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Pedepar:

1. Inceprauiiina po60Ta IpUCBIYEHA PO3pOoOLi METOIIB Ta 3aCO6iB Bi3yasIbHOIO IPOrpaMyBaHHs MOJeJIeN
IOVICKPETHO-TIOMIMHUX CUCTEM, (POPMAi30BaHUX Y BUIJIsAL [leTpi-06'ekTHOI Mopesi. MeTolo HayKOBOTrO
TIOCTIiIKEHHS € MinBUllleHHs e(eKTUBHOCTI MPOrpaMHUX 3aCO6IB IIPeICTaBIEHHS CKIAIHUX MOJeiell CUCTEM JIJIsl
1ised iMiTalliflHOro MOJIe/IIOBaHHS 32 PaXYHOK 3MEHILIEHHSI CKJIaAHOCTI KOHCTPYIOBAHHS MOJieJli Ta 36i/1bLIeHHs
LIBUAKOAII airOpUTMIB iMiTalii, 3py4YHOCTI CIIPUIHATTS MOJEJ, 3MEHILIEHH KiJIbKOCTi IIOMUJIOK [P CTBOPEHHI
3B'A3KiB MiXX eJIeMeHTaMu MOJIeJli Ta 3MEHIIeHHs Yacy Ha mogudikaniio mogeri. Y nepuiomy po3szisii HaBeseHo
OTJIS17, iICHYIOUMX [TPOTPaMHHUX 3aCO0iB MOJI€/IIOBAaHHSI CUCTEM CTOXaCTUYHUMU Mepexxa [leTpi Ta o6IpyHTOBaHO
PO3pOOKY MOBH Bi3yaJIbHOTO IIPOrPaMyBaHHsl. BusiByieHo, mo rpadiuHi pejakTopy He BUPIIIYIOTh HU3KY [IPOOJIEM:
HEMO>KJIMBICTb KOPUT'YBaHHS IapaMeTpiB Mofesli 6€3 KOPUryBaHHS i Bi3yaslbHOTO [IpeCTaBI€HHS], HEMOXKJIMBICTD

THUPaXXyBaHHS OLHOTUIIHUX €JIEMEHTIB Y BEJIMKIil KiJIbKOCTI (OCKiZIbKY yci BOHM OyIyTh 3aliMaTH Bi3yasibHUMN



IIPOCTip), HEMO>KJIMBICTh TUPAKYBAHHS 3B'SIKiB IPY MOBTOPHOMY BUKOPUCTaHHI (pparmeHTiB mepexi Iletpi,
HEMOJKJIMBICTb HaJIAITyBaHHS [TAPaMETPiB €JIEMEHTIB 6€3 KOPUTYBAHHS KOXKHOTO OKPEMOTO MapamMeTpa y
CIieliaJIbHO BiiBEIEHOMY JIS LIbOTO BiKHI. Y IPYroMy po3Ziji HaBeeHi BilOMOCTI 3 T€Opii CTOXaCTUYHUX MEPEX
I[TeTpi Ta OCHOBHI TeopeTU4Hi Nos10>keHHs [1eTpi-06‘ekTHOrO MogemnoBanHs. GopmanbHuii onuc IeTpi-06‘eKTHOI
MOJIeJli PO3BUHYTHUIA 32 PAXYHOK BBEJJ€HHS TIOHATb KOHeKTopa I1eTpi-06‘eKTiB, rpynu [1eTpi-06'eKTiB, KoMK
[TeTpi-06‘exTiB. BBe#eHi MOHSTTS BiTKpHBalOTh MOXKJIMBICTh TUPA)KYBAHHS 3B'SI3KiB ITPU KOHCTPYIOBaHHi [leTpi-
06°‘ekTHOI Mopei. [TpoTe BifiCyTHICTb Bi3yasIbHOTO NIPECTaBIEHHS MOAEJi POOUTh NPOLEC PO3POOKU MO e
CKJIAJHAM Yepe3 PYTHHHI Ta CXWJIbHI 4O MOMUJIOK Ollepalii KoJyBaHHS 3B'S13KiB MiXX €JIeMEHTaMU. Y TPETbOMY
po3nisi mpeacraBiaeHa popmasibHa rpaMmaTrika MoBu [leTpi- 06‘€eKTHOTO MOZIEJIIOBaHHS, IKa po3pobieHa. Andasit
MOBH CKJIaJIa€ThCsl 3 rpadiyHUX €JIEMEHTIB Bi3yalbHOTO IIPEACTaBIEHHS, a J03BOJIEHI MOBOIO HAbopu rpadiuyHmx
€JIEMEHTIB yTBOPIOIOTb JIeKCeMU MOBU. CUHTAKCHC MOBY BU3HAYE€HUN [IPAaBUJIaMU BUBEIEHHS IPAaMaTUKH, B OCHOBI
SIKUX [TPaBUJIa YTBOPEHHSI TPUIIETIB €JIeMeHTIB. [I7151 po3p06s1€HOi KOHTEKCTHO-BiJIbHOI TpaMaTUKU BCTAHOBJIEHO,
1110 BOHA € OJHO3HAYHOIO i mpuBeneHo0. HaBeneHui npukiajn po3pooku mozei indbopmalliiiHoi cucreMu
PO3p06JIEHOI0 MOBOIO. Y YETBEPTOMY PO3/iJli IIpeficTaBeHa po3pooKa TPAHCIITOPa MOBHU Bi3yaJbHOTO
nporpamyBaHHs [leTpi-06'ekTHUX Mogeseil. Ha KilieHTChKill YaCTUHI Be6 3aCTOCYBaHHS peasli3oBaHa YaCTUHA
TPaHCJIATOPA, 10 BiJ[IOBia€ 3a JIEKCUYHUI Ta CUHTAKCUYHUI aHaJi3 MOBHOrO Bupasy. Ha cepBepHill yacTuHi Be6
3aCTOCYBaHHS Peasli30BaHa YaCTHMHA TPAHCJIATOPA, 0 BUKOHYE CEMAaHTUYHMI aHaJli3 MOBHOTO BUPasy. s
nepenayvi JaHMX MK KJIIEHTOM Ta CEPBEPOM BUKOPUCTOBYeThCSI JSON popmar. Y po3zisi npeacrasieHa
iHTeprperalis CUMBOJIIB as(paBiTy MOBHU Bi3yaJbHOTO NporpamyBaHHs [1eTpi-06‘eKTHUX MOJieiell MOBOIO
TypeScript. 3anyck Ha 064YMCIIeHHS BilOyBa€ThCs MiCIs IepeTBOpeHHs oTpuManux y ¢popmarti JSON naHux B 06°eKT
PetriObjModel 6i6miorexu IleTpi-06‘ekTHOrO MopemoBaHHs PetriObjLIb. O6uucnenss IeTpi-o6‘ekTHOI Mogei — e
BiITBOpEHHSI 110Aii1 B yaci anroputMmoMm imitauii. [T'Tuit po3ain MiCTUTL pe3ysibTaTy €KCIIepUMEHTAIbHOTO
IOCJIiIKeHHS IIPoLiecy pO3pOOKU MOJesiell, TOYHOCTI MOZeJII0BaHHS Ta WIBUAKO/AII 060UKCIIEHHS MO
PesynbTaTy, oTpMMaHi y AUCEpTaLiliHOMY JAOCiIPKEHH], MICTSTh HAyKOBY HOBU3HY. Briepie po3po6jieHO BisyalbHy
MOBY ITporpamyBaHHsI [1eTpi-06‘eKTHUX MOJeel, sIKa JO3BOJIsIE CIIPOCTUTHU MIpoLec NOOY0BU MOLEJIEH,
MiJBUIIUTY HAOYHICTb CIIPUMHATTS MOJEJIEN Ta YaC BUKOHAHHS iMITAl[iIHHOTO MOJE/II0BAHHS LIJIIXOM OpraHisauii
IIBOPiBHEBOTO CIIOCO0Y 10OyA0BU Mogeseil. Ha BinMiHy Bif, icHylouux pileHs B 06J1acTi imiTanitHoro
MOJ€JIIOBaHHS, BidyaslbHa MOBa IporpamyBaHHs [1eTpi-06'eKTHUX MOZeseN HaZla€ YHiBEpCaJIbHUI Ta THY4YKUI
iHCTPYMEHT 1151 NOOYL0BU MOJeJIel IMCKPETHO-TIOLITHUX CUCTEM, a IPOLEeC BUKOHAHHS iMiTallilHOTrO
MOJIE/IIOBAHHS He 3aJIEXXUTB BiJj 00YMCIIOBAJIbHUX PECYPCiB KOPUCTYBava. YIOCKOHa/IEHO [1eTpi-06'eKTHY MOJ€eb
3a paxyHOK BBeJI€HHs NOHSTTs rpynu I[1eTpi-06°ekTiB, Kosekuii [1eTpi-06°ekTiB Ta rpynu KoJyekuiii [leTpi-o6‘eKTiB,
110, Ha BiIMiHY Bif iCHYyIOUMX 3aC00iB IIpeCTaBJI€HHS iMiTalliHOI MOJIeJli, HaJal0Th MO>KJIMBICTb TUPAKyBaTU
[TeTpi-06'ekTy 3 3ajaHMMU HAOOpAMU TapaMeTpiB, TUPAXKYBaTU KOJIEK1ii B3aeMomnoB‘s13aHux [1eTpi-06'eKTiB Ta
THUPaXXyBaTH 3B'sI3KU MixX [leTpi-06‘ekToM Ta rpymnoto [TeTpi-06‘ekTiB, Mix I[leTpi-06‘€KTOM Ta IPyNOI0 KOJEKLiN
[TeTpi-06'eKTiB. 32 paXyHOK THPaXXyBaHHS OAHOTUIHUX (PpParMeHTIB MOJeJIi Ta TUPA>XKyBaHHS 3B'513KiB CTBOPIOIOTHCS
YMOBH [1JI51 IIBUJIKOTO KOHCTPYIOBAHHS MOJeJIe 3 BEJIMKOIO KiJIbKICTIO €JIEMEHTIB Ta 3HAYHO CKOPOUYYETLCSI 0OCHT iX
Bi3yaJIbHOTO NpeJICTaBIeHHS. Briepie 3anporoHOBaHO KIliEHT-CEPBEPHY apXiTeKTypy cepe, IPOrpaMHOro
3abe3ne4yeHHs 3 iMiTaliliHOro MOJesoBaHHs Ha OCHOBI [1eTpi-06'eKTHOTO MigXoAy, BUKOPUCTaHHS SIKOi J03BOJIsIE
3a[li9TU peCypCH BilJaJIEHOTO CepPBepy IJ1s1 IPOBEEHHS iMIiTallilHOTO MOZEIOBAHHS 1J1s1 3a0€3[1€YE€HHS
CTabiNIbHOTO Yacy BUKOHAHHSI, 3BMEHILIEHHS] BUTPAT HA iHPaCTPyKTypy OOUMCIIIOBAIbHUAX PECYPCIB cepef,
KOPHMCTYyBauiB Ta opraHizalii CIiJIbHOro JOCTYIy 0 pO3pO0KU Mojieei.

2. 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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