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2. Analysis, synthesis and transformations of telecommunication systems models based on infinite Petri nets

Pedepar:

1. O6’exT mocimKeHHs — TeJIeKOMYHIKalilHi mponecy K pe3yJbTaT IPOrpaMHOi abo anapaTHoi peanizaii
TeJIeKOMYHiIKal[ilHUX TPOTOKOJIIB, SIKi Iepei6a4aloTh B3a€MOJIil0 HEOOMEKEHOI KiIbKoCTi TpucTpois. [Ipeamer
IocigxeHHs — GopMasbHi MeToau Bepudikallii TeJIeKOMYHIKaLifHAX TPOTOKOJIiB HA OCHOBI HECKIHYEHHHUX CiTOK
[leTpi, MeTOAM aHAII3y, CUHTE3Yy Ta IEPETBOPEHHS BiJIIOBIIIHMUX MOJEJIEN TEJIEKOMYHIKALIMTHUX CUCTEM
peeHTepabenbHUMU po3dapboBaHuMu ciTkamu [leTpi. MeTa gocmimkeHHs — po3pobKa Mofieiell, METOIB Ta
iHCTpyMEHTa/IbHUX 3aC00iB aHasi3y, CUHTE3y Ta [IEPETBOPEHHS MOJesleill TeJIeKOMYHIKaliltHUX CuCcTeM 1151
Bepudikalliii MpOTOKOJIIB i OLiHKM €(pEeKTUBHOCTI MEPEXEBUX TEXHOJIOTIH, SIKi Tepe6avaloTh JOBIIbHY KiJIbKiCTb
B3a€EMOIIIOYMX CUCTEM. MeTOIN NOCTiIKEHHS: METOIU TEOPii MyJIbTUMHOXKUH i IEPE3aNNCy MyJIbTUMHOXMH,
METOJY JIiHiIfHOI anrebpy, METOAX Teopii 4aCTKOBO BIOPSAKOBAHMX MHOXUH (I'PaToK) i Teopii yuces1, MeTonu Teopii
rpadis, metonu Teopii citok [leTpi, METOAM iMiTalliliHOrO MOJENIOBAaHHS i MATEMATUYHOI CTATUCTUKU, METOI U
anre6pu (UMCJIEHHS) IPOLECIB, €JIEMEHTH Teopii peeHTepabesIbHUX, IPEEMITUBHUX i MapajieIbHUX TPOrPaM.
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IOBLNBHOIO KiJIbKICTIO B3a€MOZiIOUMX TPUCTPOIB i KOMIJIEKCHOI Bepu(iKallii CiMelCTB TeIeKOMYyHIKaLiliH1X
MTPOTOKOJIIB [IJ1s1 YOTO BIlepIile BBeIEHUM KlaCc HeCKiHYeHHUX CiTOK ITeTpi i po3pobseHo 0CHOBU Teopii
HeCKiHYeHHUX CiTOK [leTpi; oTpuManu rnoganbuinii po3BUTOK MeToau Teopii rpadis, Briepie BBefieHi rpad nepenay
i rpad MO>XKJIMBUX GJI0KYBaHb IPUCTPOIB, 32 JOIOMOTOI0 IKUX JOCIiIPKEHO JXUBICTh MOJ€Iel TeIeKOMYHIKaliiH1X
crcTeM Ta po3pobsieHa NoBHA kiacuikalis TynuKiB; AJ1s1 LOCIiIPKeHHS IPOTOKOJIB CUCTEM PaflioOMOBIIEHHS i
CTiZIBHUKOBOTO 3B's13Ky, KOMYHIKaL[illHUX CHCTEeM CYII€pPKOMII'IOTEPiB i MepeX Ha YuIli 1o6Yy[oBaHi y3arajbHeHi
MoOJeJli TPUKYTHOI, HIeCTUKYTHOI Ta IPSIMOKYTHOI I'PaTOK Ha IUIOLIMHI, rinepKyo6a i rinepropa B 6araToBUMipHHUX
IIPOCTOpAX; BIEpIIe BBEIEHO Kjlac peeHTepabesibHUX Mofesiell TeJIeKOMYHIKALiHUX MepeK, SKUH MiCTUTh KOKeH
KOMIIOHEHT B €IMHOMY €K3€MILJIAIPi i 3aJja€ Miclje po3TalllyBaHHS [IaKETa B MEPEXKI 32 IONIOMOTOI0 IE€CKPUIITOPA
TOIOJIOTIYHOI iHpopMallii; nepeBaraMu peeHTepabeIbHIUX MOZIeJIelN € CKOPOUYEHHS PO3Mipy Mogei i yacy ii
PO3pOOKHU y MIBTOPU pa3u Ta NOBTOPHE 3aCTOCYBaHHS MOZEJI; TOOYLoBaHO peeHTepabesnbHi monei IP, MPLS, PBB
MepeX, IPSIMOKYTHUX I'PATOK, MapupyTu3auii IP Mmepex 3a I1CTaHUiMHO-BEKTOPHUMU IIPOTOKOJIAMU Ta OTPUMAB
[I0/IA/IBIINI PO3BUTOK METOJ], BUMIPIOBaJIbHUX KOMIIOHEHTIB /171 OL[iHKY IIPOJYKTUBHOCTI i IKOCTi 06CIyrOBYBaHHS
6e3rnocepenHbo B MIPOLLECi iMiTalliiiTHOTO MOZEJIIOBaHHS; pEEHTEPabesbHI MOZeJsli 3aCTOCOBAHO /1J1s1 TOCIIiIKEHHS
acreKxTiB Kibepbesnexky PyHKIiOHyBaHHS OGUMCIIIOBAJIbHYX 'PATOK Ta BUSIBJIEHA MOXKJIUBICTb OJIOKYBaHHSI IPATOK
yepe3 CTBOPEHHS TYINUKIB; B pe3yJbTaTi BUKOHaHHS Po060TH MTOOY0BaHO 6i61i0TeKU MoJesieil Ta IporpamMmHe

3a0e31e4yeHHs Jj1s1 aBTOMAaTUYHOTO CUHTE3Y MoieJlel.

2. Object of research - telecommunication processes, as a result of software or hardware implementation of
telecommunication protocols, which stipulate unlimited number of interacting devices. Subject of research -
formal methods of telecommunication protocols verification by infinite Petri nets, methods of analysis, synthesis
and transformation of correspondent models of telecommunication systems by reenterable colored Petri nets.
Purpose of research - development of models, methods, and tools of analysis, synthesis, and transformation of
telecommunication systems models for verification of protocols and efficiency evaluation of networking
technologies, which stipulate an arbitrary number of interacting systems. Research methods: methods of multisets
theory and multisets rewriting systems, linear algebraic methods, theory of partially ordered sets (lattices) and
number theory methods, methods of graph theory, methods of Petri net theory, simulation and mathematical
statistics methods, methods of process algebra (calculus), elements of theories of reenterable, preemptive and
parallel programs. Theoretical and practical results: a task of verification of telecommunication protocols with
arbitrary number of communicating devices and complex verification of families of telecommunication protocols
has been solved that required to introduce for the first time a class of infinite Petri nets and to develop the basics
of infinite Petri nets theory; methods of graph theory have been further developed, a transmissions graph and a
graph of possible blockings of devices have been introduced for the first time and applied to study the liveness of
telecommunication systems models, a complete classification of deadlocks obtained; to study radio and cellular
communication protocols, communication systems of supercomputers and networks-on-chip, generalized models
of triangular, hexagonal, and rectangular lattices on plane, hypercube and hypertorus in multidimensional spaces
have been built; for the first time, a class of reenterable models of telecommunication networks is introduced,
which contains each component in a single instance and specifies the packet location within a network using a
topological information descriptor; advantages of reenterable models are reduction of the model size and time of
its development in one and a half times and re-use of models; reenterable models of IP, MPLS, and PBB networks,
rectangular grids, IP networks routing based on distance-vector protocols have been developed, and the
measuring components method has been further developed for the performance and quality of service evaluation
directly in the process of simulation; reenterable models have been applied to investigate the cybersecurity
aspects of the computing grids operation and a possibility of blocking grids via inducing deadlocks has been
revealed; as a practical result of the dissertation, a library of models and software have been developed to
automatically synthesize models.
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