O6s1ikoBa KapTKa aucepTanii (OKJ)

IIndp cnenpagu: /1P 26.002.27
Biakpura

Bup pucepranii: 08

Jep>kaBHuI 06/1ikoBHI HOMep: 0823U100412

Jata peecrpauii: 26-06-2023

1. BizomocrTi npo 3706yBava

IIIB (yxp.): ludyyunn AutoH IOpiitoBny

IIB (anra.): Dyfuchyn Anton Yuriyovych

IIndp cnenianbHoOCTi, 32 KOO BiAbGyBCs 3axHcT: 121

Hara 3axucry: 22-06-2023 g

Ha 31006yTTa HayKoBoro cryneHns: Jlokrop dinocodii (1.¢in)

CrnenjianpHicThb 3a 0cBiTO0: KoMIT0TEpHI HayKu Ta iH(OpMaLiitHi TexHo0Tii

2. BimomocTi mpo ycTaHOBY, OpraHi3aliio, y BYeHiH paAi siKoi Big6yBcs 3axucT
Hassa opranisauii: Hatjionanpuuit Texniynmit ynisepentet Ykpainy "KuiBchKuit noniteXHiqHmil iHCTHTYT imeHi Irops
Cikopcbkoro”

TMignopsiakoBanicTs: MiHicTepCTBO OCBiTH | HayKy VKpaiHu

Kop €IPIIOY: 02070921

Apnpeca: npocnekT bepecreiicbkuit, 6y, 37, M. Kuis, 03056, YkpaiHa

Tenedon: 380442367989

Tenedon: 380442044862 o

Tenedon: 380442049494

E-mail: mail@kpi.ua

WWW: https: //kpi.ua/

3. BizomocTi npo opraHisauiio, e BAKOHYBaJacs (roTyBajacs) JUCepTaList

Hasga opranisauii: Hauionanpumit TexHiynmit ynisepenter Ykpainn "KuiBebKuil nosiiteXHiqHuil iHCTHTYT iMeHi [rops

Cikopcbkoro”

MignopsakoBanicTs: MiHicTepcTBO OCBITH | HaykH YKpaiHu

Kop €IPTIOY: 02070921

Apnpeca: npocnekr Bepecreiichkuii, 6y/. 37, m. Kuis, 03056, Vkpaina
Tenedon: 380442367989

Tenedon: 380442044862

Tenedon: 380442049494

E-mail: mail@kpi.ua

WWW: https://kpi.ua/




4. BimomocTi npo opraxisaiiio, e nmpauioe 3400yBay

Haaga opramnisauii: llIkona [-111 crynenis N 58 [lleBueHKiBCbKOro pailoHy M. Knesa
MiagnopaaxoBanicTs: MiHicTepcTBO OCBITH i HAYKK YKpaiHu

Kop €IPIIOY: 26187711

Appeca: nposynok Annu I'opebkoi, 3, M. Kuis, 01032, Vkpaina

Tenedon: 380442349201

Tenedon: 380442355181

E-mail: school58kyiv@gmail.com

WWW: https://www.school58kyiv.org/

5. HaykoBi KepiBHHKH Ta KOHCYJIbTaHTH

HayKoBi KepiBHHKH

JKapiko Exyapy B'sauecnaBosuy (1. T. H., goll., 05.13.06)

6. O¢inifiHi ONOHEHTH Ta pelleH3eHTH
Odiniitni onoHeHTH

Buukos Onexciit CepriiioBuy (1. T. H., npogecop, 05.13.06)

Jopow Mapis CepriiBHa (z. T. H., npogecop, 05.13.22)
PeneH3eHTH

JlopoweHko Anaroniit FOxumosuy (1. ¢.-m. H., mpodecop, 01.05.03)
Baknan Irop BeceBosnogosuy (k. T. H., o, 05.13.06)
7. IliACYyMKH J0CJIiIP)KEHHS Ta KiJIbKiCHI MOKa3HUKH

Migcymku gocnigkenns: 40 - Hose BUpillIEHHS aKTyasbHOTO .
p KinpkicTs my6ikamii: 7
HAYKOBOTO 3aBJlaHHS

KinpkicTs cTopinok: 110 KinpKicTb maTeHTiB:

KinpKicTb goaaTkis: 2 BrnpoBaZyKeHHs pe3yJIbTaTiB po6oTH:

Inroctpauii: 29 Mogsa goKymeHTa: YKpaiHCbKa <

Ta6auni: 7 3B'a30K 3 HayKoBHUMH Temammu: 0117U000923, 01170000918
Cxemu:

BukopHCTaHi nepmoakepesa: 57

8. Ingexc YK tremaTuyHHX pyopuk HTI

Inpexc YIK: 004.4; 004.42, 004.4; 004.41; 004.4'24, 004.43::004.94

TemaTnyni py6pukmn: 50.05, 50.05.09

9. Tema Ta pedepar gucepTanii

Tema (YKp.)



MetTo/in Bizyansnoro nporpamysaiiis Ierpi-o6 ckrHux mojiesieit

Tema (aHru1.)

Methods of visual programming of Petri-object models

Peepar (yKp.)

JucepraniitHa po6oTa npucegYeHa po3pollli MeToiB Ta 3aco06iB Bi3yaJbHOTO NMpPOrpamyBaHHs Mojesiel AUCKPEeTHO-TIOAINHIX
cucreM, QopmanizoBaHux y Burssazi I[Nerpi-o6'ekTHOI Mojeni. MeTOl0 HAyKOBOro JOCIIDKEHHS € MiBNIIeHHS eeKTHBHOCTI
MPOrpaMHUX 3aC00iB MPEACTABIEHHs CKIAHUX MOZIeIell CHCTEeM IS Liiei iMIiTallifIHOro MOJEeIOBaHHs 33 PaXyHOK 3MEHUIeHHs
CKJIQIHOCTI KOHCTPYIOBAaHHA Mojiesli Ta 30i/blIeHHs WBHUAKOAI alIrOpUTMIB iMiTallii, 3pDy4HOCTI CIPUIHATTS MOJieJli, 3MEHIIeHHS
KiJIBKOCTi MOMMJIOK NPY CTBOPEHHI 3B'A3KiB MiXK eJleMeHTaMM MOJIesli Ta 3MEeHIIeHHs Yacy Ha Moandikalio Mozeni. V nepwomy
po37ini HaBeIeHO OrJIAJL ICHYIOYMX MPOrPaMHUX 3ac06iB MOZIE/IIOBaHHA CHCTEM CTOXaCTUYHUMH Mepesxa [leTpi Ta 06rpyHTOBaHO
PO3pOGKY MOBH Bi3yaJIbHOro NporpamyBanis. Bussnaeno, mo rpadivti peiaktopy He BUPIMYIOTh HU3KY NPOOAEM: HEMOKIMBICTb
KOPUTYBaHHs NMapameTpiB mojeni 6e3 KOpUryBaHHs ii Bi3yaJIbHOTO MpPEJACTABIEHHS, HEMOXJIMBICT TUPaKyBaHHS OJHOTHITHMX
€JIEMEHTIB Y BEJIMKiN KiZIbKOCTI (OCKiJIBKM yci BOHM OyAyTh 3aiMaTH Bi3yaJbHUI MPOCTIP), HEMOXKJIMBICTh TMPAKYBaHHS 3B'SIKiB
NpU TMOBTOPHOMY BHMKOPHUCTaHHI (parmeHTiB Mepexi [leTpi, HEMOXIMBICTH HaNAlITYBaHHA TapaMeTPiB eJleMeHTiB Ge3
KOPHUTYBaHHS KOXKHOrO OKPEMOro rapameTpa y CremiaJbHo Bi/IBE/ICHOMY JUIs 1IbOro BikHi. Y IpyroMy po3jiisii HaBe/ieHi BiJloMOCTi
3 Teopii cTOXacTMYHUX Mepex [leTpi Ta OCcHOBHI TeopeTuyHi nonoxeHHa [leTpi-06‘ekTHOrOo MoaemoBaHHs. PopmanbHUI Oonuc
[leTpi-06'€KTHOI MOJesli PO3BUHYTHI 3a PaXyHOK BBEJIEHHsS TMOHATb KOHeKTopa [leTpi-o6'exTis, rpynu [leTpi-06‘eKTiB, Konekuii
[leTpi-06'eKTiB. BBE/IeHi MOHATTA BiAKPHUBAIOTh MOMJIMBICT TUPAKYBAaHHA 3B'SI3KiB NMPU KOHCTPYIOBaHHi [TeTpi- 06'€KTHOI MozeJIi.
[IpoTe BiACYTHICTb Bi3yaZbHOrO NMpe/CTaBAeHHS MOJesi POGUTh MpoLeC PO3POOKH MOZE CKJIAJHUM Yepe3 PYTHHHI Ta CXHJIbHI
JI0 TOMMJIOK omnepallii KoZlyBaHHs 3B'3KiB MK eleMeHTamu. Y TPeTbOoMy PO37ini npejcrapneHa (popmaibHa rpaMaTHKa MOBH
[leTpi- O6'€KTHOrO MOJENIOBaHHs, sKa po3pobyieHa. AndaBiT MOBM CKIafA€ThCs 3 rpadiyHUX eJIeMEHTIB Bi3yaJbHOro
Npe/ICTaB/IEHHs, a [J03BOJIEHI MOBOIO HabopH rpaiyHMUX €JIeMEeHTIB YTBOPIOIOTh JIeKCEMHU MOBH. CHHTAKCHC MOBU BU3Ha4YeHUI
MpaBUJIaMU BUBEJI€HHS IPaMaTUKH, B OCHOBI SIKMX IPaBWUJIa YTBOPEHHS TPUIUIETIB eJIeMEHTIB. /119 po3pobsieHOi KOHTEKCTHO-
BiJIbHOI rpaMaTMKM BCTAHOBJIEHO, 10 BOHA € OJIHO3HAYHOIO i MpuBejeHol0. HaseneHuuit npukiaz po3pobku  Mmojeri
indopmaniitHOi cucTeMH PO3POGIEHOI MOBOIO. Y YETBEPTOMY PO3Ji/i MpeAcTaBieHa PO3podKa TPAHCIATOPAa MOBH Bi3yaJbHOTO
nporpamyBaHHs [leTpi-06‘eKTHHX Mozeneit. Ha KlieHTChKii YacTHHI Be6 3aCTOCYBaHHS peasizoBaHa YaCTHMHA TPAHCJATOPA, IO
BI/INOBIZIa€ 3a JIEKCMYHUN Ta CUHTAKCHYHMII aHaJli3 MOBHOro BMpasy. Ha cepsepHiil yacTuHi Be6 3acTOCyBaHHsI peasli3oBaHa
4YaCcTHHA TPAHCJIATOPA, 10 BUKOHYE CEMAaHTHYHMWI aHasi3 MOBHOro BMpasy. [lis nepesiadvi IaHuX MiX KJIIEHTOM Ta CEpPBEpPOM
BUKopucToByeTbcst JSON ¢opmar. V posgini npescrasieHa igreprnpeTaris CHMBOJIIB angapiTy MOBH Bi3yaJlbHOrO NPOrpaMyBaHHs
[leTpi-06‘eKTHUX Moaenelt moBolo TypeScript. 3anycK Ha 064MC/IEHHS BiIOYyBa€THCA MiCJIs MEPETBOPEHH OTPUMaAHUX Y opmari
JSON panux B o6'ekt PetriObjModel 6i6niorekn Iletpi-06‘ekTHOro MopemoBaHHs PetriObjLIb. O6uncnenns IleTpi-06‘eKTHOI
Mojesli - Ie BiATBOPEeHHs MOl B yaci anroputmom imitauii. ITaTuit po3fin MiCTUTL pe3ysbTaTH €KCIepHMEeHTaJIbHOTO
JIOCJII/DKEHHS MPOLecy PO3pOOKH MoJjiesiei, TOYHOCTI MOZIC/IIOBaHHA Ta IBU/KO/IT oG4ncieHHs Mojeni. PeaysbraTy, oTpuMaHi y
JAUcepTaliiiHOMy JOC/IKEHHI, MiCTATh HAayKOBY HOBM3HY. Briepme po3podieHo BisyalbHy MOBY mporpamyBaHHs [leTpi-
00'€KTHUX MoJiesiel, SIKa JI03BOJISIE CMIPOCTUTH TMpoLec NodyA0BM Mojeneil, MiABUILMTH HAOYHICTb CIIPUIHHATTS MoJeJelt Ta Yyac
BUKOHAHHS iIMiTalliiiHOro MOJeNIOBaHHA WIJIAXOM OpraHisauii ABopiBHeBOro crocody nodyaosu Mozeneit. Ha BiaMmiHy Big
icHylo4HX pimens B obnacti iMiTalifiHOro MojieoBanHs, BidyasbHa MOBa rporpamysanHs IleTpi-o6'eKTHHX Mojeneit Hajjae
yHiBepCaJIbHMIl Ta THYYKMH iHCTPYMEHT 11 noGyfoBM Mofeneil JAMCKPETHO-TIOAIHMHUX CHCTEM, % npouec BUKOHAHHS
iMiTaliiTHOro MOZEMIOBaHHS HE 3aJIeKUTh BiJl OOYMCIIOBAJILHUX pecypciB KOpUCTYBaya. YIocKoHaseHo [1eTpi-06'eKTHY Mozenb
3a paxyHOK BBeJIEHHS MOHATTA rpynu [eTpi-o06'exTiB, Konekuii [leTpi-06‘eKkTiB Ta rpynu Konekuin [1eTpi-06'eKTiB, 10, HA BiAMiHY
Bijl iCHYIOYMX 3acOGiB npejcTaBieHHs iMITAllitHOI MoJesl, HAJAI0Th MOXJIMBICTH THPaxyBaTH [leTpi-06'eKTH 3 3a7aHMMM
HabopaMy MapameTpiB, THPaXXyBaTH KoJeKuil B3aeMonos's3aHuX [1eTpi-06'eKTiB Ta THpaKyBaTH 3B'I3KM MiX [leTpi-06'ekTOoM Ta
rpynoio [lerpi-o6'ekTiB, Mik [leTpi-o6‘eKToM Ta rpynoio Kosekuiil [leTpi-o6'ekTiB. 3a paXyHOK THPaKyBaHHS OJHOTHMITHMX
¢dbparmeHTiB Mozesni Ta THPaKyBaHHsI 3B'S3KiB CTBOPIOIOTBCS YMOBM I IIBMJKOTO KOHCTPYIOBaHHS Mogesiell 3 BEJIMKOIO
KIJIBKICTIO €JIEMEHTIB Ta 3HaYHO CKOPOYYEThCsl 0OCAT iX Bi3yaJIbHOTO IMpEJICTaBIEHHs. Briepie 3arponoHOBaHO KIJIIEHT-CEPBEPHY
apxiTekTypy cepeji nporpaMHoro 3abGesrneyeHHs 3 iMiTaniiiHoro MojesnoBaHHs Ha OCHOBI [leTpi-06'cKTHOro mnijixouy,
BUKODUCTaHHA AKOI [103BOJIA€ 3ajiATH PECYpPCH BiJJIaJIEHOrO CEPBEPY A MPOBEAEHHA IMITALIIHOrO MOJEJIOBAaHHA st
3abe3rnevyeHHs] CTabILHOrO Yacy BHMKOHAHHA, 3MEHUIeHHs BUTpPAT Ha iH(PACTPYKTypy OGYMCIIIOBAaJILHUX PecypciB cepej
KOPHCTYBAYiB Ta OpraHisaujii crizibHOro 0CTymy 710 po3podKu Mojeneit.

Pedepar (anrm.)

Ph.D. thesis is devoted to the development of methods and tools for visual programming of models of discrete-event systems,



formalized in the form of a Petri- object model. The purpose of scientific research is to increase the effectiveness of software
tools for presenting complex models of systems for the purposes of simulation by reducing the complexity of model
construction and increasing the speed of simulation algorithms, ease of perception of the model, reducing the number of errors
when creating connections between model elements and reducing the time for model modification. The first section provides an
overview of existing software tools for systems modeling by stochastic Petri net and substantiates the development of a visual
programming language. It was found that graphic editors do not solve a number of problems: the impossibility of adjusting the
parameters of the model without adjusting its visual representation, the impossibility of replicating the same type of elements in
a large number (since they will all occupy the visual space), the impossibility of replicating connections when reusing fragments
of the Petri net, the impossibility setting the parameters of the elements without adjusting each individual parameter in a
specially dedicated window. The second section provides information on the theory of stochastic Petri nets and the main
theoretical principles of Petri-object modeling. The formal description of the Petri-object model is developed by introducing the
concepts of a connector of Petri-objects, a group of Petri-objects, and a collection of Petri-objects. The introduced concepts
open up the possibility of replicating connections when constructing a Petri object model. However, the lack of a visual
representation of the model makes the process of model development difficult due to the routine and error- prone operations of
coding the relationships between elements. The third section introduces the formal grammar of the Petri-object modeling
language. The language's alphabet comprises visual graphic elements, and lexemes are formed by valid combinations of these
elements. The syntax of the language is determined by derivation rules based on the formation rules of element triplets. The
developed context-free grammar is confirmed to be unambiguous and reduced. The section includes an example of building an
information system model using the language. The fourth section describes the development of a translator for a visual
programming language used in Petri-object models. The web application consists of a client-side translator for lexical and
syntactic analysis, and a server-side translator for semantic analysis. Data transfer between the client and server is done using
JSON format. The section also covers the interpretation of symbols in the TypeScript language for the Petri-object modeling
library. Computation begins by converting the received JSON data into a PetriObjModel object, followed by simulating events
over time using a simulation algorithm. The fifth section contains the results of an experimental study of the model development
process, modeling accuracy, and model computation speed. The results obtained in the research contain scientific novelty. For
the first time, a visual programming language for Petri-object models was developed, which allows to simplify the process of
building models, to increase the clarity of perception of models and the performance time of simulation by organizing a two-
level method of constructing models. Unlike existing solutions in the field of simulation, the visual programming language of
Petri-object models provides a universal and flexible tool for constructing models of discrete-event systems, and the process of
performing simulation does not depend on the user's computing resources. The Petri-object model has been improved due to
the introduction of the concept of a group of Petri-objects, a collection of Petri-objects, and a group of collections of Petri-
objects, which, unlike the existing tools of presenting a simulation model, provide the opportunity to replicate Petri-objects with
given parameter sets, to replicate collections of interconnected Petri-objects and to replicate relationships between a Petri-
object and a group of Petri-objects, between a Petri-object and a group of collections of Petri-objects. Due to the replication of
the same type of model fragments and the replication of connections, conditions for fast models construction with a large
number of elements are created and the volume of their visual representation is significantly reduced. For the first time, a client-
server architecture is proposed among simulation software based on the Petri-object approach, the use of which allows you to
use the resources of a remote server to conduct simulation to ensure stable execution time, reduce the cost of the
infrastructure of computing resources among users and to organize shared access to the development of models.
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