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Pedepar:

1. O6’eKT moCiI>KeHHs — TeJIeKOMYHiKaliliHi Ipoluecy sIK pe3yJbTaT IPOrpaMHoi abo anapaTHoi peasnizauii
TeJIEKOMYHIKalilHMX TPOTOKOJIIB, SIKi Iepe0adaloTh B3a€MO/Iil0 HEOOMEKEHOI KiIbKOCTi IPUCTPOiB. [Ipeamer
IOCJIiIPKEeHHS — (popMasibHi MeToan Bepudikallii TeJleKoMyHiKaliHUX IIPOTOKOJIiB HA OCHOBI HECKIHYEHHUX CiTOK
[leTpi, MeTOIM aHAaIi3y, CUHTE3y TA IEPETBOPEHHS BiJIIOBIIHNUX MOJIEJIEN TEJIEKOMYHIKALiMHUX CUCTEM
peeHTepabenbHUMU po3dapboBaHuMU ciTkamu IleTpi. MeTa mociimpkeHHsl - po3pobka Mogesieil, METOMIB Ta
iHCTpyMeHTaJIbHUX 32CO0iB aHaJIi3y, CUHTE3Yy Ta 1IePETBOPEHHS MOJeJIel TeJIeKOMYHIKALiTHMX CUCTEM s
Bepudikarjii IpOTOKOJIIB i OLiHKM e(eKTUBHOCTI MEpeXeBUX TEXHOJIOTIH, sIKi Neper6ayaoTh LOBiIbHY KiIbKICTb
B3aEMOJIIIOYMX CUCTEM. MeTOIM NOCIiIPKEHHS: METOIU TEOPii MyJIbTUMHOXKMH i IEPE3anucy MyJIbTUMHOXMH,

METOJIY JIiHIMHOI anred6pu, METOAX TE€OPii 4aCTKOBO BIOPSAKOBAHMX MHOXUH (I'PATOK) i Teopii ynces1, METOIM Teopii



rpadis, metogu Teopii citok [leTpi, MeTOAM iMiTaliiHOrO MOJENIOBAaHHS i MATEMATUYHOI CTAaTUCTUKHU, METOI
anre6pu (YMCJIeHHSs) IPOLIECiB, eJIeMEHTU Teopil peeHTepabdesbHUX, IPEEMIITUBHUX i IIapajleJIbHUX IIPOrPaM.
TeopeTuyHi Ta NPaKTUYHi pe3yJbTaTU: PO3B's13aHO 3aBAaHHs Bepudikallii TesieKoMyHiKaliiHUX TPOTOKOJIIB 3
IOBLNBHOIO KiJIBKICTIO B3a€MOZ{IOUMX TPUCTPOIB i KOMIIEKCHOI Bepu(iKallii CiMelCTB TeleKOMYyHIKal[iliHNX
IIPOTOKOJIIB 17151 YOTO BIEPILIE BBEIEHUI KjlaCc HECKIHUE€HHUX CiTOK [leTpi i po3pobieno ocHoBu Teopii
HECKiHYeHHUX CiTOK [leTpi; oTpuManu nojanbuimii po3BUTOK MeToau Teopii rpadis, Briepie BBefeHi rpad nepenad
i rpad MO>XKIMBUX GJIOKYBaHb IPUCTPOIB, 32 JOIIOMOTOI0 SIKUX JOCIIiIPKEHO XXUBICTh MOJ€JIel TeIeKOMYHiIKaliiHNX
CHCTEM Ta pOo3po06JsieHa MOBHA Ki1acudikallisi TYNUKiB; AJ1s1 JOCiI>)KeHHS IPOTOKOJIiB CUCTEM PaZiOMOBJIEHHS i
CTiZIBHUKOBOTO 3B's13Ky, KOMYHIKaL[illHUX CHCTEeM CYIIepKOMII'IOTEPIiB i MepeX Ha YuIli Io6Yy[oBaHi y3arajbHeHi
MoJeJli TPUKYTHOI, HIeCTUKYTHOI Ta IPSIMOKYTHOI I'PaTOK Ha IUIOLIMHI, rinepkyo6a i rinepropa B 6araToBUMipHHUX
IIPOCTOpAX; BIEPIIE BBEIEHO KJIAC peeHTepabesIbHUX MOZeJel TeJIEKOMYHIKALiTHUX MEPeX, SKUI MiCTUTh KOXKEH
KOMIIOHEHT B €JMHOMY €K3EMILJISPi i 3a7a€ MicLie po3TalllyBaHHS [TAKeTa B MEPEXKI 32 NOTIOMOIOI0 AECKPUIITOPA
TONOJIOTIYHOI iHpopMallil; nepeBaraMu peeHTepabeIbHIUX MOZiesIel € CKOPOYEHHsI po3Mipy Mogei i yacy ii
PO3pOOKU y IIBTOPY pa3u Ta IOBTOPHE 3aCTOCYBaHHS MOZEJI; T00ynoBaHO peeHTepabesnbHi monei IP, MPLS, PBB
MEpEeX, IPSIMOKYTHUX I'PATOK, MapuIpyTU3alii IP mepesx 3a I1CTaHLiMHO-BEKTOPHUMU TPOTOKOJIAMU Ta OTPUMAB
[I0IA/IBIINI PO3BUTOK METO]] BUMIPIOBAJIbHUX KOMIIOHEHTIB [1J1 OL[iHKYU IIPOIYKTUBHOCTI i IKOCTi 06CIyrOBYBaHHS
6e3rnocepenHbo B MPOLIECi iMiTalliiiTHOTO MOZEJIIOBaHHSI; peeHTepabesbHi MOesli 3aCTOCOBAHO [1J1s1 TOCIIiIKEHHS
aCIIEeKTIB Kibepbe3neku (PyHKILiOHYBaHHS OOUMCIIIOBAJIBHUAX [PATOK Ta BUSIBJIEHA MOXJIABICTb OJIOKYBaHHSI IPAaTOK
yepe3 CTBOPEHHS TYNUKIB; B pe3yJbTaTi BUKOHAHHS PO60TH O6YI0BaHO 6i61i0TeKr Mofesieil Ta IporpamMmHe

3a0e3ne4yeHHs JjIsl aBTOMAaTUYHOIO CUHTE3Y MojieJlel.

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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