIQJAHUX JIOTICTHYHUX
CepeIOBHUINAX CKIANAETHCS 3 YOTUPHOX B3a€EMOIIOB A3aHUX IIAPiB:

4. [ap copuHHATTS, IO BUKOPHCTOBYE MO KOMIT FOTEPHOTO 30y, ayJioaHalizy Ta 00poOKu
CCHCOPHUX CUTHAIIIB JJIs1 BUNUJICHHS PEICBAaHTHUX 00’ €KTIB, MOMIH 1 KOHTEKCTIB.
5. Illap 37nUTTA IaHMX, y SKOMY OTPHUMaHI CIIOCTEPEKEHHS IEPETBOPIOIOTHCS Yy Tpad) 3HAHb e

BEPIIMHH ONHUCYIOTh 00’€KTH, a pedpa — MPOCTOPOBO-YACOBI UM JIOTi4HI 3B’SI3KM MiXXK HUMH.
Ieit rpa¢ BUCTYIae «MOJIEILIIO CBITY», IO IOCTIHHO OHOBIIOETHCS. [4]

6. [lap mipkyBaHHSI Ta ONTUMI3alii: Ha OCHOBI rpada mpairoe Hablp areHTiB — KOTHITHBHHX
MOJIyYJiB, KOXEH i3 fKHX BiONOBiZae 3a miA3amady (MapHIpyTH3aIlilo, NPOTHO3YBAHHSA,
MpiOpUTH3aIlif0). ATEHTH B3a€MOIIIOTh, BHKOPHCTOBYIOUHM TEHEPaTHUBHI MoOJAeN JyIsd
(hopMyBaHHS HOBUX CTpaTeriit miit. [5]

7. Hlap amanrtanii Ta 3BOPOTHOTO 3B’A3KY: CHCTEMa OILIHIOE pe3yJlbTaTd Aid, MOPIBHIOE iX i3
OYIKYBaHHSIMH Ta KOPUTYE SIK TapaMeTpH MOAENEH CIPUHHATTS, Tak 1 cTparerii miaHyBaHHS.
TakuM 4MHOM YTBOPIOETHCSI KOTHITUBHUH KOHTYD /I CTaH CEpelOBUINA y HACTYITHHA MOMEHT
yacy (opMyeThCsl Ha OCHOBI BIUIMBY [iii arcHTIB Ha CEpPEAOBHUINE Ta pe3yjbraTax
CIIOCTEPEXKEHbD MIC/s X BUKOHAHHS.

3aBOAKM Takif apxiTeKTypi cHCTeMa 3[JaTHAa CaMOHABYATHCS, HAKOMWYYBaTH JOCBIA 1 IOCTYIOBO
TTOKPAIIyBaTH SKICTh CBOIX PillleHb Y TMHAMIYHOMY CEPEIOBHIII.
HaykoBa HOBHM3Ha 3alpOIIOHOBAHOrO MIiAXOLY IOJSIa€ y CTBOPEHHI €AWHOI MYyJIBTUMOIAIBHOI
KOTHITHBHOI apXiTEKTypH, IO MOETHYE:

1. po3Mi3HaBaHHS Ta aHaJIi3 HABKOJIHMIIHBOTO CEPEIOBHUINA 3 PI3HUX JKEpell TaHHX;
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2. no0Oy1oBy yHiikoBaHOT MOJIeNIl CBITY y BUIIIsAL Tpada 3HAHB;
3. areHTHe MPUHHATTS PillieHb 13 TeHePaTUBHUMH BIIACTHBOCTSIMH;
4. aIalITUBHUN KOHTYP 3BOPOTHOTO 3B’SI3KY MIXK CIIPUHHSTTSIM 1 IJIaHYBaHHSM.
OdikyBaHUMU pe3yIbTaTaAMU €:
1. migBHUINEHHS CTIMKOCTI JOTICTUYHMX CUCTEM JI0 HEBM3HAYEHOCTI Ta HEITIOBHOTH JAHHUX;
2. CKOpOYEHHS 4acy yXBaJCHHS PIllleHb Y AHHAMIYHOMY CEepEIOBHIII;
3. TOKpamIeHHs Y3rODKCHOCTI Mi’K CCHCOPHHMHE CIIOCTEPEIKECHHAMH Ta JisIMU CHCTEMH.
Takum yrHOM 1151 poOOTa 3aKJIala€ OCHOBH JUIsl CTBOPEHHS IHTEJIEKTyaIbHUX aBTOHOMHHUX JIOT1ICTHYHHUX
CHCTEM, 3/IaTHUX MPALIOBaTH Y CKJIAJHHUX a00 BOPOXXHMX YMOBAxX — BiJl KpH30BHX I'yMaHITapHUX Micii
JI0 BIFICEKOBHX OIIEpalliid.
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Agent-based modelling is the principal method for studying natural language emergence and evolution
due to the extreme complexity of the process. Lipowskis’ Evolutionary Naming Game model lacks
statistically-based studies on its reproducibility and sensitivity to parameter variations. Our research
aims to analyse the effect of the model parameters on its dynamics and to verify the reproducibility of
known results. We implemented the Evolutionary Naming Game model and conducted a series of
experiments described by Lipowskis. Our experimental analysis confirmed the reproducibility of main
behavioural patterns and demonstrated the model general robustness to parameter variations, although
some mismatches in numerical values were observed. The statement suggesting a correlation between
agents' languages and their learning abilities was refuted.

[IpMurHY BHHHMKHEHHS Ta MEXaHI3MH PO3BHTKY HPHPOAHOI MOBH 3QJIMIIAIOTHCS MPEAMETOM
JOCITIKCHb y JIHTBICTHIN, O10JIOTii Ta KOMIT FOTepPHIH HayIli MPOTATOM 0araThoX pOKiB. BuUBYCHHS
€BOJIOLIT MOBM B pEaIbHMX YMOBaX € CKJIaJHAM Yepe3 TPHBATICTH MOBOTBOPYMX IIPOLECIB,
JUHAMIYHICTH COI[IAIbHOIO CEpPEIOBHINA Ta BEJIMKY KUIBKICTh 30BHINIHIX YMHHHKIB. Y 3B’S3Ky 31
CKa3aHWM, OCHOBHUM METOJOM JOCIHI/DKEHHS MOBOTBOPYMX IIPOLECIB CTAaE OOYMCIIIOBAIBHE
MOJICTTFOBaHHS.

Y po0OTi po3MIISIIa€ThCS areHTHA MOJIeThb BUHUKHEHHS Ta pO3BUTKY MOBH — EBomtorifina ['pa B
ImenyBanns (EI'T) [1-3]. Mogens mpencTaBiieHa MOMYIALIEI0 areHTiB, PO3MIMICHUX Y JBOBUMIpHiil
KBaJIpaTHil ciTHi 3 TOBXHUHOIO cTopoHU L. KojkeH areHT XapaKTepH3yeTbCs HaBYAJIbHOIO 3TiOHICTIO,
BIKOM, CIIOBHMKOM Ta PiBHEM 3HaHb (CyMa Bar ciiB cJIOBHHMKA). CHMyJsmis BiOyBa€eThCS HPOTSATOM
(ikcoBaHOI KIJBKOCTI iTepalliif, e Ha KOXHIH iTepanii BUKOHYIOTbCS LXL omepauiii Haj areHTaMu.
Monenbs niepenbavae qBa TUMU OIEpalliii: KOMYHIKAI[II0 arcHTiB Ta OHOBICHHs momyismii. [lig gac
KOMYHIKal[il BHUIIAJKOBUI areHT BUKOHYE POJIb MOBLS Ta IPOIOHYE BHUIIAJKOBE CJIOBO 31 CBOTO
CJIOBHHMKA areHTY-CIIyXady, 0OpaHOMY cepel CyCiaiB MOBIlI. SIKIIO CJIOBHHK areHTa-ciiyXxadya MICTHTh
MIPOITIOHOBAHE CIIOBO, TO KOMYHIKAIIlisl € YCITIITHOI Ta 00MIBa areHTH 301IbIIYIOTh Bary CJIoBa y CBOiX
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CJIOBHMKaX Ha 3Ha4eHHs HaBYaIbHOI 31i0HOCTI. B iHIIOMY pa3i areHT-MOBeLlb 3MEHIIIYE Bary clioBa Ha
3HAYCHHS HABYAJILHOI 37I0HOCTI, a areHT-ClIyXad J0/Ja€ HEBIJOME CJIOBO J0 CBOTO CiIOBHHKA. I1ix vac
OHOBJICHHS TMOMYJIAIi areHT a00 yTBOPIOE Hamanka, abo TuHE (BU3HAYAETHCS KHMOBIPHICTIO
BIDKUBaHHS). YTBOPEHHUH HaIIaJIOK a00 OTPUMY€E BHUIIAIKOBI CIIOBHUK Ta HaBYAIbHY 3Ai0HICTH, abo
yCIIaJKOBYE IIi TaHi Bif O6aTpka (BU3HAUAE€THCSA HMOBipHicTIO MyTanii). Moxens EI'T xapakTepusyerscs
HU3KOIO TTapaMeTpiB, TAKUMH SK KUTBKICTH iTepamiid, po3Mip areHTHOI CITKH, pO3Mip CIIOBHHKA arcHTIB,
WMOBIPHICTh KOMYHIKAIT (P comm), AMOBIPHICT MyTaIlil, Mipa BIUIMBY BiKy Ta piBHS 3HaHb arcHTIB Ha
WMOBIPHICTP X BIXKHBAHHS TOIIIO.

VY pobotax [1-3] omucano Taki BiactuBocTi mozeni ELL. [To-meprie, momysisiis areHTIB 3a
neBHOI MMOBIpHOCTI KOMYHIKauii 3aiiicHtoe OioniHrictiunuii nepexin (BJIIT) — pi3kuii nepexin Bix
JIHI'BICTUYHO HEOJHOPITHOTO CTaHy JO MOHOJIHIBAJIBHOCTI, BiJl HU3bKMX 3HAYCHb HAaBUYAIBHHX
31i0HOCTe Ta YCHIIIHOCTI KOMYHiKalii 10 BUCOKMX. Bim3Haummo, mo B [1, 2] HasBHicTe BJIII
posriagaeTses sIK meMoHcTparis edekty bomasina. Io-mpyre, y pobotax [1-3] 3asBieHa CTidKicTh
MOJIeNi A0 3MiHM 3Ha4YeHb ii mapaMeTpiB, IpU NbOMY B [3] HATONOIIYETHCS HA YYTIMBOCTI aITOPUTMY
no eBHUX Moaudikamiii. [lo-Tpete, y [3] akmeHTYeThCA yBara Ha KOPENsIii MiXK KJIacTepaMH arcHTIB,
1110 BOJIOAIIOTH CIIUILHOIO MOBOIO Ta MAlOTh OJHAKOBI HaBYaIbHI 310HOCTI.

3a3HaunMo, 10 B podoTax [1-3] BifcyTHI 1eTaibHi OMMCH YMOB IIPOBE/ICHHS €KCIIEPUMEHTIB Ta
He HaBEeJICHI CTAaTHCTHYHI JIaHl, Ha OCHOBI SIKMX OyJM 3po0JieHi BUCHOBKH. TOX CKIIaIa€ThCsl BpaXKEeHHs!,
1110 YaCTHHA BUCHOBKIB 3p00JieHa 3a pe3yJIbTaTaMH JIMIIIE OJHOTO POrOHY aJITOPUTMY, @ BUCHOBOK PO
KOpEeJsIlif0 MK MOBaMHM Ta HaBYaJbHUMH 3JI0OHOCTSMHU areHTIiB CIHPAETHCS JIMIIE Ha Bi3yalbHE
TTOPIBHSAHHS KJIACTEPiB. 31 CKa3aHOTO BUILIMBAE HEOOXIAHICTH EPEBIPKH BiITBOPIOBAHOCTI PE3yIbTATIB
Ta MPOBEJICHHS CTATUCTHYHO OOTPYHTOBAHOTO aHAJi3y BIACTUBOCTEH MOJENI.

Hamu Oyno BukoHaHO TporpamHy pearizarito mogeni EI'T BiAmoBigHO 10 OmMHCy alnroputMmy B
[1, 2] Ta ckopuroBanoro ncesnokonay 3 [3] (BumpasieHO HMOBIpHICTH MyTalil MOBH W HaBYaJbHOI
31IOHOCTI, YCYHYTO 3aiiBe OHOBJIEHH:I MomyJisiuii). byso BinTBopeHo Taki excriepumenT 3 [1-3]:

1 — BukoHanHs mnepumx 8000 irepamid i3 Peomn=0.02 Ta BUKOPUCTAHHA Promn—0.98 mist
HactynHux 42000 itepariii;

2 — BukoHauHs 100000 iTepariid 3 JIHIHHUM 30UTBIIEHHSM P comn BiT 0.1 10 0.5;

3 — 30impIIeHHS (3MEHIICHHS) Peomm 3 KpOKOM 0.01 Ta 31 cTajo0 KUTBKICTIO iTepamii Ha OJHE
3HAYCHHS Peomm-

AHauti3 ctiiikocti Mogeni OyB MPOBEACHUH I TAKUX 3HAYCHB ITAPAMETPiB:

10. posmip cnoBHuKa areHriB (1, 5, 1000);

11. momxxuHa ctoponu areHTHOI citku L (20, 30, 40, 60, 70);

12. movartkogwuii Bik arenris (0, 1, 5, 10);

13. BrutuB Biky Ha iimoBipHicTs BrokuBauus (0, 0.005, 0.05, 0.1, 0.5, 4);

14. Bu3HauYCHHS MHOXXHHH CycimiB (okin Mypa, okin ¢on Heiimana, 4 cyciau
Ha JiaroHaJIsx).

[NopiBHANBHUI aHANI3 OTPHUMAHUX PE3YNbTaTiB i3 3asBiIeHMMHU B [1-3] 3acBiTUMB YacCTKOBY
BiITBOPIOBAHICTh MOBEAIHKOBUX IMMATEPHIB Mojedi. ExcriepuMeHTanpHO Oynu MiATBEpHKEHI 3araibHi
TEHJEHII] y PO3BUTKY IOIYJIsIii areHTis, 30kpema, bJII, 3soporruit BJIII, knacrepu3zaliist areHTiB 3a
MOBaMH Ta HaBYAJILHUMH 31I0HOCTSMH, YHi(iKallisi MOB Ta HaBYaIbHUX 3110HOCTEH y X0/ eBOJIoLil, a
TAaKOX CUrMoimHa ¢opma rpadikiB y ekcrepuMeHTi 1. YTiMm, He OyJI0 JOCSITHYTO TOYHOrO 30iry B
3Ha4YeHHAX WMoBipHOCTI KomyHikauii BJIIT Ta dopmi rpadikiB HaB4aNBHUX 3/1i0HOCTEH 1 yCHIIIHOCTI
KoMyHikanii. Hanmpukmnan, y exciepuMenTi 2 iMoBipHicTh kKomyHikarii BJIIT y [2] ckmana 0.4, y [3] —
0.12, y mammx ekcrepuMentax — 0.16875+0.01031. Po30ixkHOCTI B pe3yibTaTax MOXHA IOSICHUTH
BiIMIHHOCTSIMH B YMOBaX IIPOBEJICHHS €KCIIEPUMEHTIB Ta BiJICYTHICTIO TOCTATHHOI KiJTBKOCTI 310paHuX
CTaTHCTHYHHX JTAHUX.

PesynpraTn  excriepuMmeHTiB  1-3  migTBEpAMIM  CTIHKICTH MOAENi 1O 3MIHM 3Ha4YeHb
JOCIIDKYBAaHUX TapaMeTpiB: Oyiu 3adikcoBaHi KinbkicHI 3MiHM B mnokaszHukax EI'l (iimoBipHicTh
komyHikanii BJIII, uucenbHICTh momynsuii, cepenHiii BiK Ta piBeHb 3HaHb areHTIB) NpH 30epeKeHHi
3arajJbHUX TEHACHIIIMH.

Kopensamiro Mik MoBaMM Ta HaBYaJbHUMH 3MI0HOCTSAMU areHTiB OyJo TepeBipeHo 3
BHKOPHCTaHHSAM METPHUK KIaCTEPHOTO aHawi3y. Pe3ynpTaTi eKcriepuMEeHTIB IPOAEMOHCTPYBAIH TOBHY
BIJIIOBITHICTh MK MHOXXHHAaMH KJIACTEpPiB 3a BIACYTHOCTI MyTamiid Ta KOMYyHIKaIlii. 3acTOCyBaHHS
MyTallii MOPYIINIIO TIOBHY Y3TOJDKCHICTh KiacTepiB. JomydeHHs omepariii KOMyHIKaIlii MPU3BENo 10
3HW)KEHHS KOpEJIsLii 10 PiBHS BHIAAKOBOI, 110, y MiICYMKY, J03BOJIMIO CIPOCTYBATH TBEPDKECHHS.

CHucox BUKOPUCTaHUX JDKEPET
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This research focuses on a GPU-native bidiagonal SVD that performs scale-aware,
opportunistic deflation with immediate splitting into independent subproblems. We replace full
upper/lower sweeps with an implicit-shift (Wilkinson) paired left/right Givens bulge-chasing, sharply
reducing iterations. Householder reduction uses operations optimization techniques, and rotations on U
and V are applied in tiled, GEMM-like passes. Avoiding per-rotation kernel launches and improving
inter-block coordination yield 2-3% speedups over the initial version [5]. Early splitting exposes
parallelism across subblocks, improving SM occupancy and time-to-solution for large dense matrices.
The method preserves numerical stability and near-Jacobi orthogonality via scale-aware tests. We also
propose a “step-0” heuristic targeting the largest-magnitude bidiagonal entries to hasten early deflation.
Ongoing evaluation benchmarks against Jacobi, QR/DC, and polar-decomposition SVDs across
different matrix sizes and conditions.

Y poboti posrasayro GPU-opienToBanmii amroputM SVD, mo HamaraeTtbcs YCYHYTH
mpoONieMH  TPAAWIIHHUX MOXOMIB 3aBISKH MacmTaOoBaHId, OMOPTYHICTHYHINA nedumii Ha
OimiaroHampHIM (opMi 3 HeraliHMM pO3OMTTAM Ha HeE3alexHi mig3amadi. Take paHHE pPO3OHTTS
NEpETBOPIOE OAWH BEJIMKHUH, MOCHIJOBHUNA KOHBEEP CKJIAJHOCTI O(n3) Ha KiJbKa MEHIINX,

napajenbHUX Sep, IO TOKpallye BHUKOPUCTaHHS JIOKAIBHOIO Kelly, IiJABUIILY€E 3aBaHTAKECHHs
MOTOKOBUX MyJbTUmIpornecopiB (SM) Ta 3abesnedye edekTrBHI 3a MpomyckHOIO 3aatHicTIo, GEMM-
O1i0HI OHOBJICHHS! HAKOIIUEHIX OPTOTOHATBHHUX MaTpuils U Ta V. Y MiACYMKY iCTOTHO 3MEHIITY€THCS
yac OOYHCIEHb IS BEIWKHX IMUIBHUX MaTpHUIb, OI0 € KPUTUYHO BaKIMBUM AV 337ad Ha KIITAJIT
aHaii3 ocHoBHUX KoMIOHEHT (PCA), criekTpanbHoi (inbTpallii Ta aHaIITHKY TaHUX.

HasBui 6i0mioTexn 3a3BMYail HaJaroTh IepeBary HalilHUM MeTojaM: OJHOOIYHOMY SIko6i
(BimMiHHA OPTOTOHANBHICTB; CHIIHUH Y MaKeTHii 00poOIi Manux/cepennix 3aaayu) [4, 5], KlacH4HUM
QR/Po3ainsii-i-Ilanyit (DC) (BucOka HafiiHiCTh, ane yacTo moBuIbHINN Ha GPU 6e3 perenbHOro
6nokyBanHs) [1], a Takoxk HOBiKM SVD Ha OCHOBI MOJISIPHOTO PO3KJIany (BUCOKa IIBUAKICTD HA TyXkKe
BeIMKHX IMUTBHUX 3amadax) [2]. Icayiots Oararoeramni GPU-po3kimagym — mepeTBOPeHHS MIUTBHUX
MaTpuip y OimiaroHameHy QopMmy (iHKOJIH dYepe3 MPOMDKHY CTPIUKOBY), — OJHAK IOJAIIbIIA
OimiaroHamizamisi 9acTo IHINAETBCA «BY3bKUM Micmem» [3] depe3 mNpHTaMaHHY WOCHTiJOBHICTh
niepeciingyBanus «ropba» (bulge chasing) Ta BimcyTHicTh sikHaWpaHimoi meduAanii 3 AWHAMIYHUM
IUTaHyBaHHAM niazanad. e oxpeciioe noTpeOy a1 po3poOKH anropuTMy OifiaroHasizamii K YaCTHHA
ITOPUTMY CHUHTYJISIPHOTO PO3KJIaay 3 BUKOPHCTAHHIM yCiX MOJIMBOCTEH Tpad)iyHUX MPOLECOpiB, 110
MOEJHYE HESIBHI 3CYBH, )KaaiOHy HeIsiito i po30UTTs, a TAKOK e(EKTHBHE MapaieibHe 3aCTOCYBaHHS
o0epTaHb 10 HAKOMMYCHUX MHOXKHHKIB U1 V.

3aBmaHHA IIHOTO JOCTI/DKCHHS CIPOEKTYBAaTH Ta OLIHUTH TOBHUHA amroput™ SVD,
ONITUMI30BaHUH MiJ Cy4acHi rpadidHi IPOIECcOpH, IKH OXOILUIIOE: MOYATKOBY PEAYKIII0 MaTPHII 110
OimiaroHampHOiI (OpPMH 3 BHKOPHUCTaHHSAM €(QEKTHBHHX IEPETBOPEHb XayccXOolfepa, MeXaHi3M
JiaroHami3alii 3 HessBHUM 3CYBOM i HETAWHOIO Ae(IIAIi€ro Ta po30UTTIM; 3aCTOCYBaHHSI HAKOMMICHUX
obepranb 10 Marpunb U 1 V' y mapanenbsHUX NPOXOPKEHHSX; €EeKTUBHE IUIaHyBaHHS ITia3angad 3a
JIOTIOMOTOI0 OKPEMHMX siAep 1 JUHAMIYHMX 4epr Ha cydacHux apxirektypax GPU. Kinnea mera —
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JOCSITH CYTTEBOTO BHUIpAaIly B NPOAYKTHUBHOCTI (IIb >1.5X MOpPIBHAHO 3 CHJIBHUMH 0a30BHMH
QR/DC), 30epirarouu piBeHb OPTOTOHAIBHOCTI SIKOO1 Ta YHUCENbHY CTA0UIBHICTD.
[TocranoBka 3anxauyi. [is MaTpui

mXn
AeR" 7,
HEOOXiTHO e(PeKTUBHO O0OUYHMCINTH 11 CHHTYNIApHUIA po3kian (SVD)
T
A=UZXV ",
Ha rpadivHOMY IpoIecOopl MIHIMI3yBaBIIM 4Yac BHKOHAHHS 32 YMOBH CYyBOPHUX YHMCEIBHHX
JIOIYCKIB Ha 3aJIMIIOK

TA-UZV IlI1AY

Ta OpTOFOHaIII)HiCTB BCKTOPHHUX MAaTpUllb

JU'U-11,1V'V~11.

PimenHs Mae 9iTKO BU3HAYUTH H peaizyBaTH: MEpeBipKy AediAmii Ta BiAMOBIAHY MOIITHKY
po30uTTS I OiniaroHali; cxeMy OHOBIIECHb 3 HESBHMMH 3CyBaMHM MiJ 4ac JiaroHaNi3allil; MIIUTKOBY
CTparTerilo 3aCTOCYBaHHs 00epTaHb Al €pEeKTHBHOTO OHOBJICHHSI HakonuueHux U ta V. JlocmimkeHHs
3aBEPUIYETHCSI ETAIOHHOIO peali3alli€l0 Ta CyBOPOI0 EKCIIEPUMEHTAJIbHOI0 OILIHKOIO BiJIHOCHO
cydacHux OazoBux peamizaniii SVD SIko6i, QR/DC i nomspHux MeTOHiB Ha LIIMPOKOMY Jiara3oHi
PO3MIpiB MaTpHIIh 1 3a0€3MeUCHHS BUKOHAHHS J0aTKOBUX YMOB.

[Ticnsa peamizarnii qoerarrHoro SVD [5] My mepednumm 1o onTuMmizamii #oro BUKOHAHHS Ha
GPU. Ilepmmii miaxin — 3amycK OKpEMOTO Spa It KOXKHOro o0epTanHs [iBeHca, 0 3aCTOCOBYETHCSA
1o U ta V, — BHUABHBCS MOBUIBHIIIIAM 32 MOHOIIITHE SAPO Yepe3 3HaUHI HAKJIAJHI BUTPATH BiJ THCIY
iTepaniiiaux 3amyckiB. Jlami Mu 3ocepeamnmcst Ha B3aemonii Mk Omokamum CUDA Ta 3araipHOMY
3aBaHTaXXeHHI SM, 10 Jajno NMpPUCKOpeHHs y 2—3 pas3u BIIHOCHO IOYAaTKOBOI Bepcii il 1o3Bosmio
3pIBHATUCS 3 HAsABHUMH 0a30BUMH Migxoxamu. HacTymHMM KpPOKOM MM JOCIHIKYBald pPO3OHTTS
BEJIMKOI 3a/iaui Ha MEHIIIi: MMOYaTKoBa CTPATETIsl ITEPaTUBHOTO «IPOIYCKaHHS» DPSAKIB/CTOBIIIIB il
yac TIOBHOTO «OOHYJCHHS» CIIOYAaTKy BEPXHBOI, a IMOTIM HIKHBOI JiaroHaji, 3aHaATO IMOBLIBHO
CTBOpPIOBaJIa HYJII MK HMOTeHHIIHHUMH TimOmokamu. lle MOTHBYBano mepexin 10 HESIBHO-3MIIIEHOTO
PEXAMY: Ha KOXHOMY KpOIIi 3aCTOCOBYBaTH 2x2 obepramms [iBeHca cmepily g0 BEpXHBOI, a TOAI
BiJIpa3y ¥ 10 HIDKHBOI JiaroHalli, BUKOPHUCTOBYIOUHN 3CyB BilkiHCOHA TS MPUIIBHIIICHHS 301KHOCTI.
3a monepeqHiMU TECTaMM TaKHWH MiJXiJ Pi3KO 3MEHIIy€e KUIBKICTh iTepamiil 1 CTBOPIOE MIATPYHTS JUIS
peasizanii po3mKMpeHoT JIOTiKM paHHBOI Ae(IIALIT 3 METOIO TOAAIBIIOTO PO3OUTTS MATpPHILI.

BucHoBkn. My mokazanu, mo BHOIp TpaHYJISPHOCTI sA€p KPUTHYHO BIUIMBAE Ha
NpOAYKTHBHICTH Oimiaronamizaiii SVD wa GPU: 3aurts Oarathox o0epTaHb y OUIbImi  sapa
TIEPEBEPIIYE 3aMMYyCK «II0 OJHOMY OOEPTAaHHIO» 3aBISKH MiHIMI3aIlli HAKIAAHUX BUTPAT. [loimieHHs
KOOpAMHAIT MK OJI0KaMU 1 ITiABUIIICHHS 3aBaHTaKeHHs SM 3a0€3MedyIoTh BiTdyTHE MPUCKOPEHHS (Y
2-3 pasu) me A0 3MiHM BJAacHE AITOPUTMY. 3aMiHa IOBHHX MPOXOIIB «yrOpy-BHH3» Ha MapHE
3aCTOBYBaHHs OOCpTaHHS 3IiBa/CrpaBa 3i 3CyBOM BUIKiHCOHAa iCTOTHO CKOpOYY€ YHCIO iTepariil i
paHilre BiAKpHBa€e MOXJIMBOCTI [uist nedusiiii. Takuit mepexin He JIHMIIE y3TO/DKY€EThCS 3 YCTaICHUMHA
peanizamissMi, a W Ja€ MPaKTUYHUN IUIIX PO3KIANATH BEIHKI 3a7adyi HAa HE3alIekKHI mig3amadi 3
MOJTAJIBIIIOND MAPAIETHHOK 00POOKOI0. 3apOOHOBAHUN JU3aifH BiIMOBiae cuiabHUM ctopoHam GPU
(uebararo Benukux snep, wmTkoBi GEMM-nioniOHi oHoBineHHs U,V) npu 30epexeHHI 4HCenbHOT
HajiitHOCTI. Y Tojanbiiii poOOTI MU 3aBepLIMMO JIOTIKY sKHaiickopimol aedusmii Ta OiHMMO
TIPUCKOPEHHS Ha BEJIMKAX MAaTPHUILIX BiTHOCHO peanizamiit Ako6i, QR/DC i momspuux meroxais SVD.
Mu TakoX IJIaHYEMO 3alpOBAaJUTH HOBUH «KpOK O0», SIKHH BUKOHYBaTHUMETHCS IEPE] OCHOBHOIO
JIOTIKOIO JiaroHaji3amii Ta 3acTOCOBYBaTMMe OO€pTaHHsA liBeHca MO HaMOLIBIIMX 3a MOMyJIEM
€JIEMEHTIB 01/1iarOHAIEHOI MaTPHIIi, OO OTPHMATH SIKHAWMACHBHIITY JAiarOHANb.
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This research focuses on developing approaches to model the behavior of a customer in
digital services. A conceptual framework is proposed based on Structural Causal Models
along with a basic example of causal model for customer retention prediction. The problem of
causal identification is outlined, and existing approaches are briefly discussed. This work
defines the direction of further research and presents basic methodology for the next steps. A
representation learning approach is proposed as a potential tool to learn causal relations
from the temporal customer behavior data.

Kay3anpHuii aHaii3 € MOTY>KHUM IHCTPYMEHTOM JJIsi MOJICIIOBAHHS 3aJISKHOCTEH MK
BUIaJKOBUMHU BelnunHamMu. Ha BiAMiHY BiJl KJACHYHUX METOZIB CTaTHCTHUKH 1 MAIIMHHOTO
HaBUaHHS, Kay3aJlbHHM  aHaT3  MOJCIIOE  NPHUYWHHO-HACHTITKOBI  3B’S3KH  MDK
CIIOCTEPEKYBAaHUMH BEJIMYMHAMH, IO J03BOJISE OLIbII TOYHO OIHIOBATH €(EeKT Bij
BTpy4aHb [1], a Takox - poOUTE MOJENi OUTBII CTIHKUME A0 3MiH y cepenosuuli [3]. Oqaum
i3 BOKIMBUX Ta HEOOCHTI[HKEHHMX MOMKJIMBHUX 3aCTOCYBaHb € IOSCHEHHS Ta IependadyeHHs
MOBE/IHKH KOpHCTyBada y HHU(POBUX cepBicax. AKTyalbHICTh NMPOOJIEMH 3yMOBIICHA, 3
OJTHOTO OOKY, OLIMPEHHSM TaKHUX cepBiciB (MOOUIBHI 3aCTOCYHKH, Jep>KaBHI OPTANHX Ta iH),
3 IHIIOTO OOKY - HAsABHICTIO JIETANIbHUX JaHWX MPO aKTUBHICTh KOPUCTYBaya Ta BiJICYTHOCTI
METOZIB, MO O TEepPEeTBOPIOBAIM CKJIAMHI Ta HEOMHOPIAHI JaHiI TOCTIAOBHOCTEH MOMIA Y
MOJIEJ, M0 TOSCHIOIOTH IMOBEAIHKY KOPHCTyBada Ta JOMOMArarTh OI[IHIOBATH €(PEKT Bij
BTpy4YaHb Ta 3MiH y CepBici.

B wiit po6oTi OKpecoeThCs HAPSAMOK TOCIIKEHHS - po3poOKa METOIB MoOym0BU
Kay3aJIbHUX TIPEJICTaBICHh YAacOBHX JaHWUX 13 3aCTOCYBaHHSM JO aHaji3y IOBEIIHKH
KOPHUCTYBada B HU(POBOMY MPOAYKTI.

VY CTpYKTYpHIiii Kay3anpHiil Mojeni [2], criocTepekyBaHi BUMAIKOBI BETHYNHH
X, X,,..., X, acouUiOIOTbCs i3 BEpLIMHAMH OPIEHTOBAHOIO alUKIIYHOTO rpady

(xay3anpHOTO Tpady), O OMHUCYE 3AJICKHOCTI MK HUMHU Y QYHKIIOHATBHIH (hopMmi:
Xl":fl'(PAl" [/1)

ne P A , - Bepumun-6ateku X ,, a {/ ; - BUNaAKOBI IryMH, HE3aJIekKHI MiXK COOOFO.
Sxuro rpad KOPEKTHO BUZHAYCHUH - TOJI BIJOMI BITHOIIIEHHS HE3aJICKHOCTI, 110
JI03BOJISIE OTPHUMATH PO3KJIA] CyMICHOTO po3moairy (X X 5,0, X, | HA He3anexHI

KOMIOHEHTH. Marouu CyMiCHUH pO3IOJIijI, MOKHA OI[IHIOBATH 3HAUCHHS ITapaMeTpiB Ha
OCHOBI CIIOCTEPEIKYBAHUX JTAHUX.
Mu mportonyeMo 6a30By MOJAETh TMOBEAIHKHA KOPHCTYBada SIK TIPOIECY 13 TUCKPETHUM
4acoM:
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Jle §', - cran kopucryBaua, X, - Brpyuanus / 3Minu B cepBici, £, - piBeHb
aKTUBHOCTI KOpUCTyBaua, A , - IMOBIpHICTh OBEPHEHHsI KOPUCTYBaya B HACTYITHUI MOMEHT
qacy.

Ha mnpakTuimi KinbKiCTh CIOCTEPEXYBAaHMX BEJIMYMH YacTO € 3HAYHO OibIIOIO.
BpaxoByroun 11€, OCHOBHMI BUKIUK TOJATAE Y BiANIyKaHHI, a00 ineHTudikamii Kay3aapbHOTO
rpady i3 CIOCTEpe)KyBaHWX JAaHHX. Ba)JIMBUM  pe3yinbTaToM €  IPUHIMIIOBA
He1IeHTU(IKOBHICT Kay3albHOI CTPYKTYpH 0€3 J0AaTKOBUX MPUITYLICHB [2].

BpaxoBytoun 1eil pe3ysibTaT, OCHOBHI X0/ J0 BiAIIYKaHHS Kay3aJbHOI CTPYKTYpH
BHKOPHUCTOBYIOTH TaKi TEXHIKH:

2. BcraHoBneHHsI 0OOMeXeHb K1acy QyHKIINH / Ta BUKOPUCTAHHS CTATUCTUIHOL
HE3aJIeKHOCTI JJIs BiAIIyKaHHs Kay3aiabHOro rpady. Jlo mux MeTomiB BiTHOCHTHCS
anroputMm Ilitepa-Knapka.
3. JlomaTKoBi JjaHi - CIIOCTEPEKEHHS TMPOIecy MPpH BTPy4aHHI a00 NP IHIIMX YMOBaXx.
[IpuHnun po3piKeHOro 3CyBY MexaHi3MiB 3a0e3ledye CTaOUIBHICTD Kay3aJbHHX
MEXaHi3MiB 3a pi3HHX yMOB [3].

Buknuky Ta HeBUpIIIeHi POOIeMH:

15. TemnopaabHicTh. [cHye 10Ope po3BHHEHA TEOPis Kay3aJIbHOTO aHAI3Y s
crarioHapHAX Mojenei. [Ipore Ha pakTUIl B 6araThoX € AMHAMIYHA CKIIAJ0Ba - CHCTEMA
€BOJTIOLIIOHYE 13 YacOM, CHJIA 1 THI 3AJICKHOCTEH MiXK BEJIMYMHAMHU MOXKE 3MIHIOBATHUCH.
Jlo npukiIaay, iIMOBIpHICTh YTPHMaHHs KOPUCTyBaua A ,,; MOHOTOHHO 3POCTa€E B
3aJISKHOCTI BiJl 3arajIbHOT'O Yacy, IPOBEJCHOTO Ha CEPBICi (EBPUCTUYHE MTPABHIIO).

16. IlobynoBa mpencrasjiensb. Ha mpakTuri gacto € 6arato croctepexyBaHUX BEJHYWH,
MpU [IbOMY KOKHA OKpEeMa BEIHYMHA PiKO Ma€ CYTTEBY IHTEpIIPETAIliio, MPOTe TpyIlia
BEJIMYMH MOXE OMHCYBAaTH KOMITOHEHTY Ka3yanbHoro rpady. o mpuxiagy, y HOTOLi
IO/ OKpeMa TOJis He MAa€ CYTTEBOI 3HAUYIIOCTI, aje MOCHTIIOBHICTh MEBHUX TMOJIN y

TIEBHOMY 1HTEpBaJli MOXKE BiTOOpaKaTH CYTTEBY O3HAKY.

VY noganbuiii poOOTi TIaHYETHCS PO3POOUTH METO]I BUSBICHHSI Kay3albHOI CTPYKTYPH
nporecy B3aeMOJIii KOPHCTyBaya i3 HU(GPOBUM CEPBICOM Ta BUIPOOYBATH HOTO Ha pealbHUX
nmaauX. OIUH 13 MOXIIMBUX IIIXOMIB - BUKOPUCTAHHS METOIB HaBYAaHHS MPEACTABIICHD, SKi
JO3BOJISIIOTH BiZIOKPEMUTH JIaTE€HTHI ()aKTOPH, IO BiAMIOBINAIOTH MPHYMHHUM KOMITOHEHTaM
npouecy. 3okpema, meron CausalVAE neMoHCTpye, IO BHKOPHUCTaHHSI apXiTEKTypu
BapiamiifHOTO aBTOKOAYBaJIbHHKA 13 OOMEXKEHHSMH Ha HE3aJIEKHICTh 1 IHBapiaHTHICTh
MEXaHI3MIB MOXXE CIPHSTH BHSBICHHIO CTPYKTYPHUX 3aJIEKHOCTEH Y JOCIIKYBAaHOMY
nporeci [4].

5. Pearl J. Causality: Models, Reasoning, and Inference. — 2nd ed. — Cambridge:
Cambridge University Press, 2009. — 484 p.

6.  PetersJ., Janzing D., Scholkopf B. Elements of Causal Inference: Foundations and
Learning Algorithms. — Cambridge, MA: The MIT Press, 2017. — 288 p.

7. Scholkopf B., Locatello F. [Ta in.] Towards Causal Representation Learning
[Enextponnutii pecypc] // Proceedings of the IEEE. —2021. — Vol. 109, No. 5. — P.
612—-634. — Pexxum moctymy: https://doi.org/10.1109/JPROC.2021.3058954.
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8.  Yang C., Zhang Y. [ta in.] CausalVAE: Disentangled Representation Learning via
Neural Structural Causal Models [Enextponnutii pecypc]. — 2021. — Pexum moctyry:
https://doi.org/10.48550/arXiv.2106.08679

Bukopucrannsa Heiipomepe:k nisa ABromatuunoro ITonosnenns Jannx y Crneniaiizopanux
Ipeamernux O6aactsax / Application of Neural Networks for Automatic Data Updating in
Specialized Subject Domains
Haenubioa A. / Nahnybida A.

Hamionanenuii yaiBepcuret “KueBo-Mormmstacrka Akanemis’ / National University of Kyiv-Mohyla
Academy
04655, m. Kui, Bynuus I'puropis CkoBopoan, 2, HaYKMA, ®akynbrer iHpopmaTuku
E-mail: a.nahnybida@ukma.edu.ua

The work “Application of Neural Networks for Automatic Data Updating in Specialized Subject
Domains” presents a neural-network—based framework for automatic knowledge updating in
specialized domains using only authoritative sources. The pipeline integrates an intake channel from
official registers and APIs, deterministic version diffs and drift monitors for change detection, neural
information extraction and retrieval-augmented generation for fact capture, and human-in-the-loop
validation for high-risk or low-confidence cases. Authors pair continual (incremental) training with
active expert reviews to reduce manual effort while preserving primary sources and traceability.
Automated factuality checks re-verify model outputs against sources before committing versioned
updates to a knowledge base. The approach targets lower staleness and compliance risk while
maintaining explainability and auditable end-to-end operations.

Pobota “Buxopucranns Hefipomepexx mrs Apromarnuanoro Ilonoenenns Janmx y CrnemianizoBaHUX
[penmernnx O6nacTsIx” NPUCBAYCHA JOCTIIKCHHIO HEHPOMEPEKEBHX MIAXOMIB 10 Oe3nepepBHOrO
OHOBJICHHS 3HaHb y CIICIiali30BaHUX OOJIACTAX Ha OCHOBI OQIMIHHMX JDKEpeN i3 3aCTOCYyBaHHIM
KaHaJly HaJIXOJUKEHHs JIaHMX, BUsBIEHHS 3MiH, RAG-BuTaAry ¢axTiB i Baniganii smoauHoro (human-in-
the-loop) mus momonanHs iHGOPMAIIHHOTO MEepPEeBaHTAKEHHS.

VY cnoemianizoBaHux 007acTAX iH(OpPMAIlS IMBHIAKO 3acTapiBae depe3 INBHUIAKE 3POCTAHHS KiIBKOCTI
JoKepen 1 myOmikamiid; depe3 0OMEXEHICTh JIIOJICBKUX PEeCypciB BHUEPITHE OXOIUICHHS PEJCBAaHTHOL
iHpopmMaii Ta i cBoeyacHa akTyami3amis B 0a3ax 3HAHb € MPAKTUIHO HENOCSHKHUMH. [IponoHyeThest
MiAXiA 70 aBTOMATHUYHOIO TIOHOBJICHHS JaHWX HA OCHOBI HEWpOMEpexk, sIKi HaBYAIOThCS Ha
aKaJeMivHHX 1 OIIIIfHNX MaTepiaax, 3 TOAAIBIIOK Bajiaariero moanHor (human-in-the-loop).

CreuianizoBaHi NpeAMETHI 00JIaCTi IIBHAKO 3MIHIOIOTHCS: BHUXOAATH HOBI KIIHIYHI IPOTOKOIIH,
OHOBJIIOIOTHCS CTAaTTI 3aKOHIB 1 MiJ3aKOHHI aKTH; Y (PIHAHCOBOMY CEKTOpI MEpPerisJaroThCsl JIMITH Ta
KpeAWTHI CTaBKH. PydHe BiACTEXEHHS 3MiH € OPOTUM i CXWJIBHUM J0 MOMIJIOK, IO MPU3BOJUTH 10
XHOHUX pillIeHb i HEBIAMOBIAHOCTI HOpMaM. Mera 11i€i poboTH - omHcaTH IPaKTHIHY HEHpoMepeKeBy
apxiTekTypy mns Oe3lepepBHOTO TIOHOBJICHHS JAaHWX 13 TapaHTOBAaHOK IPOCTEKYBAHICTIO
HepIIopKepelia Ta BajJiJaliero, 1e MalliHa aBTOMAaTH3y€e PYTHHY, a €KCIIEPT MiATBEPIDKYE KPUTHYHI
3MiHH.

Jns HaB4aHHS Ta OHOBJICHb BHKOPHCTOBYIOTHCS JIMIIE aBTOPUTETHI JpKepena: oQiliiHi peectpw,
KEpiBHI MPOTOKOJAM ¥  CTaHAapTH, pELEH30BaHI HayKoBi ImyOmikaiii, HOBUHHI CTPIYKH
peryasaTopiB/iHCTUTYIIH, a Takox odimiiiai API. 3a ¢popmarom me cTpykTypoBaHi (TadJIHIll, PEECTPH),
HaniBcTpykrypoBasi (PDF, DOCX), i HecTpykTypoBaHi TEKCTH (CTaTTi, TIOCTaHOBH). Take 0OMeKeHHS
JoKepen MiHiMizye pusuku LLM raironuHaitii i moyierurye ayiuT MOX0MKSHHS JaHuX. 08}

Ha piBHi 00poOkM paHMX cuUCTeMa BHKOPHCTOBYE HEWpOMEpeXeBi KOMIIOHEHTH Ha KOXXHOMY
KJIFOYOBOMY ertari: 30upanHs 3 oinifiHuX JpKepen depe3 ckaHyBaHHsI BeOpecypciB, API Ta BeOXykun
CYIPOBOJUKYETHCS HOPMATI3AI[I€r0, OUUIIECHHSIM 1 ACIYIUTIKAI€I0, MICIsS YO0 3MiHH BHUSBIISIOTHCS SIK
JieTepMiHOBaHUM TOpiBHsHHAM Bepciit (diff), Tak 1 gerekropamu apidTy, sIKi NOEAHYIOTh CTATHCTHYHI
Ta HepoMepexei maxoan. st BUTATY (DaKTiB 3aCTOCOBYIOTHCS MOAYI 1H(QOPMAI[IHHOTO BIIYUYCHHS
Ha 0a3i rmuOoKuX Mozener (po3MizHaBaHHs CYyTHOCTEH i 3B’S3KiB) Ta BEIHMKI MOBHI MOJEN Yy 3B’ s3I 3
perpuBepom (RAG): LLM renepye TBepIKeHHS 3 TOCHIAHHSIMHA Ha JDKepea i OLiHKOI0 BICBHEHOCTI;
Ti TBEpIDKEHHS, IO HE MPOXOAATH IOPIr, aBTOMATHYHO IEPENAOThCS HA aKTHBHE DElCH3YBaHHS
excrieproM. lle 3MeHIIye HaBaHTa)XEHHS Ha JIFOJEH 1 NPUCKOPIOE ITOHOBJIEHHS AaHUX Oe3 BTpaTu
KOHTPOJILOBAHOCTI MPOIIeCy. &
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Baniganiss nanumx noenHye QopmanbHi AOMEHHI mpaBwia (LUIICHICTb, Aiana3oHH, Mi>KHOPMOBI
3aJIeKHOCTI) 3 aBTOMAaTH30BaHOIO MEPEBIPKOI0 (PaKTUUHOCTI HA OCHOBI MOINYKY i MOBTOPHOI OIIHKH
yaromxeHocTi LLM-BUCHOBKIB 13 TepHiomkepenamMu; KpUTHYHI ab0 HEOJHO3HAYHI 3MiHH
€CKaITIOIOTHCS EKCIEPTY, a BCS iCTOpist (iKCYeThCS B KypHAIIL ayauTy. Takuil Miaxix MiHIMI3y€e pH3HKH
TATIOIUHALII MOBHUX MOJIeNeH i MiABHIYE MPOCTEKYBAHICTH OHOBJICHB.

Jis HefipoMepeK 3aCTOCOBYETHCS MOeTanHe Oe3lepepBHE HABYAHHS 3 METOJAMH PETyIIApH3allii, 110
CTPUMYIOTh «3a0yBaHH:»; Tiepe0aueHo NepioJUuHe MOBTOPHE TPEHYBAaHHS HA OCHOBHOMY Ha0opi Ta
[IbOBE JIOHABYAHHS IiJi HOBI THNM A0KyMeHTiB. IIl06 3MeHmuTH 00CAT py4HOI Tpar,
BUKOPHCTOBYEThCSI HAaBYaHHS 3 aKTUBHUM BiIOOPOM MPUKJIAJIB: MOJENb CAaMOCTIHHO MpOINOHYE
HaiiHpOpMaTHBHIII BUMAAKHK I mepeBipku (axiBrem. J[OCTOBIPHICTh TBEPIKEHb KOHTPOIIOETHCS
MIEPEeBIPKOI0 3 OMOPOM Ha IIOIIYK JDKepel: KOKeH (DaKT MOBTOPHO OINIHIOETHCSA HA Y3TOIKEHICTH i3
TIepIIOKEepeIaMHy, a BUSBJICHI HEBIAMMOBITHOCTI TIO3HAYAIOTHCS SIK PU3HUKOBI.

SxkicTh Ta OQIMIAHICTE HKEpeN KPUTHYHO BIUIMBAIOTH HA TOYHICTH; LLM CXWIBHI J0 TaIOIUHALIH,
TOMYy B CHCTeMi OO0OB’SI3KOBO BKIIIOYCHI MEXaHI3MH TOCHWJIAHb Ha TEPIIOJDKEpeNa, OIIHKH
HEBU3HAUCHOCTI Ta PYYHOTrO 3aTBEPKEHHS I BHCOKOPU3MKOBHX 3MiH. JIJIs1 3aXUCTy MPHUBATHOCTI
3aIlpOIIOHOBAHI 3HEOCOONeHHs (HeineHTudiKalis) MepCOHANPHUX AaHHUX, YiTKI NpaBuia 30epiraHHs
indopmarii Ta KOHTPOJIb AOCTYITY. JIOCTOBIPHICTh TBEPIKEHD 3a0€3MEUyETHCS MPOCTEKYBAHICTIO BiJl
KOXXHOTO (hakTy A0 Tepuiomkepena i 30epekeHHSIM NPOMIKHUX MarepiamiB (TOPiBHAHB BEPCii,
BUTATIB). J{71s Ge3meKH Mporiecy BKIFOUEHI MPOTOKOIIOBAHHS Ta BEJCHHS )KYPHATIB MTOIiH, MOKIIMBICTH
MMOBEPHEHHsI JI0 MOMEpEeIHIX BepCii, a TAKOXK BH3HAYECHHH MOPAIAOK TMEPEAaBaHHS PU3UKOBAHUX
OHOBJICHB Ha PO3TIIS EKCIEPTY. Y3araibHEHI MOJIETI MOXKYTh TipIlie TIEPSHOCUTHUCS MiXK IPEAMETHHUMHA
oOnacTsiMu; 1€ KOMIICHCYEThCS HAJAIITYBaHHSIM Ha CICIali30BaHy INpeAMETHY o0NacTh i
NepeBipKaMK Ha BUSIBJICHHS PU3MKOBAHUX OHOBJICHb Y IAHHX.

ABTOpPOM 3alIpOIIOHOBAHO IIPAKTHMYHY CXEMy aBTOMATHYHOTO IIOHOBIEHHS 3HaHb Y BY3BKHX
peaMeTHUX o0xacTsax: 30ip i 0OpoOJICHHS MaHUX - BHABICHHSA 3MiH - BHTAT 1 HepeBipka (akTiB -
OHOBJICHHS Y BepCiiioBaHOMY Iapi 3HaHb - PyYHa eKCIiepTHa NepeBipka. Bike aBTOMAaTH30BaHO MOLIYK,
HOpMAITi3allifo, TOPIBHSHHSA BEpCid Ta IIOYAaTKOBE BIIYYCHHA (aKTiB, PYYHAMH 3aJIHIIAIOTHCS
MATBEP/PKEHHS] KPUTHYHUX 3MiH 1 po3B’si3aHHs cynepeuyHocrteil. [Tomanpmia pobora - po3mmpeHHs
KoJyia OQILiHHKX JPKepel 1 MporpaMHuX iHTepdeiciB 1oCTyIly, HOMIMIIEHHS BUSBICHHS PU3UKOBaHUX
3MiH y JaHUX, HOCHJICHHS IEPEeBIPOK Y3rOJDKEHOCTI (CaMOy3rOJDKEHICTh 1 3BipKa 3a KiIbKOMa
JDKepesiaMK), a TAKOXK CTaHIapTU3allis [IOKA3HUKIB aKTyaJbHOCTI i IIOBHOTH OHOBJICHB.

Crmcok mpxepen:

1. Goodfellow, 1., Bengio, Y., & Courville, A. (2016). Deep Learning. MIT Press.
2. Parisi, G. 1., Kemker, R., Part, J. L., Kanan, C., & Wermter, S. (2019). Continual lifelong learning
with neural networks: A review. Neural Networks, 113, 54-71.
3. Gama, J., Zliobaité, I, Bifet, A., Pechenizkiy, M., & Bouchachia, A. (2014). A survey on concept
drift adaptation. ACM Computing Surveys, 46(4), 44.
4. Settles, B. (2009). Active Learning Literature Survey. University of Wisconsin—Madison, CS Tech
Report 1648.
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MNCEBAOOBEPHEHA MATPUILISI MYPA-TIEHPOY3A / MOORE-PENROSE
PSEUDOINVERSE MATRIX
Kpasuyx O.M., Kproxosa I'.B. / Kravchuk O., Kriukova G.
Harmionansuuii yaiBepcurer “KueBo-Mormisncska Akanemis” / National University of Kyiv-Mohyla
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04655, Kuis, Byn. I'puropiss CkoBopoau, 2, pakynbTeT iHpopMaTHKH, Kadeapa MaTeMAaTHKH
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The Moore-Penrose pseudo-inverse is a foundational concept in modern numerical linear algebra,
offering a principled approach to solving ill-posed and inconsistent systems arising in machine
learning and other fields. This paper explores the pseudo-inverse from five distinct perspectives —
axiomatic, variational, regularization, spectral, and algebraic graph theory — highlighting its
theoretical depth and practical relevance across disciplines such as machine learning, signal
processing, and network analysis.

45



1. The Axiomatic Perspective

The Moore-Penrose pseudo-inverse of a matrix A, denoted A s uniquely defined by four
conditions:

a. A A+A:A

b. A*A A

C. (A A+)":AA“‘£,

d. (A+A)J=A+A
These conditions ensure that A*“* behaves as a generalized inverse that respects both the structure of
A and the symmetry of the solution space. The axiomatic definition is particularly powerful because it
applies to any matrix, regardless of rank or shape, and guarantees uniqueness.

2. The Variational Perspective

From an optimization standpoint, the pseudo-inverse provides the minimum-norm solution to the least-
squares problem. For an inconsistent system A x=b, the solution x = A*? minimizes the Euclidean
norm /X / among all solutions that minimize / A x —b /. This is especially relevant in machine

learning, where overdetermined systems arise in regression and classification tasks, and regularization
is often used to prevent overfitting.

3. The Regularization Perspective

The pseudo-inverse can be interpreted as the limit of regularized solutions to inverse problems. In
particular, Tikhonov regularization solves:

x,=argmin{/Ax—brr+x1xr*}.
X

As A - 0, the solution x, — A*. This perspective connects the pseudo-inverse to functional analysis
and reproducing kernel Hilbert spaces (RKHS), where regularization plays a central role in ensuring

stability and generalization. The RKHS framework also allows for kernelized versions of the pseudo-
inverse, enabling nonlinear generalizations.

4. The Spectral Perspective

The Singular Value Decomposition (SVD) offers a computationally stable and insightful method for
constructing the pseudo-inverse. Given A= X V', where diagonal matrix ¥ contains the singular

. . +U"
values, the pseudo-inverse is: A*V? .

Here, ¥**¢ is formed by inverting the non-zero singular values. This decomposition is crucial for
numerical stability, especially when dealing with ill-conditioned matrices. Moreover, the SVD reveals
the rank and null space structure of A, which are essential in dimensionality reduction techniques like
Principal Component Analysis (PCA).

5. The Algebraic Graph Theory Perspective

In graph theory, the Moore-Penrose inverse of the Laplacian matrix [, of a connected graph has a rich

)

combinatorial interpretation. The entry ( L") corresponds to the effective resistance between vertices i

and j, a concept rooted in electrical network theory. This connection enables applications in network

analysis, such as measuring centrality, robustness, and flow efficiency. The pseudo-inverse thus
bridges linear algebra with discrete structures, offering tools for analyzing complex systems.

6. Applications

The Moore-Penrose pseudo-inverse is not only a theoretical construct but also a practical tool with
widespread applications across scientific and engineering disciplines. Its versatility stems from its
ability to handle non-square, rank-deficient, and ill-conditioned matrices, which frequently arise in
real-world problems.
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6.1 Machine Learning and Data Science

In supervised learning, particularly linear regression, the pseudo-inverse provides a closed-form
solution for the optimal weights for design matrix and target vector. This is especially useful when the
design matrix is not full rank or when the number of features exceeds the number of samples
(underdetermined systems). Although gradient-based methods dominate large-scale learning, the
pseudo-inverse remains essential for understanding model behavior and for initializing iterative
algorithms. In applications like collaborative filtering (e.g., recommendation systems), the pseudo-
inverse aids in estimating missing entries by leveraging low-rank structure via SVD.

6.2 Signal Processing and Control Theory

In signal reconstruction and system identification, the pseudo-inverse helps recover signals from
incomplete or noisy measurements. For example, in compressed sensing, it can be used to approximate
solutions when sparsity constraints are relaxed. In control theory, the pseudo-inverse is used to
compute the least-squares solution for actuator commands in redundant robotic systems, ensuring
minimal energy usage or joint movement.

6.3 Quantum Computing and Physics

In quantum mechanics, the pseudo-inverse appears in the context of generalized measurements and
state reconstruction. It is used to define the inverse of non-unitary operators and to solve systems
arising from quantum tomography. The spectral perspective via SVD aligns well with the
decomposition of quantum states and operators, providing a bridge between linear algebra and quantum
theory.

6.4 Graph-Based Learning and Network Analysis

The algebraic graph theory perspective opens doors to applications in network science. Effective
resistance, derived from the pseudo-inverse of the Laplacian, serves as a metric for connectivity and
robustness. In semi-supervised learning on graphs, the pseudo-inverse helps propagate labels across
nodes by solving Laplacian-based optimization problems.

Conclusion

The Moore-Penrose pseudo-inverse is more than a computational tool — it is a conceptual bridge
linking diverse mathematical domains. Whether viewed through the lens of axioms, optimization,
regularization, spectral theory, or graph combinatorics, its versatility and depth make it indispensable
in both theory and practice. As data-driven disciplines continue to evolve, the pseudo-inverse remains
a cornerstone for solving systems that defy classical assumptions.

I'PA 3 HEIOBHOIO IHOOPMALIE€IO HA TIPUKJIAAI CIIOPTUBHOI'O BETIHI'Y / A
GAME WITH INCOMPLETE INFORMATION: THE CASE OF SPORTS BETTING
Kyyanada H.B., Yopneii P.K. / Kutsalaba N., Chornei R./ This work was partly supported by a grant
from the Simons Foundation International [SFI-PD-Ukraine-00014577, O.G.]
Hanionanshmii yHiBepeuret “Kueo-MormsiHebka Akanemis” / National University of Kyiv-Mohyla
Academy
04655, Kuis, Bya. I'puropis CkoBopoau, 2, ¢hakyiabreT iHpopMaTuky, kadenpa MaTeMaTHKA
E-mail: n.kutsalaba@ukma.edu.ua, r.chornei@ukma.edu.ua

This study presents a predictive framework for football match outcomes that integrates the Elo
rating system, multiple linear regression, and a Bayesian game-theoretic interpretation of sports betting
under incomplete information. Match statistics and bookmaker odds were collected via web scraping
from Sofascore. The regression model achieved an adjusted R* = 0.3493, with significant predictors
including shots on target, total chances, and total shots. Bookmaker accuracy was 22.37% for
over/under goals and 28.33% for win/loss outcomes, revealing market inefficiency. Modeling the
interaction between the bettor and the bookmaker as a Bayesian game with asymmetric information
allows identifying value bets and optimizing decision-making strategies under uncertainty.

VY cy4acHOMY CIIOPTHBHOMY aHAJITHIYHOMY CEpeIOBHIII MPOTHO3YBAHHS PEe3YyJIbTATIB MATUIB €
OJIHIEIO 3 KITFOYOBHX 337124, 10 MOEJHY€E METOIM CTATUCTUKH, MAIIMHHOIO HaBYAHHS Ta Teopii irop.
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CriopTuBHHY OCTTIHT, 30KpeMa (HyTOOTBHUN, MOKE PO3TIISAATUCS K B3aEMO/IIS PAIliOHATEHUX areHTIB
— KOMaHJ1, aHaJIITUKIB Ta OyKMEKepiB — sIKi IPUIMAIOTh PIillIEHHS B YMOBaX HEMOBHOI Ta
acMMeTpu4HOI iH(opMmarlii. Y gaHoMy TOCIIIKESHHI 3aIPOIIOHOBAHO MOEAHATH KIIACHYHI CTATHCTHYHI
METOJI TIPOTHO3YBaHHS 3 TEOPETHKO-ITPOBOIO iHTEPIIPETAIIi€0 Yepe3 KOHIIEeIito baeciBChbKUX irop
(Bayesian games).

Uepe3 oOMeKeHICTh HasIBHUX BIIKPUTHX JaTaceTiB MaHi Oyiu 310paHi caMOCTiiHO 3
waThopMu Sofascore 3a TONOMOTOI0 TEXHOJIOTiH BeO-ckpamninry [1]. OTpumaHi MacuBH MiCTSTh
CTaTHCTHKY MaT4iB, Koe]ilieHTH OYKMEKepiB 1 OKa3HUKH I'PaBLiB, 110 J03BOJISIE TPOBOAUTH
KOMIUIEKCHUH KUIBKICHUH aHalIi3.

Jlnist mepBUHHOTO IPOrHO3YBaHHSI BUKOPUCTOBYBaBcs pedTuHr Elo, po3pobiiennii Apnagom
Eno ms1st oninky cuiy rpaBiiB y maxax [2]. Leit peiiTHHT 3a0e3neuye MOXKIMBICTh HE JIHIIIE
paKyBaTH KOMAH/IH, aJe i OLIHIOBATH HMOBIPHOCTI pe3ynbTatie MaT4iB. Horo 6aszosa dhopma
3aJa€ThCS SIK

1

E,= 1410 Re Ra/0°

ne E , — ouikyBane uncio ouok ayust komaunu A, R ,, R — monepenni peiirunrn komana. Houit
PEUTHHT BU3HAYAETHCS 38 POPMYJIIOI0

RA:RA+K<SA - EA)’
ne K— xoediuient peryusuii, S ,— HaGpasi ouxu.

s aranizy ¢akTopis, 0 BIUIMBAIOTH HA KIJIBKICTh 3a0MTHX T'OJiB, 34CTOCOBAHO MHOKHUHHY
niHiHY perpecito [3]:

Y=Bo+Bi X1+ By X+ 4B, x,FE.

Y Hamriit Mozeni mporao3oBaHor 3MiHHOMK (Y) Oyna fotal _goals, a HatOLIBII
iH(OPMATUBHUMHY MIPESTUKTOPAMH BUSBIIIUCS total_on_target, total chances 1a total shots. OTpumana
MOJIETIb:

total

chances shots »

goals = 1.40+0.336 - total ,+0.172 - total —0.059 -total

13 CKOPUrOBaHMM Koe(illieHTOM AeTepMiHalii R, 4= 0.3493, u1o nosicutoe 6mu3bKko 35% Bapiartii
pe3yneTary. HesanexHicTs 3MiHHHX MiATBEPIKY€ThCS HU3bKUMHU 3HaueHHsIMH VIF (<2), mo cBigunTh
PO BiICYTHICTh MYJITHKOJIHEAPHOCTI.

By1o Takoxx nepeBipeHo TOUHICTh OyKMEKEPChKUX MPOTrHO3iB. 11 HaWOMMPEHIMNX TOTaliB
(>2.5,>3.5) cepenns TouHicTh ckiana 22.37%, a uig nependaveHus pesynbratis win/loss — 28.33%.
Le cBiguunTh MPO HASBHICTH 3HAYHOTO PiBHS Herepea0adyyBaHOCTI y GyTOONBHHUX MaTdax.

Y mozeni BaeciBebkoi rpu Gykmekep Bosoziie mpuBatHoto iHdopmaieio 05 € @ npo
TOYHICTH BJIACHOT MOJIEN, & IPaBellb CIIOCTEPIrae JuIIe MyOaiYHUN CUTHAI — KOe(Dil[ieHTH
k= ( kW Jk D> k L ) MMoOBIipHICTB, iIMIUTIKOBaHA KOC(IIiEHTAMH, OOUUCITIOETHCS K Pimpliea= 1/ ki, a
value bet BU3HAYAETHCS YMOBOIO Py ™ Pimplied» 11O CUTHAIII3Y€ PO MOTCHLIHHY HEC)EKTUBHICTD
puHKY [4].

[Nomanpmuii aHaJi3 BKIIOYaTHME MIEPEBIPKY TIIIOTE3H PO PUHKOBY €(PEKTUBHICTH
H,:E [Value} —(), @ TAKOX 3aCTOCyBaHHs KpuTepito Keti [uis onTUMalibHOTO BUOOPY PO3Mipy

CTaBKH
f_l_ p-k-1
k-1~
1 IoJIasIbIlIe TECTYBAHHS Ha ICTOPUYHUX JAHUX.
OTtpumaHi pe3yibTaTH MiATBEPIKYIOTh MOXIIUBICTS (popMaizamii CHOPTUBHOTO OETTIHTY SK
BaeciBcpkoi rpu Ta BiIKpHUBAIOTh MEPCIIEKTUBH Il TOOYIOBY €()eKTUBHHUX CTPATETiid IPOTHO3YBaHHS i
KepyBaHHS pH3UKaMHU Ha OCHOBI HMOBIpHICHUX MOJETICH.
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This research focuses on DecisioNet (DN) — a Neural Decision Tree model that combines the
generalization capabilities of deep networks with the computational efficiency of decision trees via
conditional computation. The tree structure of the standard DN model allocates uniform computational
power regardless of the number of classes per node. This study introduces Unbalanced DecisioNet
(Unbalanced DN), which allocates computational power proportionally to the number of classes
assigned to a node using hierarchical clustering. The results are compared with the original DN and
baseline Network in Network models on CIFAR-10 and FashionMNIST datasets. Validation performed
on CIFAR-10 demonstrated that Unbalanced DN improves classification accuracy compared to DN,
which confirms the effectiveness of allocating increased computational resources to complex clusters
while reducing resources for simple clusters.

VY npoMy IOCHiIKEeHHI PO3TISTHYTO HEMPOHHY MEPeXy 3 OiHApHOIO JepeBOMNOAIOHOI0
ctpyktyporo DecisioNet (DN) [1], sika HaJeXuTh 10 KaTeropii HEHPOHHUX JIEPEB pillleHb [2]
Ta MPEICTABICHO HOBY BEpCil0 MOJENi 3 MPOHOPLIHHHM PO3MOALTIOM OOYHCIIOBAIBHUX
pecypciB.

TpanmuiiitiHi HEUPOHHI Mepexi OOpOOISIIOT, KOKHHM BXITHAN 3pa3ok depe3 yci
napaMeTpy MOJIeNi, ToAl K Mojaeiab DN BukopucToBye yMOBHI o0urcineHHs. KoxeH BXiTHUI
3pa30K MPOXOAUTH M0 OAHOMY LIUIAXY BiJf KOPEHEBOTO By3Ja A0 OAHOTO 3 JUCTOBHX BY3JIiB
JlepeBa, aKTHBYIOUH JIHIIE YACTHHY BiJl 3arajbHOI KUTBKOCTI IMapaMeTpiB ITiJl 4ac BHBEIEHHS.
Knacu mnpusHavarOThes By3jJaM Ha OCHOBI I€papXiyHOi KiacTepus3allii 3a MaTpHUICIO
IUTyTaHUHHU TIOTePeIHbO HaBueHOi 0Oa3oBoi mogeni. Mopens DecisioNet BHKOpHUCTOBYE
apxiTexTypy HeiiporHoi Mmepexi Network in Network (NiN) [3].

[lix wac HaBYaHHS BUKOPUCTOBYETHCSA KOMOIHOBaHa (DYHKIIISl BTPAT, SKa CKIATAE€THCS
3 ¢ynkuii Brpar xnacudixanii L. ra mapmpyrusanii L,, B skiii mapamerp 3 KOHTPOIIOE
CTYIIHb BIUIMBY Ha/l MapUIPYTH3AII€I0 BXiTHOTO 3pa3Ka 110 JIEpeBy:

L= LcIs + B ’ La

Y mpomeci HaBYaHHS 3aCTOCOBYETHCS METOJ IOKPAIIEHOTO CEMaHTHYHOTO
XelryBaHHs [4], skuil noeaHye audepeHiioBaHy Ta TUCKPETHY MapIIpyTH3AMII0 y PiBHUX
nporopiisix. Ile 3abe3medye 3BOPOTHE MOMMPEHHS IIiJ] Yac HaBYaHHS, 30epiraroum IpH
IIbOMY €(EKTHUBHICTh BHBEICHHS 3aBISKH BUOOPY OJHOTO MapIIpyTy BiJl KOPEHs AepeBa JIo
HOT0 JIMCTOBOTO By3Ja.

Crpyktypa 30amaHcoBaHOTO JepeBa Mogemi DN piBHOMIpHO — pO3MOAisE
00YHCITIOBAJIbHI PEeCcypCcH HE3aJIe)KHO BiJl PO3IOMALTY KJAciB MiX By3iaMu AepeBa. Tomy 3
METOI IIJBUICHHS C(QEKTUBHOCTI BHUKOPHCTAaHHS OOYHCIIOBAJIBHHUX pPECypciB  Oyiio
3arpoIrIOHOBaHO MiAXiM, 32 IKOTO BOHH PO3IMOAIISIOTHCS MPOMOPIIIHHO 10 00CATY NaHUX, IO
00pOOIAIOTHCS Ha KOKHOMY BY3JI1.

Onoenena Bepcit DN — UnbalancedDecisioNet (Unbalanced DN), peanizye
HEpIBHOMIPHMH PO3MOALT OOYUCITIOBAIBHUX PECYPCiB, JO3BOJSIOUM BUAUITH Oiiblue
pecypciB WIS CKIAAHIMNX Tia3anad kinacudikarii. Po3moain o69ucioBamIsHUX pecypeiB s
By3J1a | BU3HAYAETHCS 3a JOMOMOTO0 (POPMYIIH:

n;

c.=c,-2"-
N
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Jle N — 3arajpHa KiJIbKiCTh KJAciB, N; — KUIbKICTh KJIaciB mpu3HaueHux By3ny i ta C,—
0a30Ba KUIBKICTh apaMeTpiB I piBHs jgepeBa | y koHdirypariii DN.

Banigamis ctBopeHoi Mojeni Oyma npoBeneHa Ha Habopax garmux FashionMNIST Ta
CIFAR-10. Byno HarpenoBano 6a3oBy mozenb NiN, a takoxx mozaemi DN2 ta Unbalanced
DN2, ne ingexc «2» no3Havae riuOUHY JepeBa.

3acTOCOBaHMM MeETOA iepapxiuHoi KiacTepu3auii IEMOHCTPYE JIOTiUHY CTPYKTYpY
posnoainy manux. [ns mabopy manmx CIFAR-10 mouaTkoBuil po3mojin Ha mepmomy piBHI
JiepeBa JUIMThH JaHi Ha JBa KJIacTePH: TBApUH Ta TpaHCmopTHi 3acobu. Jlns FashionMNIST
nepmuid piBeHb PO3MOALTY BiJOKpeMIIOE B3YTTS Bixg omsary. CTpykTypy IHepeBa Mozemi
Unbalanced DN2 gms wabopy mganmx CIFAR-10, a Takox po3momin KiaciB i
00YHCITIOBATIEHUX PECYPCIB BIJIOBIIHO JI0 i€papXivHOl KiacTepu3allii, HaBeIeHO Ha PUCYHKY
1.

192¢ch

[ Input J
76ch

38ch

bird, cat, decr,
dog, frog

car, truck plane, ship

Pucynox 1. Ctpykrypa mozgeni Unbalanced DN2 nst CIFAR-10
3aranpHi pe3ynbTaTH EKCIICPUMEHTIB HaBeAeHO B Tabmuui 1. BoHM AEMOHCTPYIOTH, LIO
mozeni DecisioNet nocsiratoTs monioHoi 10 6a3oBoi Moneini NiN pe3ynbTaTHBHOCTI, BUKOPHCTOBYIOUH
MEHIIy KUIBKICTh MapaMeTpiB IiJ Yac HaBUaHHA, 1 LIe MEHIIy — IMijJ 4ac BUBeICHHSA. Mopenb
Unbalanced DN2 mpoaeMOHCTpyBajga MOKpAIICHHS TOYHOCTI Kiacudikaiii Ha HaOOpl maHUX
CIFAR-10.
Tabnuysa 1. 3aranbHi pe3yIbTaTH KiIacuQikarii

Mopean Habip nannx TounicTs KIacudpikanii, % K-ctp mapamerpis
Baseline NiN CIFAR-10 88.39 966,986
DN2 CIFAR-10 85.97 736,907
Unbalanced DN2 CIFAR-10 87.18 739,519
Baseline NiN FashionMNIST 92.40 957,386
DN2 FashionMNIST 92.80 727,307
Unbalanced DN2 FashionMNIST 92.81 820,891

Emmipnuna Bamigaunisi pesynbrariB mozeni Unbalanced DN Oyna mpoBenena Ha Habopax
nanux CIFAR-10 ta FashionMNIST. Bona mpomemoHcTpyBajia, IO 3alieKHO BiJl XapaKTEPUCTHK
HaOoOpy MaHWX, CKJIQJHI BY3JIM MOKAa3yIOTh MOKPAIIEHHS TOYHOCTI Kiacu(ikalii 3a yMOB 301IbIICHHS
O0YHCITIOBAIEHUX PECYPCiB, TOM SK MPOCTi BY3JIH 30epirafoTb BUCOKY Pe3yJIbTaTHBHICTh HABITh IPH IX
3MEHIICHHI.

PobGora memoHCTpye, IO apxXiTeKTypa HEHPOHHOTO JepeBa pIlleHb MOXKE BKIIOYATH
HEpiBHOMIpHHUH PO3MO/ALT 00UNCIIIOBAIBHUX PECYPCiB, BIAIIOBIHO 10 CKIAAHOCTI 3a1aui Knacudikarii,
BUXOJSYM 32 MEXi PpIBHOMIPHOTO pO3MOJAULY pEecypciB MO JepeBy pilieHb. Y TOAAIBIINAX
JOCTIKCHHAX TUIaHY€EThCs mepeBipuTi edexktuBHicTh Momeni Unbalanced DN Ha Oumbin CKIIagHHX
Habopax nanux, 30kpemMa CIFAR-100, a Tako) IOCHIJUTH BIUIMB 30UIBIIEHHS TIIMOMHH apXiTEKTypH
DN Ha i1 epeKTUBHICTb.
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Semantic segmentation of satellite imagery remains one of the most challenging tasks in
computer vision, requiring accurate pixel-level classification of diverse objects such as
vegetation, buildings, and terrain features. DeepLab v3 is a state-of-the-art deep learning
architecture with about 60-70M parameters to capture multi-scale contextual information. In
this research, were proposed and tested a comprehensive training methodology for DeepLab
integrated with PointRend head, utilizing ResNet-101 as backbone with layer-based learning
rates and a gradual layer unfreezing strategy for the whole backbone. A composite loss
function that is composed by weighted class-dependent loss metrics. Proposed approach
allows to achive the optimal results, prevent model overfitting and accelerate model
convergance.

CemaHTHYHA CETMEHTAIIS € GYHAAMEHTAIBFHOIO Ta HAHOOIIMPHIIITOIO 331a9CI0
KOMIT'IOTEPHOT0 30pY, L0 NoJIsirae y Kiacugikamii KOXKHOTO MiKcels 300pakeHHs! BIIOBITHO
10 #ioro kiacy, Ha BUX0Ji (opMyrOoUuH Tak 3BaHy ‘“‘MacKy’. 3aCTOCYBaHHS CEMAaHTHYHOT
CETMEHTAIli] 10 CyIyTHUKOBHX 3HIMKIB CyIPOBODKYETHCS CIETM(DITHUMHI BUKIHKAMHA:
HAJIBUCOKa PO3/IIbHICTH 300pakeHb, BEJIMKA BapiaTUBHICTh MacIITabiB 00'€KTIB (1715 1epeB -
SIK TIOOJTMHOKI JIepeBa, Tak i JIiCOBI MACUBH, JUIsl BOJOWM - HEBEJIHKI 3aTOKU a00 IUPOKI
o3epa), atMmoc(epHi mepenkoan, Ce30HHI 3MiHN 3a0apBIeHHS POCIHHHOCTI, Ta 3HAYHHI
mucOananc knacis. [IpoTte, ceMaHTHYHA CerMEHTAIlisl CYITyTHUKOBUX 300paKeHb Ma€ JIyKe
HIMPOKE 3aCTOCYBaHHs. BoHa 0XOIIIIOE MOHITOPHHT CLILCBKOTOCHIOAAPCHKHUX KYJIBTYp Ta
OLIIHKY BPOXaWHOCTI, JTICOBHX pECypCiB , MiChbKe IJIaHyBaHHS (po3Ii3HaBaHs 3a0yA0BH) Ta
aHai3 3MiH 36MJICKOPUCTYBaHHS, CKOJIOT1YHUN MOHITOPHHT BOJIOWM Ta MIPHUOEPEKHUX 30H,
TOIIO. YCHillIHE BUPINICHHS ITI€T 3a/1a4l BUMAra€e He JIMIIE MOTYKHUX MEPEX TITHOMHHOTO
HaBYaHHSI, aJie i CTeliali30BaHUX METOAIB TPEHYBaHH:I, 10 BPaXOBYIOTh YHIKaJIbHI
XapaKTePUCTUKN CYITyTHUKOBUX JAHHUX Ta CHENU(iKy MiTbOBUX 00'€KTIB CETMEHTAIli.

Jlns BupimmeHHs Takoi 3a7a9i CEMaHTUYIHOI CeTMEHTaIlii BHKOPHCTOBYIOTH BEJHKI
3TOPTKOBI HEWPOHHI MEPeXi, pO3MIPHICTh SIKUX HEPIAKO 10X0aUTh A0 90+M mapameTpis, B
3aNIeXKHOCTI Bix apxiTekTypu. [Ipuknagom Takoi rmmbokoi HelipoHHOT Mepexi € Deeplabv3
[1]. Bona ckmamgaerbes 3 Takux KmrodoBux kommoHeHTiB: CNN backbone, Takuii sik ResNet 3
atrous convolutions, Ta Moxyns Atrous Spatial Pyramid Pooling (ASPP). OcHoBHOIO
nepeBaroro DeepLab Hax Tpaguuiiinnmu encoder-decoder apxitektypamu (sx FCN a6o
SegNet) € 30epexeHHs BHCOKOI po3IiIbHOCTI feature maps 3aBIsSKH aTPO3HUM 3TOPTKaM, 10
JIO3BOJISIE YHUKHYTH BTpaTH MpocTopoBoi iHdopmarrii. [TopiBHsIHO 3 apXiTekTypamu Ha 0a3i
TpaHcOpMepiB, TaKKUX K Hanpukiag Segment anything model (SAM), DeepLab [2]
JEMOHCTPY€E MEHIIY OOUMCIIIOBANIBbHY CKIaJHICTh T2 BAMOTH /10 MaM'sITi 3aBASIKH JOKAIbHIH
TIPUPOJIi 3ATOPTKOBUX OIEparlii,

Bukopucranns backbone mepexi ResNet-101 3 monepeHiM HaBYaHHSIM Ha
MacmTabHoMy aataceti ImageNet (1.2 minbitona 300paxens, 1000 kinaciB) 3a0e3neuye

51



MOJIeNTb HATITHUMH JAHUMHU JUTS HU3bKOPIBHEBOTO BUJIUICHHS 3aralbHUX 03HAK. KpUTHUHOIO
MoaudiKaIiero apXiTeKTypH € HaTamTyBaHHs € 3aMmintoe stride-based downsampling B layer3
ta layer4 Ha atrous convolutions, 1110 3MEHIIY€ KPOK HEHPOHHOT MEpEXi 1 J03BOJISIE 30epiraTu
OLIBIITY PO3IUIBHY 31aTHICTH features, 110 KPUTUYHO BaXKIMBO JJIS TOYHOT JIOKATi3allii
00'eKTiB Ha CYIMyTHUKOBHX 3HIMKax 3 BUCOKOIO jaertamizariero [3]. Jo mapy layer3 6a3oBoi
Mepexi nomanuii nonomixkauii kiaacudikatop FCNHead (auxiliary classifier), 3a6e3neuyroun
npsiMe HaBYaHHS 3 YUUTENIeM ISl O3HAK CepeTHhOTO PiBHS Ta IMOJISTITYIOYH NOIIHPEHHS
Tpaji€eHTiB Ha3aJ yepe3 MHOoKy Mepexy. Takox, apxiTekTypa Mepexi nqomoBHeHa PointRend
[4], o0 mo3BOMAE BiTOMPATH TOYKH, TIOETHYIOUH HU3bKOPIBHEBI 3 BUCOKOPIBHEBHUMHU
npea0aYeHHSIMH, 1110 MAIOTh HAHOUIBIIY BICBHCHICTb.

OCHOBHHI 3aIIPONIOHOBaHMH MiAXiJ € pparMeHTapHe TpeHyBaHA. | Xoua 3aranbHui
IIaH TPeHyBaHHs rependadae Bukpructanas CosineAnnealingl.R i3 monepenHim posirpiBom
3a goromororo LinearLR, kokeH i3 3a3Ha4eHUX [IapiB HEHPOHHOT MEpPexi, 10 OTMCAHMIA
BUIIIYE, Ma€ BIIACHUHN MOYATKOBUH leraning rate 1y Kopekuii IBUIKOCTI HaBYaHHs. [lo
npuknafay, knacudikarop Heiiponoi Mepexi DeeplabHead mae Ginbm mBuakuii Ta
arpecuBHimui wiad HapdaHHA (~0.0001), mopiBasHO 3 backbone mepexi (~0.00005). Takox,
ResNet-101 backbone mocTynoBo po3MOpOKy€EThCS BIJHOCHO TIEpeI0aYCHOTO TUIaHY, MiCIs
MIPOXOJUKEHHS TPEHYBAHHSIM IIEBHOI KITBKOCTI enoX. TakuM 4nHOM, BifOyBa€eThCs MOCTYIIOBA,
“M’sika” po3MOpPO3Ka MIapiB, MOYNHAIOYH BiJl BEpXHBOTO IIapy layerd, po3Mopo3ka SKoro
BiIOYBAETHCS MIiCIsI TPOXOpKEeHHs ~30% erox, 10 HAWHUKYOTO MIapy, TOTPSHYBaHHS SIKOTO
MOYMHAETHCA TicTs ~85% enox. OcTaHHIM BayKIMBUM BBEJCHHSM € BUKOPHCTaHHS
KOMOiIHOBaHOI (DYHKIIiT BTpAT Ha OCHOBI 3BaYKEHOI TOKIIACOBO Kpocc-eHTporrii. [lepen
MOYaTKOM TPEHYBaHHs 00Pax0OBY€EThCS YaCTOTA BXO/DKEHB KIIaCy Ha TPEHYBATLHOMY
JaTacerTi, o A03BOJISIE CHIIBHIIIE MTpadyBaTH MOJIENb 32 TOMUJIKH KJIacy, IO 3yCTPi4aeTChs
HaiimeHme. Jlo 3Baxenoi Cross-Entropy no nepexbadeHHsIM KinacudikaTopa J0AA€THCS
3HAYCHHS 3BaXKEHOI Kpocc-eHTporii no auxiliary classifier, PointRend [4] Ta
cepennbo3Bakerne mloU 3 pisHUMH BaroBUMHU Koe(illieHTaMH.

Takum 9uHOM, 3aTPOITOHOBAHMH ITiJIX1/1 MIOKPAIIIYE SKICTh PE3yIbTATIB IICIIS
TPEHYBaHHS Ha HEBEJIMKHX 3a 00CSITOM JlaTaceTax, ajie Ma€ PsiJi HeTOJIKIB, TAKUN SK
301IbIIIEHHS Yacy TPEHYBaHH OJHI€T €MOXY, PU3UK MOTPAIUISHHS Ha “TUIaTO” Ha
HEpI3HOMaHITHUX J1aTaceTax.
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This study introduces a conceptual framework for an intelligent agent designed to autonomously
optimize microservice-based enterprise systems. Microservice architecture [3] serves as the basis for
scalable and modular enterprise solutions, supporting agile DevOps practices and enabling independent
deployment, updating, and management of services. While these features accelerate release cycles and
improve maintainability, they also create persistent operational and architectural challenges [4, p. 633-
634] that often necessitate manual intervention. These issues are especially significant in corporate
settings, where requirements are dynamic and influenced by organizational, legal, and economic
factors. In response, the software engineering field is increasingly exploring Al-driven approaches [1,
p- 12]. Although machine learning has been utilized for anomaly detection [2], auto-scaling, and traffic
routing, there remains a gap in the development of fully autonomous agents capable of intelligent
architectural analysis and modification. The proposed agent addresses these challenges through a
modular architecture that includes monitoring, decision-making, execution, and safety verification
modules. The decision component employs reinforcement learning and formal quality models to
balance objectives such as performance, cohesion, and latency, while maintaining adherence to system
constraints. This design seeks to reduce architectural drift, improve service modularity, and support
adaptive system behavior in real time. The agent is intended as a foundational element for intelligent
DevOps and self-optimizing enterprise software systems.

Architectural decisions within microservice systems exert long-term effects on performance,
reliability, and maintainability, yet are frequently made manually or rely on limited metrics. Static rule-
based approaches are insufficient in environments with fluctuating workloads, evolving services, and
variable infrastructure constraints. Current solutions often focus on optimizing isolated objectives, such
as CPU utilization or response time [1, p. 13-14], while overlooking critical architectural quality
attributes, including cohesion, coupling, and transactional autonomy. There is a demonstrated need for
an autonomous agent capable of holistic analysis of service systems and optimization of architecture-
level quality within operational boundaries. Such an agent should learn from historical actions, adapt to
evolving patterns, and ensure safe operation within enterprise constraints.

The methodology initiates with formal modeling of the system as a dynamic service
dependency graph, augmented by runtime telemetry. The agent derives a state vector of quality
attributes from this graph, including latency (measured as average or 95th-percentile response time
across call paths), service cohesion (functional similarity of operations within a service), coupling
(frequency of inter-service calls), and deployment complexity. A multi-objective reward function is
constructed based on these attributes. The microservice optimization problem is formalized as a
sequential decision-making process under uncertainty. Each system state is described by a high-
dimensional vector of features, including latency distributions, cohesion/coupling indicators, service

error rates, and deployment metadata. The decision module selects an action d, € A based on the
current state S, € S, and receives feedback via a reward function R,, computed as

Rt:W1 ’ Qperf (St’ at)+W2 ’ Qcohesion St) - W3 ’ Qcoupling St) - W4 ’ Qcomplexity (St)’ where Qperf
evaluates latency/throughput, Q gpesion ad Q oupling quantify architectural quality, and Q

complexity
penalizes excessive service granularity or communication overhead. The w; encode system-specfic
priorities. This formalization enables reinforcement learning algorithms to optimize not only for
performance but also for maintainability and scalability.
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The agent's core logic is implemented using a reinforcement learning framework, specifically
a model-free, on-policy algorithm such as Proximal Policy Optimization (PPO). This approach enables
the agent to learn which architectural actions, including splitting, merging, or relocating services. The
reward model integrates domain-specific constraints and preferences, such as latency thresholds,
availability requirements, cost limitations, and adherence to data locality policies.

The system architecture comprises four loosely coupled modules. The observation module
collects real-time metrics and dependency data. The decision module processes the current system state
and selects actions based on its learned policy. The execution module implements changes to the
infrastructure through DevOps APIs. The safety module conducts verification of proposed changes to
ensure compliance with requirements. The agent interfaces with its environment via programmable
endpoints, including Kubernetes APIs. This design supports both assistive and autonomous operation.
Figure 1 illustrates the overall architecture of the intelligent agent.

Microservice Svstem —Telemetry logs, traces— Observation <4——Feedback QoS Metrics Infrastructure
Svstem State K8s / CI/CD / Service Mesh
Decision Module RL [—Action Proposal—p Safetv Verification Validated Action— Execution

Figure 1.Architecture of the intelligent agent. Components: (1) Observation layer; (2) RL-based
Decision module; (3) Execution interface (e.g. Kubernetes API); (4) Safety Validator, (5) Feedback
from environment.

The proposed system is based on ongoing dissertation research dedicated to developing self-
optimizing intelligent agents for microservice-based software architectures. This architecture is
expected to enable the agent to mitigate architectural drift and optimize quality attributes over time.
The framework will be assessed in a controlled simulation environment using microservice
benchmarks such as Online Boutique [5], comparing agent-driven adaptations to static baselines.
Anticipated results include demonstrating that an intelligent agent can serve as an effective decision-
support tool or autonomous controller in complex, evolving enterprise systems.
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This research focuses on the architecture of intelligent trading bot, based on the Mixture of
Experts(MoE) combined with a large language model (LLM)- based aggregator. Within this system
several specialized expert models generate forecasts regarding trading decisions, and the LLM
aggregator analyzes the results of these experts' work and makes a final decision. The proposed
architecture is expected to improve the accuracy and explainability of trading decisions through
dynamic expert selection and multimodal analysis, providing better adaptation to complex market
conditions compared to traditional approaches.

Tpaauuifiai MoJeITi MAIIMHHOTO HABYAHHS JOCUTh YaCTO CTHKAIOTHCS 3 MPOOJIECMOIO IIEPSHABYAHHS Ta
HEMOJKJIMBICTIO ypaxyBaHHsS PHUHKOBHX YMOB, 4epe3 Te 110 (PiHAHCOBI PHHKU XapaKTepU3YIOThCS
BHCOKOIO BOJIATHJIBHICTIO Ta BEJIMKOIO KIIBKICTIO MIyMy Yy AaHuX. OCTaHHIM 9acoM JJIsi BUPIIICHHS [TUX
mpobieM Bce OLTbIe yBard 3BepTarOTh Ha apxiTektypy Mixture of Experts (MoE), sika MicTUTB cymimn
eKCIEePTIB, SKi MOXYTh IMiIBUIIUTH y3aralbHIOIOYY 3[aTHICTH 3a PaXyHOK BHKOPHCTaHHSA AEKITBKOX
CIeIiaTi30BaHNX eKCHepTHHX mifacucTeM[1]. B ocTaHHI pOKM aKTHBHO JOCITIKYIOTHCS Pi3HI METOIU
MIPOTHO3YBAaHHS YacOBUX PsAAiB (hiHAHCOBUX pPHHKIB. HalimomynspHIIIMMKH € MeTOOu pPeKypeHTHHX
HelipoHHnX Mepexx (RNN) ta naByanus 3 migkpimienssaM (RL). OxHak, sik TOKa3aHO B JOCIIIKEHHIX
[2], [3], merogu RNN maroTe TpyzaHOLII B ajanTauii 10 MIHJIMBUX YMOB i IOTaHy iHTEPIPETOBaHICTh
nporHo3iB, crpykrypa LSTM He Moxke po3mi3HATH BCi 3MiHM Ha PUHKY, 1 mpoOiieMa BHCOKOI
BOJIATWJILHOCTI 3aIMIIAETHCS HeBHpimeHoto[2]. [IpuiyckaioTs, mo npobieMy BUCOKOI BOJATHIHHOCTI
MOJKHA BHPIIIATH 32 JOIIOMOTOIO Pi3HUX PIllIeHb, ajie I PillleHHs He MOXXYTh OyTH BHKOPHCTAaHI I
BIIPOBAKEHHSI B TOPTOBI CUCTEMH, OCKUTBKM TOYHICTH IMPOTHO3IB 3HAYHO BapitoeThes B "aci[4]. Tomy
mpoOIeMH BUCOKOi BOJATHIBHOCTI Ta IHTEPIPETOBAHOCTI 3AJIMINAIOTHCS BiakputuMmu. Lle BuMmarae
MOJaNbIINX JIOCHI/DKEHb apXiTeKTyp mis (iHaHCOBMX pHHKIB. 3acrocyBaHHi MOoE Bixke
NPOJEMOHCTPYBaB IepeBary Haj TaKUMH MOJGISIMH B 3ajadax (HaHCOBOI'O IPOTHO3YBAaHHS Ta
ITOPUTMIYHOTO TPEUMHTY 32 paXyHOK Pi3HOpiAHMX ekcrepTis[1].

Hanpuknan, podora Mixture of Experts with Group Aggregation (MIGA) mokasaia, 10 JdHaMidyHE
MEPEeMHUKaHHS EKCIePTiB, sKi CHEIiami3ylThCsl Ha PI3HUX CTWIIX, 3HAYHO IMOKPAIlyE€ TOYHICTHh
MIPOTHO3YBAHHS TOPIBHSIHO 3 OAMHOYHUMH MojeisiMu[5]. Bymo 3ampomoHoBaHO MeXaHi3M TPyIOBOL
arperariii, e eKCHepTH pO30MBAIOTHCS Ha TPYIH, BCEPEICHI SIKMX Peai30BaHO MEXaHi3M CIIUIBHOI
yBard sl OOMiHYy iHGpOpMAIi€l0 MK eKCIepTaMu OfHiei Trpymu. Ha BXonmi BIZHOCHO MPOCTHIA
HEHpoMepeKeBUH poyTep, SKHH IepeKiodae MK rpynamu ekcrnepriB. Ilicist poOGotu excriepTis
Ppe3yJbTaTh arperyloThCst Ta POOUTHCS IPOTHO3.

BpaxoByloun ycrixu omnucaHuX HiIXOJiB, B pOOOTI IPOIOHYETHCS apXiTEeKTypa TOProBeibHOro 0ora,
saKkui Oyzne po3pobneno Ha 6a3i MoE ta LLM-arperaropy. HoBu3Ha Takoro minxoxy y BUKOPUCTaHHI
LLM y sxocTi MOIyJisl, SKU aHaIi3ye CUTHAIM BiJl PI3HUX MOJENIeH Ta BUPIIIyE Y Tpeda BXOJUTH Y
mo3uIi0 Ha (prouepcax. Hmkde OmMMCyeThes apXiTeKTypa 3ampoIllOHOBAHO! MOAENTI Ta MPHHLIWIM ii
(hyHKIIOHYBaHHS:

1. Monyns 00poOKH BXiTHUX HaHUX - 3 PI3HUX JPKEPET MPOBOAUTHCS 30ip Pi3HUX HaHUX, SKi
MOXYTh BIUIMBAaTH Ha IiHY ('I0YepCiB TaKuX, SIK TEXHIYHI iHAWKATOPU, HOBHHH, LIHOBI
psnu Ta iHm (GakTopH SKi MOXKYTh BIUIMBATH. [l KOKHOTO THILy J@HHX MPOBOJMTHCS
00poOKa MiCIIs 4Oro JaHi MepeaarThCst SKCIICPTHUM MOICIISIM.

2. Habip moneneii-excrieptiB - Habip pi3HUX MOAEJIEH MAaIIMHHOIO HABYaHHS HABYCHHX IS
aHami3y pI3HHX AacHeKkTiB pUHKY. TakuM YMHOM MOXKHA TIOETHYBATH EKCIEPTiB,
HaNpUKJIAJ, ONMH EKCIepT MoXe OyTH DPEKypPEeHTHOI HEHPOHHOI MepekKer I
BUSBJICHHS MATEPHIB B I[IHOBUX pANAX, a 1HIIUH eKCHepT AN CeHTUMEHT-aHawizy. Jlms
TOro abW MigBUINUTH SPEKTHBHICTH, MOXKHA PO30OWTH EKCIIEPTIB HA TPYIH IO THIIAM

55



JIaHUX Ta cTpareriid. Benuka KijbKiCTh pi3HOPITHUX €KCIEPTiB 3a0e3neuye Oiible MOBHE
HOKPHTTSI MOXKJIMBUX PUHOYHUX CLIEHAPIiB.

3. Arperarop pilieHb - KJIFOUOBa YaCTHHA 3aIlPONOHOBAHOT apXiTEKTYpH, IPOIIOHYETHCS 10
LLM Oyne oTpumyBaTH Ha BXiJl pe3yJbTaTH pPOOOTH EKCHEpTiB, IHTEPIPETyBATH
pe3ynbpTaTé iXx poOoTH Ta MpHUMATH PIMIEHHS YM MOTPIOHO BHKOHYBAaTH TOPTiBENbHY
omepanito. LLM BuCTymae y sSKOCTi MeTa-eKCIepTa, KW OLIHIOE BIIEBHEHICTh PI3HUX
eKCIIepTiB B 3aJIGXKHOCTI BiJ cuTyauii Ha pUHKY. Takuil arperarop Mo)xe BpaxOBYBaTH
TaKOX JOJATKOBi (akTopw, SK HOBHHHM, AHANI3YIO4M IX, pPO3Mi3HABaTH IPHXOBaHi
3aJI@KHOCTI Ta PU3UKH, SKI MOXYTh HE OyTH OYEBWAHUMHU JJIsI YMCIOBHX MOJIEIIEH.
Takox BaxiMBUM (PaKTOPOM € Te, IIO0 arperaTop MOXKe CTBOPUTH MOSICHEHHS VISl TOTO
YOMY BiH NPHUIHSB IIEBHE PILlICHHSI, 1110 MIIBHUIILYE MPO30PICTh POOOTH CHCTEMH.

4. Moaynb BUKOHAHHS OTepallii - BUKOHY€E OTepariito Ha Oipiki Micias MPUHHATTS PillIeHHS.
Komm arperarop mpuiimMae pileHHS MpO BIiOKPHUTTSA MO3MMLII BiH Iepemac MOIYIIO
BUKOHAHHA Omeparii iHpopMaIliro mpo TUN MO3HIii, CTApTOBY LiHY Ta OYiKyBaHY IiHY
3aKpUTTS Mo3uLii. Jl0 HBOro MOJIYINIO TaKOX BXOAUTH MOJYJb KOHTPONIIO PU3HKY, 32
JIOTIOMOT0I0 SIKOT'O KOHTPOJIIOETHCSI PO3MIp IMO3MLIT B 3aJIeKHOCTI BiJl BIIEBHEHOCTI
arperaropa y TMO3MLii, CTaHy paxyHKa Ta 3aJaHOro piBHS PU3UKY. TakuM YHHOM
PO3paxoBy€eThCsl CIIBBIAHOLICHHS IPUOYTKY J10 PU3UKY, Ha OCHOBI SIKOTO PO3PaXOBYETHCS
poamip no3utii. [licns goro Moayib Bignpasisie Ha OipKy 3alUT Ha BIIKPUTTS HO3MUIIIT.

3anpomoHOBaHa apXiTEKTypa TOPTOBEILHOTO O0Ta MOEIHYE CHIBHI CTOPOHH CHEIiaJli30BaHUX
MOJIeNel-eKCIIepTiB Ta BEIMKUX MOBHUX Mojeneil. Bukopuctanas MoE 3a0e3nedye nuBepcugikarito
aHali3y 3a paxyHOK BEJIMKOI KUTBKOCTI €KCIIepTiB, KOKHA TpyHa 3 SKHX HaBYCHAa Ha CBOEMY THIII
JMAHWUX JUIS TMi3ajadi, 0 MiJBUINY€E CTIHKICTh CHCTEMHU 10 Pi3HHX PHUHKOBHX YMOB. BukopucTaHHS
LLM sk arperaTopa ja€ MOJIMBICTh CHCTEMI IMHAMIYHO OOMpPaTH HAMOUIBII peleBaHTHUX EKCIIEPTIB,
OOTpYHTOBYBAaTH NPHHHATE pilleHHS. TakuM YMHOM apXiTeKTypa CHUCTEMH € OLIbII aJanTHBHOIO
HOPIBHSHO 3 TpajuUiiHUMU OOTaMM 3aCHOBaHUMH Ha alIrOPUTMIYHUX cTpareriix. OdikyeTbes, 1O
TaKa CHCTeMa MaTHMe Kpalli pe3yJbTaTh B JOXIIHOCTI Ta MOSICHIOBAHOCTI pilleHb. B MailOyTHbOMY
IUIAHYETHCS TIPOBECTH EKCIIEPHMEHTAIbHY OLIHKY 3alPOIIOHOBAHOTO IMIAXOAY HA ICTOPHYHHUX AAHHX
(h’TouepcHOTO PUHKY.Ta TIOPIBHATH iX 3 pe3yNbTaTaMH iCHYIOUNX Mojeneii. Taka apXiTeKTypa MoeqHye
METOJIM MAIIMHHOTO HaBYaHHA 3 €JIEMEHTaMH MipKyBaHHS HPUPOIHOI0 MOBOIO, IO POOUTH TOPIOBi
pitmeHHs OLTBII HAMITHUMU Ta TIOSCHIOBATEHUMH.
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This paper presents a novel approach to controllable emotional text-to-speech synthesis for the
Ukrainian language using cross-lingual emotion transfer and Low-Rank Adaptation (LoRA) adapters.
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The proposed method leverages pre-trained multilingual TTS models and enables fine-grained control
over emotional intensity through interpolation of latent representations. The paper investigates the
effectiveness of LoRA adapters for emotion-specific fine-tuning, which provides a parameter-efficient
way to inject emotional expressiveness while maintaining the naturalness of synthesized speech. The
experimental setup includes adaptation of XTTS v2 model to Ukrainian using publicly available speech
datasets, followed by emotion transfer from high-resource languages. This work addresses the critical
gap in emotional speech synthesis in controllable emotional TTS for Ukrainian.

EmoriiiHa BHpa3HICTh € KPUTHYHOIO XapaKTEPHCTHKOI NPUPOJHOTO MOBICHHS, 110 POOHTH
CHHTE3 MOBJICHHS 3 KOHTPOJBbOBAHUMH €MOLISIMA BaXKIIMBOIO 33/1a4€l0 B raiy3i 0OpoOKH MOBJIEHHS.
Jnst ykpalHCBKOI MOBH, SIKa € MAJIOPECYPCHOIO B KOHTEKCTI TEXHOJIOTiH CHHTE3Y MOBIIEHHS, pO3po0Ka
TaKMX EMOILIMHMX CHCTEM 3aJHMUIAETHCS aKTyalbHO. CydacHi CHUCTEMH CHHTE3y YKPaiHCBKOTO
MOBJICHHS [ 1] 30cepemKeHi nepeBaKHO Ha HEUTPAIbHOMY MOBJICHHI, HE 32a0€3Meuyr0ur KOHTPOJIIO Ha
eMOIIIfHOI0  cKTamoBoo. KpiM TOro, BIACYTHICTP BENHKHX €MOIIHO aHOTOBAaHMX [aTaceTiB
YKpaiHCBKOTO MOBIICHHSI YCKJIAIHIOE TPEHYBaHHS MOJEJCH, 30aTHUX CHHTE3YBaTH €MOLITHO BUpa3HEe
MOBIICHHS.

Cyu4acHi migxoau go emoriiiHoro TTS 0a3yroThcs Ha NIHOOKHX HEHPOHHUX MEpekax, 30KpeMa
Ha apxitekTypax tuny VITS [2], YourTTS [3] ta XTTS, siki 7eMOHCTPYIOTh BUCOKY SIKICTh CHHTE3Y.
OpHak OLTBLIICTH LMX MOJIEJed HaBYEHI Ha BHCOKOPECYPCHHMX MOBax (aHIUIiMiCbKa, MaHAapuH) i
noTpeOyI0Th afanTauii it podOTH 3 YKPaTHCHKOK MOBOI. METOI JaHOTro JOCIIIKEHHS € Po3podKa
METOAY KOHTPOJIHOBAHOTO €MOMIHHOTO CHHTE3y MOBJICHHS U1 YKPaiHCBKOI MOBH 3 BUKOPHUCTAHHSIM
KpOC-MOBHOTO TIEPEHOCY 3HaHb Ta JISTKUX axantepiB LoRA.

Ilinxin 3acHOBaHWII Ha TPHOX KIIOYOBUX KOMITOHEHTAX: ajamnTamii 0a3oBOi Momemi [0
YKpaiHCBKOI MOBH, IMILIEMEHTAIlil MeXaHi3My KOHTPOJIO eMOIlill Ta BukopucTaHHs LoRA amantepi
JUIsl €(hEeKTUBHOTO JIOHABUAHHS MOJIEIEH.

B sixocti 6a3zoBoi moaeni oopano XTTS v2 (Coqui TTS), sika € oHoBienor Bepciero XTTS,
6araTOMOBHOIO MOJEIUIIO 3 MiATPUMKOIO KJIIOHYBaHHsI TOJIOCY Ta NEPEHECEHHS CTHJIIO 3 ayZi03pa3KiB.
Mogens 6asyerbes Ha apxitekrypi GPT mns aBTOMaTHYHOrO MOIyJsi 0OpOOKHM TEKCTy, 00'emHaHIH 3
reHepaTuBHO-3MaraabHuM BokojepoM HiFi-GAN ayis cuHTE3y aynio 3 MPOMDKHUX IPEICTaBICHb.
XTTS v2 naBueHa Ha 17 MoBax, cepel] IKHX YKpalHCbKa HE MPeICTaBlIeHa.

Aqarraris 31iHCHIOETBCS Yepe3 JOHABUAHHS MOJENi Ha YKpaiHCBKUX MOBICHHEBHMX Habopax
JAHWUX, [0 MICTATH TEKCT, BiIMOBITHUIA 3pa30K MOBJICHHS Ta iHQOPMAIIiFO PO MOBIIS, TaKy SK CTAaTh
yn BiK. BukopucTtoBytoThcs HacTymHi BigkpuTi pecypcu: Ukrainian TTS dataset (romocu Lada,
Mykyta) [4], nabip manux M-AILABS Tta Mozilla Common Voice Ukrainian. 3aranpauii o6csr
TPEHYBAJIbHUX JaHUX CTAHOBUTH Onm3bko 30 TOAMH BHUCOKOSKICHOTO MoBJIeHHs. [Ipormec amamrarii
BKJIFOYA€ KOPEryBaHHS TEKCTOBOTO Kojepa sl MpaBHIbHOI 0OpOOKM yKpaiHChKOI ()OHETHKH Ta
JEKOoJIep AJIs TeHepamii IPUPOTHOTO MOBICHHS.

Low-Rank Adaptation (LoRA) [5] BukopuCTOBY€eThCS sl €(peKTUBHOTO HABYAHHS €MOIliIHO-
cnenn(ivHUX amanTepiB. 3aMicTb MOBHOTO JOHAaBUaHHs Bciei mMomenmi, LORA nomae HU3bKOpaHTOBI
MaTpuli A0 Bar mapy ysarm (attention layer). [Ims xoxHOi emorii e TpeHyeThcs okpemuidi LoRA
apanrep A, 3 parom r = 16, mwo ckianae Menie 1% Bij 3aranbHOI KitbkocTi mapamerpis mozeni. Lie
Z03BOJIsIE €(heKTUBHO 3MIHIOBAaTH €MOIIiiHI MPEICTaBICHHS Ta KOMOIHYBaTH iX depe3 3BaXKEHY CyMy
BHUXOJIIB IIapiB aJaITepiB.

KonTponms emomiifHOI iHTEHCHBHOCTI pealli3yeTbCs depe3 IHTEpPIONAIII0  JaTEHTHHUX
MpeaCTaBlIeHb. [ KOXXKHOI IIBOBOI eMoIil e (palmicTh, CMYTOK, THIB) CTBOPIOETHCS pedepeHCHE

aymio. Mopens reHepye yMOBHI JIaTEHTHI BEKTOpH Z ; Ul HEHUTPaIbHOTO MOBJIEHHA Ta Z, I

neutra
eMoltifiHoro. KoHTposb iIHTEHCUBHOCTI 3[IIHCHIOETHCS Yepe3 JiHIHHY 1HTePIOJISIIIO:

Zmixed:a 'Ze+‘1 - a)'zneutral’

ne o € [0, 1] KOHTpOJTIOE IHTEHCHBHICTH eMOIlil. 3HaueHHs o = () BiAMOBIa€ HEHTPATLHOMY MOBJICHHIO,
o = 1 — MakcUMaJIbHI eMOIliiiHIi IHTEHCUBHOCTI.

OCKUTBKH ICHYE€ MaJo €MOIIHHO aHOTOBaHMUX YKpPAlHCHKMX MOBIICHHEBHX JaTaCETiB,
3aCTOCOBYEThCS METOJ TEpeHECeHHs 3HaHb (transfer learning) 3 BHCOKOPECYpPCHHX MOB.
BUKOPHCTOBYIOTBCSI €MOIIiMHI JaTaceTH Ui aHrfiiicbkoi MoBu (30kpeMa, ESD, RAVDESS) mus
MONEPEIHBOr0 HaBYaHHsA emoliianx LoRA amanrtepiB. 3aBmsku OaratomoBHOCTI Momemi XTTS,
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JIATEHTHI TPEICTABJICHHS EMOII € YacTKOBO MOBHO-iHBapiaHTHMMH, IIO 3a0e3rneuye e(eKTHBHE
MIEPEHECCHHS 3HAHb.

Or1liHKa SKOCTI CHHTE30BAHOI'O MOBJICHHSI BH3HAYAETHCSA 33 O0'€KTUBHUMH METpHUKaMu (Mel-
kerctpasibHe criotBoperHs (MCD), gactka momminkoBo cuHTe3oBaHux ciliB (WER), kmacudikaris
€MOIIIfHOTO MOBJICHHSI MOZEIISIMH TIMOOKOTO HAaBYAaHHS) Ta Cy0'€eKTUBHIMH (ycepelHeHa ¢y’ eKTHBHA
sxicHa ominka (MOS) 3 5 omiHroBauamMu, cy0’€KTUBHUI TECT Ha PO3IMi3HABAHHS eMOIIiil).

[MomepenHi eKCIEPUMEHTH MMOKa3yIOTh, IO aJalToOBaHa MOJENb 3/IaTHA TEHEPYBATH MPHUPOIHE
ykpaincbke MoBiieHHs: 3 MOS > 3.5. O4iKkyeThbcs, 10 MeXaHi3M KOHTPOJIIO IHTEHCHBHOCTI 3a0€31e4nTh
IUTABHUH TepeXiJ] MK HEUTPaTbHUM Ta SMOI[IMHMMHU CTAaHAMHU 3 TOYHICTIO PO3IMi3HABAHHS EMOIIi >
75%. LoRA apantepu JeMOHCTPYIOTh €(PEKTUBHICTh Y BUKOPHCTaHHI aM’sTi pu 30epekeHH] IKOCTi
€MOIIIHOT BUPA3HOCTI, MIOPIBHSIHHOI 3 TOBHUM JIOHABYAHHSIM.

3anpornoHOBaHUH MiAXiJ Hala€e MPaKTHIHE PIIEHHS I pO3POOKH EMOIIHO BUPA3HUX CHCTEM
CHHTE3y MOBJICHHS ISl MatopecypcHuX MoB. KombiHartis Kpoc-MOBHOTO niepeHeceHHs Ta LoRA mapis
O3BOJISIE  €(PEKTHBHO aIanTyBaTH aKTyalbHI OaraTOMOBHI MoIemi J0 YKpaiHCBKOI MOBH 3
KOHTPOJFOBAHOK EMOIIIIHOIO iHTEHCHBHICTIO. [lomambimi mociikeHHs OyIyTh 30CepeKeHI Ha
po3IMpeHHI HA0Opy €MOIlil, MOKpalIeHHI SKOCTI KPOC-MOBHOTO IIEPEHECCHHS 3HAHb Y MOJCIAX
MAIIMHHOTO HABYAHHS Ta yIOCKOHAIICHHS MiJIXOIy IO MOJICIIOBAHHS €MOIIHHOT IHTCHCUBHOCTI.
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The main priority in developing automated visualization tools is to provide a clear and easily
interpretable experience for the user. When visualizing complex and abstract entities such as
software architecture, reducing the cognitive effort required to perceive information is
essential, allowing the user to focus on the actual domain. In this paper, we examine practical
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approaches to improving the UX and perceptual quality of the ADAR software-architecture
visualization tool. Although graph-based models are intuitively suitable for representing
connections, the quality of graph layout can be crucial for meaningful comprehension. At the
same time, recent research shows that commonly used layout metrics may be misleading.
From this perspective, user studies offer a more reliable basis for quality assessment.
Furthermore, targeted improvements to the tool itself are expected to reduce cognitive load
and enhance the overall usability.

Ha cporomui nmpobiemMa MOCTIHHOTO ayAuTy Ta CBOEYACHOTO BHSIBICHHS Baj IpOTrpaM
il 9ac po3pOoOJICHHs 3ATUIIAECTHCS aKTyalbHOIO. X04Ya JJIsi BUSBJICHHS BiJHOCHO MPOCTHUX
npoOneM icHye BeJWKWH Hallp 1HCTPYMEHTIB, CKJIAQAHUM 3aBIaHHSIM 3aJIUIIAETHCS
pO3poOJIeHHS HOBHX IHCTPYMEHTIB, IO JO3BOJISIFOTH JIETKO aHANI3yBaTH apXiTEKTypy
IporpaMu Ta BUSIBUTU BaJH Ha I[bOMY piBHI. JI0aTKOBUM BHUKJIMKOM € TIPUPOJHS moTpeda y
MiHiMi3awii JOAaTKOBHUX 3aTpaT pecypciB Ha BUKOPUCTAHHs BiANIOBIAHUX iHCTPYMEHTIB.

Panime 3anpononoBanmii nporpamuuii kommiekc ADAR — Architecture Displayer in
Augmented Reality — m03BoJsS€ aBTOMATHYHO OymyBaTH Bi3yaJlbHy MOCIb TIpOTrpam
HamycaHux MoBO Swift y ¢opmi 3BaxkeHOro opieHTOoBaHOrO Tpady Ta BigoOpaxkaTw ii y
JomnoBHeHi peanbHOCTI (AR) 3a momomoroio cnemianbHOro 3actocyHky [1]. V' rpadosiit
MOJICNII THMH JaHWX (KJIach), IXHI IOJIT Ta METOOW BimOOpa)karoThCsS Y BHUTJIAII BY3IIB, a
3B’SI3KM MK HUMHU Yy BUIJISIIII HalpaBlIeHUX 3BaXKEHUX pedep, IO IMO3HAYalOTh HAMpsM Ta
IHTEHCHBHICTb.

OueBUAHUM € Te, IO VI AOCTaTHBO BEIMKHUX MPOTPaMHUX MOAYIIIB rpadoBa MoJenb
Oyne HamidyBaTH BeNHMKY KIIBKICTH BY3JTiB Ta pebep. llpobrmema mBuakozmii B maHOMY
KOHTEKCT1 € 3pO3yMiJIOI0 1 1I MOYKHA BHPIIIYBAaTH 3aBISKH iHTEJICKTyaJbHAM ONTHMIi3allisM
[2]. Onnak 3HAYHO CKJIAOHIMIMMM € MUTAHHS SKOCTI MOJAHHSA Ta 3a0e3MeUeHHs JIETKOTO
CIIPUMHATTS, IO € KPUTHUYHUMH I Oymb-sKOi Bi3yaumizallii, amke came 3MEHIICHHS
KOTHITHBHOTO HAaBaHT)KEHHS NPU CIIPUUHATTI iHPOpMAaIii € BU3HAYATEHIM (aKTOPOM.

BisyanbHa ecTeTHMUHICTH pO3MillleHHA Tpada B MPOCTOpi NPUPOJHBO BH3HAYAE
CKJIQJTHICTh HOTO CTIpUHHSATTA. Ha choromHi icHye Bemnka KiJIbKICTh KPUTEPIiB €CTETHIHOCTI
Ta METPHK, IO JO3BOJSIOTH YUCETbHO BU3HAYUTH SIKICTh TOJAHHS. DBUTBIIICTh TaKHX
KPHUTEpiiB, SK-OT MiHIMi3allisl HakJIaJaHHA BY3JIiB YHM MEpeTHHIB pebep € IHTYITHBHO
3pO3YMUIMMH 1 OYEBHIHO BEAYTH A0 3MEHIICHHS KOTHITUBHOTO HABAHTA)KCHHS KOPHUCTYBaya.
3amoBosieHHs MMX 0a30BHX KPUTEPIiB HE TapaHTYeE iACaIbHOTO ITOJAHHS, TOMY ICHY€E TaKOX
BeJIMKA KIJIBKICTh METPHK, T[OKpalleHHS SKHUX JO0AAaTKOBO POOJATH  PO3MIIICHHS
ecretnyHiluM. OJHAK HEUIOAABHI JOCHIIKEHHS IOKa3yloTh, II0 YacTO BUKOPUCTAHHS
0araTh0X METPUK OJTHOYACHO MOXe OYTH CylepewsIMBUM, X049a KO)KHa OKpeMo Mae ceHc [3].
OxpiM 115010 came (hopMalIbHE 3aI0BOJICHHS HA0Opy KPUTEPIiB Ta MOKPAIECHHS METPUK HE €
JOCTaTHIM, ajke OyJio MPOLTIOCTPOBAHO, IO MOAAHHS TpadiB MOXKYTh (HOPMAIBHO IIIKOM
BIZNOBiAaTH KPUTEPISIM 1 BUTISLIATH NPUBAOIMBO 3 TOUKH 30py BH3HAYEHHS METPUK, OJHAK
OyTH CKIaJHUMHU Ul CHPUMHATTS JIOJUHOIO. 3 OIVIAY HAa 1€ MOXKHA IPUIYCTUTH, IO
OCKIJIbKM 301IBIICHHSI KINBKOCTI METPHK Ta KpUTEpiiB He OOOB’SI3KOBO TapaHTYIOTh
CTBOPEHHS TPOCTOTO Ul CHPUUHATTS MOAAHHS, 0aJaHCOM MDK IIBHIAKOIIEIO Ta SKICTIO
Bi3yalrizamii 3aIMIIaeThCS 3aCTOCYBaHHS KJIACHYIHHUX JITOPUTMIB, HAITPUKJIAT CHIIOBOTO.

3 iHmoro 60Ky Xo4a pe3yJbTaT BUKOHAHHS CHIJIOBOTO allTOPUTMY JJISl BENUKUX Tpadis
JO3BOJISIE OTPUMATH MPHUBAaOJINBE BiIOOpakeHHS B MPOCTOpPi, IIe He 00OB’S3KOBO O3HAYAE
npocToTy st po3bopy Ta iHTepmpeTauii JaHUX. ToMy OPTOrOHAJIBHMM MiAXOIOM J0
3MEHIIICHHS KOTHITHBHOTO HAaBAaHTKEHHS € BIOCKOHAICHHS CaMOTo IHCTPYMEHTY, IO
BijoOpakae neBHe NoAaHHs rpady.

CTBOpEHHsI SIKICHOTO KOPHCTYBAal[bKOTO JIOCBiqy, M0 OyAe HeCTH MiHIMaabHe
KOTHITUBHE HAaBaHTAKCHHJ, II¢ BaroMa 4acTHHA PO3poOJeHHS Oynb-sKoro iHCTpyMeHTy. Ha
CBOTO/IHI iCHY€ 0arato IOCITIPKEHb, IO MPOMOHYIOTh TEBHI METPUKH sl YUCIOBOTO
BU3HAUEHHA IHTYITHBHOCTI iHTepdelicy Ta momaui iHdopmanii 3aramom [4]. Ilo3utuBhi
MTOKa3HWKY YACTHHH 3 HUX MOKE 3a0€3MeUnTH 3arajJbHUi MiAXia A0 Bizyamizarii, st iHImx
— CTBOpPEHHS THYYKHX HAJAIITyBaHb YH IHCTPYMEHTIB B3a€MOIi].
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YurabenpHicts nomanHs (layout readability) Bu3Ha4aioTh 3a IONMOMOTOI0 METPUK
criBBigHOMEHHS (oHY (White space ratio) Ta crmiBBiEHOIIEHHS TepekputTs MiTok (label
overlap ratio). BimoOpaxkeHHsI MOJeTi apXiTeKTypd B MPOCTOPi 32 JOMOMOTOIO JOTIOBHEHOT
peanbHOCTI MPUPOJHIM YMHOM 301bIIy€e 4acTKy (oHYy Ha 300pa)keHHi, 10 MOXE CBIIYUTH
IIPO XOPOIIy KOMIO3MLi0. 3 iHIIOro 00Ky HaJaHHS KOPUCTYBady MOXKJIMBOCTI IIOBEpTaTH Ta
MaciTabyBaTH MOZENTb B MPOCTOPi, a TAKOXK MOKAa3yBaTH 1 XOBAaTH OMUCOBI MITKH JO3BOJISE
HE JIMIIE MiHIMI3yBaTH K-CTh MITOK 1, SIK HACHiZOK, IXHIX NEpEeKpUTTIiB, ane U YiTKO
KOHTPOITIOBATH KiNBKICTh HaJaHO1 iH(pOpMaIIii.

Kinpkicts mepekputTiB (occlusion rate) BU3HAYa€e piBeHb MPOCTOPOBOTO CIIPHIHATTS.
Knacnynuii cumoBuii anroputMm 3a0e3mnedye MiHIMI3alilo, aje He IOBHE YCyHEHHS
NEPEKPUTTIB BIpPTyalnbHUX O0O’€KTIB, OCOOJNMBO 3 YypaxyBaHHAM TOro, IO Je-(pakTo
KOPHCTYBad CIIPUIIMae TPUBUMIPHY MOJENb K ABOBHMIpHY Mpoekmiro. OIHaK MOXKIUBICTh
JIETKO B3AEMOISTH 3 MOJEIUIIO JTO3BOJISIE KOPHCTYBady 3MIHIOBATH II0 MPOEKINIO 3aJIeKHO
BiJl CBOiX MOTpe0 i KOHKPETHOi MOJeNi, TAKAM YHHOM THYYKO MIiHIMI3yIOUH KIJIBKICTb
TIEPEKPUTTIB Y 30HI iIHTEpPECY.

IIpobneMa BHUKOPHCTaHHS KOJBOPIB € BaXIIMBHUM (PAaKTOPOM B OIHIN CKIJIATHOCTI
cnpuiinatts  [4][5]. o npukimagy ceMaHTHMYHAa METPUKAa “CKJIIHICTh JIETCHIH
BUPAXOBYETHCA 32 KUIBKICTIO YHIKaJbHUX KOJBOPIB, [0 BUKOPHCTOBYIOTHCS Ha cxemi. Jlis
3MEHILEHHs] HaBaHT)KEHHsI HA KOPHUCTYBaya IpU IOIIYKY BaJ IPOEKTYBaHHS B 1HCTPYMEHTI
Bizyarizanii nepenboaueHo okpemuii OikomipHUi pexxuM. TakiuM YMHOM BCi €1eMEHTH MOJIENi
€ HEWTpalbHUMH, a Ti, B SKHX CHCTEMa BHABMJIA Bald, [O3HAYAIOTHCS KOHTPACTHUM
KOJIbOPOM, Ha BiMiHY BiJI 3BUYAHOTO PEKUMY 3 IMOBHOIO iH(OpMAIIi€r0, s BioOpakeHHS
SIKOT HEOOX1THO IMOHANMEHIIIE JIECATEH KOIhOPIB.

Ille omHi€r0 METPHUKOI, IO BU3HAYAE JICTKICTh CHPUHHATTSA € CIIiBBiTHOLICHHS
KoHTpacTiB (contrast ratio). OcoOnuBicTh 1i 3acTocyBaHHS IMOJSITAE B TOMY, LIO
CITIBBITHOIIICHHS Ma€ OyTH B TIEBHOMY “IOCTaTHROMY  Iiama3oHi 3aJeKHO BiJ] KOHTEKCTY Ta
TPUBANOCTI BUKOpPHCTaHHA iHTepdelicy. 3abesneueHHS NPAaBHILHOTO KOHTPAcCTy €
KOMILJIEKCHOIO POOJIEMOIO, OCOOJIMBO B IOMIOBHEHIH PEajbHOCTI, 1€ OCBITJIEHHS CEPEAOBHUILA
CHJIBHO BIUIMBAE HA KOHTPACTHICTH JOMOBHEHOro 300pakeHHA. Jlims 3abesneueHHS
MaKCHMaJIbHO KOM(OPTHOIO CIHPUHHATTS B MporpaMi mepeadaueHo aBTOMATUYHE
BUPIBHIOBaHHSI KOHTPACTY BipTyaJbHHUX 00’ €KTIB 3 peabHUM CEPEAOBHUILEM.

OpHak HacaMKiHeLb BapTO 3a3HAYUTH, IO OYyIb-Ki METPUKH € CIpoO0I0 (GOpMantbHO
BU3HAUUTH PE3yNbTaTH €MIIPUYHUX AOCIIIKEHb Ha PeajJbHUX KOPUCTYBadax i AOIYCKalOTh
NIEBHI HETOYHOCTI 3YMOBJICHI BiJIMIHHOCTAMH MIX 00 ’€KTaMH JIOCIHIDKeHb. Tomy OUIBII
peanbHy Ta SIKICHY OLIHKY pPiBHS KOTHITMBHOTO HaBAaHTAXCHHS MOXKHA OTpUMATH came 3
BUKOPHUCTaHHIM BiAIOBITHUX 3aMipiB OTPUMAHHX B PE3yNbTaTi eMITIPUYHAX JOCHTIHKEHD IS
KOHKPETHOI CUCTEMH.
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Abstract: This study addresses the challenge of accelerating epidemic simulations in
large-scale complex networks through algorithmic and structural optimization. Traditional
Gillespie-based stochastic simulations accurately reproduce epidemic dynamics but become
computationally prohibitive for networks exceeding tens of thousands of nodes. To overcome
this limitation, we build upon such efficiency techniques as local rate updates and ordered
event-selection structures, which reduce the computational complexity of each simulation step
from O(n) to O(log(n)). Building on these principles, we propose a two-layer (micro—macro)
modeling framework: the micro layer simulates intra-community dynamics, while the macro
layer captures inter-community infections using hazard-integral rates derived from mobility
data and the epidemic states of metanodes. This hierarchical approach enables scalable and
parallelizable simulations that preserve stochastic accuracy while substantially reducing
computational cost, allowing realistic modeling of epidemic spread across millions of agents
and multiple cities.

Epidemics have accompanied humanity throughout history. Each time a new wave of
disease emerges, societies seek to understand how it spreads and what can be done to contain
it. Historically, epidemic dynamics were modeled using differential equations based on the
mean-field assumption — treating the population as a homogeneous system without
accounting for its contact structure. Today, with increasing computational power and
advances in simulation technology, it has become possible to reproduce infection dynamics in
realistic, irregular contact networks that reflect individual-level interactions.

Contact networks are sparse, heterogeneous in degree, and exhibit strong local
clustering and a pronounced community structure — groups of nodes densely connected
within communities but weakly linked to others. Therefore, accurate modeling requires
capturing explicit node-to-node connections and their temporal state transitions. Agent-based
modeling achieves this by representing each node as an individual whose contacts define
potential infection paths.

Such processes can be formulated as Continuous-Time Markov Chains (CTMC). To
simulate them efficiently, the Gillespie algorithm provides an exact stochastic representation
of system dynamics. Its key principles are: (I) only feasible transitions from the current state
are considered; (II) only one event occurs at a time; and (III) the time to the next event
follows an exponential distribution, after which the event is selected proportionally to its rate.
This ensures accuracy and avoids state-space explosion, but computational complexity still
limits the model size. As shown in [1], the classical Gillespie algorithm can simulate up to
several tens of thousands of nodes, which remains insufficient for realistic population scales.
For comparison, modern agent-based frameworks such as Covasim [2] implement stochastic
transitions in discrete time with a daily step, which simplifies computations but sacrifices
temporal precision.
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The first optimization involves local rate updates. In the standard algorithm, every
state change triggers recalculation of all possible transitions. In the improved implementation,
only the node that changes state and its immediate neighbors are updated, dramatically
reducing the number of operations while preserving accuracy.

The second optimization employs ordered data structures for rapid event selection.
Whereas the classical approach scans all transition rates, the proposed sorted-list method
achieves logarithmic-time selection [1]. An alternative solution is the binary-tree approach
described in [3].

Despite these optimizations, simulating very large networks remains computationally
demanding. To further enhance scalability, we introduce a two-layer model that hierarchically
partitions the network into communities. At the micro layer, each community is simulated
using the optimized Gillespie algorithm; at the macro layer, rarer interactions between
communities are modeled using CTMC dynamics. This hierarchical approach, detailed in [4],
drastically reduces the number of processed events while maintaining node-level granularity.

In the full-scale simulation, the underlying contact network is assumed to be static,
and communities are connected through a limited number of bridge nodes that mediate inter-
community infections. Once such a bridge node becomes infected, additional external
infections cannot enter the same community until recovery occurs, effectively constraining
cross-community transmission. In contrast, the two-layer abstraction treats each community
as a metanode at the macro layer, where new infections are assigned to a random node within
the community rather than fixed bridges. This eliminates topological bias, better reflects
short-term human mobility, and makes the model behavior effectively more dynamic while
preserving consistency with the underlying network structure.

Another advantage of the two-layer model is its parallel execution capability. Since
most events occur within communities, each community can be simulated on a separate
processor core, yielding near-linear speedup as the number of cores increases — particularly
when inter-community connectivity is low. In this regime, synchronization between micro-
layer simulations is infrequent because cross-community infections are rare, allowing
communities to evolve almost independently. As inter-community connections become
denser, synchronization must occur more often, which slightly reduces efficiency; however,
the overall runtime still remains significantly lower than in a monolithic model. Moreover,
epidemic activity peaks in different communities typically occur at different times, enabling
dynamic reallocation of computational resources to the most active regions. Under limited
hardware resources, a subset of communities outside the primary focus of analysis can be
replaced with precomputed infection curves, preserving the accuracy of global dynamics
while further reducing computational cost.

The two-layer simulator can also be interpreted as a simplified social-mobility model,
where macro-layer nodes represent cities and edge weights correspond to intercity travel
flows. With appropriate mobility data, the model enables analysis of how changes in
movement patterns or local restrictions affect the rate and scale of infection spread. Australia
offers a convenient case study due to its geographic isolation; its intercity mobility network
can be reconstructed from mobile-operator-derived datasets [5].

In conclusion, the optimized Gillespie algorithm combined with the two-layer
modeling framework achieves a practical balance between stochastic accuracy and
computational scalability. It enables realistic simulations of epidemic dynamics in large,
structured populations and can be readily integrated with demographic and mobility datasets.
This framework also supports direct comparison between simulated and real-world epidemic
data, paving the way for quantitative evaluation of intervention and containment policies.
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3ACTOCYBAHHSA AJITOPUTMIB HABUAHHS Q-MEPEX JIJISI ITEPATUBHOI
3AIAYI B’A3HS

Tkau.H.B.

Harionansauii yaiBepcuteT “Kueo-MoruwisiHCbka akajaemis’”
04655, m. Kui, Bynuns CxkoBopoawn, 2, HAYKMA, ®@akynereT iHQopmaTuku. ten.(044) 426
60 64.
E-mail: n.tkach@ukma.edu.ua, daxc (044) 426 60 64
This study is aimed at showcasing the performance of Deep Q-Networks (DQN) for the
Iterated Prisoner’s Dilemma (IPD) with a compact episodic state embedding. The agent
compresses the interaction context into a fixed-size vector and is trained against deterministic
Axelrod strategies. Evaluation of normalized payoff, pairwise cooperation rate of strategies,
and the learned behavior of the agent suggests the possibility of efficiently clustering existing
strategies by latent learnable features. This may lead to advancements in both game theory
and reinforcement learning. The limitations are outlined for future research, including
recurrent-based and transformer-based policy-learning networks, stochastic opponents, and
comparative analysis to the baseline performance.

Itepaniiina munema B’s3us (IPD) e xmacuunoro mopemwmno criBnpauil. ¥V npamiit po6ori
MPEICTABICHO pe3yJbTaTH areHra, HaBYCHOTO Ha OCHOBI alTrOpUTMy HaBYaHHS 3
migkpimienusm  rmuOuaaux  Q-mepex  (“deep  Q-network”}  3matHOro  opmysarn
KOHTEKCTHO-3aJIEXKHI DPIIIEHHS 32 paXyHOK CTHCJIOIO MOAaHHS cTaHy. Monenb TpeHyBajacs
npotu 72 nmerepMmiHicTHUHHX cTpaTeriii y 200-xoqoBuX emi3ofax, peanizoBaHuX 3TiJHO 3
TypHipamu Akcenbpona [1] B omHOMIMeHHIH 6i0mioTeli.

DQN-arenT npuiimae ctucinii cTaH,- 16-BUMipHHN BEKTOP IMOTOYHOT iCTOPII IPpH, 0 KOAYE KIFOYOBI
nmaTepHu B3aeMoii. HaB4aHHS 3MIHCHIOEThCS IPOTH ACTEPMIHICTHYHOI HOMYJIAII] Y “CiimoMy” pexkuMi
- MOJIeTIb HeMae iH(opMallii mpo cTparerito, MpoTH sIKOi HaBYaeThesl. DyHKIis BTpar L(0) 6asyeTses Ha

TD-momuni GpyHKIT oninoBanus }~ y ( Ky ) Q-dyHkuio®? MU OLIHIOEMO 3a JOMOMOTOK
0araTonapoBoro MeprenTPOHyY, KU NMpUMae Ha BXiJ[ iIHGOPMAILiFO PO CTaH ,§ IO MiCTUTh KOHTEKCT
cTparerii Ta ocTanHIo 1if0 ¢ . [lapamerpamu @ Ta ¢ iHTEpHpeTyeMO SK BiIOBIIHI MapaMeTpH
HEHPOHHUX MEPEK sIKi HAIAIOTh OL[IHKY IIOTOYHOTO CTaHy, Ta OIL[IHKY CTPAaTeril, IKy areHT Ma€
BUOpaTH 111 MiHiIMi3amii moxubku gacoBoi pisHUII(TD).

min(/'+;/ V¢(y')—V¢(S))2 (1)

v
P¥=r+ymax @, s, @ 2
Z (ﬁ):Ety,a,r,;‘w (J/DON_ 05(6’,0))2} @)
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BHacniok TpeHyBaHHS MOXHA BHOKpPEMHTH 4 Kiactepu crpareriii (puc.l)ski 3rpyroBaHi 3a
OYIKYBaHOIO BHHAropoJOI0 Ta areHTa Ta IiXHIM piBHEM Koomepamii. BHIHO OJHM3bKO YOTHPHOX
KJjacrepiB crpareriii. Ha puc.2 BuBeeHi pe3ysibTaTH pi3HULI MK O4iKyBaHUM BHIPAILIOM CTpaTerii Ta

pe3ybTaTaMU HABYCHOT'O arcHTa.
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Puc.2 Pi3Huns cepeqHpOTO 04iKyBaHOTO BUTPAITY CTPATETiil BITHOCHO HAaBYEHOTO areHTa.

Crucie noAaHHst CTaHy J03BOJISIE PO3PI3HATH THITU OTIOHEHTIB 1 aIallTUBHO pearyBaTH Ha iXHi naTepHH
NOBEIHIKK i €(QEeKTHBHO BiATBOPIOBATH ix min yac dasu TectyBands. OCHOBHHUMH OOMEKCHHSIMU
LBOTO JOCIHIIKEHHS € JACTepPMiHOBAHICTh MOMYJIsLii, BiACYTHICTh JTOBTOTPUBAIO] MaM’sTi Ta
HECTAIIOHAPHICTh JWHAMIKH HaBYaHHSA. Y TOJAIBIINX JOCTIDKEHHSIX OyJie MPOBEICHO
MOPIBHSHHS 3 PEKypPEHTHUMH Ta TPaHC(HOPMEP-MOJICNISIMU, BBEACHO CTOXAaCTHYHHX
ononentr” Ta TOMyNAIiHEAN TpeHiHT. Y MACYMKY, MOKHA cTBepKyBatH 1110 DQN i3 KoMIakTHAM
IMOJIaHHAM TIOKa3y€ KOHTEKCTHO-3AJIC)KHY MHOBCAIHKY Ta BUABJIAEC KIACTCPHY CTPYKTYPY OIIOHCHTIB,
(hopMyI0UH OCHOBY JUISI IOJANBIINX JOCITIHKEHb KOOIepaIlii.
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E®EKTUBHE HABYAHHS CTPATEIIi KEPYBAHHS JIJI1 POBOTU30BAHUX
MAHITTYJIAIIA 3A TOTIOMOT OO TUCTUJANIT 3HAHB/EFFICIENT POLICY
LEARNING VIA KNOWLEDGE DISTILLATION FOR ROBOTIC MANIPULATION
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The work focuses on the computational intractability of large-scale Reinforcement Learning (RL)
models for robotic manipulation. While world-like models like TD-MPC2 demonstrate high
performance in various manipulative tasks, their immense parameter count (e.g., 317M) hinders
training and deployment on resource-constrained hardware. This research investigates Knowledge
Distillation (KD) with a loss function specifically described in [1] and [2] as a primary method for
model compression. This involves training a lightweight "student" model to mimic the behavior of a
large, pre-trained "teacher" model. Unlike in supervised learning, distilling knowledge in RL is
uniquely complex; the objective is to transfer a dynamic, reward-driven policy, not a simple input-
output function.

Previous work in this area, specifically the TD-MPC-Opt study [3], established the feasibility of this
approach using a static distillation coefficient. While successful in transferring capabilities to a IM
parameter student, a static coefficient presents a conceptual trade-off. A high, constant coefficient may
overly bias the student towards imitation, stifling its own exploration and learning from direct
environmental rewards. Conversely, a low coefficient may fail to provide sufficient guidance. This
work extends the original study by hypothesizing that a dynamic distillation coefficient, which adapts
over the training process, can lead to faster convergence and a more robust final policy.

Our methodology is centered on a composite loss function that governs the student model's training.
This loss function has two primary components. The first is the student's original learning loss, which
includes standard RL objectives such as reward loss, value loss, and consistency loss (a key feature of
TD-MPC ensuring stable predictions). This component allows the student model to learn directly from
its own environmental interactions. The second component is distillation loss. For this, we specifically
target the teacher's learned value function. We chose this target because the value function encapsulates
the teacher's long-term, high-level understanding of task success, providing a much denser and more
stable training signal than distilling a volatile, high-variance policy directly. The loss is calculated as
the mean squared error between the reward predictions of the teacher and the student for identical
states and actions.

The entire process is balanced by the distillation coefficient, a critical hyperparameter that determines
the weighting between self-learning and teacher imitation at any given point in training. The higher the
coefficient the bigger effect teacher imitation has on the student model.

The central investigation of this paper is the behavior of this distillation coefficient. We moved beyond
the static baseline to experiment with several adaptive schedules around 50,000 training steps. These
included: Linear Decay (a high initial coefficient gradually decreasing to the baseline of 0.4,
prioritizing guidance early); Cosine Decay (a smoother, non-linear version of decay); Increase (testing
the inverse hypothesis of starting with self-learning and adding guidance later); and a Four Phase
stepped schedule to test for sensitivity to abrupt changes.

We conducted our experiments on the MT30 dataset, distilling knowledge into a 1M parameter student
model. The results demonstrate that dynamic coefficient strategies significantly outperform the static
baseline.

Analysis of Results: The dynamic schedules showed a clear performance hierarchy. Both Linear Decay
and Cosine Decay achieved the highest normalized score (8.64), surpassing the static Constant (0.4)
coefficient's score of 8.39. This finding strongly supports our hypothesis: "front-loading" the teacher's
guidance is the most effective strategy. At the same time same dynamic distillation coefficient showed
worse results when they were starting with 1 and ending with 0 (lower that the baseline of 0.4) that
means that not only “front-loading”, but also a quite a strong “support” closer to end of training and
KD is important.

The success of the decay schedules suggests that the student model benefits most from heavy imitation
during the initial, random phases of its policy. As the student's own policy improves, the relative
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importance of this guidance is reduced, allowing the student to fine-tune its behavior based on direct
environmental feedback.

Conversely, strategies that delayed or provided erratic guidance underperformed. The "Increase"
schedule, which delayed guidance, yielded a poor score of 8.09. The "Four Phase" schedule (8.32) and
another "Decrease" variant (8.07) also failed to match the baseline. The failure of the "Increase"
schedule is particularly informative, as it implies that withholding guidance initially is detrimental. The
student fails to form a competent base policy on its own and cannot effectively leverage the teacher's
complex knowledge when it is finally introduced. The results show that not all dynamic strategies are
beneficial, but a clear pattern emerges: the most effective methods apply a high coefficient at the
beginning of training and gradually decrease it.

Subsequent work will proceed in two main directions. First, we will validate these findings on more
complex and diverse domains, specifically the ManiSkill 3 dataset. This benchmark includes tasks with
complex object interactions and deformable objects, which will rigorously test the generalization of our
dynamic distillation method in both single-task and multi-task regimes. We aim to verify if these decay
schedules remain optimal or if greater task complexity necessitates a different approach.

Second, we will investigate a highly promising architectural direction: distilling knowledge into
Mixture of Experts (MoE) models using a routing architecture [4]. Rather than compressing knowledge
into a single dense student, we can distill it into a set of smaller, specialized "experts." This architecture
is a natural fit for multi-task robotics, where one expert might learn "picking" motions and another
"placing." We will explore using the teacher's knowledge to train not only the experts but also the
routing mechanism that selects the appropriate expert for a given task. This could achieve higher
performance and efficiency than a monolithic student.

Crumcox mxepen

1. Sheng R., Tao H., Wuyue Y. Tailored knowledge distillation with automated loss
function learning. PLOS One. 2025. URL:
https://doi.org/10.1371/journal.pone.0325599.

2. Romero A., Ballas N., Kahou S. E., Chassang A., Gatta C., Bengio Y. FitNets: Hints
for Thin Deep Nets. arXiv preprint arXiv:1412.6550. 2014. URL:
https://arxiv.org/abs/1412.6550.

3. Kuzmenko D., Shvai N. TD-MPC-Opt: Distilling Model-Based Multi-Task
Reinforcement Learning Agents. arXiv preprint arXiv:2507.01823. 2025. URL:
https://arxiv.org/abs/2507.01823.

4. Kuzmenko D., Shvai N. MoIRA: Modular Instruction Routing Architecture for Multi-
Task Robotics. arXiv preprint arXiv:2507.01843. 2025. URL:
https://arxiv.org/abs/2507.01843.

KOOPAUHALIA MY/IbTUATEHTHUX LLM-CUCTEM / COORDINATION OF MULTI-
AGENT LLM-BASED SYSTEMS
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Abstract. This research focuses on analyzing the current state and challenges in the
coordination of multi-agent systems based on Large Language Models (LLMs). We review the
evolution from single autonomous agents (like ReAct) to complex multi-agent architectures. The
analysis of current approaches reveals a key limitation: a reliance on deterministic, predefined
coordination rules. This paper identifies the lack of adaptive, learned coordination policies as a
research gap. We conclude by highlighting Reinforcement Learning (RL) as a promising, though
challenging, direction for developing dynamic meta-agents capable of overcoming these limitations.
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Beryn. PosButok Benmukux MoBHuUX Mogmened (LLM) tpanchopmyBaB cdepy IITY4HOTO
IHTEJIEeKTY, JO3BOJMBIIM CTBOPHUTH aBTOHOMHMX areHTiB, 3JaTHHX J0 CKJIaJHUX MipKyBaHb Ta
ruanyBanHs. Taki miaxoau, sik ReAct [1] ta Reflexion [2], npoaeMoHCTpyBaJin 34aTHICTh OJMHOYHHUX
areHTiB BUpilIyBaTd OararoeTamHi 3aBnaHHs. JIOTIYHMM HACTYITHHUM KpPOKOM CTaja mo0yIoBa
MyJIBTHATEHTHUX CHCTEM Ha OCHOBI LLM, nme s BUpIMICHHS KOMIUIEKCHOI IMpoOJIeMr 3aiTydaeTbest
JeKiTbKa Creliami3oBaHuX areHTiB. OIHAK TakWi Tepexil] MOPOIKye HOBY (YHIAMEHTAIbHY
po0IIeMy — HeoOXigHICTh €(peKTUBHOI KOOpAMHAIIT IXHBOI CIIBHOT AisITBHOCTI.

AHnaniz crany npobaemu. KirodoBum mpopuBom ctaB ReAct [1], skuil 3anponoHyBaB
IHTEerpyBaTH eranu JIOriyHUX MipkyBaHb (Reason) Ta BukoHaHHs 1iii (Act). ATeHT, 1O Ji€ 332 LKUM
NPUHLMIIOM, LIMKJIIYHO reHepye "nyMky" (mian abo MipKyBaHHs), TOTIM "ait0" (HalpHKIaJ, MOIIYK B
IaTepueTi), orpumye pesyabTar (Observation), i 3HOBY MOBEPTAETHCS 10 MipKyBaHb, KOPUTYIOUN CBiit
miaH. [HmmM BaxumBuM minxomoMm € Reflexion [2], skuit momaB areHTy MexaHi3M BepOaibHOTO
CaMOHAaBYaHHSI Ta MJOBrOTpUBANY AWHAMiuHy mnam'ste. [licng HeBmamoi chpoOW areHT aHalizye
TPAEKTOPIiI0 BIACHUX [il, TeHEpye TEKCTOBY "peduiekcio" mpo MPUYMHU MOMIIIKH 1 30epirae ii y
am'sTi, 00 YHUKHYTH IIOMUJIKOBHX KPOKIB y MailOyTHEOMY.

OnHak, py nepexoi 10 MyJIbTHareHTHUX CLIEHApiiB, MOMYJIAPHI MPaKTHYHI peajizauii, Taki sK
AutoGPT Ta CrewAl, xou i OyayrOThCs Ha NHUX iA€sX, 3ACOLTBIIOrO MOKJIAAAIOTHCSA HA CTAaTUYHI,
3a3jainerijib BU3HaueHi poii ta ¢ikcoBaHi cueHapii. Lle 3HMKYe HYuYKiCTh CHCTEMH Ta 1 3[aTHICTh
aZlanTyBaTHUCA A0 Hemepen0adyBaHUX YMOB.

Bimpmr mpocyHyTi apxXiTeKTypHI pilOleHHS, IO 3'SBILTIOTHCS, 30KpeMa y BITIU3HIHOMY
HayKOBOMY IIPOCTOpi, HAMararoTbCs BUPIIMINTH IF0 MPOOJIEMY IIIIXOM BBEICHHS IEHTPAIi30BaHOTO
ynpasisirodoro Moxyis. Hampukinan, y po6oti [3] 3ampomonoBano apxitektypy "LLMAgentNet" —
"MonynbHy Mepexy Bsaemonitounx Arentis". Ii Meta — mogonatu o6MeskeHHs MacITabOBAaHOCTI Ta
3aJIeKHOCTI BiJI KOHKPETHUX 1HCTPYMEHTIB. Y Wil apXiTeKTypi BBOIUTHCS "CIIEIiaIbHUN MEHemKep
arenta (Orchestrator)", skuii BimmoBimae 3a '"JAekoMmoswiito 3anutiB", "BUOIp BUKOHABIIB" Ta
"y3roKeHHs MOTOKIB AaHuX". BaxiuBo, 10 B3a€eMOis areHTIB y Iiif CHCTeMi BiIOYBa€eThCs uepes
RESTful API sk yHiBepcaibHHEM KOMYHIKamiiHui iHTepdeiic. B inmomy mocmimkeHHi [4]
PO3IIISIIAETECST MYJIBTHArCHTHA CHCTEMa ANl TETEPOreHHOr0 MyJIBTHXMAapHOTO cepeloBHmia. Bona
BKIIIOYAE€ TEXHIYHOTO, EKOHOMIYHOTO Ta OE3MEeKOBOTO areHTiB, a IXHI0O pobOOTy KOOpAHMHYE
"cremianizoBanuii arenT-koopauHatop". Ilelt koopaumHaTop BukopucTtoBye LLM st "oOrpyHTYBaHHS
MIPUAHATHUX pilleHp" Ta "aHanizy cTaHy" cepesoBHIIA.

[lorpu 3Ha4HWII apXiTEeKTypHHH Iporpec, IJIMOOKWI aHami3 yCiX 3rajaHux MiIXoaiB (Bif
CrewAl no "LLMAgentNet" [3]) BusBis€ criibHe (QyHIAMEHTaIbHE OOMEXKCHHS: MeEXaHI3MHU
KOOpAMHAIIIT 3aTUIIAI0TECS AeTepMiHOBaHMMHU abo aHamiTnaauMu. Onopa LLMAgentNet na RESTful
API pobuTh 0ro KOOpaAUHAIIIO POLEAYPHOIO, ajle He aJalTHBHOIO — BOHA JIi€ 32 YiTKO MPONHCAHUMHU
npaBWjIaMH OOMiHY maHMMHU. Tak camo "areHTt-koopauaatop" [4] BukopuctoBye LLM macuBHO — 11t
OOTpyHTYBaHHS pIIICHHs, SKe, HMOBIPHO, MPUHUHATE HA OCHOBI IHIINX METPHK, a HE UL THHAMITHOTO
(dopmyBanns pimenss. Hapite Reflexion [2], X049 i € aqanTHBHUM, BUKOPUCTOBYE €BPUCTUYHUH, a HE
ONTHMAJIBHUNA MeXaHi3M caMOKOpekii. TakuM 4YHHOM, KJII0YOBAa HAyKOBO-TEXHIYHa IpobieMa
3aJIMIIAETBCS  HEBHPILIEHOI: BIICYTHICTh MEXaHi3My, SKHHA OH JO3BOJMB  YHPaBIISIIOUOMY
"MeTaareHTy" aJlalTHBHO HABYATHCS ONTHMANBHIHM nouituii (policy) KoopAnHaLil Ha OCHOBI JIOCBiAY,
a He CIiyBaTd 3a3[ajieriip MpONHCaHUM TNpaBuiaM uu eBpuctukam. Cyd4acHI cHcTeMH He
BiJIMOBIa0OTh HA MMUTAHHS: K ONTHUMAJILHO 00paTH HacTymHoro areHTa? Koiau BapTO CTBOPUTH HOBOTO
areHTa, a Koiu Bumanutu? Sk chopMyBaTH KOMaHIy, IO MiHIMI3y€e BUTPATH Ta IyOIfOBaHHS Jild?

BucHoBkM Ta HanpsiMum MaHOyTHIX aociaimkeHb. OISl HOTOYHOTO CTaHy pO3POOKH
MYJIBTHATCHTHUX CHCTeM Ha OCHOBI LLM CBITYHUTH MpO YITKUH Hepexiy Bif OJUHOYHUX arcHTIB JIO
KOOPJMHOBaHHUX CHCTeM. [eHTn(ikoBaHa nporajirHa — BiICYyTHICTh aJalTUBHUX MOJITHK YIPaBJIiHHS
— € TOJIOBHUM CTPUMYIOUUM (DAaKTOPOM ISl CTBOPEHHS IO-CIIPaBKHHOMY THYYKHX Ta aBTOHOMHHX
KOTHITUBHHX apXiTEKTYyD.

IlepcieKTHUBHMM HAmpsMOM A7l TOJOJAHHS LBOTO OOMEXEHHS € 3aCTOCYBaHHS METOIB
HaB4aHHA 3 miakpiureHHsM (Reinforcement Learning, RL) s HaBuanHs Metaarenta. dopmaitizartis
LBOTO TIpOIleCy SIK MapKOBCHKOTO NPOIECY NPUHHATTA pIlIeHb JO3BOJIUTH METaareHry (opMyBaTH
JUHAMIYHI cTparerii po3moAily poned Ta 3aBiaHb. BoxHowac, 1el HampsM Mae BIAacHI BUKIMKH.
30KkpemMa, CTaHAApTHI MiIXOMM MOXYThb IPU3BOMUTH 10 "HEcTabiIbHOCTI MOBEMiHKH' Ta
"obGuuncmoBanbHOl HeedekTuBHOCT" [5]. Tomy MaiOyTHI IOCHIPKEHHS MaroTh (DOKyCyBaTucsl Ha
OinbI gockoHaIMX meronax RL, Takux sik "HaB4aHHS Ha OCHOBI 0araTOBMMIpHOI BMHAropojau Ta
mudepenuiioBanoi kputuku" [5], 1[I0 JO3BOJUTH CTBOPIOBAaTH OLIBII HANIHHUX Ta JIOTIYHO
HOCJIIJOBHUX aBTOHOMHUX arcHTIB.
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During the current year, a significant number of incidents have been directly associated with the
exploitation of zero-day vulnerabilities. The study identifies key trends in their detection and analyzes
the role of fuzzing as the primary technique for discovering zero-day vulnerabilities in proprietary
software, particularly in environments where access to source code is restricted or unavailable. Special
emphasis is placed on the integration of decompilation, symbolic execution, and coverage feedback as
an effective methodology for exploring new execution paths in binary programs.

B mpomoex poky 3adikcoBaHO HH3KYy MAacCIITA0HHMX aTaK, 3aCHOBAaHMX Ha BHKOPHUCTaHHI
HEBIJOMHUX paHillle BPa3IMBOCTEH «HYJIBOBOTO JHS» B TOMYJSPHUX MPOTPaMHHUX MPOJYKTax.
BpazimBocTi maHoTO KIIACy TpPAIWMIIHHO CTAHOBIATH HAWOUTBINY 3arpo3y iHQopmariiiaii Oesmeri,
OCKIJTBKH IX €KCIUTyaTallisi MOKJIMBA 0 MOMEHTY BHITYCKY OHOBIJIEHB 200 IyOIIIIHOTO 1X pO3KPHTTSI.

Y mumHi 2025 poky Oynu BUSBIIEHI JEKiTbKa BPa3IUBOCTEH «HYIHOBOTO JHS» B «ON-premisesy
Bepcisix Microsoft SharePoint. 310BMHCHMKM OTpHMaiM HECAHKIIOHOBAHMH JIOCTYII JI0 CEpBEpIB,
BHKpajanu OONIKOBI JaHI Ta BUKOHYBaIM BiJNaleHUi Koj. MacoBi araku OXOIMWIN SK KOMEpPIiHAHI
CTPYKTYpPH, TaK 1 Jiep»aBHi opraHizalii y pi3HUX KpaiHax cBiTy. B cBoto uepry Microsoft 3xificHnna
BUSIBJICHHS1, OiLlifiHE MiTBEPHKEHHS Ta BUITYCK OHOBIICHD y Tiepioa 3 18 mo 22 numnus 2025 poky [1].

[HIIUM TIPUKIAIOM CTajda BPa3auBICTh y koMoHeHTi ImagelO onepamnifinux cuctem Apple, ne
00pobka crnemianbHO c(HOPMOBAHOTO 300paKEHHS MOTJIA CIPUYMHHATH IIEPEMOBHEHHS IaM’ATi Ta
MOJabIIION0 BHKOHAHHS JIOBITBHOTO KOXy. B OKpemmx Bmmajgkax eKCIITyaTallist 3/iHCHIOBaiacs 3a
npuHIUTIOM «zero-click», To0To 0e3 B3aeMonii kopuctyBaua. Kommaniss Apple Bumyctina TepMiHOBI
OHOBJIEHHS y cepnHi 2025 poky [2].

Takox y BepecHi 2025 poky Oymno BusiBneHo Bpaszmmicth CVE-2025-10585 y naBurywi
Chrome/Chromium. HekopekTHa iHTepmpeTaiis THIy 00’€KkTa Wi 4Yac OOpOOKH CIeIliabHO
copmoBanoro JS/WasM-koay npu3Boania a0 momkopkeHns kynu (heap corruption) i HOTeHIIHHOTO
BUKOHAHHS JIOBUILHOTO KOIy. BpasnuBicth Oyino BusiBieHo komannoro Google Threat Analysis Group
16 Bepecus 2025 poky, a ctabiTbHE OHOBIICHHSI BUITYIIIEHO HAMPUKIiHII BepecHS 2025 poky [3].

Amnamiz mpaktuk 2025 poKy CBigUNTh, MO OUTBIIICTH BPAa3IHMBOCTEH «HYIBOBOTO ITHS) Y
MIPOTpieTApHOMY TIpOrpaMHOMY 3abe3medcHHiI, 30kpemMa Adobe, Microsoft, Apple, Google, Oracle
OyJ10 BHUSIBJICHO 32 JIONIOMOTOIO 30BHIIIHIX (y3epiB. Hapa3si ¢y3uHr 3anumaerscst OCHOBHUM METOOM
BUSIBJICHHSI TIOMWJIOK THITy «MEmory corruption» i IIMPOKO BUKOPHCTOBYETHCS y Hporpamax Bug
Bounty.

BonHouac Benuki BEHIOPUM aKTUBHO BIPOBAUKYIOTH (DY3UHI Y BIIACHI IIPOLECH PO3POOKH,
npukianamu € Google OSS-Fuzz, Microsoft SAGE, Apple fuzz pipelines, BogHOYac caMe He3aaekKHi
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JOCJTITHUKU 3aJMIIAFOTECS TOJOBHUM JKEPEIOM BUSBICHHS BPa3JIUBOCTEH «HYJIBOBOTO JHSI» Y
pealbHUX YMOBAX CKCILTyaTallii.

[{poropiu crocrepira€ThCsi TCHICHIIS 10 KOMOIHOBAHOI'O BHKOPHUCTAHHS IEKITBKOX METOJIIB
aHai3y mporpam 0e3 JOCTYIy 10 BUXiTHOTO KOy, a came:

1.

JleKOMIIIAList - 3aCTOCOBY€ETRCS I MIEPETBOPEHHS IBIMKOBHX NAaHWUX Y YHTAOCTHHY
CTPYKTYpY, IO [O3BOJ€ iMeHTH(IKYBaTH TIOTEHIIIiHI TOYKH BXOXy, Hapcepw,
MepexeBi 00poOHHKH, API-BUKIHKH TOIIIO;

CuMBOJIbHE BUKOHAHHS - BHUKOPHUCTOBYETHCS Ul 1MOOYNOBM JIOTIYHMX HIIIXIB 110
CKJIQJIHUX YMOB BUKOHaHHS Ta reHepalii crenudiyHuX TeCTOBUX BUIIAJKIB;
3BOPOTHHI 3B’SI30K MIOJ0 OXOIUICHHS - PEaNi3yeThCs 3a JOMOMOTOK CHCTEM
JuHamivHOl iHcTpymeHTanil, Takux sk QEMU, Intel PIN a6o DynamoRIO, mio
JI03BOJISIE BUMIPIOBATH CTYITiHb HOBU3HU TECTIB 32 OXOIUICHHAM Koxy [4].

B cBoro uepry mpouec BHSIBIECHHS Bpa3lMBOCTEH «HYJIBOBOTO IHS» B YMOBaxX OOMEKEHHX
pecypciB 3a Z01OMOT010 (hY3MHTY BKIIFOUA€E TaKi CTAIIH:

S

Inentudikamnis TOUOK BXOAy Yepe3 JeKOMITLIALIIO.

[ToOynoBa HIsIXiB BUKOHAHHS 32 JIOTIOMOTOI0 CHMBOJIBHOI'O BUKOHAHHS.

['eHepartist 1 MyTanisi TECTOBHX BXIIHUX JaHUX (KOPITYC).

Bukopucranns coverage feedback mist BU3Hau€HHS «HOBUX» LUISIXiB BUKOHAHHSL.
Knacrepuzamist Ta MiHIMI3amisi Kpami-KeHCiB, MPOBEACHHS TpiaXy Ta aHATITHYHOL
nepeBipku [5]..

CxemaTu4HE BioOpaskeHHs MpoIiecy HaBeIeHO Ha PucyHOK 1.

. CHMBOJIBHE 3reHepoBaHi
JexoMmuisTop Touku Bxoay N
BHKOHAHHS TECT-KEHCH
3anyck Ha ¢
S Dy3ep
Oinapi
QEMU / PIN/
DynamoRIO
Tpiax /
+ MIHIMI3aris /
Bl e BIJJIar0 K CHHS

Pucynox 1. [Ipomiec BUSABICHHS BPa3IMBOCTEH «HYIHOBOTO JHS» B YMOBaX 00MEKEHUX PecypciB 3a

JIONIOMOT 010 (Dy3HHTY

[lizcymoBytoun ciiji 3a3Ha4YUTH, IO Hapasi Qy3UHI € OAHWUM i3 HaWOULTBII edeKTUBHMX
IHCTPYMEHTIB BUSBJICHHS BPA3IMBOCTEH «HYJIBOBOTO JTHS», OCOOJIMBO B yMOBAaX OOMEXEHOI'O JOCTYITY
JI0 BHXIIHOTO KOAYy Ta pecypciB. MakcuMaiabHy CQEKTHBHICTh 3a0e3ledye TMOETHAHHS TaKuX
KOMIIOHEHTIB, sk fuzz-harness, canitaiizepu (ASan/UBSan), coverage feedback, muciiurutinoBanuit
Tpiax 1 BiIIOBiJaIbHE PO3KPUTTS Pe3yIbTATIB.

Iopmampmi gocmimKeHHS MaloTh OyTH CIpsSMOBaHI Ha ONTHMI3aIlil0 (QYy3WHTY B yMOBax
OOMEXEHHX OOYMCIIOBAIBHUX PECypCiB Ta BHKOPHCTaHHS METOAIB MANIMHHOIO HaBYaHHSA Ta
KJIACTEPHOTO aHaJIi3y U aBTOMATH3allii poriecy Kiacudikamii 3HalAeHIX BPa3IHBOCTEH.
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CEKIIA 2. IPOT'PAMHA IH)KEHEPIA

PO3IIIBHABAHHSI EMOIIMHAX CTAHIB 1] YAC NEPETJISITY BITEO HA
OCHOBI JAHUX GSR, TYJbCY TA BI3YAJIbBHOI'O BIICTEXKEHHS
Tuboseyv A.M., Xmenv C.M. / Hlybovets A., Khmel S.

HauioHanbHKMI yHiBepcuTeT “Kneso-MorunsaHcbka akagemia” / National University of Kyiv-
Mohyla Academy
04655, Kuis, Bya. Mpuropia CkoBopoau, 2, pakynbteT iHPOpMaTUKK
E-mail: a.glybovets@ukma.edu.ua, svitlana.khmel@ukma.edu.ua

This research focused on developing a prototype system for recognizing users’ emotional
states during video viewing through the integration of biometric and behavioural data. The
system combines galvanic skin response (GSR), heart rate monitoring, and gaze tracking using
the webgazer.js library to assess emotional arousal and engagement in real time. Biometric
signals are collected via Arduino from MAX30102 and GSR Grove sensors and transmitted
through the DSD TECH HM-10 Bluetooth Low Energy (BLE) module. A custom Chrome
extension detects active video playback, tracks gaze coordinates, and synchronizes visual and
physiological indicators into a unified JSON data structure. Experimental results confirm the
system’s feasibility for analysing user emotions and suggest potential applications in education,
neuromarketing, and human—computer interaction.

Keywords: biometric reactions, emotional state, Arduino, MAX30102, GSR Grove,
BLE, webgazer.js, human—computer interaction, BCI.

Y cydacHy emoxy akTWBHOI Hu(pOBi3allii 3pocTae iHTEpPEeC JO CHCTEM, 3JaTHUX
pO3Mi3HaBaTH E€MOIIMHI CTaHW JIOJUHU Yy peanbHoMy uaci. Taki cHCTeMH MaloTh BaXKJIMBE
3HAQYEHHS JUIS PO3BHUTKY JIIOJJMHO-KOMIT IOTEPHOI B3a€MOJIi, aJanTHBHUX HaBYAIBHHX
CepeOBHI, MAapKETHHTOBUX IOCHTIMKEeHb 1 HelipoiHTepdericiB. OCOOIMBO MEPCIIEKTUBHUM €
MiAXiA, MO MoeqHye OIOMETPUYHI CEHCOPW Ta aHANITHKY MOBEHIHKH KOPHCTyBada IMia dac
CIIO)KMBAHHS MYJIBTHMEIIHOTO KOHTEHTY.

Meroro naHoi poOOTH € CTBOpEHHS HPOTOTHUITY CHUCTEMH PO3Mi3HABAaHHS EMOIIHHUX
CTaHIB KOPHCTYBaua ITijl 4ac MeperiisiLy Bifeo, IKuii 00’ €JHy€e AaHi ralbBaHiqHOI peakIii mKipu
(GSR), gacrotu cepreBux ckopodeHb (UCC) Ta HampsMky norisgay. OCHOBOIO peaiizailii €
MikpokoHTposepHa miartdopma Arduino Uno, 1o 3abe3neuye 36ip }i3ionoriyHuX MOKa3HUKIB y
pexUMi peaibHOrO 4acy. J[is BUMIpIOBaHHSI MyJbCy Ta PIBHS HACHYEHOCTI KPOBI KHUCHEM
BUKOpHCTaHO ceHcop MAX30102, a msa dikcamii enekTpomnpoBingHocTi mKipn — Moayias GSR
Grove. Ilepemaua manux 3maiiicHoeTsest uepe3 moxyns DSD TECH HM-10 3a texHomoriero
Bluetooth Low Energy (BLE), mo 3a0e3medye 0e3IpOoTOBY B3a€MOIII0 MiXK amapaTHOIO Ta
MPOTPAaMHOIO0 YaCTHHAMHU CHCTEMH.

[Iporpamua ckiagoBa peallizoBaHa y BHIVINI po3mmpeHHA Juisi Opaysepa Google
Chrome, sike B3aeMoJli€ 3 amapaTHOI YaCTHHOW, MNpuiiMae OIOMETPHYHI CHTHAIM Ta
CHHXPOHI3y€e 1X i3 MOBEAIHKOBMMH IIOKa3HMKaMH KOpUCTyBaya. PO3IIMpEHHS aBTOMATHYHO
BUSIBIISIE aKTHBHE Bijeo Ha cropinii YouTube, Binctexye Horo cra (MO3MILII0, TPUBAIICTD,
may3y, IOBHOCKpAaHHHHA pPEeXHM), a TaKOX 3a JIOIMOMOroio 0ibmioTekn webgazer.js BH3Ha4ae
KOOpPAWHATH TIOTISAY KOpUCTyBada Ha ekpaHi. OTpuMaHi OloMeTpWdHI Ta Bi3yaibHi daHi
00’emHYIOTECS B yHi(ikoBaHWHA (popMaT i 30epiraloThCsi y BUIIILAII CTPYKTYPOBAHOTO (aidiry
JSON. Taxwuif migxin no3sossie GOpMyBaTH YacoOBi PAIH eMOLIHHNX Ta (Hi310JOTTYHUX 3MIH ITif
Yac meperysily KOHTeHTY.

[TporpamHa ckiaioBa CKIAAETHCS 3 TAKUX KOMITOHEHTIB!
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10.

11.

12.

13.

Gaze Tracking: BinoOpaxae iHTepdeiic kamiOpyBaHHs, BU3HAYA€ KOOPJAHHATH
HOTJIAy KOPUCTYBaya; BHBOAMTH Bi3yaJIbHUH 1HIMKATOP HAINPSIMKY IOTIIALY;
ciyxau webgazer.setGazeListener nepeae KOOpAMHATU y
trackingData.updateGazeData.

Data Receiver: migkmouaetbcss 10 BLE-momyns Arduino; mnpuiimae Ta
po3mi3Hae BXiJHI JaHi; CHHXPOHi3ye (i310J0Ti14HI MOKa3HUKH 3 KOOPJIHHATAMH
HOTJISITY.

UI/UX Module: KHONKH 3amyCKy/3yIHHKH BiJICTe)KEHHS, MOBIIOMIICHHS MPO
CTaH 3’ €IHaHHA.

Messaging System: 3a0e3neuye OOMiH JaHUMH MiX (OHOBHM IPOIECOM,
pPOpUp-BIKHOM PO3LIMPEHHS Ta BKJIAJKOI0 Opay3epa;

Interpanisi Ta notik ganux; Arduino Uno 3unrye nani 3 MAX30102 ta GSR-
ceHcopa, nani nepemaroThesa yepe3 HM-10 BLE no xomm’iorepa KopucTyBaua;
Chrome Extension mpuiimMae 11i 1aHi Ta CHHXPOHI3y€ 3 KOOPAWHATAMU MOTJISAY,
K1 HaIXOIsATh Bij webgazer.js; iHTerpoBaHi AaHl AOCTYIHI JyUIsl 30epiraHHs Ta
MOJIAJTBIIIOTO aHATI3Y.

Po3pobinena cucrema moOymoBaHa 3a MOAYJIBHUM MPUHIUIOM. KOXEH KOMIIOHEHT —
CEHCOPH, MOYJIb 3B 513Ky, IIporpaMHuil iHTepdeiic Ta cucrema 00poOKH AaHMX — (YHKIIOHYE
ABTOHOMHO, IO CIIPOIIYE OHOBJCHHS Ta PO3MIMPEHHS (QYHKIIOHAIBHOCTI. ApXITEKTypa
cucreMu 3abesmedye MacmTaOOBAaHICTh: MOXJIMBE JOAABAaHHS HOBUX THIIIB CEHCOPIB,
IHTerpallis AJITOPUTMIB MAIIMHHOTO HABYaHHSA U aBTOMATHYHOI Kiacuikamii emomiii um
MiAKITIOYCHHS AlbTePHATHBHUX T1aTdopM, Hanpukian Raspberry Pi.

Ilix uwac excrepuMeHTIB OyJI0O MiATBEPIDKEHO Ipale3aTHICTh mpoToTHiry. Cucrema
YCIIIIHO 34YMTYE Ta nepeae nokasHuku GSR, mynbcy 1 SpO,, cHHXpOHI3YE iX 13 KOOpIUHATAMHI
HOTJISLy Ta CTaHOM Bifeo. Y pe3yibTaTi pOpMYEThCS HOBHA KapTHHA (i310JIOTIYHUX peakiii
KOpHCTYBaua Yy TIpOLeCi CHPUHHATTS MeaiakoHTeHTy. OTpuMaHi JaHi MOXyTb OyTH
BUKOPUCTaHI i1 TOOyIOBHM MOJeNeld OIIHKK eMOIHOI 3adydeHoCTi, Bi3dyauizamii
010JI0TIYHOTO 3BOPOTHOTO 3B 513Ky 200 PO3pOOIICHHS TEPCOHATI30BAHNX CUCTEM HaBUAHHS.

Pazom 3 TnMm, mix 4ac TecTyBaHHS BUSBICHO HU3KY OOMEXeHb. 30KpeMa, Iepeaada JaHuX
yepe3 BLE cynpoBomKyeTbest 3aTpUMKaMH, 1110 BIUIMBAIOTh HA CHHXPOHI3AIlil0 MK CEHCOpPaMH.
Cencop MAX30102 He € MeAWYHHMM NPHIANOM 1 JIEMOHCTPYE IOXMOKHM BHUMIipIOBaHHS,
0cOOJIMBO 3a 3MIHHOTO OCBITJICHHS YW HENPaBWJIBHOTO IIOJIOXKEHHS mnanbls. Kpim Toro,
Oi0mioTteka webgazer.js Mae OOMEKEHY TOYHICTh BIJICTEKEHHS MOMNISAAY, IO YCKJIATHIOE
BUKOPHCTAHHS CUCTEMH Y HEKOHTPOJIbOBAaHUX YMOBAX.

[Tonpy 3a3HaueHi HEMOMIKH, PO3POOJIEHUH MTPOTOTHUIl JEMOHCTPYE MEpPCHEKTHBHICTh
MOEAHAHHS HEIOPOTHX OIOMETPHYHUX CEHCOpIB, 0e3qpoTOBOi mepenadi JaHUX Ta Opay3epHuX
TEXHOJIOTifl JJIsi CTBOPEHHS IHTEpaKTHBHHUX CHCTEM aHalli3y eMoIiiHmx craHiB. [logamermi
HampSIMH  PO3BHUTKY BKJIFOYAIOTh YJAOCKOHAJCHHS MEXaHI3MIiB KaJiOpyBaHHS CEHCOPIB,
IiIBUILEHHS CTa0UIBHOCTI 3B 53Ky, 3aCTOCYBAHHS METOMIB (DNbTpalii myMiB Ta BUKOPUCTAHHS
ITOPUTMIB MAIIMHHOTO HaBYaHHS JUIs aBTOMAaTH30BaHOI Kiacudikanii eMoliii KopuctyBaya.

TakuM YMHOM, NpEACTAaBICHA CHCTEMa € THYYKOK IuiaTGopMoro it iHTerpanii
6i0JI0TIYHUX 1 MOBEMIHKOBMX JaHUX Y TPOLEC JIFOAMHO-KOMIT FOTepHOi B3aeMoyii. 1i MoxynbHa
apxiTeKTypa, BIIKPUTICTh 1 MPOCTOTA peasizallii poOsiTh MOMXIIMBUM IIUPOKE 3aCTOCYBAHHS Y
cdepi OCBITHIX TEXHOJIOTIH, TICHXOJIOTIYHHX IOCIi/KeHb, MeAia-aHaJITHKH Ta PO3BUTKY
HEHPOKOMIT FOTepHHX iHTep(deHCiB.
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This research focuses on context fragmentation in Retrieval-Augmented Generation (RAG) systems, a
critical issue where conventional document chunking severs logical connections, leading to poor
response quality. It proposes a proactive strategy to manage context by overcoming the conflict
between retrieval precision and generation completeness. Key solutions include structured indexing via
Semantic Chunking and Parent-Child hierarchies, dynamic methods like Sentence-Window and Auto-
Merging retrieval, and post-retrieval optimization using rerankers. A comparative analysis shows that
an optimized RAG architecture significantly outperforms Large-Context LLMs (LC-LLMs) by
avoiding pitfalls such as the "lost in the middle" problem. The paper concludes that strategic
architectural investment in solving fragmentation is a more robust and scalable approach for enterprise
applications than simply relying on larger LLM context windows.

Cuctemu Retrieval-Augmented Generation (RAG) € nommpeHo apXiTeKTypHOIO IapagurMoro,
10 iHTETpye Benuki MoBHI Mojeni (LLM) i3 30BHiImHIMEU 6a3aMu 3HAHD 3 METOIO ITiABUINCHHS
(baxTonoriuHoi TOYHOCTI Ta MiHIMI3awii TeHeparii HeoOrpyHTOBaHOI iHpOopMarii ("TamronuHarii")[2].
OyHKIIOHYBaHHS LIUX CUCTEM OOMEXYEThCS OCHOBHUM apXiTeKTYPHUM BHKIMKOM — KOHTEKCTHOO
(parmenTamniero. L mpobieMa BUHUKAE BHACTIIOK mporiecy po30ouTTs (chunking) BuxigHIX
JIOKyMEHTIB Ha MEHIIII CETMEHTH JUISI iX €)EeKTUBHOTO 1HIEKCYBAaHHS Ta BEKTOPHOTO mouryky. Take
CErMEHTYBaHHS MO>KE ITPU3BOJIUTH JI0 PO3PUBY JIOTIYHUX, CEMaHTHYHUX Ta CTPYKTYPHUX 3B'SI3KiB,
HasBHUX Y II0YaTKOBOMY JAOKYMeHTi. Y pe3ynbrari LLM otpumye HaGip po3pizHeHHX (parMeHTiB, L0
3HIKY€E KOTEPEHTHICTh T€HEPOBAHOT BiTIOBI i, IPU3BOAMTSH JI0 MPOITYCKY KJIF0Y0BOI iH(pOopMarrii Ta
BKJTIOUEHHS HepeleBaHTHHUX AaHuX ("mrymy"). OcobanBo 3HAYYIIO0 € BTpaTa Kay3aabHOi IiTICHOCTI,
KOJIM IPUIMHHO-HACIIAKOBI 3B'I3KH BUABIISIOTHCS PO3MIOAITICHUMH MK Pi3HUMH YaHKaMH, IO
YCKJIAIHIOE JIsT MOZeTi (popMyBaHHS JIOTIYHO OOTPYHTOBAaHUX BUCHOBKIB [3].

s BupimenHs niei npodiemu po3pooisitorbes RAG-apxiTekTypH, 1o nepexoasTh Bif
CTaH/IapTHUX METOJIB PO3OUTTS HA YAaCTHHU (PIKCOBAHOTO PO3MIPY J10 OiIbII KOMIIEKCHHX,
KOHTEKCTHO-OPIEHTOBAaHUX cTpaTerii[S]. OnHUM i3 OCHOBHHX pilleHs € apXiTekrypa Parent Document
Retrieval (PDR), sixa po3B'si3ye KOMIIPOMIC Mk BAMOTaMH JI0 PO3MIpy YaHKIB JUIsl TIOIIYKY Ta JUIst
rerepaiiii. B pamkax PDR ingekcyroThes Maiti " qouipHi" YaHKH 1151 3a0€3MeYCHHST BUCOKOT TOUHOCTI
CEMaHTHYHOTO TIOIIYKY, TOJi SIK JJis TeHepatii Bianosini LLM HagaeTbes acomiiioBaHuii 3 HUMU
Oimpmmnii "0aThKIBCHKHIA" TOKYMEHT, 110 JO3BOJISIE BITHOBUTH IMIUPIINI KOHTEKCT. Llei miaxix gacto
JOTIOBHIOETHCS 1€papXidHUM PO30OHUTTSM, IO BPAXOBY€E CTPYKTYPHI €IEMEHTH TOKyMEHTa (pO3Aiy,
naparpadu), Ta TIOPUIHIMHA CTPATETiIMU BUOIPKH, SIKi TIOEMHYOTh CEMaHTHYHUH (BEKTOPHHI) Ta
JIEKCUYHUI (Ha OCHOBI KJIFOUOBHX CJIiB) MOUIYK JUIS IiIBUILEHHS HAAIHHOCTI BUOIPKH.

BaxiBoro ckJ1aJOBOIO 3MEHIIEHHSI BIUIMBY KOHTEKCTHOI (pparMeHTalii € HocTperpiBaibHa
00po0Oka, 30kpemMa MexaHi3Mu nepepatkyBanHs (Re-ranking) [1]. Ha noyarkoBomy erami Retrieval
crcreMa rnpartse 3abe3neynty MakcuManbHy moBHOTY (high recall) — T0o0TO 3HalTH sikOMOTra OijIbLIe
MOTEHIIIHHO peleBaHTHUX YaHKiB. [IpoTe 11e 9acTo MPU3BOAMTD O BETUKOT KiJIPKOCTI “ITyMOBUX’ 200
cmabko goTHuHUX (parmMeHTiB. [1{o6 3abe3neunTn AKiCTh MOAANBIIOI TeHEpaLlii, MOXKe
BHKOPHUCTOBYBATHCS IIepepaH)KyBaHHA: CIEHialbHAN eTall, Ha IKOMY BiniOpaHi ¢pparmeHTH
PaHXYIOThCS 3a CTYIICHEM PEJICBaHTHOCTI JI0 3aITUTy KOpUCTyBada. HaiimommpeHimmm MeTogoM Juis
uporo € Bukopucranusa Cross-Encoder Mozeneit, siki 0OpoOIISIOTE 3alIUT Ta JOKYMEHT CITIJIBHO, SIK
enuHy BxinHy napy. Ha BiamiHy Biz bi-encoder’iB, siki onepyroTh JIHIIE€ BEKTOPHOIO MOIIOHICTIO MK
nornepeHpo obuucieHumu emoeaainramu, Cross-Encoder 31atHi 3axomtoBaTy O1IbII TOHKI CMHCIIOBI
B3a€MO3B’I3KH, CHHTAKCUYHI 3aJIeKHOCTI Ta Kay3ajbHi BiJHOIICHHS MK ciioBaMu. [le 3abe3meuye
CYTTEBO BHIILYy TOYHICTh (iNbTparlii.

VY npakTHYHHEX CHCTEMaxX NepepamKyBaHHsS 4aCTO CKOPOUY€ MOYATKOBHN HAOIP Y NecATKH abo
HaBITh COTHI ()parMeHTIB A0 HEBEIHMKOI KiTbKOCTI HAHOIBII PEeJICBAaHTHHX, SIKi MIOTIM MOJAIOTHCA 0
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LLM. HogitHi nociimxkenns, Taki sk Rationale-Guided Selection (RGS), po3BUBarOTh 1110 KOHIICTIIIIIO
e naii [4]. 3amicth npoctoro Bindopy Top-K ¢parmenTiB 3a eBpuctuuHMHU KpuTepismu, RGS
3anmy4ae camy LLM Jyis IOSICHEHHS, YOMY caMe MEeBHUH (pparMeHT € moka3oBuM s Biamosizi. Ie
HaOJIMXKA€E CUCTEMY JI0 OLTBIII OCMUCIIEHOTO, TIPO30POTo Ta CTIHKOT0 BUOOPY IOKa30BOi Oasu, Mo
0COOJIIBO BaXKJIMBO Y BUCOKOHAIIHIX TOMEHaX (MEIUIIMHA, IPABO, HAYKa).

EdexTuBHe momonaHHs KOHTEKCTHOI (hparMeHTaIlii He Moxke 0a3yBaTHCA Ha OJHIN TeXHImi —
BOHO 1OTpedye cucTeMHOro Ta OararopiBHeBoro migxoxy. CydacHi pimeHHs KOMOIHYIOTh KiJbKa
B33a€MO/IOTIOBHIOIOUHMX KOMITOHEHTIB: CTPYKTYPHO-OpieHTOBaHe po30ouTTs (siK y Parent Document
Retrieval Ta iepapxiuHux Mozensix), bararocTyneHeBy BUOIpKY 3 MiOpUAHUMH CTPATETISIMH Ta TIOTYKHE
nepepamxyBanHs Ha ocHOBI Cross-Encoder. Pa3om 1i enemMenTn GpopMyIoTh apXiTeKTypHY
€KOCUCTEMY, sIKa 3HAYHO MI/IBUILYE SIKICTh 1H(pOopMaIii, 1110 nojaeTbest Ha BXig LLM.

HactynHuM erarnoM po3BUTKY € CTBOPEHHS JMHAMIYHUX apXiTeKTyp, 34aTHUX aJalTyBaTH
ctpaterii chunking Ta retrieval y peaapHOMY 9aci — 3aJIe’KHO BiJ] TUIY 3aIIUTy, HOTO CKIaIHOCTI Ta
CTPYKTYpH iHpOopManiitHoro poctopy [3]. Hanpukian, s 3anuTiB, sSKi TOTPEOYIOTH Kay3alIbHOTO
JIAHITIOXKKA, CHCTEMa 3MOXKE aBTOMAaTHIHO 00MpaTH OLTBII OaTHKIBCHKI OJ0KH a00 3BEpTaTHCS 10
MIPUYNHHO-HACIIIKOBHUX IpadiB, a 1715 paKkTOIOTIYHMX 3aMUTIB — ONTHUMI3yBaTH HOIIYK i1
MaKCHMaJIbHY TOYHICTb.

Kitr04oBUM HaIpsiMOM JIOCITIKEHb CTA€ IHTErpallis CTPyKTYPOBaHKUX 3HaHb, 30kpeMa Knowledge
Graphs ta Causal Models. Bonn 103BoJIsitOTh He ITPOCTO BUIIy4YaTH (parMeHTH TeKCTy, a Oy yBaTu
ITICHI JIOTTYHI MOJIENi TPeIMeTHOT 00JIaCTi, 0 OCOOIMBO BAYXKIMBO JJIs CKIQJHUX aHATITHIHUX a00
HayKOBHX 3aBJIaHb. [l01aTKOBUM BUKIIMKOM 3aJIMIIAETHCS 00poOKa CyNepewIMBUX JaHUX Y
BHJIYYCHOMY KOHTEKCTI — CHUTYaIliif, KOJU Pi3Hi JHKepelia TOAal0Th B3a€EMOBUKIIIOUHY a00
HEOTHO3Ha4HY iH(popMarito. Po3B’s3aHHs i€l MpoOIIeMH BiIKPHE MIIAX A0 OUTBIN CTIHKUX, HAMIHHAX 1
nosicHioBaHUX RAG-crcTeM HOBOTO ITOKOJIIHHS
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TEXHOJIOI'TI KOMYHIKAIIII TPAHCIIOPTHHX 3ACOBI / VEHICULAR
COMMUNICATION TECHNOLOGIES
Abnoncwvkuti B.P., Aghonin A.O. / Yablonskyi V., Afonin A.
Hamionansauit yHiBepcutet “KueBo-Mormnsacrka Akanemis” / National University of Kyiv-Mohyla
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04655, Kuis, Byn. I'puropist CkoBoponu, 2, hakynbTeT iHpopMaTHKH, Kadeapa iHpopmMaTuku
E-mail: yablonskyivr@ukma.edu.ua, afonin@ukma.edu.ua
Intelligent Transportation Systems (ITS) and vehicular communication technologies are rapidly
advancing to improve road safety. Modern vehicles can exchange data with each other, with
infrastructure, and with networks or personal devices — a concept known as Vehicle-to-Everything
(V2X). Such communication can be established either through decentralized ad-hoc networks
(VANETS), or via centralized cloud servers. Various wireless technologies support V2X: the DSRC
standard (IEEE 802.11p) pioneered short-range V2V/V2I communication, while the newer Cellular-
V2X (C-V2X) offers both direct and network-assisted modes. Researchers are also exploring Wi-Fi
based protocols, WiMAX, LoRa for different V2X scenarios. However, widespread adoption remains
limited due to the need for additional on-board and roadside units, potential frequency conflicts, and
challenges in security and network design. A shift toward a centralized infrastructure combined with
decentralized elements is proposed.
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VY cy4acHOMY CBiTi TPAHCIIOPTHI 3aCO0U € HEBI’€MHOIO YACTHHOIO MOBCSIKIACHHOTO KHTTSI.
BinOyBaeThes CTPIMKHIA PO3BUTOK HE JIMIIE CAMUX TPAHCIIOPTHUX 3aC001B, a i 1HYPaCTPYKTYpH, SIKY
BOHH BUKOPHCTOBYIOTB, & TAKOXK TEXHOJIOT1H, 10 PO3LIMPIOIOTH MOKIIMBOCTI TPAHCIIOPTY Ta
3a0e3medyroTh HOoro HaailHICTh i 6e3neky pyxy. OIHUM 3 HAIPSMKIB, SKi aKTHBHO JTOCIIIKYIOTBCS, €
iHTeNeKTyanbHi TpaHcopTHi cuctemu (ITS) Ta KOMyHiKamis TPaHCTIOPTHUX 3aC001B. 3aBIAKH
MOCTIHHOMY OOMiHY JaHUMH MiX TPaHCIIOPTHUMH 3acobamu, iHdpacTpykTypoto Ta moasmu TS
MOXYTh BUKOHYBATH CBOi OCHOBHI 3aBIaHHs: IIOKPAIIEHHs JOPOXKHBOI OE3MEKH Ta 3MEHILCHHS
KIJIBKOCTI 3aTOpiB. JlOCHiIKYIOThCSl TaKi OCHOBHI CIIOCOOM KOMYHIKaIlii:

1. Vehicle-to-Vehicle (V2V) — konu fBa 4u OisIbIlIe TPaHCIIOPTHI 3aCO0M CIIIKYIOTHCS OJIUH 3

OJTHMM HampsMy Ta OOMIHIOIOTECS] JAaHUMH B peajlbHOMY Haci.

2. Vehicle-to-Infrastructure (V2I) — Koy TpaHCTIOPTHI 3aCO0M CIUIKYIOTHCS 3 PUAOPOKHBOIO
1HPPACTPYKTYpOIO, HATIPHUKIIA, CBiTIO(QopamMu, NutarbayMaMy 9M iHIIAMH €JIeMEHTaMH.

3. Vehicle-to-Network (V2N) — ko TpaHCTIOPTHI 3aC00H CIITIKYIOTHCS 3 XMAPHUMH
cepBepaMmu, SKi MafoTh JIOCTYH 10 TII00abHOT Mepexi [HTepHer.

OkpiM 1poro, iCHYIOTh i 1HII HarpsMKH, Taki sk Vehicle-to-Pedestrian (V2P) s komyHikaii
3 mimoxoaamu 1a Vehicle-to-Device (V2D) ans kOMyHiKaiii 3 PUCTPOSIMUA BCEPEANHI YU 1032
TPaHCIIOPTHUM 3ac000M. Yci mepeniyeHi BapiaHTH KOMYHIKaIlil pa30oM MM03Ha4aloThCsl TEPMiHOM
Vehicle-to-Everything (V2X), sikuit 3maTeH 3a0€3MeUUTH 0pa3y AeKijJbKa THUIIIB KOMYyHIKallii, a He
JIWIIE OJVH.

3aranom icHye 2 mIXoAu A0 TOOYA0BH TaKol KOMYHIKaIlii Mk TPaHCTIOPTHUMHE 3ac0o0aMHu:
BHKOpHCTaHHS JienieHTpaiizoBannx Ad-Hoc Mepex abo BUKOpHCTaHHS II00anbHoi Mepexi [arepHer.

Vehicular Ad-Hoc Network (VANET) nacamnepen po3risaatoTs ais peamizamii V2V ta V2I
B3aemoii. Taka Meperka nependayae psiMy B3a€MOJIII0 TPAHCIIOPTHHX 3aC001B Mk c000r0 a60 3
MPUIOPOKHBOIO THPPACTPYKTYPOIO 3 BAKOPUCTAHHSAM JIOJJATKOBHX MPUCTPOIB TSI O€3pOTOBOTO
3B’SI3KY, SIKI BOYIOBYIOTHCS a00 Mif € AHYIOThCS 10 aBTOMOO1A. [lei miaxin BUMarae CTBOPSHHS
JICLIEHTPAJII30BaHOT MEPEXi, /Ie KOKEH YYaCHUK € OKPEMHUM By3JIOM. TakuM YNHOM MOXKITHUBHH SIK
psIMAK OOMIH MTOBITOMIICHHAMH MIX IBOMAa YH OUTBIIE yYaCHUKAMH, TaK i Iepeavya IoBiJOMIICHb
yepe3 iHINX YYaCHHUKIB, IO BICTYTAIOTE Y POJIi pETPaHCIATOPIB, SKIIO MPSIMa KOMYHIKaIlis
HeMoxunBa. 1e 3abe3mnedye mBUAKUNA OOMIH MTOBITOMICHHAMH HAMIPSIMY MK YIaCHUKAMH 1 HE
moTpe0ye JOTaTKOBUX CEPBEPIB, alle CTBOPIOE MPOOIIEMH, OB’ s3aHi 3 OE3MEKOI0 - IK Y KOHTEKCTI
TIEpEXOIUIEHHS JaHKX, TaK i CIIOTBOPEHHS 1H(OpMAIlii YK criamy.

[Tpu BUKOpUCTaHHI TTI00aTBbHOT MEepeXi KOMYHIKallisl 3a3BUYail BiIOyBaeThCs Yepe3 XMapHHUH
cepBep, AKUH 3MIHCHIOE 00POOKY Ta KOHTPOJIb MOBIIOMIICHB. Y TaKOMY pasi KOMyHikallis Tuny V2V
yn V2I BinOyBaeThCs He HANIPsSIMY, a Yepe3 r1o0albHy Mepexy [HTepHeT, ToOTO TpaHCTIOPTHUIT 3aci0
CIUIKYETBCS 13 CEpBEPOM, a CEpPBEP CIIIKYETHCS 3 IHITMM TPAHCIIOPTHUM 3ac000M UM €IeMEHTOM
JIOpOXHBOI iHPpacTpykTypH. [lepeBaroto Takoro MiAXOAy € MEHTPali30BaHU KOHTPOIIb, 1110 3/1aTCH
3abe3nedyBaru Oe3reKky KOMyHiKallii Ha BCiX piBHAX. BogHOYac A mbOTO MigXoMy MOTPiOeH TOCTyII
JI0 TI100aJIFHOT MEpeXi, 1 Yepe3 JOAAaTKOBI BY3JIH 1 IPH HU3bKIH SKOCTI 3’ €THAHHS BiH MOXeE OYTH
MOBIJIBHIIINM, HIXK TIPsIMa KOMYHIKaIlis.

VYci i BuauM Ta Bapianii KOMyHiKanii MOXyTb OyTH peajli3oBaHi JHIIE 3aB/IsSKN HaXiHHIM
TEXHOJIOTIsM 0e37pOTOBOrO 3B’ 513Ky. [Jis 3a0€3MeUCHHS IUX IUICH MOCHTIIKYIOTHCS 1 TECTYHOThCS
pi3HOMaHITHI 3aco0u 1 miaxoau. [lani MU po3risiHEMO OCHOBHI 3 HUX 1 MPOaHAII3yeMO 1X OCHOBHI
TepeBary Ta HEIOMIKH.

Dedicated Short-Range Communication (DSRC) TpuBanmii uac 3aqumascsi OCHOBHUM
MEXaHI3MOM [T 3a0€3IEUCHHS 3B’ 3Ky MK TPAaHCIIOpTHIUMH 3aco0amu Ta moOymosu Mepexxk VANET.
DSRC - e momudikosannit crangapt Wi-Fi (802.11p), cTBopeHu#t it KOMYHIKAIIT MiXk
aBToMoOUTsIMU. Bin mparttoe Ha miama3zoni yactot 5,9 I'T'n. DSRC moske 3a6e3neuyBatu npsimy V2V ta
V21 xoMyHiKaIlio Ha HeBeIUKHUX BifcTaHsax — 10 300 m (i 1o 1 kM 3a cpusaTiinBux ymoB) [1].

Cellular V2X (C-V2X) — BiTHOCHO HOBa TEXHOJIOTis, SIKa JIeAali OlIbIle MPUBEPTAE yBary
nocniaaukiB. C-V2X Moxe npaifoBaTi y ABoX pexxumax. [lepumii — 1ie npsima B3aemoist (V2V abo
V2I) i3 3actocyBanssM TexHosorii PC5 sidelink, sixa, six i DSRC, nparroe Ha niana3oHi 9acToT 5.9
I'Tn. Apyruii — B3aemoist uepe3 iHQpacTpyKTypy CTUTBHIKOBOTO 3B’ 3Ky [3]. 32 yMOBH BUKOPHCTAHHS
XMapHHX CepBEPIB i MiIKIIOUCHHS 1HIIX eIEMEHTIB 10 TI00aIbHOT MepeKi [HTepHeT meit miaxin
3a0e3nevye NOBHUH CIIEKTp B3aeMozii Thiy V2X.

Oxpim DSRC Ta C-V2X, BegyThcs TOCTIDKEHHS i €KCIIEPUMEHTH 3 HU3KOIO THIIINX
TexHouoriil. Harmpukiiaz, BUBUAETHCS MOKIIMBICTh BUKOPHCTAHHS Pi3HUX MPOTOKOIMIB ciMeiicTBa Wi-Fi
(802.11) nnst kOMyHiKaIlii B yMOBax pyxy TpaHCHOPTHUX 3aco0iB. [Iporokon 802.11p, 110 JIe)KUTH B
ocuoBi DSRC, po3po6iieHo Ha 6a3i cranmapty 802.11a [2]. Otke, iHII IpeACTaBHUKH ciMeiicTBa Wi-
Fi Takox 3acimyroByioTh Ha yBary gociigaukiB. WiMAX (802.16) — mie oHa TEXHOIOTiA
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6e31pOTOBOTO 3B 513Ky, 1110 MOXKE 3aCTOCOBYBATHUCH JJIsl KOMYHIKaLlil Ha BEJMKUX BifcTaHax (1o 50 km).
[onibHo 1o uporo, Texuosnorist LoRa 3naTHa 3a0e3neuyBarn ctabinbHIN 3B’ 130K HA BIACTaHI 10 5 KM
[4]. KpiM TOTO, JOCIITHHKH 30CEPEPKYIOTh YBary i Ha TEXHOJIOTISIX KOPOTKOTO pamiycy [ii, TAKUX K
Bluetooth, ZigBee, NFC. Lli TexHOIOTi] pO3TIsSaat0Th Y KOHTEKCTI KOMYHIKAIIl TPaHCTIOPTHOTO 3ac00y
3 IPUCTPOSIMH, SKI PO3TaIIoBaHi BcepeanHi Hporo (V2D), a Takox 3 THMH, IO Horo otouyioTs (V2P,
V2I).

Hespaxkaroun Ha BENHKY KUTBKICTh TEXHOJIOTIMH, IO MPOHIIIIA MOJIKOBI BUIPOOYBaHHS, 1 Ha Te,
10 JIOCJIPKeHHS Yy chepi KOMYHIKalii TpaHCIIOPTHHX 3ac00iB TPUBAIOTH YK€ JOCHUTH JABHO, IIi
TEXHOJIOTIT I0Ci He HaOyu 3HaYHOTro momupeHHs. L{e mosicHroeTscs OaratbMa akTopamu. OuH i3
HUX TOJISITAE€ B TOMY, IO JUTS OUTBIIOCTI TEXHOJIOTIH MOTPiOHI 0AaTKOBI MPHUCTPOI, SKi Tpeba
BCTAaHOBJIIOBATH SIK Y TPAHCIIOPTHI 3aco0H, Tak 1 B iHppacTpykrypy. Hanpuknaz, mis TexHosnorii
DSRC, C-V2X, LoRa neoo0ximui 6optoBi mpuctpoi (OBUs) y K0O’)KHOMY TPaHCIIOPTHOMY 3ac001 JIst
3a0e3nedeHHs KOMyHiKamii Tamy V2V, a Tako)k JOAAaTKOBI CTaIliOHAPHI IPUCTPOI B3IOBK JOPOTH
(RSUs) ms B3aemonii 3 iHdpacTpykTyporo. YTiM, Taki pimeHHs, y BUnaaky 3 rexaonorismua DSRC ta
LoRa, 3a6e3neuyroTs Jniie AereHTpanizoBaHy B3aemomiro. [1o6 otpumaTu oCTym 10 rito0abHOL
Mmepexi, i RSU HeoOxinHo migximounTty 10 [HTepHeTYy. B Taknx ymoBax notpiOHe Iyxe diTke
Y3TOJDKEHHS A1l MiXK BUPOOHMKAaMH TPAHCIIOPTY 1 MyHIIMIIAILHUMH OpraHaMu, a/Ke KOJKHa
TEXHOJIOTisl Mae cBOIo crienudikaniro. J{o Toro x, pi3Hi TEXHOJIOTIT MOXKYTh KOH(IIKTYBAaTH MiX
cobotro: Hanpukian, y DSRC ta C-V2X nepeTnHarOThCs YaCTOTHI ialla30HH, 10 MOXKE CTBOPIOBATH
MIEPEIKOAM MPH OJHOYACHIHM poOoTi. [HIIa Mpobiema mossrae B TOMY, 1110 HAyKOBa CITIBHOTA Hapasi
TIepeBaXHO 30cepepKeHa Ha po30yA0Bi AeIeHTpaTi30oBaHuX Mepex. L{e 3arocTproe 3a3HadeHi BUIIIE
MPOOIIEMH Ta MOPOKYE TOJATKOBI TPYXHOIII IPH MPOSKTYBaHHI Mepexk 1 3a0e3nedeHHi iXHpO1
6e3nexu. OTxe, 3MiHA OKYCY 3 TOBHICTIO JICIIEHTPAJIi30BaHOI MOJIEJi Ha BUKOPUCTAHHS
LEHTPaTi30BaHol IHPPACTPYKTYpPH 3 JELEHTPATI30BAHUMH €IEMEHTaMU MOKE JOKOPIHHO 3MiHUTH
3arajbHy CHTYallilo 1 IPUCKOPUTH PO3BUTOK YCi€l ramysi iHTeNeKTyaIbHIX TPAHCIIOPTHUX CHCTEM. Y
[bOMY KOHTEKCTI BUHHKAE 1OTpeda B MPOSKTYBaHHI 1 po3po01i BiIKPUTOT CUCTEMH Ta YHIBEpCaIbHOTO
BIZIKPUTOTO IIPOTOKOITY, 3/IaTHUX 3a0€3MeUUTH €JMHUI MEXaHi3M OOMiHY ITOBIIOMJICHHSIMH Ta
HeHTpaizoBaHi 3acobu 6e3neku. Lle mo3BomTh po3pobsaTH 3acTocyHku s ITS 6e3 mpuB’a3ku 10
KOHKPETHUX TEXHOJOT1H 3B 3Ky Y1 BUPOOHUKIB.
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The paper explores C++ metaprogramming as a form of declarative functional programming
that originates from Alonzo Church's lambda calculus. Paper describes the imperative
approach based on iteration with the functional style centered around recursion. The core of
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C++ metaprogramming, the template system, is analyzed. Key techniques such as Substitution
Failure Is Not An Error (SFINAE) and template specializations are explored in detail. The
methods enable compile-time computations, turning the template language into a Turing-
complete functional programming language within C++ itself. As a practical demonstration,
the paper presents a modern solution to the "Abstract Factory" design pattern problem,
originally formulated by A. Alexandrescu, showcasing the power of template
metaprogramming in C++.

KitouoBi cioBa: MmeranporpamyBaHHs, MoBa mabnonis, C++, SFINAE.

[IporpamyBaHHs iCTOPUYHO PO3BUBAIOCS y JBOX OCHOBHMX CTHJISIX: IMIEPAaTUBHOMY Ta
JIeKIapaTUBHOMY (30KpeMa, (yHKIIOHAIBHOMY). ITepallis € KIIFoYoBHM 3ac000M OpraHizarlii
o0unCIIeHb B iMIIEpaTHBHOMY NPOrpaMyBaHHi, SIKe, 32 CBOEIO CYTTIO, € MPOrpaMyBaHHAM HaJ
koMipkamu mam'sti. Ha mpoTuBary 1poMy, peKypcii € OCHOBHHM 1HCTPYMEHTOM
(YHKIIOHANTBHOTO (JEKIApaTHBHOTO) MPOTpaMyBaHHS, SKE HE BUMArac siBHOTO KepyBaHHS
naM'aTTIO Ta ONepalii IPUCBOEHHS.

Mogoto C++, sKka TpaauIliitHO po3rIIAfaeThcs SK  MOBA  IMIIEPATHBHOTO
MporpamMyBaHHs, KOHIENINi (YHKIIOHATHFHOTO CTHIIIO peaji3oBaHI depe3 MexXaHi3M
MeTanporpaMmyBaHHs ImabinoHamu. Lle Tak 3BaHe «cTaTHYHE METAaNporpaMmyBaHHS», 1€ BCi
0o0YHCITIOBaIbHI TpOLlecH BiAOyBalOThCS Ha eTami KOMIUIALIi, A0 MOYaTKy BUKOHAHHS
OCHOBHOI TporpaMu. Takuil mmxim J03BOJIIE 3HAYHO 3MCHIIUTH HABAaHTAKCHHS Ha €Talli
BUKOHaHHsI KOJAy, TMepeKiaBIIM OOYHCIeHHS Ha dac KoMmuminii. BracHe, mporpama
KOMITUTIOETBCSL OJTUH pa3, a BUKOHYETHCS THCAYl YW MINBHOHM pa3iB, TOMY TaKUH MiAXiz
JI03BOJISIE 36KOHOMUTH 3HAUHY KiJIbKICTb PECYpCiB.

PosrigaemMo knacuyHy 3afady oO4HCIeHHs HaiOinpimoro crinpHOTO AinbHKKa (HCI).
Tpamuuiiina pekypcuBHa peanizamis MoBolo C-++ BHUKOHYe€ OOYMCIEHHS Iifi 4ac pPOOOTH
MIPOTPaMHu:

int ged(const int m, const int n) { return (n == 0) ? m : gcd(n, m % n); }

[Tpote, BUKOPUCTOBYIOUH MeETalporpaMyBaHHsS MIA0JOHAMH, IIi OOYMCIICHHS MOXKHA
MepeHeCTH Ha eTanm KOMIUIALii. J[ma mporo CTBOPIOETbCA OCHOBHMH IIabJoOH Ta HOro
YacTKOBA CIeIiallizallis, o CIYTye YMOBOIO 3aBEepIICHHS PEeKypCii:

// OcHOBHMH 111a6/10H
template<int M, int N> struct GCD {

static consteval int ged() {

return GCD<N, M% N>::gcd();

}
I8
// HacTkoBa crienjiasisaliis Jjis 3aBeplieHHs peKypcii
template<int M> struct GCD<M, 0> {

static consteval int gcd() { return M; }
b

Y TakoMy BWIAQAKY BUKIHK int n = GCD<168, 392>:gcd() 3MYyCHTh KOMIIIATOP
CaMOCTIHHO OOYMCIUTH PE3yJIbTAT, i B 00'€KTHUI KOJI MOTPANHTH JIUIIE TOTOBUH pe3yJbTaT.
Le i € cyTh CTATUYHOrO METANpPOrpaMyBaHHS: pOrpama, HalucaHa po3pOOHUKOM, TeHEpyeE i
BUKOHY€ KIHIIEBHI KOJ HA €Tami KOMIIALI, )KOJHIUX HAKJIAJHUX BUTPAT ITiJ] YaC BUKOHAHHS
nporpamMu. B pesymbraTi MoBa 1mrabmoniB C++ mepeTBopmiacs 3 TPOCTOrO 3aco0y
y3aralbHEHOTO MPOrpaMyBaHHs AJIsl CTBOPEHHS KOHTEHHEPIB Ha MOBHOLIHHY (YHKLIOHATBHY
MOBY, ToBHY 3a Tropinrom [l], 3aBmsku nBoM kmodoBuM MexaHizmam: SFINAE Ta
crewianizarnii.

SFINAE («Substitution Failure Is Not An Errory) [2] — 1ie npaBWIIO, 3TiTHO 3 SIKUM
HEBJaJla IMiJCTAaHOBKA LIA0JIOHHOTO IMapaMeTpa HEe € MOMIJIKOK KOMIUIALIi. 3aMiCTh IIbOTO
BIANOBIMHUIT 1Ia0JOH TMPOCTO BUKIIOYAETHCS 3 po3mmimy. lle mo3Boisie cTBOprOBaTH
nepeBaHTaxeH! (QYHKIII, IKi KOMIUIATOP O0MpaTuMe 3aJIe)KHO Bijl XapaKTEPUCTUK THUIIIB, IO
HiCTaBIsAIOThCA. Hanpukiaa, MOXHa CTBOPUTH J1Ba KOHCTPYKTOPHU AJISL KIacy PsIKiB, OJUH 3
SKuX Oyne oOpaHo, SIKIIO JOBXHHA PSAKAa JO3BOJSE PO3MICTHTH KHOro y BHYTPILIHHOMY
oydepi (peamizamiss Small String Optimization), a THIIAA — AKIIO TOTPIOHO TWHAMITHO
Byt nam'sith. SFINAE € ocHOBOrO 1151 peainizaliii yMOBHOT JIOTiKH Ha €Tari KOMITLISII.
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Creniamizarisi ma0IoOHIB — e MEXaHi3M, 110 J03BOJISIE MMEPEBU3HAYUTH TIOBEIIHKY
mabJIoHy I KOHKPETHUX THINB a00 3HadeHb. Creriamizallis OyBae MOBHOO, KOJIM HAIaHO
BCi mmabioHHI mapameTpu (MO CyTi, CHEMiaji3ailis OJHOTO KOHKPETHOTO BHIAAKY), 1
YacTKOBOIO. SICKpaBHM TPUKIAAOM € std::vector<bool>, SIKHH € YaCTKOBOKO CIIEIialli3alli€ro
std::vector<T>. 3aMicTh TOTO, 100 30epiraTu KokHE OylieBe 3HaUEHHS B OKpeMoMmy OaiTi (110
mpu3Beno 6 1o 700% HAITUIIKOBUX BUTPAT IMaM'sTi), CHeEIliali30BaHa BEPCisi BUKOPUCTOBYE
0iToBI TOJIs, 30epiratouu 8§ 3Ha4YCHb B OJTHOMY OaWTi.

Creniamizanisi TakoX Bifirpa€ posib YMOBH 3YIHUHKH B PEKYPCHBHUX MeTa(yHKISX.
Posrasaemo metadyHKIio ;i oounciaeHds ancen @idonawdi:

Fibonacci,= Fibonacci, _,+ Fibonacci,_,,n=2,3,...
OcHoBHUI mA0OJOH peallizye PeKypCHBHE MpaBuio, a crerjamizamii aist 0 ta 1 HamawoTh
KiHIIEBI 3HAYCHHS JIs 3yITMHKH PEKyPCii.
template<int n> struct Fibonacci {
static consteval int fib() {
return Fibonacci<n - 1>::fib() + Fibonacci<n - 2>::fib();
}
|5
template<> struct Fibonacci<1> { static consteval int fib() { return 1; } };
template<> struct Fibonacci<0> { static consteval int fib() { return 0; } };

EdexTuBHICT TakuMX OOYHUCIICHh MOXHA MiJBUINUTH 32 JOMOMOIOK KEIIyBaHHS,
30epiraloun BXK€ OOYHUCICHI pEe3ylbTaTH y CTaTUYHUX WIEHaX KJIacy, LI0 JO3BOJISIE
ONTHMI3yBaTH AJITOPUTMIYHY CKJIATHICTh 3 €KCIIOHEHITIHHOT 10 JIIHIHHO].

Cua MeramporpaMyBaHHsS TOJsSTae y BHpilIeHHI peanbHux 3amad. Y 2001 pomi
Amngpeii Anekcannpecky [3] chopmymoBaB 3amady peanizauii maOnoHY NpPOEKTyBaHHS
«Abcmpaxmua Dabpura» 3 €TUHAM IIa0JIOHHUM MeTOIOM Create<T>. Ha Toii yac enerantHe
pitieHHs. OyJi0 HEMOXKJIMBUM, 1 JOBOAWUJIOCA BHKOPHCTOBYBATH TIPOMI3IKI MaKpOCH
npenpouecopa. CyyacHe MeTanporpaMyBaHHsI JO3BOJISE BUPILINTH IO 331a4y 3a TOTIOMOTOIO
CTPYKTYpH HaHWX chucky TwmiB (type list). Taka ¢aOpuka moxke mepeBipsATH Ha eTari
KOMITUTATI{, 91 BXOJWUTH MIEBHUIM THI J0 CIUCKY MPOAYKTIB, SIKi BOHA MOX€E CTBOPIOBATH, 1 IH
MOXIIMBO HOTO CKOHCTPYIOBATH 3 HaJIaHUX apryMeHTiB, BukopuctoBytoun SFINAE.

type_list<Triangle, Rectangle, Circle> factory{};

Triangle* t = factory.create<Triangle>(3, 4, 5);

Takwii miaxig poouts (GabpuKy «IpyKHBOIO N0 IAOJOHIBY» 1 JO3BOJISE JIETKO i
PO3LIMPIOBATH, HE 3MiHIOIOUH iICHYIOUMH iHTepdeiic.

TaxuM 4MHOM, MeTanporpaMmyBaHHs mabdiaoHamy B C++ BUBOAUTH HAC 32 PAMKH YUCTO
IMIIEpaTUBHOTO TMPOTrPaMyBaHHs, JO3BOJISTIOYM BHUKOHYBATH CKJIaJHI OOYMCIICHHS Ha eTari
KOMITUJIALIT, reHepyBaTH e(peKTUBHUI KOJ Ta peali3oByBaTH CKJIaAHI MAaTEPHU MPOEKTYBAHHS
€JIEraHTHO Ta O€3IMEYHO 3 TOUYKH 30y THIIB.
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Abstract: Modern UAV and UGV technologies are highly competitive dynamic field of
applied research and development. Mainstream software stacks being used include PX4,
ArduPilot, Betaflight, as well as ROS2 — a modular computing environment for processing
sensor data streams, running perception and control algorithms, as well as software-in-the-
loop simulations. In our research, ROS2 integration with Betaflight for on-board sensor data
streaming is implemented and tested.

Keywords: data streaming, digital twin, ROS2, UAV, Betaflight.

Introduction

The ultimate goal in unmanned aerial vehicles (UAV) research is to enable high-speed
perception, mapping and planning, which requires software-in-the-loop and hardware-in-the-
looop simulation and training. It will allow full autonomy in multiple applications —
surveilance, military, disaster recovery, agriculture and logistics.

Robot operating system (ROS2) is one of the tools for achieving the goal. It’s data
streaming model consists of topics and nodes as publishers/subscribers, allowing one-to-many
distributed communication between system components. We focused on the integration of
ROS2 middleware with the mainstream flight control stack to enable data collection and
sensor fusion. Our expected outcome was to understand the limitations, data rates, processing
latency and standard deviation that can be achieved with the off-the-shelve hardware.

Related work

The open-source tooling and the ecosystem has greatly improved, fuelling wide spectrum
of research in UAV flight simulation, perception and control. Two popular flight control
software stacks, both PX4 and Ardupilot, are targeted at RnD, industrial and commercial use.
Survey [1] has brief introduction into the ecosystem, and there are multiple examples of PX4
integration with companion computers [2], [3].

Betaflight-based flight control stack gained it’s reputation as affordable, user-friendly
and effective in Ukraine, though not optimal for autonomous applications. However, it was
shown in [4], that despite limited support for MAVLink, Betaflight integration with
companion computer is possible via MSP protocol. Another example is indoor racing
platform running Betaflight with NVIDIA Orin NX companion, ROS2 middleware, sending
control commands and reading IMU data via MSP [5].

The gap in Betaflight’s integration options presents a good research opportunity, as
design and implementation of autonomous flight control algorithms is a crucial task today.

Results

An optimal companion computer in terms of price/productivity in our task was the
Orange Pi Zero 3 series. Flight controller GOKU F405S was running Betaflight 4.5.2.
Implementation steps needed for our experimental set up on the Companion include but not
limited to:

* configure ROS2 docker container with USB serial link to flight controller,

* research MSP protocol structure and message format,

* implement MSP bridge node to poll Betaflight and publish to ROS2 topics,

* insert timestamps into the data stream for latency measurement,

* implement data sink node for ROS2 bag storage and MQTT streaming.

We found the upper rate limit of Betaflight’s MSP implementation to be at 100 Hz.
Increasing request rate did not increase response rate over this limit. Read rate measurements
in Table 1 were obtained at the bridge node using standard ROS2 topic monitoring tools. File
write latency was calculated at the Data sink node by inspecting timestamps in ROS2 Bag file
and comparing them with original read timestamps. Barometer and IMU packets mean write
latency was 2.47 and 8 ms respectively, with standard deviation of 1.6 and 9.5 ms. P95
latency was around 5 ms for barometer and 26 ms for IMU datastream. Note, that IMU packet
is larger, as it contains both accelerometer and gyroscope sensor readings.
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Figure 1. ROS2-MSP integration schema for Betaflight telemetry and control.

Finally, the MQTT data sink was implemented and tested over Wi-Fi connection. Due to
the networking overhead the latency was higher: P95 latency of 27 ms for barometer and 125
ms for the IMU. In this case, the MQTT broker (EMQX) on the laptop was used to receive
data from the companion computer for analisys, visualization and storage.

Sensor MSPread MSPread MSPread MSPread Filewrite  MQTT write
rate, Hz rate, min, rate, max, rate o, ms latency, latency,
ms ms mean, ms  mean, ms
IMU 99.4 0.1 5.2 0.57 8 105.7
Barometer 99.6 0.1 3.5 0.71 2.47 17.7

Table 1. Metrics for sensor data streams over MSP and MQTT protocols.

Conclusion

Data streaming integration with popular flight control stack was implemented and tested.
We showed that MSP protocol in Betaflight has rate limitation. Using pull mode for querying
single sensor, we achieved the maximum frequency of up to 100 Hz and measured the
latencies for MQTT target. Future research will focus on sensor data fusion for reliable
navigation in complex environments, as well as running quadcopter control algorithms on
companion computer.
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This work presents a general framework for generating VQA (Visual Question Answering)
datasets across arbitrary knowledge domains. Logically complex questions are derived from OWL-
ready formatted ontologies, and correct answers are obtained using SPARQL queries. The diversity of
generated questions is enhanced through paraphrasing with a large language model. Relevant scenes
are generated using Stable Diffusion with CLIP-score—based post-filtering. We believe this hybrid
approach enables efficient creation of high-quality, semantically rich datasets.

OnHUM 3 HaIPSIMKIB KOMIT IOTEPHOTO 30pY € Bi3yaJIbHO-JIIHTBICTHYHA 00pOOKa 300pakeHb,
BiH BKJIIOYAE B cebe, 30KpeMa, Taki 3a1aui sk onuc(captioning), BiANOBIl Ha MUTAHHA 32
300paxenHsaM(nani VQA - visual question answering), Ta 3aranbHe po3yMiHHsi(visual common sense
reasoning). 3amaua VQA nonsrae B ToMy, 100 Ha OCHOBI 300pakeHHs HaJjaTH KOPOTKY BiJIIOBi/b Ha
PO3ropHyTe MUTAHHA (B COMMON Sense 3a/a4ax BiAIOBiI» MOXke OyTH J0BiIbHOIO). [TocTaHOBKA
3ama4di VQA € OUIBII MpOCTOI0 HIXK Y 3371291 OMUCY 300pakeHb sKa MoJsIrae B TOMY, 00 3 3aJaHUM
300pakeHHSAM OyIyBaTH HOTo TeKcToBHH omuc. 30ip nanux M 3amadi Visual Question Answering
(VQA) € cxiragauM i peCypCOEMHHM TIPOLIECOM, OCKLTBKH BUMarae peTelbHO Y3ToDKeHUX HabopiB
300pakeHb, 3aMUTaHb 1 BiAmoBixed. OIHUM i3 IEpCIEKTHBHUX HAIPSMIB YaCTKOBOI aBTOMATH3aIli1
LIBOTO NPOLIECY € BUKOPUCTAHHS OHTOJIOTTYHUX MOAENEH Ta METO/IB JIOTIYHOTO BUBEACHHS, 110
3a0e3neuye MOXKIMBICTh aBTOMAaTHYHOTO (hOPMYBaHHS 3alIUTaHb 13 Harepe BU3HAYCHUMH
NPaBHWJILHUMHU BiANOBIIIMH. JIJIst MiJBUIIEHHS BapiaTUBHOCTI SIK 3MICTY 3allUTaHb, TaK 1 BI3yaJIbHUX
CIIEH, JIOIJILHUM € 3aCTOCYBaHHS I'€HepaTUBHUX HEMPOHHUX MEPEK, 3JaTHIUX CUHTE3yBaTH HOBI
TEKCTOBI (hOPMYJTFOBaHHS 3aIIUTaHb T4 CTBOPIOBATH CHHTETHYHI 300paKeHHS, K1 MICTATh PEJIEBAHTHY
iH(OpMaLio IS BiAIOBII.

Mu nporoHyeMo MiaXif o J03BOJISIE aBTOMATHYHO OyayBaté VQA -maTtaceTn Ha OCHOBI
OHTOJIOTiH. 32 OCHOBY B3ATO Miaxix ommcanwii B[ 1]. s moOyA0BH MATaHh OHTOJIOTISI Ma€e
BignoBinatn Qopmary owlready?2. Ilepmum KpokoM € HoOy10Ba TAOIMYHOTO ITPEACTABICHHS
OHTOJIOTIT, /ISl 4OT0 00pOOJIsIEThCS I€papXist KilaciB, KOPTEXi BiHOIIEHb Ta Mapy 00’ €KTIB.
@dopMyBaHHS CIIUCKY CJIOBHHKIB CYTHICTh BiJHOILICHHS 3 i€papxii, JJsi KOKHOTO PiBHS iepapxii.
[TepeTBOpeHHS CIOBHMKA B TAOJIMIIO 3 MSITH CTOBIILIB KJIACH 00'€KTIB, KJIacH aTpUOyTiB, CyTHOCTI,
atpulyTH Ta BigHOIEeHHs. [IJI1 reHepartii 3auTadb 13 TaOauIli BUTTIAIKOBUM YHHOM OOHUPAIOTHCS
KOHIIETITH, POJIi Ta CYTHOCTI, 00 copMyBaTH OJIOK pedeHHs. MTUTAHHSA (POPMYIOTHCS IUITXOM
TMO€JHAHHS OJIOKIB JIOT1YHIUMH oriepaTtopami. [IpaBuibHa BiAmoBiab popmyeThes Ha ocHOBI SPARQL
3anuTy. Pe3ynbTaToM € mapa nepBHHHE MUTaHHS, Ta Habip aTOMapHHUX CYTHOCTEH, 10 € BiAOBiASIMH
Ha 1e nuraHas. Hexail () — MHOXHHA yCiX MOXITMBHX IIEPBUHHUX IHTaHb, COPMOBAHUX
anroput™MoM, a ) — MHOXXHHA YCiX 00'€KTIB (CYTHOCTEH) y pO3ropHYTii OHTOJIOTT (0231 3HAHB).
PesynbraT pobotn 6oky R dopmanisyerbes sk MHOXKHHA Hap:

R=((q,L)vqeQ,LcO)

Je:

* g — UC NepBHHHE MUTAHHS (string/TexcT), mo chopmoane 3a mabdiaoHoM(puc.1).
* ]| — 11e MHOKHHA 00'eKTiB-BiIMOBieii (set), 1e KOXkKEH 00'€KT o ¢ [, 33J0BOJIBHSE yci

JIOTiYHi yMOBH, BUPKEH] y TUTaHHI .
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fruit ] [ has_taste:sweet ] [has_shape: round

Pattern: What [concept] + <logic operation> + [attributes] + <logic operation> + [attributes]

Example: What fruit has sweet taste and not round shape?

pucyrok 1. Cxema munoeoco wabiona, iz 6ubOpom UNAOK02060 napamempy 3 maoauyi, 3 008LIbHUM JOTUHUM
onepamopom. Ilpuxiad cpopmosanozo nouamrxo8020 NUMAHHSL.

[Mormpu Te, 110 ABTOMATUYHO 3reHEPOBaHI MUTAHHS A0COJIIOTHO KOPEKTHI, BOHU HE BapiaTHBHI.
Mu BUKOPHCTOBYEMO BEJIMKY MOBHY MOJIEIb ISl Iepe(ppasyBaHHs IIEPBMHHOTO MUTaHHSA (] i
OTPUMAHH ( o Lleit mpuiiom Bike YCIIITHO BUKOPHCTOBYEThCA 3 image captioning[3].HaBegemo
TIPHUKIIAJ 3TEHEPOBAHUX Bapialliil (U1 OHTOJIOTII 3 opuriHanbHOI ctaTTi). [lepsunHe utanus “Which
food on photo has cylindtical shape and has nutricious fats” Ta ftoro Bapiantu “Which food in the
photo is cylindrical in shape and contains nutritious fats?”” Ta “Which cylindrical food in the photo is
rich in healthy fats?”.

Jiist renepartii 300paxeHb MU BUKOpPHUCTOBYEMO Mepexy StableDiffusion. [Iyis Bubopy
00’€KTiB, 1110 MalOTh OyTH Ha 300pakeHHi, 3 [, BUMIaJIKOBUM YHHOM 00upaeThes HaOip [ (included) Bix
OITHOTO JI0 YOTHPHOX aTOMAapHUX 00’ €KTiB, pemTy 00’ekTiB mo3HaunMo sk F (excluded). o vabopy I
TAKOX BKITFOYAEMO 3armryMitiorodi 06’ ektn N ¢ [,C. 1llaGnon 3ammry reneparii “{general scene
description} with {objects from [}, {objects from N }.” Ins dbinprpariii pe3ynbpTaTiB MU BiJICIKAa€EMO
CLIP-score 3reHepoBaHOT0 300paKeHHS 3 KOYKHOIO 3 KJIFOUOBHX YaCTHH HAILIOTO 3alUTy Ta JUIi yCiX
00’exTiB 3 F. TakuM 9rHOM 3a0€3MeUy€eThCS BiIMTOBITHICT 300paskeHHSI JOMEHY Ta HasBHICTH
BiIOBii IpH 30epeKeHHI IEBHOI BapiaT HBHOCTI.
image, I ) Ta MPOMDXKHI pe3yJbTaTh

B pe3ynbTaTi BUKOHAaHHS OTPUMYEMO TPHUILIET: (q paras

( L,P,q,N,E ) Jl71st mojanbIoro OLiHIOBAaHHS OIMCAHUM METOZIOM MoOynoBaHo Habip 3 1000
300pa)<eHb,IMTaHb Ta BiANOBIAEH 10 HUX. J[aHi OyIyTh OIIHEHI eKCIepTaMH, a AJisl 300paKeHb TaKoK
OyayTh oOumcneHi Taki KinbKicHi moka3sHukd sk FID(Biacrans cipuitaarTs 3a @perre), [S(inception
score) Ta MUSIQ.

Takum 4uHOM, 3a1IpONIOHOBaHHH QpeiiMBOPK BKIIOYaE B cebe IHCTPYMEHTH JUTs TeHepaiii Ta
posmmpenHs VQA-natacertiB. Po3ainenns eramniB reHeparii 103BoJsie pU MOTPeOl THYYKO 3aMiHUTH
X HeOOXI1IHUMH JIIsI KOHKpETHOI 3as1aui. Hanpuknan, Bukopucranns LLM no3Bonsie orpumarn
3aIUTaHHs HOBOIO MOBOIO, 0€3 3MiHH JIOTiKH 00y 10BU MUTaHb Ta 6a30Boi oHTONOTII. BapTo
BIZIMITHTH, 110 Cy4aCHHUI CTaH PO3BUTKY FeHEPaTHBHUX MOJIENIEH HaKIIa/la€ eBHI OOMEXEHHS Ha
BapiaTHBHICTh OTPUMaHKX MaHuX. SIKicTh nepedpazyBaHHs Jerpaaye 31 3pOCTaHHIM CKJIAJIHOCTI Ta
JOBXKUHM NTUTaHb. Judy3iiiHi Moaerni 1eMOHCTPYIOTh 00MEXEHY 3aTHICTh IO TeHEpallii CKIaJHIX
CIICH, TOMY OyJI0 ToTaHO MEXaHi3M, M0 3a0e3redye y3roKeHICTh 3reHePOBaHIX 300paXeHb i3
BIJMOBITHAMH ITUTAHHSIMH Ta BiAIIOBIISIMHA.
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Hauionansuuii yHiBepcutet “KueBo-Mormnsacbka Akaaemis” / National University of Kyiv-
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MYJIBTHMEIIHHAX TEXHOJOT1H
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The article is dedicated to the analysis and justification of the selection of frameworks for web
application development. It examines the types of web applications and the main criteria for choosing a
framework, such as technology stack, tools, security, and flexibility. A comparison of two popular
frameworks, Django and Express.js, is conducted, describing their architectural features, advantages,
and disadvantages. The article emphasizes the importance of the appropriate choice of framework
depending on the project type, performance and security requirements, and developer qualifications.
The article may be useful for developers and researchers considering the choice of a technological
platform for web development.

VY cydacHiit web-po3po01i BUKOpUCTaHHS (PEeHMBOPKIB € HEBil' €MHOIO CKIIaJ0BOIO €(peKTHBHOL
peamizanii web-3acTocyHkiB. DpeiiMBOpPKH 3a0e3medyroTh po3poOHWMKAaM HaOip IHCTPYMEHTIB i
abJIoHIB JUIs CHOPOLICHHS CTBOPEHHS, MIATPUMKH Ta MacmTabyBaHHS NpoekTiB. OCHOBHa MeTa iX
BHUKOPHCTaHHS TOJISITa€ B aBTOMAaTH3allil [TOBTOPIOBAHMX 3a/ad, MOKPAIEHHI OpraHizamii Komy Ta
MiIBUIICHHI OE3MEKH 3aCTOCYHKIB.

Tunn web-3acTocyHkiB Ta BHMOIH

Web-3acTOCYHKH peani3yoTh KIIEHT-CEPBEPHY apXITEKTYPY, A€ KIIEHTChKA YaCTHHA B3a€MOJIIE
yepe3 Opaysep, a cepep 00pobisie joriky i mami. PizHOBHOM web-3aCcTOCYHKIB BKITIO49a0Th SPA
(single-page applications), sKi 3a0e3NedylOTh IDIABHY IWHAMIYHY B3a€EMOMII0 KOpHCTyBada 0e3
repe3aBaHTaKeHb CTOPiHOK, Ta PWA (progressive web apps), ski TATPEMYIOTh O(IaliH-pEKAMHU Ta
BCTAHOBJICHHsI Ha NpHCTpid. HesanmexHo Big Tumy, yci 3acTOCYHKM MAalOTh CIHiJIbHI 3aBIAHHS:
MapHIpyTH3allisl, aBTeHTH(IKALIis, B3a€EMO/Iist 3 6a3010 JaHUX, 3aXHCT BiJ| aTak.

Kpurepii Bubopy dpeiimBopky

OcHoBHI KpuTepii ouiHku GppedMBOpPKIB 1151 BeO web-po3poOku:

* JloxomKeHHs 1 TEXHOJOTIYHMHA CTeK: MOBa MPOrpaMyBaHHS, BIJKPUTICTh 1 JIIIEH3Is,
AKTHBHICTb CIIJIBHOTH.

* InTerposani iHCTpyMeHTH: MapiupyTu3saiis, ORM, mabnonizaTopu, MexaHi3Mu O€3MEKH.

e T'HyukicTh: WOTPUMKa AapXiTEKTypHHX IIaTEPHIB, MOXIHUBICTh KacTOMIi3allii, KOHTpPOIb
CTPYKTYPH TIPOCKTY.

* Besneka: BOynoBani 3acodu 3axucry Bia atak (CSRF, XSS, SQL injection), aBrenTH(]iKaIis
Ta aBTOpHU3aLlisl.

* JIpakTuuHEe 3acCTOCYBaHHS: MOMYJISAPHICTb, Cepy BHKOPUCTaHHS, MIATPUMKa B IHIYCTpii,
JOKYMEHTAITisI.

Django — ne ¢yncrex web-dppeiimBopk Ha Python, cTBopenmii 3 ineeto «batteries includedy,
[0 O3HAYa€ HAasBHICTh BEJIHMKOI KUIBKOCTI BOYJOBAaHMX IHCTPYMEHTIB sl IIBHAKOI po3poOku. Bin
3actocoBye apxitekrypy MVT (Model-View-Template), miarpumye Bracny ORM minst pobotu 3
pensiiHUMU  0azamMu JaHuX, Mae BOyaoBaHI 3aco0M MapupyTtu3anii Ta mabmonizauii (Django
Template Language). besneka peasizoBaHa Ha BUCOKOMY PiBHI 31 CTAHAAPTHUM 3aXHUCTOM BiJ TUIIOBUX
web-arak, MOCHIIEHMM MEXaHi3MOM aBTeHTH(iKallii, XellyBaHHSIM MapoiiB i CHCTEMOIO J03BOIIIB.
Django inmeadpbHO MiIXOAWTH IS 3aCTOCYHKIB 13 THIIOBOIO apXiTEKTyporo, O TOTpiOHAa BHCOKa
MIBUKICTH pO3POOKH, MacIITaOOBaHICTh i Oe3meKa.

Express.js — wiHimManmictnaanii ¢pefimBopk mins Node.js, Hanmcanuii Ha JavaScript. Bin
3a0e3neuye OCHOBY sl MOOYI0BH OEKeHTy, 30Cepe/KyIounch Ha MapuipyTtusanii i middleware s
00pookn HTTP-3amuriB. Express.js ©He wMictuth BOynoBanux ORM, cucremm Oesneku un
mabJoHi3aTopa, HaJal4d PO3pOOHMKY MaKCHMalbHY CBO0OAY BHOOPY apXiTEKTypu 1 CTOPOHHIX
KOMITOHEHTIB. besrneka peanizyeTbcs depe3 MiJKII0YeHHs] CTOPOHHIX 0ibmioTek, Hanpukinan Helmet.js
uyn Passport.js. @peliMBOpPK MiAXOJAMTH Ui IPOEKTIB, 10 MOTPEOYIOTh THYYKHX, KACTOMI30BaHHX
pilleHb Ta KOHTPOJIO 3a CTEKOM TEXHOJOTiH, ZoOpe MiITpUMy€e acCHHXPOHHY OOpOOKYy 3amwuTiB i
3aBOIOBAaB IIMPOKY MOMYJSPHICTE Y iHAYCTPil.

Bubip ¢petiMmBopky Mae Oa3yBaTHCS Ha XapaKTEPHUCTHKAaX KOHKPETHOTO MPOEKTY, KBamiQikarii
PO3pOOHUKIB Ta BMMOrax 10 (yHKIIOHaJIbHOCTI W Oe3meku. Django 3abesnedye rpyHTOBHHIT HaOip
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TOTOBHX PIIIICHB i BUCOKY O€3MeKy, MiIXOUTh JUIs MPOEKTIB KIIACHYHOI apXiTekTypH. Express.js Hagae
THYYKICTh 1 cBOOOAY BHOOpY, aje BMMarae€ OUIBLIOTO DIBHS TEXHIYHOI KOMIIETEHIII Ta yBaru 1o
ni0opy CTOPOHHIX IHCTPYMEHTIB.
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PO3PI3BHEHHA BE3KOIIITOBHUX 3ACTOCYHKIB I IPOBHUX BEPCI
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ON PUBLIC APP MARKETPLACES
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Harionansauii yHiBepcutet «KueBo-MorwisHcebka akanemis / National University of Kyiv-
Mohyla Academy
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The lack of transparency in app monetization on public marketplaces misleads users and
complicates policy enforcement. The paper presents an algorithm to distinguish truly free
macOS apps from those that involve in-app purchases by classifying apps into free, freemium,
and paid categories. The research was based on developing a hybrid method that combined
technical analysis of Mach-O binaries, embedded frameworks, and receipt file with language-
based processing of local bundle resources and external marketplace text content. It yielded a
feature set for a supervised machine learning classifier. To evaluate the suggested solution,
we used a dataset consisting of 1,219 apps and benchmarked supervised classifiers. The tree-
based ensembles performed best: Random Forest and Gradient Boosting achieved ~90%
accuracy, precision, recall, and F1-score on an 80/20 train—test split. The findings contribute
to classification systems automation, enhancing applicability and transparency in the software
distribution ecosystem.

CTpiMKHH pPO3BUTOK MAapKETIUICHCIB MPOrpaMHOro 3a0e3NeueHHs MPHBIB A0 iX
KoMmepiamizaiii. Mexa Mixk cropaBiai Oe3KOIITOBHUMH 3aCTOCYHKaMH Ta TPOMYKTaMH 3
IDIATHUMH OOMEKEHHSIMH PO3MHBAETHCSA. Y IHMX YMOBaX IIPO30OPICTH MOHETH3aIli Ta
KOPEKTHICTh MapKyBaHHS CTalOTh KPUTHYHO BAKJIMBUMH: PI3HOMAHITTS MoJelei
MOHeTH3alii (MiAMUCKH, BHYTPIIIHI MOKYIKH, MPOOHI Mepiofu), HEMOCHiOBHE PO3KPUTTA
IDIATHUX QYHKIINA yCKIATHIOIOTh PYYHY TEPEBIPKY W MIABUIIYIOTh PU3HUKH JUIsI KOPUCTYBaviB
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i mopmepanii. Ile 3ymoBmno morpeOy B aBTOMATH30BAaHOMY IMJIXOAl [0 KaTeropusarii
3aCTOCYHKIB 32 MOJIEJUTIO MOHETH3AIIIi.

Krnacudikaiiis 3aCTOCYHKIB € aKTyaJbHOI HE3aJICKHO Bifl ONEpamiiHol cucreMu. Y
[1] Bukonano knacugikamnito Android-3acTOCyHKIB METOAaMHU CTaTHYHOTO aHAJi3y TEKCTOBHX
paakiB i3 mexkomminboBaHmX APK Ta mepeBipkw 103BOJNIB, O3HAKW MIOTIOBHEHO JaHUMHU 3
Android Market. Tt i0S [2] 1 macOS [3, 4] moeqHyOTh CTATHYHAN 1 AMHAMIYHUHA aHAJI3: 13
BUKOHYBaHuX (aiiniB Mach-O BHOKpeMITIOIOTH BUKOPUCTaHI (PpeMBOPKH, KJacu Ta METO.IH,
a TiJ Yac BUKOHAHHS BiJICTEXYIOTh JTOCTYIl JI0 JaHWUX 1 Mepexeswid Tpadik. Hms macOS
JIOIaTKOBO 3aCTOCOBYIOTH CTPYKTypHUH aHami3 Mach-O.

st 3miicCHeHHST TOCTIKEHHS 3aCTOCYHKH OYJIO MOIIEHO Ha TPU TPYIIH:

3. free: IOCTYI 10 IOBHOTO (PYHKITIOHATY O€3 10IaTKOBUX TUIAT;

4. freemium: 0a30Bi MOXIMNBOCTI 3QJIMIIAIOThCS OE3KOIITOBHUMH, B TOH dac SIK
po3mupeni QyHKIii MOXyThb OyTH poO30JIOKOBaHI depe3 BHYTPIIIHI MOKYIKH abo

T IITUCKH,

5. paid: 3acTOCYHOK OCTYITHHI JIMIIE TiCIIsl OAHOPA30BO1 MOKYIIKH.
B okpeMux BUTIQIKaX i MOJENI MOXYTh KOMOIHYBaTHCH JJII MaKCHMi3allii 013HEC-BUTO/IH.

PeanizoBanuii aJrOpUTM CKJIQJAEThCS 3 TPHhOX TMOCTIIOBHUX €TaIliB: TEXHIYHOTO
aHaji3y, JIHIBICTUYHOrO aHaNi3y Ta MiACYMKOBOI Kiacu@ikamii Ha OCHOBI BHOKDPEMJICHHX
O3HAaK.

ITig yac TEXHIYHOTO aHai3y ONPAIbOBYIOTHCS CKIan0BI makera macOS-3acTOCYHKY:
BUKOHYBaHUH aiin y ¢opmati Mach-O, BOynoBani ¢peiiMBOpkr pa3oM 3 IXHIMH
3aNIe)KHOCTSIMH Ta, 32 HasBHOCTI, Qaitmn MASReceipt i3 manumu npo nmokynku B Mac App
Store. OcHoBHUI OiHapHUA (aitn i GpeMBOPKH NEPEBIPAIOTHCS HAa HASBHICTH IJIATIKHOL
JIOTIKW: BU3HAYAIOTHCA TiaThkHI (periMmBopku (StoreKit, croporni SDK), BUOKpEeMITIOIOTHCS
BIJIMOBiJIHI KJIACM W METOJIM, aHANI3YIOThCS CHUMBOIIbHI TaONUI. Y TEKCTOBHX CErMEHTaX
3micHIOEThCS Tomryk anpec API mmartixkamx cepsiciB Ta URL-aapec cropiHok ormiaTu 3a
JIOTIOMOT'O0 PEryJISIPHUX BUPA3iB 1 CJIOBHHUKA JOMEHIB; TOW CaMHii aHaJi3 3aCTOCOBYETHCS JI0
BOyz#oBaHuX (ppeliMBOpKiB. SKII0 3acToCyHOK 3aBaHTakeHO 3 Mac App Store, MASReceipt
po3mu(ppOBYETECA IS OTPUMAHHS 3allMCiB MIOJ0 TOKYMOK 1 miamucok. Ha Buxomi
(dopMyeTbcss HaOIp TEXHIYHUX O3HAK: OiHApHI IHAMKATOPUM HASABHOCTI IUIATDKHUX
¢peliMBopkiB, KmaciB 1 MeromiB; JiumnbHukM aapec APl ta  URL-agpec
OIUIaTH/MiATBEpAKEHHS TPaH3aKIiii; arperoBadi nokasHuku 3 MASReceipt.

Ha erami miHTBICTHYHOTO aHaNTi3y OIPAbOBYIOTHCS JIOKAJIBHI pPECypcH ITaKeTa
(Info.plist, ¢aitnu nokamizamiii, UserDefaults, logs) Ta mMaTepiaau MapKeTIUICHCIB (OIUCH i
Binryku Ha Mac App Store i MacUpdate), a Tako KOHTEHT BeO-CTOPIHOK IOJITHKH
KOH(IJEHIITHOCTI Ta YMOB BHKOPHCTaHHS. 30BHIIIHI TEKCTH 30MPArOTHCS aBTOMATH30BAHO:
s Mac App Store - uepe3 iTunes Search API 3 momosuenusiM Bmictom HTML-cTopinku;
it MacUpdate ommc 1 BIATYKH arperyroTbcsi METOIOM web scraping i3 BiATBOPEHHSIM
narinamii. Ilonepenass o0poOka mnepeabavyae TOKEHI3alilo, JEeMaTH3allil0 Ta PO3OUTTS
CamelCase-ineaTudikaropis. Jlami, BUKOPUCTOBYIOUN IEPEINTiK IUTATDKHAX KITIOYOBHX CIIIB,
MiAPaXOBYOTHCS IXHI YaCTOTH I KOXKHOTO JDKEpena, popMyodn JKepeno3aie:KHU BEKTOP
MOBHHX 03HaK (KJIFOUOBE CJIOBO X JDKEPEIO).

Pe3ynpraTti TEXHIYHOTO il IIHTBICTHYHOTO aHANi3y 00’ €IHYIOTHCS B €UHY YHCIIOBY
TaOJUINIO - BXiJHI naHi knacugikaropa. Jlatacer 310pano 3 Mac App Store Ta MacUpdate, Bin
Haiigye 1219 macOS-3acTocyHkiB i noginenuii y cniBBigHomenHi 80/20 Ha TpeHyBaJbHY Ta
TECTOBY 4acTWHH. llepBHHHY pPO3MITKY BHKOHAHO 3 BHMKOPUCTAHHSIM MIaHUX arperaropa
AppFigures. Po3momin kmacis: 39,2 % - free, 58,8 % - freemium, 2 % - paid.

Jnst xnacugikaiii BAKOPUCTaHO MOJENI MalllMHHOTO HaBYaHHsA 3 yuuTenem: Decision
Tree Classifier, Support Vector Machine 3 niHiliHMM 1 moniHOMianbHUM sapamu, k-Nearest
Neighbors, Gaussian Naive Bayes, Random Forest Classifier, Extremely Randomized Trees
ta Histogram-based Gradient Boosting. fkicTh oniHtoBanach 3a Accuracy, Precision, Recall 1
F1 six 3Bakeni cepenni. HaiiBumi pe3ynbTaTi nokaszanu aepeBHi ancamOii: Random Forest i
Histogram-based Gradient Boosting mpomemonctpyBamm Omussko 90 % 3a Accuracy,
Precision i Recall ta F1 #Ha piBHi 0,89-0,90. IToninomiansHa Bepcis Support Vector Classifier
nepeBeplIniIa JiHiMHY, 110 BiANOBimae mOTpedi BpaxOBYBaTH HEMiHIMHI 3aJeKHOCTI Y
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3MIIIAHOMY TMPOCTOpI TEXHIYHUX T4 MOBHHX O3HaK. ba3zoBi jaepeBornoaiOHi Ta HMOBipHICHI
Mozenm, a Takok SVM i3 IHIHHAM SApOM TIOCTYIWIHCS aHcaMmOJsaIM, OCOOJHMBO Ha
MaJsiourceIbHOMY Kiaci paid i3 Hu3bkuM recall.

[IpakTnune po3B’s3aHHS NpoOJIEM HEMpO30poi MOHETH3alii J03BOJIE HAIIHHO
PO3MEKOBYBATH CITpaBJi OE3KOIITOBHI 3aCTOCYHKH (free) Bim freemium 1 paid Ta KOpPEKTHO
MapKyBaTH iX Ha MapKeTIuielicax. PillleHHa opieHTOBaHe Ha IHTETPaIliio y MPOIEeCH Moaeparii
Ta 3a0e3MeYCHHS BIAMOBITHOCTI HOPMATHBHHUM BHMOTaM, II00 aBTOMATHYHO BHSBISATH
CYTIEPEYHOCTI MiXK 3asBJICHOI0 MOACIUTIO i (DAKTHYHOIO TOBE/[IHKOIO 3aCTOCYHKY, 3HIKYIOUH
PU3HKH 711 KOPUCTYBAYiB 1 TIaTGOPMH.
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MOJAEJIOBAHHSA ACUHXPOHHMUMX ITPOLECIB TA YITPABJIIHHSI CTAHOM 3A
JOIIOMOI'OIO MEPEX ITETPI
HaBunenko A.M.
Harionansuuii yHiBepcuter «Kreo-MoruisiHCbKa akaaeMish»
04655, m. Kuis, Bymmus I'puropis CxkoBopoan, 2, HaYKMA, @akymnereT iHpopMaTHKH,
andrii.davydenko@ukma.edu.ua

This work explores the formal modeling of asynchronous systems, using classic
Place/Transition (P/T) nets and data-driven Coloured Petri Nets (CPNs). Formal models are presented
for three distinct processing patterns: a P/T net for a simple mutual exclusion queue, a CPN for
context-based concurrent processing, and a CPN for timestamp-based state management.

MoenmtoBaHHs CydacHUX 1H(GOPMAIHHAX CUCTEM, OCOOIHBO ACHHXPOHHHUX Ta PO3MOAIICHUX,
BHUMarae GpopMaii3MiB, 3JaTHUX aJeKBATHO ONMCYBATH IapalieNi3M Ta KepoBaHy JaHUMH JOTiKy [4, 5].
VY wmit poboTi meMoHCTpyeThes 3acTocyBaHHS Mepex Micup/Ilepexonis (M/IT) Ta KompopoBux Mepex
Metpi (KMII) mist MoienroBaHHS ONEPEAHBO BU3HAYCHNAX TPHOX KJIAciB PO3MOALICHUX cucTeM [1].

Jpyruii Kiac po3MOAIIEHHX CHUCTEM MOJENIOEThCS KiacuuHolo Mepexeto M/IT [3]. La
cHCTeMa MOJIEJIOE MPOCTy 4epry, Jie BXiJHI HOBiOMIICHHS OOpOOJSIOTHCS TOCHiIOBHO. “Mapkep-
3aMOK” rapaHTye, 1[0 B KOXKHUI MOMEHT 4acy MoXe oOpoOJIsTHCS JIUIe OfHe NMoBigoMieHHs (puc. 1,

3miBa). Mepesxxa M/IT  BusHawaetbcst sk koprexk N=|P,T ,W M,|. Muoxuna wmicip
P:{ P queve s Plock» ppmc}, 1€ Poveve ~ Oydep HeoOpoOieHMX TOBIIOMIICHb, P, . — AOCTYIHICTb
00poOHHKA (M’IOTEKC), P, — CTAH aKTUBHOTO OOpOOJICHHS MNOBiIOMJICHHS. MHOKHHA IEepexois
T:[tstm, t ﬂ.m.sh}, me t,,, — NOMisA MOYaTKy oOpoGIeHHs TOBIIOMICHHS, ¢ finish TIOJTis1 3aBEPIICHHS
00pobneHHs moBimOMIICHHsA. BaroBa ¢yskmis ayr W : [ P x T) U (T X P) — N BusmHauvae ix
=W Pioci> tstare| = W {Estares P proc| =& w (pproc’ E finish) = &
=1. W (Cl , b) —() VIS BCIX IHIIKX map [a , b). Houarkose mapkyBauus M : P — N

KPATHICTb. w ( D queve s Lstart

w (tﬁnish > Plock

BU3HAYAE MMOYATKOBHII cTaH Mepexi. M 0(

MO(pIock :1’ MO(pproc :O

=k, ne k>0 — nouatkoBa KiIbKICTh [OBiZOMIICHB.

p queue
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Tperiii knac siBisie co0or0 4epry oOpoOJEeHHS Ha OCHOBI KOHTEKCTY, sIKa MOIEIIOETHCS
KoJIbopoBoto Mepexero [etpi (KMII). Ile moaens cucteMu, Je MOBITOMICHHS 3 PI3HUMH KOHTEKCTaMU
MOXYTb OOpOOJSATUCS TapajeibHO, aje IOBIJOMIICHHS 3 OJHAKOBUM KOHTEKCTOM OOpOOISIOTHCS
mocaigoBao (puc. 1, mo muentpy). KompopoBa wMepexa IleTpi BH3HAYaeThCs SK  KOPTEXK

CPN:(Z’P,T,C,G,E,I)[E]. HabGopu xompopiB (YY) — MHOXKHHA THUINB JaHUX, IO
BUKOPHUCTOBYIOThCS B Mepexi. CTX =S (MHOXMHA BCIX PSAIKIB, IO TPEICTABISIOTH KOHTEKCTH
TTOBITOMJICHB ), Z:{CTX}. MHOXHHa Miclb P:{pqueue,plock,ppmc}. MHOXWHa Tepexo/iB

T= {tsmm t ﬁm_sh} . ®yHK1isg HaOOpiB KONBOPIB (C: P _, ¥, IO BiJjoOpakae KoXHe Miclle y Horo Tun

(xouip). C ( pqueue ) =C ( Piock ) =C ( pproc ) =CTX. @ynkuist oxopounnx ymoB G: T — EXpT', 1o
BitoOpaxkae mepexomu y OyneBi Bupasu. Y  mid Momemi BCi  YMOBM  TpHBIaNbHI:
G |t yre|= G |t | =true. Pynxuis supasis 1yr F: A _, Expr (e A — Muoxuua ayr), mo
BU3HAYa€ MYJITUMHOXKUHU MapKepiB uis nepemimierns. Orojocumo 3minny var c:CTX, Toxi
E(pqueue ) tstart): E(plock ’ tstart):E (tstart’ pproc): E (pproc’ tfinish):E (tfinish ) plock) = 1'C .

IpaBuno cnparroBanHs BUMarae, mo6 mepexin .. 3HaimoB Take npus’s3yBaHHs (binding) 114 c,
SIKE€ OTHOYACHO 3a/J0BOJIBHsSIE 0oOWMABi BXimHi Aayru. [louaTkoBe MapKyBaHHS 3aJa€Thecsl (DYHKIIIEIO
imimjamizauii  [:P —» CTX g,me CTX,,s - wmuoxuna wmynmstumHoxkuH Hax CTX. I(
P queue ) =y.1' Ctxi(Z[OBiJ'IBHa MyJBTAMHOKHAHA k KOHTEKCTIB TTOBiTOMJICHB ). I(

— r ‘. _ 99
Diock ) = Zje CTX,. 1 Cth(OJ:[I/IH MapKep-3aMOK” 17151 KOKHOT'O MOKJIUBOTO aKTUBHOI'O KOHTEKCTY). [

(pproc):g'

Plock (1 Pqueue(3 Pqueue 3
STRING

1 3 17"A" 4417 "B" 1/°A" +4 2 "B]

[new_ts >= current_ts] (new_ts, new_data)

urrent_data)

(new_ts, new_data)

Pstate {1

Event

1°(5, "Event A") ++ 17 (10, "Event B")

(current_ts, current_data

Puc. 1. Monem mepex Iletpi: / — momens M/IT o mociigoBHOTO 00po0iteHHs; 2 — Mmomens KMIT mst
MOCITIZIOBHOTO OOPOOJIEHHS B paMKax KOHTEKCTY; 3 — Mmonens KMII mist 30epekeHHs] HAHOBIIIIOTO CTaHy

[Mepmmii knmac monemoersest KMII, mo npexacTaBisie MOHITOp CTaHy, A€ CTaH CHCTEMH
BU3HAYAETHCS TOII€I0 (JaHI Ta YacoBa MiTKa) 3 HAWHOBIIIO YacOBOKO MiTKOK (puc. 1, crmpagra).
Bxizni moaii 3 6inbln paHHIMH 9acOBMMHM MiTKaMu Bimkuparotbes. HaGopu konbopis (X ): TS=N
(MHOXWMHA HATYpaIbHUX YHCEN ISl 4acOBHX MITOK), Data=S (MHOXWHa PSJKIB Al JAHUX TOIi),
Event=TS x Data, £={TS, Data, Event }. Micus P={ P, P> 1€ -, — Hepra BXinmux,
1e He 0OpOONIEHNX MOMiH, a P, — MOTOYHHIl CTaH CHCTEMH, IO MiCTUTh PiBHO OJMH MapKep MOJii.
MHOXHHa NepexoaiB T:{tupdme,tdiscard}, 1€ tgae — TOMISL 3aMiHM TOTOYHOTO CTAHY HOBIIIOKO
MOII€IO0, tﬁnish — mopmis BigkumaHHA crapoi BXigHOI Toxii. DyHKHiIZ HAO0pPIB  KOJHOPIB
C( pD):C( psmte): Event- Hast Bu3HaueHHS OXOPOHHHUX YMOB CIIOYaTKy OTOJIOCHMO 3MiHHI, IO
BUKOPHUCTOBYIOTHCS y BHpa3ax oyT Ta OXOpPOHHUX yMOBax:
varnew,,curr,:TS;varnew,,,,curr,,,: Data; OXOpoHHI yMOBH BH3HAYAIOTH KIIOYOBY
noriky mozeni: G (€40 [52curr[s], G(tdiscard Z[new[s<currts}. OyHKUis BUpa3iB Ayr

=E (ps[ate s tupdate t =E (pEI H tdiscard

E (pj ) tupdate =E =E (pstate ) tdiscard

. IouarkoBe MapkyBaHHs | (pD)z(', Zf.;ll '(tsl.,dat al.), (moBimBHA MYJIBTHMHOKHHA K BXITHHX

ts

:[new

update > p state

noxii). [ (psmte):l '(0, Initial ) — > MapKep 3 HalMEHIIOI MOMIHMBOI YaCOBOK MITKOIO, IO
rapaHTy€ OHOBJICHHS IIPH HEPIIiil peanbHii nomii.
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BucnoBku
Amnamiz Mopenedt mokasye, mo Mepexi [leTpi H0O3BOIIOTH 3MOJETIOBATH Pi3HI KIacH
posnoxinennx cuctem. M/IT mMepexi epeKkTUBHI I MOACTIOBAaHHS MPOCTOTO YIPABIIHHSA pecypcaMu
Ta B3aEMHOTO BHUKITIOUCHHS, IPOTE IS JIOTIKH, 3aJIC)KHOT B JaHUX, He0OXinHa BupasHicTs KMII.
[Monanbmia po6oTa MoXKe BKJIIOYATH BepHiKallilo BIACTUBOCTEH IUX MOAeNeH (HanpUKIIaj,
00MEKEHOCTI, JKUTTE3IATHOCTI Ta JOCSHKHOCTI).
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CEKLIA 3. IHOOPMALINMHO-KOMYHIKALIIMMHI CACTEMH TA
TEXHOJIOI'Ti

IEPAPXIYHA MOJIEJIb POJIEM Y CRM-CUCTEMAX / HIERARCHICAL ROLE MODEL
IN CRM-SYSTEMS
Hemuooe M.!, Babenko FO.!, babenxo M.” / Demydov M.', Babenko Y.!, Babenko M.’
'Kuischkuil Hanionanbuuit yaisepeuter imeni Tapaca [lleBuenka / Taras Shevchenko National
University of Kyiv
04116, Kuis, By:n. bornana I'aBpuiuinuna, 24, GakynbreT iHhOpMaIiifHUX TEXHOJIOTIH, Kadenpa
KibepOe3neku Ta 3axXucty iHpopmarii

2JTHiNpOBCHKUIA iepKaBHuUi TexHiuHui yHiBepcuTeT / Dniprovsky State Technical University
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SHEPreTHKH, Kadeapa nporpaMHOro 3a0e3eYeHHs CUCTEM
E-mail: maksimdemidov05@gmail.com, yurii.babenko@knu.ua, mvbab130973@gmail.com

The growing adoption of CRM systems increases the need for effective user access control
mechanisms. This paper analyzes the hierarchical role-based access control (RBAC) model in the
context of CRM platforms, emphasizing its role in ensuring data protection and centralized access
management. A comparative overview of the OAuth Scopes approach is also presented, highlighting
their conceptual differences, advantages, and appropriate areas of application. Although OAuth Scopes
provide flexible and temporary permissions for API interactions, the hierarchical role model remains a
fundamental basis for stable, scalable, and structured internal access management in CRM systems.

lepapxiuna mozmens poneit y CRM — ne cuctema, y sIKili poji KOpUCTYyBadiB MalOTh
«BEPTHKAJBHI» B3a€EMOBIJHOCHHH: KOPHCTYBau i3 BHIIOIO POJLTI0O MOXE MEperiisiaTd JaHi

mijyIeryiuxX, aje He HaBmaku [1]. OCHOBHI CKJIamoBI 1i€l MOJAENI BKIIIOYAIOTh: KOPUCTYyBaya,
POJb, IPodib, a TAKOXK JTO3BOJIH Ta PiBHI BUAMMOCTI (IUBHCH PUCYHOK 1).

xon () |
Admin

Project

Project Eupe{Ehjr
.ﬂ_ '

S
A M

Project Progec Project Progect Progect

Manager

P e et S S0l Marndger Supersol MNeanacpd

Pucynox 1 — Cxema pobomu icpapxiunoi mooeni ponetl

Poni BU3HA4a0Th, sKi 3amKcH (HANPHUKIAA, YTOAW a00 KOHTAKTH) KOPHUCTYBad MOXKeE
nepernsaata. Hanpuknaz, perioHanbHUNA MEHEKep Ma€ AOCTYH J0 AaHUX CBOIX MiJUIETIHNX Y
MeXax perioHy, ame He a0 iHdopmarii iHmwX BigmimiB. Ilpodins Bu3Haugae, ski mil
KOpUCTYBau MOKE BHKOHYBATU 3 IMMH 3allICAaMH — CTBOPEHHSI, TEPETJIsijl, pelaryBaHH,
BUJAJICHHS, IMIIOPT YU €KCIopT y pizHuX Monyisx CRM (imm, KOHTaKTH, Yroau TOLIO).
Jlo3BONM Ta BHIUMICTh BCTaHOBIIOIOTH 0a30BHil piBEHb JOCTYIy B MeKax OpraHizaiii.
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Hanpuknan, neBHuit moxyns Moxke Oytu “Public” (myOnmiunmi) — moctymHuil yciM, abo
“Private” (mpuBaTHHI) — JINIIE BIACHUKY Ta HOTO KEPIBHUKAM Y CTPYKTYPi).

Y cyvacHux iH(pOpMalidHUX CHCTEMax ICHyE€ KilbKa MiAXOJIB MO YIPaBIiHHS
JocTynoM kopuctyBadiB. Halimommpenimumu € OAuth Scopes [2, 3] Ta RBAC (Role-Based
Access Control) [3—5] — BoHH pi3HATHCS 32 MPUHIMIIAMHE JIii Ta cheporo 3acToCyBaHHS:

- OAuth Scopes — 1me psaKud A03BONIB, MPHB’S3aHI 10 TOKEHIB JOCTYITy, SKi
BU3HAUYAIOTh, L0 CaMme JIOJaTOK MOXe pOOUTH 3 JaHMMU KOpUCTyBada. BOHM THMYacoBi,
OLIBII THYYKI Ta BHKOPHCTOBYIOTBhCS TEPEBAXHO [UIS 30BHIIIHIX iHTerpamiid 3 API, ne
MOTPiOHI KOPOTKOCTPOKOBI JO3BOJIH.

- RBAC - Hamae mpaBa JOCTYyIy Ha OCHOBI poJieii KOpHCTyBaya, TpyHyrudd il
BIMOBITHO 70 CIy)K0oBUX 000B’si3kiB. lle cratmyHMi minxin, oOpi€eHTOBaHHWN Ha
JOBIOTPUBAINI BHYTPIMIHIN JOCTYH Y KOPIIOPATUBHUX CHCTEMAX.

Haenemo B Tabuuii | mMOpiBHSHHS XapaKTEPUCTHK 000X IiIXOJIB JI0 YIPAaBIiHHS
JOCTYIIOM KOPHCTYBayiB.

Tabauysa 1 — Iopieusanns nioxodie 00 ynpasiinHsa 00CHynom

XapaKTepUCTHKA OAuth Scopes RBAC
Tpusaiicts il TumuacoBa (3a71€KUTH Bif [ocriitna (Ha OCHOBI poJIi)
TOKEHA)
PiBenn gerasizamii Bucokwuit (st KOHKPETHHX 3aranpHUH (715 BCI€T POITi)
pecypciB)
I'nyukicTb Bucoka, HanamroByeThCA Hwxua, motpedye pyuHoro
JTUHAMIYHO OHOBJICHHS
Tumnose 3acTOCYBaHHSI 3oHimrHI API-iHTerparmii BryTtpimmHiit goctym
KOPHUCTYBauiB

Ilonpu mosiBYy HOBHX METOMIB aBTOpHW3alii, iepapxiuHa Mmoxaenb poneii (RBAC)
3AIAIMIAETHCS BAXIIMBOIO, aKe BOHA 3a0e3ledye YiTKy CTPYKTYpy HOCTYITy, BimoOpakae
opraHizaliiiHy iepapxiro (Hampuknan, “‘aomin — meneddicep — Kopucmysay’), Ta TO3BOJISIE
LEHTPaJIi30BaHO KePYyBaTH IpaBaMH BEJIUKOI KITBKOCTI MpaliBHUKIB.

VY cucremax, A€ piBeHb IOCTYIy BHU3HAYAETHCS CIYyKO0BUMH 000B’si3kamu, RBAC
CTIpOIIy€ aJAMIHICTpYBaHHSI, MiJBUILYE MPO30PICTh 1 3abe3redye cTabuTbHE JOBrOTPHUBAJIC
yIpaBIliHHS JOCTYIaMHU.

Xoua OAuth Scopes HamalOTh BHCOKY TOYHICTH 1 O€3MeKy KOHTPOIIO JOCTYITY, iXHs
POTb 0OMEKYEThCS KEPYBAaHHSM KOHKPETHHMH JIO3BOJAMHU B Mexax pecypciB un API. Bonn
e(eKTUBHI JUIsi KOPOTKOCTPOKOBUX TEXHIUHUX CIICHApIiB, aje HE 3aMIHIOIOTh CTaOLIbHY
iepapxiuHy CTPYKTYpYy, sKy 3a0e3neuye RBAC.

lepapxiuHa MofeNbh TapaHTy€e TOCTiIOBHICTH, IEHTPATi30BaHUNA KOHTPOJH 1 JOTIUHY
HIAMOPS/IKOBAHICTh MPaB — I 0COOIMBO BAXKJIMBO ISl BEIMKHUX OpraHizamiid i BHYTPIiIHIX
CHCTEM.

Takum YHUHOM, iepapxqua MOJCIIb pOHeﬁ 3AJIMIIAETBCA KIHOYOBHUM CJICEMCHTOM CY4YaCHUX
cucteM O€3NEeKH, OCKUIbKM 3a0e3nedyye 4iTKy CTPYKTYpy MAOCTYyINy, IO BigoOpaskae peajbHy
oprasizauiiiny iepapxito. Bona crpolirye yrnpasiiHHS IpaBaMi KOPHUCTYBadiB, 3HWKYE PU3UK MOMHUIIOK
y JOCTyIax 1 MiJABHIIYE KOHTPOJb HaJ iH(GOpMaIliero. 3aBIsSKH 3p03YMIIOCTI Ta MacIITa0OBAHOCTI, 115
MOZIeTIb 1 Hajadi 3alMIIAEThCSI e(EKTHBHOI OCHOBOIO JUIS MOOYIOBH O€3NMeYHHX KOPHOPaTHBHUX
CHCTEM.
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Annotation

The paper is devoted to the research and evaluation of ethical regularities of Artificial Intelli-
gence as a certain digital existence in the context of worldview parameters. A critical review of the
main provisions and principles surrounding the issue is given, finding and developing the progressive
criteria in them and establishing a unique theoretical-worldview concept corresponding to modern
requirements. The relationships fixed between the thinking of the fields of humanitarian and exact
knowledge around the issue are shown in an original way; a kind of attempt is presented to
understand and evaluate the system-conceptual model developed on the basis of moral criteria in the
digital world of organized management in a new way.

The discursive resource of the axiological approach and the potential of constructing reflexive
conclusions with the dialectical method are utilized and used. It is indicated what probable moral
consequences can result from the solution of the intellectual dilemma established in modern digital
practice, more specifically, the alternative task of the protocol and software of the creative-argu-
mentative algorithm associated with it, In particular, the latter can only be considered in the format of
an admissible possibility or present it in the form of an implemented cybernetic reality. The expected
difficulties of interaction between natural and artificial intelligences and appropriate control mecha-
nism paradigms are described and analyzed, namely, the concepts of the ethical value of the artifact
are demonstrated - within the framework of essential and principled reliability/unreliability.

Introduction: Challenges in the process of developing moral criteria over time give rise to the
need and necessity to review the traditional principles accompanying worldview knowledge. Based on
the research question, it is interesting for us to find out what to expect in the field of worldview
understanding and evaluation of Artificial Intelligence - from the aspect of ethical dimension. It is
significant that two main aspects are still not clearly defined in the field of scientific discourse:

*  What is the main function of applied ethics in the practical implementation of constructed
knowledge about Artificial Intelligence?

* How well will the system of ethical values work following the software operation of the
algorithmic mechanism of the simulated intelligence?

As is generally known, Ethics is a field of humanitarian knowledge, thus it conveys interdis-
ciplinary knowledge and skills on one-world topics and uses open concepts, but when it comes to the
concept of Artificial Intelligence, which acts as human intelligence in a certain field, and then Ethics
moves from the category of humanitarian thinking to the line of exact sciences. And this is because the
computer, as an Artificial Intelligence, must clearly define how to behave, and this is done on the basis
of moral considerations, but the same spiritual and moral competences in turn, must already be
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recognized in the context of natural intelligence. However, “purely figurative-ideological progress and
feat are a direct result of the spiritual abilities of the morals” [1].
The Theoretical Part: As a classic example, the authors mention and reference to the pheno-

menon of driving means of transport. Naturally, a question arises: how should Artificial Intelligence
behave when a critical situation arises? The fact is that even at the global level this has not yet been
decided, however in an increasingly algorithm-driven society, the question is not whether we can
trust our technology, but how we can assure it deserves our trust. We give an opinion “never put the
question about the way information could express “the objective will of the world” and “aspiration for
the progress”, when it fails to reflect technological processes, because they are objective and not
subjective-psychological phenomena” [2], or in other words, philosophical knowledge is also working
on it now, and so is the designer of Artificial Intelligence: The computer must know exactly how to
behave, that is, the ethical calculation of the software operation must be embedded in it at the
algorithm level, or more concretely and precisely, trustworthy Al advocates for ethical, transparent,
and successful Al systems, guaranteeing that we can rely on them to make smart and equitable
decisions. Let's suppose that “the manufacturer of one of the well-known car brands had the idea to
transfer the driving control to a person in case of a crisis situation. But this cannot become an
acceptable option; because it is absolutely clear that the computer mechanism reacts much faster”
[3]. And, consequently, no normal person would buy for himself such Artificial Intelligence that he
could not trust in principle and rely on and, more importantly, that could not essentially replace the
natural capabilities of real intelligence.

Thus, the main goal of the research is to find out to what extent it is possible to axiologically
understand and evaluate the multifaceted possibilities of Artificial Intelligence, on the one hand, huma-
nitarian, and, on the other hand, within the framework of mutual understanding and cooperation of
exact scientific knowledge. The main task of the research, in its essence content, involves answering
the question: to what extent the human being is ready to ethically absorb/adopt and morally manage the
countless digital variations and unknown combinations of Artificial Intelligence they have created.

One could postulate that the specific configuration of the education system includes some
different types of Al models related to both analytical and generative Al mechanisms — “more recent
debates began to inspect the information role of social, cultural, and economic conditions in regulating
judgments” [4] An in-depth perception and understanding of digital technologies and modeling them in
the practical skills is effective in identifying and solving applied educational problems. The ethical
dilemma of digital practice is based on the formation of axiological ideas and value principles of
transformation in the informational context of the evolution and mass dissemination of the potential of
Al “It is here we can begin to see how information technology can impact moral values” [5] Formation
and activation of the ability of transferable competence it is very steadfastly based on the creativity of

software resource used by Al.
Conclusion: From the above-mentioned we may conclude:

Attempts to construct standard moral-ethical patterns and templates that predict the use of Al
in a safe and reliable context are defined and developed at the level of theoretical-worldview
discourse.

Maneuvering with basic concepts and ideas of Applied Ethics, in the process of continuous
development of digital technologies, as a regulatory factor of Artificial Intelligence, is argued and
evaluated. It was found that in response to the communicative challenges of the Artificial Mentality -
both in the objective risky situation and in the subjective dangerous conditions - the balancing of the
algorithmic complex is reliably revealed by the principle of moral assurance.
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The presented paper outlines approaches to worldview researching language education in
on-line environments and survey research that has been conducted to date. Is it worthwhile to use the
Internet in Language Education? How does Language Education use change in on-line environments?
What are the best ways to incorporate e-mail or the World Wide Web into the classroom? We can use
several approaches to learn and research about such issues. One is to talk to fellow lecturers and
professors. Another is to try practical things out in the classroom and see how they work. And another
is to conduct and share scientific-theoretical research.

The paper first briefly addresses some general questions of approach that relate to some
educational and academic researches of technical issues. Then it looks in more detail at particular
approaches to researching the on-line classroom. Research conducts to better understand the research
role and responsibility of the Internet in online language education and learning generally involves five
overlapping areas: linguistic features of language teaching, interaction between practical and
theoretical problems, attitude, and context and language impact.

The authors of the paper hope that the references cited in this work provide a useful starting
point for readers interested in conducting worldview research on on-line learning. Worldview research
studies in the area of the Internet will likely yield not general conclusions but rather specific insights
into the impact of using particular on-line activities in particular circumstances. An accumulation of
such specific insights over time, however, may allow us as teachers to continually improve our
understanding of the cognitive role of the Internet in language education and teaching.

Introduction: It is generally known, that scientific research on online language learning may
eventually serve broader purposes than providing pedagogical guidance. The large amount of second
language interaction occurring on-line and the ease with which this interaction can be electronically
archived and analyzed, makes on-line communication a potentially important source for investigating a
wide range of issues related to second language acquisition and use. In due time, the power of
computers and the Internet may help us not only increase our understanding of the on-line classroom
but also unlock broader mysteries of the language learning process.

Research that investigates the linguistic features of on-line communication might ask ques-
tions such as these: Is e-mail communication more similar to speaking or to writing? What are the
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lexical, syntactic and functional features common to on-line communication? A growing body of first
language research has begun to address these questions. Here it needs to be noticed, that the types of
educational research fall along the following main continua, among others: experimental versus
natural, quantitative versus qualitative, etic versus emic and product versus process. Experimental
research is based on the goal of trying to find generalized answers to specific questions. To achieve
that, as many variables as possible are held constant so that one or two specific questions can be addre-

ssed in tightly controlled experimental situations.
The Theoretical Part: First of all, we need to understand the traditional lexical meaning of the

concept of "Digital Education" which is often found in pedagogical literature and regulatory docum-
entation: "the term “digital education” is understood as “education” in the digital age, referring to all
nuances of meaning of the concept of education” [3]. Based on our specific goal, it is greatly interes-
ting for us, that product-based research attempts to look at the results of a particular educational
situation. Process- based research attempts instead to analyze the processes that take place in the
classroom or other learning situations. Often these are combined into process/product research.
According to recent research, in epistemological world view context, some “educational procedures
exhaust the possibilities of operating with ready-made information fixed in the memory of the
machine” [2].

Action research, another important category, exists not on a continuum but as a type in itself.
Action research is research carried out by practitioners in order to improve their own practice. It can
involve any of the types of research described above. In action research in education, one or more
teachers think about a change they would like to bring about in their classroom. Moreover, the
universal distribution proposed by digital practice “encodes all possible mathematical knowledge and,
when updated based on empirical observations, will in principle converge to the optimal scientific
model of our world” [1]. Following the collection and analysis of the data, the lecturer teacher disse-
minates information to colleagues (for example, in in-service training sessions, newsletter or journal
articles, or informal discussions), makes further curriculum decisions based on what has been learned,
and plans a new cycle of action research to continue the learning process.

We can apply any of the above approaches to understanding on-line language learning. In
many cases, educational research will fall somewhere between the various approaches. It is
important, though, to think about which general approach matches your beliefs and is suitable to
address the research questions chosen. Research conducted to better understand the role of the
Internet in language teaching generally involves five overlapping areas: linguistic features, interaction,
attitude, context, and language impact. Research that investigates the linguistic features of on-line
intercultural communication might ask questions such as these: Is e-mail communication more similar
to speaking or to writing? What are the lexical and functional features common to on-line communi-
cation? Does a unique electronic language exist? Thus, data technology sector includes solutions for
data management, and products or services that are based on data generated by both human and
machines” [5]

Conclusions and Results: The approved way of expressing our findings is to observe that the
situated theoretical worldview in Internet space utilizes three overlapping orders of monitoring in the
effort to stay on top of what happens around them:

- Routine online monitoring: This refers to the informal, everyday e-mail information and cognitive
research work that is part and parcel of other online activities.

- Occasioned online monitoring: This order of online educational monitoring activities is prompted
and conditioned by particular intercultural communication, encounters or settings, such as foreign
language study worldview meetings, and formal and informal online collaborations.

- Intentional online information-seeking: This type of online educational monitoring is carried out in
pursuit of a particular known end, such as a single specific cognitive academic decision-making.

One of the key results of our research is that the online worldview activities of sense-making
and sense-giving are mostly conducted dialogically, that is through serious conversations with others,
carried out in a variety of online forums and opportunities. These conversations constitute one of the
central types of research work and are accomplished through diverse internet online media, mainly
face-to-face intercultural conversations and e-mail and internet telephone service.

Research studies in this area will likely yield not general conclusions but rather specific insights
into the impact of using particular on-line activities in particular circumstances. An accumulation of
such specific insights over time, however, may allow us as lecturer teachers to continually improve
our understanding of the cognitive role and responsibility of the Internet in language education.
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CHVICTEMA FINGERPRINTING I/ BUAB/IEHHSA BOTIB I HIKIJJIMBO{
AKTVBHOCTI Y BEBCUCTEMAX / FINGERPRINTING SYSTEM FOR
DETECTING BOTS AND MALICIOUS ACTIVITY IN WEB SYSTEMS
Jyman A.', Babenko FO.', Babenko M.? / Duman A.", Babenko Y.!, Babenko M.?
'KuiBcbkuii HanioHansHuil yHiBepcuteT iMeni Tapaca [lleBuenka / Taras Shevchenko
National University of Kyiv
04116, Kuis, Byn. borgana ['appmmmuHa, 24, hakynpreT iHPOPMAIIIfHAX TEXHOIOTIH,
kadeapa kibepOe3neku Ta 3aXUcTy iHpopmarrii
*JIHIPOBCHKHI JepKaBHUI TexHiunuii yHiBepcutet / Dniprovsky State Technical University
51918, m. Kam’suchKe, Byi. JJHinpoOyaiBchKa, 2, (pakyabTeT KOMIT FOTEPHHUX TEXHOJOTIH Ta
SHepreTHKH, Kadepa MporpaMHOTo 3a0e3NeUeHHS] CHCTEM
E-mail: alina.duman@knu.ua, yurii.babenko@knu.ua, mvbab130973@gmail.com

Bots and malicious activity increasingly distort web traffic and harm security and
business outcomes. We propose a fingerprinting design that merges deep client and network
stacks with behavioral micro-signals and human-interaction checks, aiming for resilient
deployment in real-world web systems. The developed method captures client- and server-
side signals, forms a normalized feature vector, and leverages an LSTM-based network to
identify automated and malicious traffic in real time. This work-in-progress reframes
fingerprinting from user identification to bot/malicious-activity detection, combining deep
multi-source parameters with human-interaction checks and an LSTM-based core under
privacy-first normalization to enable resilient, low-latency decisions in web systems. The
allow/step-up/block policy at the traffic edge reduces the load on the backend and improves
the quality of analytics data. We expect a reduction in false positives at a fixed detection level
and increased resistance to VPN/proxy and cross-browser spoofing.

BebmrardhopMu Bce wacrimie CTarOTh MIIIEHHIO aBTOMAaTH30BaHUX arak: credential
stuffing/ ATO, ckiiK 1 HAaKpyTKH, CKaHyBaHHs, MacoBi peectpartii [1]. 3a gaammu Imperva
Bad Bot Report, ocranHiMM pokKaMu aBTOMAaTH30BaHHW Tpadik yrmepile MepeBHIIHIB
JroAckKUi 1 carnyB 51%, a yacTka «moraHux» 00TiB 3pocna 10 37% 3aranbHOrO iHTEpPHET-
tpadiky (mpotu 32% pokom paHire) [2].
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ATaky CTaloTh CKIagHiUMH: 55% OO0T-aTak MaloTh CEPEAHIO/BUCOKY BUTOHYEHICTD,
44% npocynyTtoro 60T-Tpadiky cupsmoBano Ha API, a ATO 3pocnn Ha 40% 3a pik (Ha 54%
Big 2022); momynsipHi yXWwin — pe3ujeHiiiui mpokci (21%) i mackyBanns min Chrome (46%).

lle wanpsmy 0’¢ mo Oi3Hec-MeTpukax 1 Oe3melli: CIOTBOPIOETHCS aHANITHKA W
[IHOYTBOPEHHS, 3pOCTAIOTh BTPATH BiJ IMaxpaiicTBa, pU3UKH BUTOKIB 1 peryIsaTOpHI mrpadu
(GDPR 1o 4% riob6ansHoro o6opoty toiio). Omke, MOTpiOHI CTiliki 10 cry(iHry 3aco0u
BiJICIKaHHS OOTiB, IO NPAIOITh 0€3 3aJeKHOCTI Bif cookie, MEHII Bpa3iuBi [0
VPN/npokci/iHKOTHITO ¥ mpuaaTHi A NPOAAKIIHY 3 HU3BKOIO 3aTPUMKOIO — caMe IIe MU i
MPOTIOHYEMO 3 BUKOPHUCTaHHAM fingerprinting MeToxy.

Browser/device fingerprinting — e migxix A0 igeHTUdIKalii Ta po3mi3HABaHHS
KIieHTIB 'y BeOcepenoBuili 0Oe3 stateful-imentudikatopis (Ha kKmTanT cookies). Bin
CIMPAEThCS HAa CYKYITHICTh CTaOiMpHUX ab0 KBa3icTaOLMBHUX O3HAK Opaysepa, omeparliifHoi
CHCTEMH, arapaTHol IUIATPOPMH Ta MEpPEKEBOTO OTOYEHHS, WI0 pPa3oM (HOPMYIOTh
«un¢poBuii BiZOUTOK» ceancy [3—5].

[licns mommpeHHs NpakTUK OJOKyBaHHs/0OOMexxeHHs cookies Oylio IMmoka3zaHO, IO
koMOiHarii KiTieHTChKkuX mapamerpiB (User-Agent, HaOip 1 TOPSIOK 3ar0JIOBKiB, BIACTHBOCTI
navigator/screen, mpudtu, Canvas/WebGL Tomo) 3a0e3neuyroTh JOCTAaTHIO YHIKAJIBHICTh
st criiikoi imenTudikanii. Llei «Oe3KkyKicHUI» MiAXiA HOCTYHOBO AOTIOBHHIN MEPEKEBUMH
CUTHaJIaMH  (30Kpema, mapamerpamMu TLS-pyKocTHCKaHHS) Ta TOHKHMH  pEHIEp-
BIAMIHHOCTSMHU.

Ha npaxtuii BUAIIAIOTE MOHAMEHIIIE TPH LIAPH:

1. Bpaysepno-kimientcbkuit: UA, TOpsSmIOK/HasBHICTH 3arojIOBKiB, navigator/screen,
Canvas/WebGL, criucox mpu¢riB, 4acoBuii mosic/nmoxkanb, inankaropu headless/emymsii.

2. Mepexesmii: Bepcii TLS/ALPN/ciphers, JA3/moniOni xemr, BapiaOenbHICTh
RTT/TTFB, crabinbricts ASN, eBprucTuku npokci/VPN.

3. TloBenmiHKOBHII (32 HASBHOCTI): MIKpOIHTEpBAIN B3aeEMOiH (KIaBiaTypa/MuIa/Tadq),
CKpOJI-IIATEPHU, «OypCTOBICTY MOIii.

Botu B Oimpmocti cmy¢uare okpemi mapamerpu (Hampukiaza, User-Agent), omHak
KpOC-IIapoBa Y3TrO/DKEHICTh MHOKHHU CHTHANIB BIITBOPIOETHCS 3HAYHO CKIAIHINIE Ta
HecrabinbHa B yaci. Came Tomy fingerprinting € kopucHuM anTudpoa/antibot iIHCTPyMEHTOM:
BiH HaJa€ paHHIM CUTHaI e Ha nepudepii Tpadixy, JO3BOJAIOYN 3aCTOCOBYBATH MO THKH
allow / step-up / block 10 BUkOHaHHS Gi3HEC-TOTIKH.

Fingerprinting y koHTekcTi antibot/antifraud gae panHiit curHan pu3uky Ha mepudepii
Tpadiky, He moTpeOye cookies i J03BOJIsIE MPUAMATH DPILICHHS 3 HU3BKOIO 3aTPHUMKOIO JI0
BUKOHAHHsI O13HEC-JIOTIKH; MOEJHAHHS KITIEHTCHKHUX 1 MEPEKEBUX XapaKTEPUCTHK YCKIIaTHIOE
JIOCTOBIPHY €MYJISIII0 cepeloBuIna OoTaMu Ta 30epirae cTabinpHICTh ineHTH(]IKaMii B Jaci.
Boanowac TOUHICTh 3HH)KYEThCA Y TOMOT€HHHUX CEPEIOBHUINAX 1 3a yMOB anti-fingerprinting;
YacTHHA CUTHAJIB 3alie)KuTh Bix JavaScript, a «KHTTEBUH IMKI» BiIOMTKA OOMEXKEHUH
OHOBJICHHSAMH Ta BUKOpHUCTaHHAM VPN, mo yckmaaHioe 3BipsHHA 3 pero3utopiem. Lli
O0OMEKEHHSI MU TIOM’ SIKIITYEMO MYJIBTUMONAILHICTIO (KITIEHTCHKI, MEPEKEBI Ta TTOBETIHKOBI
MIKpDOCUTHAJIM 3 TIEPEBIpKaMU JIFOJICHKOI B3aeMojii) 1 privacy-first Hopmaizaliero,
MOEAHYIOUN HEHPOMEPEIKEBUI CKOPUHT 13 KOPOTKOTOPH30HTHUM aHANi30M IOCIiIOBHOCTEH;
JTaJTi OKPECIMMO HassBHI METOOJIOTI.

VY mpakTHill BUAUIAIOTH KiJIbKa POJAMH TEXHIK IU¢poBoro Bigoutka. JavaScript-based
o3Haku (HaOIp/MOPSAIOK 3aroyioBKiB, navigator/screen, timezone/locale, crucok MPUQTIB,
headless-ingukatopu) marote 0Oa3oBy eHtpomiro; CSS/DOM Tta  Canvas/WebGL
BUKOPHCTOBYIOTh TOHKI BiAMiHHOCTI penzepy; Audio API — Mikpopo30i>KHOCTI aymioTpaKTy;
icropuuHo 3actocoByBanucs plugin-based (Flash/Java), HuHI Maiibke HeakTyalbHi;
hardware/software-based Bkirouatots  apaiiBepu/GPU/Bepcii  crtekiB; TLS/JA3/ALPN
(hopMyIOTh MEpEKEeBI CHTHATYpH KIIi€HTa He3aJekHi Bif JS; MOMOBHIOIOTH iX MOBEHIHKOBI
MiKpocurHanu (iHTepBajlll HATHCKaHB/PYXiB, CKPOJI-MIATEPHH) SIK KOPOTKOTOPH3OHTHUH IIap.
TumnoBa cxema 300py — Jierka kiieHTchbka Oibmioreka (JS) + cepmepHuii/edge-cepsic, 110
HOpMaJTi3ye MmapamMeTpd y BEKTOp 1 CIBCTaBISE€ 3 pPero3uTopieM. Y Hamiid poboTi Mu
KOMOIHYEMO IIi POJUHU Y MYJIBTUMONATBHUN MU3aiH (KITIEHTCHKi+MepeKeBi+IIOBEIIHKOBI),
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JIOJTAEMO TIEPEeBIpKH IIOJCHKOI B3aemMofii Ta 3acrocoByemMo LSTM-sapo 3 privacy-first
HOpMaJTi3aIliero s yXBaJleHHs pineHs allow / step-up / block y peanmsHoMy gaci.
[MigcymoByroun, MyIbTHMOJNANBHUN fingerprinting i3 TOETHAHHSAM KITI€EHTCHKHX,
MEpEeKEBUX 1 MOBEIIHKOBUX CUTHANIB 3a0e31euye paHHE i HU3bKOJIATEHTHE BiJCiKaHHS OOTIB
0e3 3anmexxHoCTi Bif cookies. LSTM-aapo Ta KOPOTKOTOPH3OHTHHUI aHAaIi3 MOCTiTOBHOCTEH
HiIBUIIYIOTHh Yy TJIMBICTH 70 headless/emynsimiii 1 «low-and-slow» matepHis. [ToniTuka allow /
step-up / block Ha nepudepii Tpadiky 3MEHIIye HABAaHTAXXCHHS HAa OCKEHJT 1 MMOKPAIIY€ SKICTh
JMaHuX aHaMITHKA. OYiKyeMO 3HIDKEHHS XHOHOITO3UTHBHHX CHpAIOBaHb 3a (PiKCOBaHOTO
PiBHS BHSIBJICHHS ¥ IMiIBHINEHHS CTiKoCcTi 10 VPN/mpoxci Ta Kpoc-0pay3epHoro ciyinry.
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KAJIIEPYBAHHA [TAPU POBOTU30BAHUX MAHIITYJIATOPIB V CXEMI
«BEJJYUYA-BEJIEHA» / CALIBRATION OF A LEADER-FOLLOWER PAIR OF
ROBOTIC MANIPULATORS
Bonuneyv €.4. /Y. Volynets
Harmionanepanii yHiBepcureT “KueBo-Mormsacrka Axagemis” / National University of Kyiv-
Mohyla Academy
04655, Kuis, Byn. ['puropist CkoBopoau, 2, GpakynbreT iHpOpMaTUKH, Kadeapa MEepekHUX
TEXHOJIOT1H
E-mail: ye.volynets@ukma.edu.ua

This work addresses a systems-level reliability gap in leader—follower manipulation:
nominally identical commands do not yield identical states. We present a reproducible joint-
level calibration that estimates per-joint direction and zero offset from controlled rotations,
applies robust angle normalization to avoid wrap-around, and standardizes a small pose set
for validation and control. Empirical evaluations indicate that previously significant pose
errors are reduced to minor, task-tolerant deviations.

g 6araTonaHKOBHX pOOOTH30BaHUX MaHIMyJISATOPIB i3 PO3YMHHMH CEPBOIPUBOIAMH
(Dynamixel, Feetech) TunoBumu mxepenamMu NoXuOOK € MeXaHiuHi HETOYHOCTI Ta 3a30pH,
0T, HEKOPEKTHE HYJIbOBE 0a3yBaHHS Cyri00iB i MOPYILIEHHS OpieHTalii NpuBOaa Mif Yac
CKIIaJlaHHs KiHeMaTHIHUX Map. HaBiTh 32 0IHAKOBUX alTOPUTMIB KEPYBAHHS JIB1 30BHI
OJTHAKOBI CHCTEMH MOXYTb CYTTEBO BiIPI3HATHCS 328 (PAKTHYHUMHU KOOPHHATAMH, IO
YCKIIJIHIOE MacIuTaOyBaHHs Ta 00CIyroByBaHHs. Y MPUKIAIHUX CLEHApisiX
(TeneonepyBaHHS, HABYAJIbHI CTEHIM) BELYUOIO € JICIIEBa, OJIETIIeHa PYyKa, 3 IKO0
Oe3nocepeIHbO MPALOE OIEPATOP; BEIACHOI — J0pOTra, IPOMHCIOBA PyKa, 10 BUKOHYE
po0OTY 3 00’€KTaMH Ta Ma€ TOYHO BiITBOPIOBATH PyXH BeAy4oi. Uepes BiIMiHHOCTI B
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KiHEMaTUYHUX JIAHIIOTaX 1 )KOPCTKOCTI BY3JIiB HaBiTh MaJli 3CyBU HYJILOBOTI'O O0a3yBaHHs
CIIPUYHHSIOTH TIOMITHY pO301XKHICTh TPAEKTOPIH, TOX MIKCHCTEMHE KaTiOpyBaHHS €
KPUTHYHO HEOOXITHUM.

o6 ycyHyTH i BiAXHJICHHS, 3aIPOIIOHOBAHO YHIBEPCAJIbHY IIPOrPaMHy MPOLESYPY
KaJgiOpyBaHHA y CXeMi «Belyda—BeICHa», sIKa BU3HAYAE TA KOMIICHCY€E KyTOBI 3CYBH
HYJIBOBHX TIOJIOKEHD 1 Y3TO/IXKY€ HApsAM 0OepTaHHS KOXKHOTO CTYIEHS BUTBHOCTI.
Peanizaniro BukoHaHo MoBoto Python y BUTTIsiAi OKpeMOro CKpHUITa, 0 OOMiHIOEThCS
JaHUMHU 3 MaHimysTopamu uepes nocaigosHi iHrepdeiicu (UART/TTL yepe3z USB-
niepeTBoproBay) i hopmye Y AML-mmapamerpn kamiOpyBaHHS IS TTOATBIIIOT0 BUKOPHUCTAHHS
y CUCTEMi KepyBaHHSI.

ANTopHuTM KaniOpyBaHH Mapu «BeAy4a—BeJeHa» ISl KOKHOTO Cyriioda BU3HAYAE 3HAK
HanpsiMmy D Ta KyToBe 3MmilieHHs HYJIs S y Tpagycax, o0 BeieHa pyka BiATBOpIoBaia
TpaexTopiro Beayuoi. Ha nmepmomy kponi oOuaBa MaHIimyIssTOPH TPOBOAATE 10 OJHAKOBOT
MOYaTKOBOI 03U, YHHKAIOUH KyTiB cepBonpuBoAiB mobdmmzy 0°/360° (3 moporom ~20°), i 3a
noTpedu MexXaHiuHO 3Minnyoun ommkyue 10 ~180°. [laii ais KoKHOro cyrioba onepaTop
NOCiJOBHO 00epTae Horo Ha 000X MaHIMyJIATOpax MPUOIM3HO Ha 45° B 0JJHAKOBUX
HaNpsMKax, (PiKCyrouu 3HaK (PaKTUIHOTO 0OCPTAHHS; SKIIO 3HAKH 30Irat0ThCsl — HATPSM
BBa)KA€THCS Y3TO/DKEHHUM, SIKIIO Hi — JUIS IIBOTO Cyriio0a 3a1aioTh iHBepcito Hampsmy (D =
-1). [Ticns BU3HAYCHHS HANIPSAMY OOYHCITIOIOTH KyTOBY Pi3HUIIIO MiX Cyrio0amMu JBOX PYK y
CTapTOBIM 1031, MPUBOATH 11 10 «3BUYHOTO» Jiana3ony (-180°, 180°) Oe3 cTpubKiB yepes
0°/360° OKpYXKHOCTI i OKPYTIIOIOTH IO HAWOIMKIOTO KPOKY (MIPAKTUYHO — JIO KPATHUX
COpOKa IT’SITH TPaayciB), 00 3MEHIINTH BIUIMB JIO(TY Ta IIyMY; 3a TTIOTPEOH Pi3HHUITIO
JIOJTATKOBO CTaOLTI3yIOTh YCepEAHEHHAM 10 KiJTbKOX To3ax. OKpeMo I BeeHOI PyKH
3HIMAIOTh PETEePHI MTO3U — «II0YaTKOBI», «p000Ya» — JJIS TTOIAIBIIIOT0 BUKOPHUCTAHHS B
koH(pirypamii. Pe3ynbprarom € HaGip mapaMeTpiB A1 KOKHOTO CyTIo0a: 9u MOTpiOHO
IHBEpTYBaTH HAIPSIM 1 Ky KyTOBY ITOIIPABKY 3aCTOCYBATH, TUTIOC 3a()iKCOBaHI OITOPHI ITO3H;
11l JaHi Jalli BUKOPHUCTOBYIOTKCS, 100 Be/IeHA (JIopora) pykKa TOYHO BiITBOPIOBAJa PyXH
Beyd4Oi (IeeBoi) monpy BiAMIiHHOCTI B MEXaHIIIi.

PesynbraTi 3anmcytoThes 10 KoH(irypariiHoro Qaiina y ¢popmari YAML:

joint_1:
offset deg: -90
direction: -1
joint 2:
offset deg: 45
direction: 1

[Tig gac iHimianizamii i 3CyBU 3aCTOCOBYIOThCS SIK KOMIIEHCALisl, @ HAMIPSIM 00epTaHHs
Y3TOJDKYETHCS 31 3HAKOM BEAYUOi PYKH.

PeanizoBanmii minxin BukopuctoBye odiniitanii Dynamixel SDK mis noctyny no
ceponpuBoiB (UART/TTL) Ta Moy B3aeMo/Iii 3 KIHEMATHYHUMHU JIAHITFOTaMU;
3a0e3eYeH0 CHHXPOHI30BaHe ONMMUTYBaHHS 000X MaHIMYJISATOPiB, HOPMATI3aIlifo KYTiB i3
ypaxyBaHHSM MeX 00epTaHHsI, BUSBIICHHS IOTpeOU iHBepcii HampsMy Ta reHepariiro Y AML-
(hatiny 3 mapameTpamMu KoMITeHcallii. 3aCTOCYBaHHs TaKOi IPOIeIypHy 3a0€3MCUNIIO
y3roJKeHe BIATBOPEHHS PYXiB MiXK BEIYYOIO (JIEIIEBOIO) Ta BEACHOIO (TIPOMHUCIOBOIO)
pyKaMH TIOTIPH BiIMIHHOCTI B MEXaHiIli; GaKTHIHI BiIXUIICHHS 3BEICHO JI0 PiBHS,
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MPUAHATHOTO AJIS1 HAAIMHOTO KOMiIOBaHHS TPAEKTOPIi, a TPUBANICTh MiATOTOBKH HOBOT
CHCTEMH ITOMITHO CKOPOUYCHO MOPIBHSAHO 3 PYyYHHM HAJIAIITYBAHHAM.
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ABTOMATHUYHE ®OPMYBAHHSA OHTOJIOI'Ti TOBAPIB
HA OCHOBI AHAJII3Y JIAHUX EJJEKTPOHHOI KOMEPIIIT
Kexepyn O. I1., Konecnikos A.O.
Hamionansuuii yHiBepcuteT «KueBo-MOTHISHCHKA aKaaeMisny

Byx. CkoBopoau 2, M. Kuis, 04070, Ykpaina, anton.kolesnikov(@ukma.edu.ua

The article presents a system for automatic generation of product ontology based on
analysis of heterogeneous data from multiple e-commerce sources. The system architecture
and algorithm for concept extraction from natural language texts without manual synonym
dictionary creation are described. The system generated an ontology with 486 concepts and
1216 relationships with F1=95.2% extraction accuracy. The system uses a four-layer hybrid
architecture with transformer embeddings (gte-small, 384-dimensional) and HNSW indexing
(M=16, efSearch=16). Experimental deployment on 700,000 products from 34 sources in four
languages showed F1=95.2% concept extraction accuracy at 13 products per second
processing speed. Main advantages: no need for large labeled datasets, automatic multilingual
processing without translation dictionaries, ability to supplement ontology with new concepts
without retraining. The system can be adapted for other domains: medicine, finance, logistics.

Keywords: ontology engineering, knowledge base, product ontology, natural
language processing, transformer embeddings, semantic matching, big data.

[Micns crBopennst konmeniii Semantic Web OHTONOTIS cTana CHHOHIMOM pillIeHHS
mpobiaeM po3yMiHHS mpupoaHoi MoBu Komm'toTepamu [1]. IIpore pyuHe cTBOpeHHS
OHTOJIOTIA TOTpeOye 3HAYHHMX IHTENEeKTyaJbHHX pPEecypciB Ta MBUAKO 3acrapirae. 11100
3HAWTH PpIlIeHHS, 3'SBUBCS HANpsM OHTOJOTIYHOI iH)KeHepii, KW BHBYAE IUIIXHU
aBTOMAaTHU3alil reHepyBaHHS 3HaHb 3 TEKCTY [2,3].

VY nmporeci po6oTH pO3IIISTHYTO 3a7a4y aBTOMAaTH30BaHOI reHepaLii OHTOJIOTii TOBapiB
3 BHUKOPUCTAHHSIM TETEPOreHHHMX [aHMX 3 34 JUKepen eNeKTPOHHOI Komeplii 4JoThupma
moBamu. [loOynoBaHO cucreMy, sika QopMye OHTOJOTiF0 3 486 KOHIENTIB 0e3 pyYHOTO
CTBOPEHHSI CIIOBHHKIB.

TpagumiifHi TiAXonu TOTPeOYIOTh 3alydeHHS EKCIIEPTiB Ta PYyYHOTO CTBOPEHHS
MpaBWJI, M0 HE MAacHITa0yeThCs MpH poOoTi 3 MinbiioHamu ToBapiB [3,4]. CyuacHi metoam
MOXKHA TOJAUIMTH HA TPU KIACH: CIOBHUKOBI CHCTEMH (IIOTPeOYIOTh PYYHHUX CHHOHIMIB),
NPaBWIOBI CHCTEMH (HE MAacIITaOYyIOThCsS), CHCTEMH Ha OCHOBI MAIIMHHOTO HaBYAHHS
(moTpeOyIOTh BEIMKUX PO3MIUCHHX daTaceTiB) [5].

METOAOJOTI'TA

st BUOKpEeMJICHHS! KOHLENTIB BUKOPUCTAHO TpaHc(opMepHi HEHpOHHI Mepexi, SKi
TeHEepPYIOTh BEKTOPHI MPEACTaBICHHS TEKCTIB y OararoBuMipHOMY mpoctopi. Ha BimmiHy Big
KJIACHYHUX MAXOIB (CTEMIHT, JieMaTu3allisi), TpaHchopMepu 3aXOIUIIOIOTh CEMaHTHYHHMA
3MICT Ta aBTOMaTHYHO BUSBIIIOTH OJHM3BKICTh KOHLENTIB Yy Pi3HUX MOBax 0e3 CIOBHHKIB
nepeKnamy.
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VY poboti BuKkopuctano mozens gte-small (384-BumipHi BKIaZieHHS) 3 TPUCKOPEHHSIM
ma GPU. [Ing mBUAKOTO TMOMIYKY 3acTtocoBaHo anroputM HNSW [6], skwit Oymye
OararopiBHeBHid Tpad Hasiramii 3i cknagHicTio O(log N).

Onronorito moOyA0BaHO y BHUIIALIL i€papXidHOi CTpyKTypu 3 Kiacamu: Brand (59
OpenaiB 3 847 Bapiarismu), ProductType (16 tumis 3 iepapxiero), Color (337 BigTiHKiB ¥ 12
ponuHax), Material (47 matepiainiB 3 213 cuHoniMamu), Size (23 crangaptu 3i 156 3B's13kaMu
kongepranii EU/US/UK/CM), Gender (4 xateropii), Product (abcTpakTHuii KJ1ac 3 3B'S3KaMu
JIO BCiX KJIaciB).

Cucrtema Mae apXiTekTypy KoHBeepa (puc. 1) 3 m'sTeMa etamamu. Mosyiti HamwucaHo
MoBoto Python 3 Bukopucranusam sentence-transformers, hnswlib, MongoDB.

Eran 1. 36ip nanux 3 34 mxepen (JSON dopmar, 4 moBu: anrmiliceka 60%, itaniicbka
25%, icmanceka 10%, dpaniry3ska 5%).

Ertan 2. Ilomepemnst o0poOka — BUTATYBaHHS Ta OYHINEHHS TEKCTYy, (POpMyBaHHS
3aIuTy.

Etam 3. I'eHeparist BkIajieHb — 3aBaHTOKEHHS MoJeli gte-small, TeHepallis BKIIaJeHb
U KaHOHIYHMX KoHIenTiB, mobymoBa HNSW-immekciB (M=16, efConstruction=200,
efSearch=16, obcsr 4,2 MB).

Etan 4. I'iOpunHuii NOMIYK — YOTHPUIIAPOBA apXiTEKTypa:

* [lap 1: [IpaBuna (<1mc, 98% nosipa, 45% ToBapiB)

o [llap 2: Icermonimu (~1mc, 95% noripa, 35% ToBapiB)

* [llap 3: Cemanrtuka (~8mc, 70-90% nosipa, 18% ToBapiB)

* [lap 4: Baminarmis (~80mc, 60-80% moBipa, 2% ToBapiB)

ApanTuBHMIA ONTMMI3aToOp MNponyckae wapu 3a gosipoto: >0,98 — wapn 3-4
nponyckatoTbes (80% ToBapis), >0,90 — wap 4 nponyckaeTbca (95% ToBapiB).

Etan 5. [lONOBHEHHS OHTOMOrI — [OdaBaHHS KOHLUEMTIB, BCTAHOBMEHHS
3B'A3KiB, NOLUYK CUHOHIMIB, iepapXiuHi 3B'A3kn. [1Ns KONbOPIB: TeKCcToBa Knacudikadis
y 12 poawuH, 3a BneBHeHocTi <0,7 — BidyanbHa Banigauis yepes AE y LAB-npocTopi.
BaraTtoMoBHiI ekBiBaneHTn Yyepes ceMaHTUYHy 6nu3bkicTb (Blu«Blue«Azul-Bleu).

PE3VJIIbTATH

Haracer: 700 000 ToBapiB 3 34 mxepen, 4 moBu. O6nagnansasa: Apple M1 Max (10-
snepauit CPU, 32-snepamit GPU, 32 I'b RAM). Ilporpamue 3a6e3nedenns: Python 3.10,
sentence-transformers, hnswlib, MongoDB.

Pesynbrar reneparnii. Cuctema 3renepyBaia oHTOJIOTi0: 59 OpenaiB (847 Bapiamiii), 16
tuniB (iepapxis mo 3 piBHiB), 337 xomsopiB (12 pomun), 23 po3mipu (156 xoHBeprarmiit), 4
crari, 47 marepianis (213 cuaoHiMiB). 3aranom 486 konrenTiB Ta 1216 3B's13KiB.

J1)1 OLIIHKYM TOYHOCTI CTBOPEHO €TaJlIoHHY po3MiTKy Ha 1000 ToBapiB 3 ycix 34 mkepen.

Konnenr Kinekicts 3B'13KIB TouHnicTe IToBHOTA F1-mipa

Brand 59 847 97,50% 96,80% 97,10%
ProductType 16 128 96,80% 95,40% 96,10%
Color 337 (12) 89 95,20% 93,80% 94,50%
Gender 4 64 95,70% 94,20% 94,90%
Size 23 156 94,30% 92,70% 93,50%
Material 47 213 91,80% 89,40% 90,60%
Beboro 486 1216 95,20% 93,70% 94,50%

Ta6auus 1. Pe3yjbTaTd aBTOMATH4YHOI reHepauii oHToIorii

IIponykruBHicTh: 581 ToBap 3a 44 cekynau (13 toB/c). Ilam'ste: HNSW 4,2 MB,
kxoHnmentu 28 Mb, mogens 133 Mb (165 Mb 3aramom).
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l'onoBHa mepeBara cucTeMH — BiACYTHICTb NHOTpeOUM y PO3MIYEHHX JaTaceTax Ta
MOJKJIMBICTH pOOOTH 3 HOBHUMM KOHIeNTamMHu Oe3 IepeHaBuaHHA. CucTeMa aBTOMaTHYHO
BUSIBIISIE €KBIBAICHTH Y DPIi3HHX MOBax 4Yepe3 CEeMaHTH4HY ONM3bKicTh (cosine >0,95), mio
JI03BOJISIE IHTETPYBATH TOBAPH Bil MKHAPOIHHUX ITOCTa4aIbHUKIB 0€3 CIIOBHHKIB IIEpEKIIay.

BUCHOBKHA

Po3pobnena cuctema aBTOMAaTHYHO TEHEPYE OHTOJOTIIO TOBapiB 0e3 pydHOro
CTBOPEHHS NPaBWJI Ta CIOBHUKIB CHHOHIMIB. ExcriepumenTtanshe posropranas Ha 700 000
ToBapiB 3 34 mKepen YOTHPMA MOBaMM MOKa3zajao TouHicTh F1=95,2% npu mBuakocti 13
TOBapiB 332 CEKYHIY.

Cucrema 3reHepyBaja oHToJiorito 3 486 koHuentie Ta 1216 3B's3kiB. ['iOpugHa
YOTHPHILAPOBA apXiTEKTypa 3 aJanTUBHUM BHOOPOM 3a0e3reuye OajaHc MiK HIBHIKICTIO Ta
TOYHICTIO.

l'onoBHI mepeBaru: BIACYTHICTH MOTpeOM y pPO3MIYEHHMX JJaTaceTax, aBTOMaTHYHA
0araTOMOBHICTh 0€3 CIIOBHUKIB Mepekiany, IOMOBHEHHS OHTOJIOTiI 0e3 mepeHaB4YaHHS.
CucTteMy MOXHA alanTyBaTH AJIS 1HIIKMX rany3ed: MeguurHa, GiHaHCH, JOTiCTHKA.
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