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[locnipkeHHsS
npouecy po3pobku
Mozeni nporpamMmHol
CUCTEMUN MeToAaMu
Teopii aBToOMaTIB Ta
Mepex NeTpi

MapxomeHko b. €., IMN3Mm-22-6
HaykoBuii kepiBHUK: Aol kadeapwu Ml JlaHosui O. P.

e
—— 18 uepBHs 2024
AKTYyanbHICTb

Teopisi aBTOMaTIB J03BONSAE abCTparyBaTu CKagHi IOriYHi B3aEMOAIiTy
NporpaMHmMX cucTemax.

Mepexi MNeTpi 3a6e3neyyroTb iIHCTPYMEHT A1 MOAENOBaHHSA Ta aHanisy
napanefibHUX Ta PO3NoAiNeHMNX NMpPoLeciB.

BukopucTaHHs LMX Teopin JonoMarae cuctemMatmsyBaTu, aHasisyBaTu Ta
ONTUMI3yBaTU npouec po3pobku 3.

Y cyyacHOMy nNporpamMHoMy 3abe3rneyeHHi BaXxJ/1MBO MOZeNtoBaTy B3aEMOZl
Ta npouecu AN MaTeMaTU4HOI 40Ka3oBaHOCTI BignosigHocTi 13 go T3.
AKTyanbHICTb AOCNiAXeHHSA 06yMOBeHa NoTpeboto B epeKTUBHUX MeToAax
MozentoBaHHA 3.

(——
o —
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O6'eKkT gocnimKeHHA

O6'ekTOM A0CNIAKEHHS € NpoLec po3pobKun NporpamMHoi cUcTemMu, Lo
BKJ/1HOYAE CTBOPEHHSA MoAeni, Tl aHani3 Ta onTuMisau,ito.
Mogenb 6yayeTbCsi 3 BAKOPUCTAHHAM METO/iB Teopii aBTOMAaTIB Ta Mepex

MeTpi.
MeTa - ouiHKa epeKTUBHOCTI BAKOPUCTAHHSA LUX TEOPETUYHWNX MiAXOAIB Y
po3pob6ui MN3.

JocnigXeHHs1 BKNKOYAE aHani3s MOX/MBOCTeN abcTparyBaHHA NOrivYHUX
B3aEMO/i Ta MOZeNItOBaHHSA napasielbHUX NPoLeciB.

OcHoBHa yBara npuainaeTbcs NoKpaLLeHHI npoLecis NpoekTyBaHHSA, aHanisy
Ta BNPOBaXeHHA NporpaMHoro 3abesneyvyeHHs.

OrnAap nitepatypu

BukopucTaHi Axepena BKIHOYaOTb KNacuyHi poboTu 3 Teopii aBToMaTIiB Ta
Mepex [eTpi.

Baxnwmsi npau,: "Introduction to Automata Theory, Languages, and
Computation" Ta "Petri Nets: An Introduction".

AHani3 nitepatypu nokasye epekTUBHICTb BUKOPUCTAHHS LINX TEOPIN Y
MOZeNfoBaHHI CUCTEM.

ICHyOUi goCnigKeHHA NiATBEPAXKYOTb 3HaUYeHHA Mepex MeTpi 4ns aHanily Ta
MoZentoBaHHIo b6i3Hec npouecis y M13.

MporanvHu y AoCnigXXeHHSAX BKa3yTb Ha HEObXIiAHICTb NoAaNbLUMNX
AOCNIAXeHb Y L ranysi.
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dopmyntoBaHHA Npobnemm

MNpob6nema nonsirae B epekTMBHOMY MOAENOBAHHI MPOrpaMHUX CUCTEM 3
BUKOPUCTaHHAM Teopil aBToMaTiB Ta Mepex [eTpi.

Heob6xigHO po3pobuTn MeToanky A4N1s NobyAoBM Ta aHanisy mogenei 3.
OuikyBaHi pe3ynbTaTi BKIKOYAOTh MigBULLEHHSA ebeKTUBHOCTI NpoueciB
MOZeNtoBaHHS Ta po3pobku M3,

MoTpi6bHO AOCNIANTM MOXIMBOCTI Ta OOMeXeHHsI Teopil aBTOMaTIB Ta Mepex
MNeTpi y LbOMY KOHTEKCTI.

BukopucTaHi MeToau oocnig>XXeHHA

AlocnigpxeHHs1 6a3yeTbCs Ha Teopil aBToMaTiB Ta Mepex NeTpi.
MogentoBaHHA MPorpaMHNX CUCTEM 3AIACHIOETLCS 3 BUKOPUCTAHHAM Mepex
MNeTpi Ta Teopil aBTOMATIB.

TeopeTu4Hi 0OCHOBM BK/IHOYalOTb GpopmaridaLito MogentoBaHHSA 13 3a
AONOMOroto LM$poBMX aBTOMATIB.

O6rpyHTyBaHHA BMOOPY METOAiB MOAe /ItoBaHHS 6a3yeTbCs Ha iX
NPaKTUYHOCTI Ta AOLINBLHOCTI ANS L€l 3ajaui.

[HCTpyMeHTapii BK/IFOYa€E BUKOPUCTAHHS CneLiani3oBaHMX NporpaMHmnX
3ac06iB AN MOAENOBAHHS. Digal Automata

Petri Nets
Automata Theory

Research Methods Formalization of Modeling
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User

ApxiTeKkTypa cuctemu 7
. . Initial state of the user l
ApXiTekTypa cucTtemm nobygoBaHa Ha OCHOBI |
mMozeni nobyA0BaHOI 3a 4OMNOMOroK Mepex Submit search query e
MNeTpi Ta Teopii aBTOMaTIB. v - ——
. . State after query submission
OCHOBHI KOMMOHEHTU CUCTEMW: Moayni | T
O6p06KV|, KOHTpO]'"'O Ta B3a€MOAi.|-. Pass query for processing l
MogaieBniA piBeHb MOAENOBAaHHSA BU3HAYaE
BUKOHAHHSA il (y KOHTeKCTi mepeXx eTpi) Ta State after q“T'V processing Pt sewchiod
3MIHY CTE'IHIB cmcremMum (y KOHTEKCTI TEOPII o S e e
aBTOMaTIB). )
Cuncrema 3a6e3neu|ye ed)EKTVI BHeEe State after retrieving code snippets —
MoAe/TloBaHHA Ta aHani3 nporpamMHMx \ l
noo eciB Show search results
p L" ’ i Result_Display
State after displaying results
— p—
I l é Show search results

Onwuc nporpamMHoro 3abe3neyeHHnA

MporpamHa cuctema po3pobneHa A5 NOLUYKY B KOZAOBIN
6a3i npoekTy HanucaHoro Ha C Ta C++ $yHKUIiN AKi 6ynn
BUKOPWUCTaHI .

Mpouec po3pobKU BKIKOHAE BU3HAYEHHS
dyHKLiOHaNbHUX XapaKTepUCTUK Ta TeCTyBaHHS CUCTEMM.
BubpaHi MoBUM nporpamyBaHHs: Python ansa peanisauii
anropuTMmIB Ta Java Ans nobyaosu iHTepdericy.
BukopucraHi pperimopku: TensorFlow agns 06po6ku
AaHunx Ta Petri Net Tools ans mogentoBaHHa N3 3a
AonomMoroto mepex MeTpi Ta Teopii aBTOMaTIB.

e -
o e




MeToau moaoentoBaHHA 13
e

M3 MozentoeTbLCA 3a 40MNOMOro Mepex NeTpi, Wwo e
A03BOJISIE Bi3yanidyBaTu npouecu. e ———
BxigHi AaHi Ans Moaeni BKI0YaoTb ONUC anroputMmis *

Ta iX PYHKUIOHANIbHI XapaKTepuUCTUKM. T *
O6pobka AaHWNX 34iNCHIOETLCS 3@ 4OMOMOroH ¢
CTBOPEHHS1 Mepex [NeTpi 3 BUKOPUCTAHHSAM e "
crnevianizoBaHMX NPOrpaMmHmX 3acobis. —
Kputepii ouiHkn ebeKTUBHOCTI BKIHOYaOTh Messuramnt fProductuty and Relaity
LWBMAKICTb po3pobku M3 Ta BigNOBIAHICTL A0 T3. o
BumMmiptoBaHHS NPOBOAATLCA AN OLLIHKMN &

NPOAYKTUBHOCTI Ta HaAiMHOCTI Mmozeni.

(— —
o —

Pe3ynbTaTn eKCnepuMeHTy

OTpvMaHi AaHi NokasyrTb BUCOKY ePeKTUBHICTb BUKOPUCTAaHHA MepeXx eTpi
Aans mogentoBaHHsA M3.

Pe3ynbTatu NiATBEPAXYHOTh AOLIIbHICTL BUKOPUCTaHHA 3anponoHOBaHMX
MeToziB y po3pobui 3.

Efficiency in Software Development and Testing
Compliance with Technical Specifications (TS)

With Petri Nets §

With Petri Nets & Automata Theory

57.6%

Time (hours)

Without Petri Nets & Automata Theory

Software Development Software Testing
—I h Processes

= Without Petri Nets & Automata Theory

65



66

AHani3 oTpuMaHuX pesynbTaTiB

CniBcTaBneHHSA pe3ynbTaTiB 3 LiIIMM AOCNIAXXEHHS NOKa3aso iX
BiAMNOBIAHICTb.

BucHOBKM BKAOYaKOTb NigTBEpAXKEeHHS ePeKTUBHOCTI BUKOPUCTAaHUX METO/IB.
IHTepnpeTauia pe3ynbTaTiB MOKa3ye iX 3HaYeHHSA A1A Teopil Ta NPakKTUKU
MOZeNtoBaHHA Ta po3pobku 3.

BukopucTtaHHA Teopil aBToOMaTiB Ta MepeXx eTpi cnpuse NigBULLLEHHIO AKOCTI
3.

Pe3ynbTaTt MOXYTb 6yTU BUKOPUCTaHI ANS NO4aNbLUNX AOCNIAXEHb MO
ONTUMI3aLii Ta NOKpaLLeHb NPoLeciB PO3PO6KMU.

[Ty6nikauia pe3ynbraTis

Pe3ynbTaT AOCNigXEeHHS NpeACTaB/eHi Ha HayKOBI KOHbepeHL;ii
«IHOOPMALLIVIHI IHTENTEKTYA/IbHI CUCTEMW».

Ony6nikoBaHa CTaTTa NIATBEPAXYHOTb 3HAUYMMICTb Ta iIHHOBALIMHICTb
AOCNIfKEHHS.

Pe3ynbTaTtn AoCnigXeHHS BU3HaHI HAYKOBOIO CMiJIbHOTOHO.

My6nikauis cTaTTi CNIPUSAE NOLLNPEHHIO 3HaHb Yy rany3i MogentoBaHHsA [13.
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BCHOBKMU

OTpuMaHi pe3ynbTaTu NiATBEPAXYHOTb AOLIIbHICTE BUKOPUCTAHHA MepeXx
MeTpi Ta Teopii aBTOMAaTIB 4151 MOAENOBAHHS NMPOrpaMHOro 3abe3sneyeHHs.
BukopucTaHHs Teopii aBToMaTiB Ta Mepex MNeTpi NigsuLlye eGekTUBHICTb Ta
AKiCTb po3po6bku M3.

Pe3synbTatn AOCNiAXEHHS CNPUAKOTL NOKpPAaLLLEHHIO NPOLIeCiB MPOeKTyBaHHSA
Ta aHanisy cucrem.

JocnigxeHHs LeMOHCTPYE NepcrnekTUBM BUKOPUCTAHHA Teopii aBTOMATIB Ta
Mepex [eTpi.
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OIIIHKA ITPOIECY PO3POBKH MOJIEJI ITPOI'PAMHOI
CHCTEMH METOJIAMH TEOPIi ABTOMATIB TA MEPEXK IETPI
[Tapxomenko b. €.

HaykoBuii kepiBHHK — K.T.H., 101l Jlanosuii O. @.

XapKiBCbKHIT HalllOHAJBHUI YHIBEPCHTET pagioeNeKTpoHiku, Kad. I11
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The thesis is devoted to the analysis and research of the process of
developing software systems using the theory of automata and Petri nets. The
study includes an analysis of existing software development techniques and their
adaptation for use in the context of automata theory and Petri nets. In particular,
the thesis examines the effectiveness of the application of the theory of automata
and Petri nets for modeling, analysis and verification of software systems.
Special attention is paid to the methods of formalization and mathematical
apparatus used to describe the processes of development of software systems.

AKTYyanbHICTh JOCHIIKCHHA MONArac B MOMIYKY C(EKTHBHHX METOIIB
po3pobKH 1porpamHoro 3adesieuerns, ski 0 3abesneuyBain BUCOKY HaJUHHICTD
Ta edekTHBHICTL pospobiennx cucrem. B cyuacHomy iHdopmaltiiinomy
CYCIIUTBCTBI BHMOTH 1O NMPOTPAMHUX CHCTECM IOCTIIHO 3pOCTalOTh, 0COOIHBO
11010 TXHBOT HIBHJIKO/LT, Gestiexu Ta crilikocti jio nomuiiok. Ipore, pospodka
CKJIAJHUX MPOTPAMHUX CHCTCM MOJKC CTATH BHKIHKOM HCpe3 IXHIO CKIAIHICTH
Ta moTpeOy B rapaHTOBAaHOMY (DYHKIIIOHYBaHHI.

[Tocranoska npobiiemu Britouae B cebe HeOOX1JIHICTL PO3POOKH MeETO,UB,
AKI JO3BOMATH C(QCKTUBHO MOJCIIOBATH, AQHANI3yBaTH Ta BCpH(]IKYBaTH
OporpaMHi cHCTeMH. Taki MCTOOM TIOBHHHI 3a0C3MCHUTH 3pYHHICTH Y
CIIUIKYBaHHI MDK pO3po0OHHKAMHM, a TaKOK MareMaruuHy TOUYHICTh HpH
BH3HAUCHHI BiacTHBOCTCil cuereM. Jlo TOro 3, BaXIHBO 3a0e3MeyHTH
MOKIIMBICTh BHSIBIIEHHSI Ta YCYHEHHsl [IOMHIIOK Iile Ha ertarli po3poOku. Taknm
YHHOM, LIC JOCIIKCHHA CTaBHTh Icpell co0010 3aBJaHHA Po3poOHTH MIAXid 10
MOJIC/TIOBAaHHS IPOTPaMHUX CHCTEM, IO Oa3ycTbeAd Ha Teopii aBTOMATIB Ta
mepex [lerpi, Ta gocinijiuTn Horo eeKTHBHICTb Y KOHTEKCTI peallbHUX [IPOEKTIB
3 po3poOKH MPOrPaMHOTO 3a0C3MCHCHHS.

OcHOBHI MaTepianu gociimkeHHsa. Mepexi Ilerpi, SIK IHCTPYMCHT IUIA
JIOCIIJUKEHHSI CHCTEM, BIJIKPUBAKOTh MOXKIIMBICTH MATEMaTHYHOIO MOJIEIIFOBAHHSI
cucteM y Burai Mepex Iletpi. Teopis mepex Iletpi nepenbauac, mo ananmis
TAKMX MepeXx HaJlacTh BakJIMBY IH(OpMAIlO 1PO CTPYKTYpY Ta JMHaAMIuHY
HoBeIHKY MojieniboBaHoi cucremu [1]. Ls iHdopmaliss kopucHa JUisi OLIIHKH
CHCTEMH Ta PO3pOoOKH MPOMO3HUILiH 100 ii YIO0CKOHAICHHS.

Mdopmanbha Teopis Mepexk [lerpi 3aiiMaeTbesi po3poOKOI0 OCHOBHHX
3aco0iB, MCTOMIB 1 MOHATH, HCOOXIAHMX Ui 3acTocyBaHHSA Mepek [lerpi.
INpukinanna Teopis Mepesx [letpi, 3 iHmoOro 60Ky, MoB's3aHa FOJIOBHUM YHHOM 13
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3acTocyBaHHAM Mepex [leTpi Ui MojeNoBaHHS CHCTeM, iXHBOTO aHamlizy Ta
rIMGOKOro MPOHUKHEHHS B MOJIC/IbOBAHY CHCTEMY.

IcHyIOTH KilIbKa HUIAXIB MPAKTHYHOTO 3acTocyBaHHA Mepex [lerpi mpu
NpOEKTyBaHHI Ta aHami3i cucteM. B ommomy migxom wmepexi [lerpi
PO3IIISIAIOTHES K THCTPYMEHT JUIsl JlonoMikHoro anamizy. Tyt s noGynosu
CHCTEMH BHKOPHCTOBYIOTHCS CTaHJAPTHI METOAM IPOCKTYBAHHSA, IICJISA 4YOTO
cucrema MojemoeTbes Mepexero Ilerpi, a mogens anamsyerbesi. byb-ski
TPYJIHOILL, BHSIBJICHI T1ijl 4ac aHalisy, BKa3yloTh Ha HEJIOJIKH B MPOEKTI, SKI
notpeOyIoTh kKopHryBaHHs. Lleif LUK MOBTOpIOETBCA 10 THX Mip, MOKH aHai3
He TMpu3Bede JI0  YCHIIIHUX pe3yibrTatiB. [Hmmid  miaxig nepenbavae
BHKOPHCTAHHS METO/IIB aHAII3Y JIHIIE JUIS CTBOPEHHS O€3MIOMHIIKOBOTO IPOEKTY
mepexi [letpi, skuii moTiM TpaHCPOPMYETBCS B peallbHy poOouy CHCTEMY.

Mojiemoannsi B Mepexkax Ilerpi 3jtiiicHioeThest Ha nojieBomy piBHi [2],
BU3HAYAIO4H, AKi Ji1 BIIOYBAIOTHCSA B CHCTEMI, SKI CTaHH MEpeyBalli LIUM JIisM
1 SIKI CTaHM cucTema IpuitMae micisi BUKOHaHHs Jiii. BukoHanus mnojiesoi
moziesi B Mepexkax Ilerpi onmcye mnosejinky cucremMu. AHaii3z pesysbTariB
BHKOHAHHS MOXKC BKa3aTH Ha Te, B AKMX CTaHaX cHcTeMa nepedysana abo He
npobyBajia, sIKi CTaHW B NPUHIMIIT HejlocskHl. OJIHaK Takuii aHali3 He Hajlae
YUCIIOBUX XAPAKTEPUCTHK, 1110 BH3HAYAIOTH CTaH CUCTEMH.

butbmiicts 3ycunb y cdepi 3actocyBaHHs Mepesk [letpi nos'szana 3
aHasli3oM, creiMpikaliero 1 onucoM TOCHIJIOBHUX TPOrpaM, OJIHAK CHCTEMH
napascIbHHX MPOLCCIB 3aHILAIOTHCSA BAXIHBOIO JOCIIHUIIBKOIO MPOBIEMOIO.
Hagite 3 ycima mnepeBaramu, onucanumu Buule, Mmepexi Ilerpi maiors
oOMexKeHHsi B polli MOBH IPOrpamMyBaHHS y BHKOHaHHI B OOUMCIIIOBAJIbHII
cucteMi. BoHM He MalOTh YITKOrO MOHATTS MpoLECy, KM MOYKHA BUKOHATH Ha
KOHKPETHOMY HpOLEecOopi, 1 BIJACYTHIH YITKMH HOPSJI0K BMKOHAHHS, OCKUIbKH
TEOpisi BAXO/IUTH 3 OIUCY NapalielibHHX POIIECiB.

Mepeski Tlerpi MaioTh BHCOKHMI NMOTCHILIAN U OMHCY MapajcbHUX
cHcTeM, SIKMH He MeHI notyxuuid, Hibk PVM, MPI, SDL 1 inmi. Ilpore juist ix
BHKOHAHHA Ha Mpolecopax HEOOXIAHO BHECTH 3MIHH B ONHC MapajcibHOIo
PO3IO/IICHHSI.

MojienoBanHs cucteMu Tiepejibavae JIEKOMIIO3HILI0, 11100 BUSBHTH BCi
CTPYKTYpPHI CJICMCHTH CHCTEMH 3aJICXKHO BiJ piBHA Actanizauii. KomnoxeHTn
CHCTEMH 1 X JIIT MOJKHA YSBHTH siK aOCTpakTHI MOJI, sIKi MOXKYTh BiJI0yBaTHCS
OJIUH pa3, MOBTOpIOBaTHCs Garatopas’oBo, MOPOKYIOUN KOHKpeTHI Jii, abo He
BinOyBarucs B3arami. CyKymHICTh Jiif, 110 BHHHKAIOTh K peaiizaiii moiii,
YTBOPIO€ Tpoliec. Y3aralbHIOUH, Ta K caMa cHcTeMa MoKe (yHKIIOHYBaTH B
OJIHHX 1 THX CAMHX YMOBAaX [10-pi3HOMY, [OPOJIKYIOUH Oe3I114 pi3HUX MPOLECIB.

CnpaBxus cicTeMa (YHKIIOHY€ B 4aci, 1 ol BiiOyBalOThCS B KOHKPETHI
MOMEHTH 4acy, TPUBAIOUM TMpOTAroM rneBHoro nepiogy [3]. Oxnak crpore
BpaxyBaHHs 4acy IpH MOJCTIOBaHHI BCIMKHX IMapajJcibHUX CHCTEM MOXKE
NPU3BECTH IO JISSKHUX HEJOJIKIB: TPOMI3JKICTh MOJieNi, BTpara HNpHYHHHO-
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HACIIJIKOBHX 3B'S3KIB, CKJIAQJHICTh BHPAKCHHS KOHQIIKTIB 1 O4YIKYBaHb,
HEBH3HAYCHICTh YaCOBHX IHTEPBAIiB.

Buxozom 3 1boro Moxe OyTH BiJIMOBa BiJI BBE/ICHHS JIUCKPETHHX CHCTEM
Yacy Ta TaKTOBAaHHMX IOCIIJIOBHOCTEH 3MIH CTaHiB. 3aMiCTh IIbOTO MOYKHA
BHKOPHCTOBYBATH TpPUYHHHO-HACIIZAKOBI 3B'SI3KM MDK TMOMISAMH, 10 ao0pe
BHpakaloThes 3a jlonoMororo Mepex [lerpi [4].

BucHoBkn. 3actocyBanHs Mepex Iletpi, 30Kpema, BHSABHIOCS IyKe
KOPHCHMM JUIS MOJENIOBAaHHS Ta aHali3y MapajleibHUX Ta pPO3MOIUICHHX
MporpaMHMX Tpolecis. IXuiif rpadiunuii XapakTep 03BOJs€ BizyalizyBaTH
B3a€EMOJIII0 MK PI3HMMH YacTHMHAMH CHCTEMH Ta 1ICHTH(]IKYBaTH MOXIIHBI
KOH(DIIKTH Ta PU3HKH.

Bapro BiA3Ha4MTH, 0 LI MAXOAM He Juile 3abe3neuyloTh 3acib Juis
e(peKTHBHOI MOJICJIIOBAHHS TPOrPaMHUX CHCTEM, a i CHPHSIOTH MMOKpALICHHIO
KOMYHIKalLlli MDK Y4YacHHKaMH pO3pOOKH, 110 € KIIOYOBUM (aKTOpoOM Yy
3a0e3reyeHHi yCIixy MpoekTy.

Y cBITJII OTPUMaHHUX pe3yJbTaTiB MOXKHA 3pOOMTH BHCHOBOK, IO
BHKOpPHCTaHHSI Teopii aBToMaTiB Ta Mepexk [letpi y mpoieci po3poOku
nporpamMHoro 3abesrneuycHHs € OOIPYHTOBAaHHM 1 MOKE 3HAYHO MOJIINIIMTH
e(peKTHUBHICTb  PO3pOOKH, 3MEHIIMTH PHU3MKH Ta [IJBHIIMTH  SKICTh
Pe3yJIbTHPYIOUOTO MPOYKTY.

CrHCOK BHKOPHCTAHUX JDKEpet:

1. Time and Petri Nets, Louchka Popova-Zeugmann, Springer 2013, ISBN:
978-3-642-41114-4.

2. Understanding Petri Nets: Modeling Techniques, Analysis Methods,
Case Studies Wolfgang Reisig Springer 2013, ISBN: 978-3-642-33277-7.

3. Modeling Business Processes: A Petri Net Oriented Approach W.M.P.
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