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.

Cnucok xepen:

1. ®pankis O. O., I'muboBerrp M. M. ABTOMaTH30BaHa Bi3yai3allissi KOMIIOHEHTIB
apxiTexTypu nporpamu s MoBu Swift. KibepHernka Ta cucremuwnii anamis. 2024. T.
60, Bum. 6. C. 190-198. URL: https://doi.org/10.1007/s10559-024-00737-9.

2. Frankiv O. Machine learning in enhancing visualization of the spatial software
architecture model. Bulletin of Taras Shevchenko National University of Kyiv.
Physical and Mathematical Sciences. 2025. T. 80, sum. 1. C. 164-173. URL:
https://doi.org/10.17721/1812-5409.2025/1.22.

3. Wageningen S., Mchedlidze T., Telea A. C. Same Quality Metrics, Different Graph
Drawings.  International =~ Graph  Drawing  Conference  2025.  URL:
https://doi.org/10.48550/arXiv.2508.15557.

4. A Survey on Measuring Cognitive Workload in Human-Computer Interaction / T.
Kosch Tta in. ACM Computing Surveys. 2023. T. 55. URL:
https://doi.org/10.1145/3582272.

60



5. Zhang R., Son O.-S. A Measurement Model for Visual Complexity in HCI: Focusing
on Visual Elements in Mobile GUI Design. Electronics. 2025. T. 14, pum. 5. C. 942.
URL: https://doi.org/10.3390/electronics14050942.

MMPUCKOPEHE MOJIEJTIOBAHHA ENIJIEMIN ¥ BEJIJMKAX MEPEKAX: OIITUMI3AIIIA
METOJY T'IUIIECHI TA JIBOIIAPOBHUM IIJIXI]] / ACCELERATED EPIDEMIC
SIMULATION IN LARGE-SCALE NETWORKS: OPTIMIZATION OF THE GILLESPIE
ALGORITHM AND A TWO-LAYER APPROACH
Kypunsix FO.A.', Emmepix M.T.M, % Kuryliak Y.A.', Emmerich M.T.M.?

'Hauionansuuit yuisepeuret «JIbBiBcbKa nositexuika» / Lviv Polytechnic National
University
Bynuit Crenana bangepwn, 12, JIsBiB, JIbBiBCBKa 001acTs, 79000, Ykpaina

2 Vuisepcuret IOBackyis / University of Jyviskyld
Agora, Mattilanniemi 2, 40100 Jyviskyla, Jyvaskyld, 40014, Finland

E-mail: 'yulian.a kuryliak@lpnu.ua, “michael.t. m.emmerich@jyu.fi

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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