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JucepTauiiiHa po60Ta MPUCBSYEHA CTBOPEHHIO METOJIB Ta MPUCTPOIB (POPMYBAHHS IIOTOKIB Pi3HOPIAHOTO MEPEKHOrO TPadiKy.
[ToxazaHo, WO Takuil pisHOPinHUI Tpadik € camononioHum (ppakrambHUM). OCHOBHOIO crenuikol caMmononioHoro Tpadiky €
BMHUKHEHHS IIBUAKUX CIOPAaJWYHUX CIUIECKiB iHTEHCUBHOCTI IpM CEpelHill MOPIiBHSHO HU3bKiN iHTEHCHUBHOCTI Tpadiky Ha
MPOTSDKHUX iHTepBasax nepejaadi jaHux. lle npuBoguTh N0 HAPOCTaHHS Yepr y 6ydepHill mam'sTi i, K HaclifgoK, IepeBaHTaKEHb
KOMYTallilHUX By3JiB. ToMy 3aZaya JOCTII)KEHHsI Ta PO3POOKM HOBUX METOZIB MOOYZOBU MPUCTPOIB PopMyBaHHS Tpadiky 3
ajanTaijieio 10 3MiH nmapameTpiB Ta CTaHy MepexXi € akTyasJbHOI0. MeTolo JucepTaliiiHOi po60TH € MifgBUIleHHS e(PeKTUBHOCTI
(pyHKIiOHYBaHHS TeJNIEKOMYHIKalilHUX MepeXX HOBUX MOKOJIiHb IIISIXOM YCYHEHHS IE€pEeBaHTaKEHb alapaTHO-TIPOrpaMHUMU
3acob6aMy aIaliTUBHOTO NEPETBOPEHHS CTATUCTUKU BXifiHOTO Tpadiky. Y mucepraliiiHiil po6oTi OTpUMaHi HaCTYIHI HOBi HAyKOBI
pesysbTaTd. 1. YIOCKOHAZIEHO MOZEJb YIIpaBiliHHS NapameTpaMu iHopmalillHUX MOTOKIB y TeJeKOMYyHiKaluillHux mepexax. Ha
BiIMiHY BiJ, iCHYIOUMX, 3aIllpOIIOHOBAHy MOJ€Jib MOOYZOBAaHO Ha MiAIPYHTI Teopii MapKiBCbKUX IPOLECIB, IO [103BOJISIE
aHasi3yBaTU MOTOKM CcaMoIofi6Horo Tpadiky 3 He rayCiBCbKMMHU IiMOBIDHICHUMM pO3MOJinaMy, 30KpeMma, pOo3IofiiaMu 3
BaXXKUMU xBocTamu (long-tale distributions). 2. Biepine po3po6seHo alropuT™M BU3HAYEHHS! N€PEBAHTaKEHb 3a iHpopMaLiiHUM
KpuTepieM. B SKOCTi KpUTEpil0 NPOMNOHYEMO BMKOPHUCTATH alpOKCHMOBAaHY €EHTPOINI0 MapaMeTpiB 4acoBux pspiB. byisa
PO3paxoBaHa 3aJIEXXHICTb €HTPOIIil PO3MOAisiB Bifj iIMOBIPHOCTI yCHilIHOI epefadi JaHUX OFHOTO i3 MepeXXHUX By3JiB. [TokasaHO
BIUUIMB €HTPOIii po3nomisny Ha MOTPiOHMI pecypc [jsi OOMiHY AaHMMH. 3. YIOCKOHAJEHO METOJ, aJallTUBHOTO (POPMYBaHHS
MOTOKIB MepeXHOro Tpadiky 3 HENPSIMUM 3BOPOTHHUM 3B'SI3KOM. MeTo[, Bifjpi3HSIETHCS Bif paHille 3alipOIOHOBAHUX TUM, IO MA€E
MIPUHIMIIOBO PO3LIMPEHUI BEKTOP KEepPyOUMX Aill, BHACTIJOK YOTO BUKJIIOYAETHCS MOTpPEdA y [OAATKOBOMY KaHaji 3BOPOTHOTO
3B's3Ky. 4. Briepine po3po6sieHO MeTo, ONTHMi3alii mapameTpiB Ta CTPYKTYypu ¢opmyBada MepeskHOro Tpadiky 3 KOHTPOJIEM
JIOBXWH iHTEepBaJliB NI€PEBUIIEHHS PiBHIB apameTpiB OTOKY Ta BBEIEHHSIM IOLATKOBOTO MOZYJISl TPOTHO3YBAHHS HEOOXiZHOTO
po3Mipy Oydepa BifMOBiIHO AO 3MiH iHTEHCHBHOCTI HAAXOIXEHHS BXiJHUX MaKeTiB. Y NepUIOMy pO3[ini 3AiICHEHO aHaii3
Cy4aCHOTO CTaHy NpoO6JeMU MPOEKTYBAaHHS, BIPOBAIDKEHHS Ta 3aCTOCYBaHHSI (POPMYBAdiB MEPEXHOrO TpagikKy, MepCrneKTUB
peanizauii eguHOro iH(pOpPMALIMHOrO MPOCTOPY y OYyAb-sKill Mepexi, KOHTPOJbOBAHIl 3a JOMNOMOrOI CUCTEMU (POPMYBAHHS
MepexHoro Tpaiky i T.J. [IpoaHaysi3oBaHO OCHOBHi YMHHMKM BMHUKHEHHSI TI€DEBAHTaXXEHb, 3a pE3yJbTaTaMM aHAJIi3y

c(opMyILOBAHO METY i1 3a1a4i Ta JOCJiIKE€Hi MEXaHi3MU YIIPABJIiHHS MEPEXKaMU, TaKi SIK YIIPABJIiHHS MEPEXKHUMHU PECYpPCaMu 32



ctaHpapramu KoHuenuii ympasninHs TMN (Telecommunication Management Network). [ocmimkeHO MmaTeMaTWyHi Mopeni
MepexXHOro Tpagdiky; 0COOJMBY yBary NpUIiJIEHO CTAaTUCTHUL CaMOINOAiOHOro Tpadiky 3 MOBiJIBHO yOyBalOYMMM 4YaCOBUMMU Ta
YaCTOTHUMM 3aJIEXKHOCTAMU ¥ iMOBIDHICHMMM PO3IOAiTaMK 3 "BaXKMMU XBOCTaMu'. JIpyruii po3fijl NMPUCBAYEHUN METOJAM
MOHITODUHTY Ta aHajlidy MeEpEeXHOro OOJafHaHHS, SKe€ BUKOPUCTOBYETbCSI [IJisl PO3B'SI3aHHS 3ajad  YIPaBJiHHS
XapakTepucTuKamMu Mepexi. [lo6ymoBaHO Yy3arajibHeHy MOJesb VIpaBiliHHS napameTrpamMu iHQOpMaliiHUX TIOTOKIB Y
TeJIeKOMYHiKaliliHuX Mepexkax. CPOopMyIbOBaHi CIIPOLIYIOUi MPUMYIIEHHS 00 TOYAaTKOBUX YMOB (PYHKI[IOHYBaHHS MEPEXKHOTO
cermeHTy. C(OPMOBAHO aJTOPUTM BU3HAUEHHS MEPEXKEBUX aHOMaJIii Ha OCHOBI eHTpomii yacoBux psaiB. IlokasaHo, MO
MIBUIKICTb 3POCTaHHS HEOOXiZHOro oO6cAry mam'siti B KOMyTalifHMX By3Jax 3pOCTae Ipu 30ilblIeHHI mapameTpa XepcTa.
PosrystnyTo dopmyBay Tpadiky 3i 3MIHHUMU MIBUJKOCTSIMU HAIOXOIKEHHS i OOPOOKY IMaKeTiB. PO3IJISIHYTO METOOU afalTUBHOTO
(opMyBaHHSI NOTOKIB MepeskHOro Tpadiky i crnocobu HACTPONKM CTPYKTYp YIPAaBJiHHS CHUCTEM 3 HENPSIMUM 3BOPOTHUM
3B'SI3KOM, 5IKi KepYyIOTbh I1apaMeTpaMu i CTPYKTypoio ¢opmyBaya. Po3pobiieHo 3araibHUil PyHKIiOHAT e(EeKTUBHOCTI nepenadi 3
OCHOBHUMHU Ta JIOJATKOBUMU KJIIOYOBUMHU MEPEXKHUMU (QYHKLIIMUA. Y YETBEPTOMY PO3Aiji MPOBeNeHU aHasli3 ePeKTUBHOCTI
pO3pO6JIEHNX METOJiB Ta IPUCTPOiB (opMyBaHHSI Tpadiky TeJIEKOMYHIKALifHMX MepeX HOBUX IIOKOJIiHb. Po3ryisHyTi
MOPIiBHAJIbHI XapaKTEPUCTUKM 4Yacy OYiKyBaHHSI Ta CEPENHbOI KiJIBKOCTI MOBiJOMJIEHb Yy 4Y€prax; MPOBEINEHO IOPiBHSHHA
napametpis uepr M/M /1, M/D /1 ta Qd/D/1i gocnimkeHHs BIIUBY sIKOCTi popmyBaHHs Tpadiky Ha iMOBIpHOCTI 6710KyBaHHS Ta
BiIKM[IaHHS TIAKeTiB /s Pi3HUX Mojesieil ovikyBaHHs. Po3poGsieHa cxema ajanTuBHOro ¢opmysada Tpadiky M-To mopspky 3
BUKOPHUCTaHHSIM MOZIuM(IiKOBAaHOrO MOJyJisl MPOTHO3YBAaHHS Ha OCHOBI mpexikropa Cmita. [lokazaHO, IO TIpU CTENEHEBOMY
3rJ1aJKyBaHHI Ta ABOXKPOKOBOMY ITPOrHO3YBAHHI CIIOCTEPIraeThCsl 3MEHIIEHHS iHTEPBaJTy ClaJjaHHs 4aCTOTH IIPUGJIN3HO Ha 25%

y IIOPIBHSIHHI i3 €KCIIOHEHIiaJIbHUM 3IJIa[IKyBaHHSM.
Pedepar (aHr1.)

The dissertation is devoted to the creation of methods and devices for the formation of flows of heterogeneous network traffic.
It is shown that such heterogeneous traffic is self-similar (fractal). The main feature of self-similar traffic is the occurrence of
rapid sporadic bursts of intensity at average and relatively low traffic intensity at long data transfer intervals. This leads to the
growth of queues in the buffer memory and, as a result, overloads of switching nodes. Therefore, the task of researching and
developing new methods of building traffic shaping devices with adaptation to changes in network parameters and status is
urgent. The aim of the dissertation is to increase the efficiency of the functioning of telecommunication networks of new
generations by eliminating overloads with hardware and software means of adaptive transformation of incoming traffic
statistics. The following new scientific results were obtained in the dissertation work. 1. The model for managing the parameters
of information flows in telecommunication networks has been improved. Unlike the existing models, the proposed model is built
on the basis of the theory of Markov processes, which allows the analysis of self-similar traffic flows with non-Gaussian
probability distributions, in particular, long-tale distributions. 2. For the first time, an algorithm for determining overloads based
on the information criterion was developed. As a criterion, we suggest using the approximated entropy of time series
parameters. The dependence of the entropy of distributions on the probability of successful data transmission of one of the
network nodes was calculated. The influence of the distribution entropy on the required resource for data exchange is shown. 3.
The method of adaptive formation of network traffic flows with indirect feedback has been improved. The method differs from
the previously proposed ones in that it has a fundamentally expanded vector of control actions, as a result of which the need for
an additional feedback channel is eliminated. 4. For the first time, a method of optimizing the parameters and structure of the
network traffic shaper was developed with the control of the length of the intervals of exceeding the levels of the flow
parameters and the introduction of an additional module for predicting the required buffer size according to changes in the
intensity of incoming packets. In the first section, an analysis of the current state of the problem of design, implementation and
application of network traffic shapers, prospects for the implementation of a single information space in any network controlled
by a network traffic shaping system, etc., was carried out. The main causes of overloading were analyzed, based on the results of
the analysis, the goal and objectives were formulated, and the mechanisms of network management were investigated, such as
the management of network resources according to the standards of the TMN (Telecommunication Management Network)
management concept. Mathematical models of network traffic were studied; special attention is paid to self-similar traffic
statistics with slowly decreasing time and frequency dependencies and probability distributions with "heavy tails". The second
section is devoted to methods of monitoring and analysis of network equipment, which are used to solve problems of managing
network characteristics. A generalized model of managing the parameters of information flows in telecommunication networks
has been built. Simplifying assumptions regarding the initial conditions of the network segment's functioning are formulated. An
algorithm for determining network anomalies based on the entropy of time series has been developed. It is shown that the rate
of growth of the required amount of memory in switching nodes increases with an increase in the Hurst parameter. The traffic
shaper with variable speeds of arrival and processing of packets is considered. The methods of adaptive formation of network
traffic flows and methods of setting up control structures of systems with indirect feedback, which control the parameters and
structure of the shaper, are considered. A general transmission efficiency functionality with core and additional key network



functions is developed. The scheme of the M-th order adaptive traffic shaper using a modified prediction module based on the
Smith predictor was developed. It is shown that with power-law smoothing and two-step forecasting, there is a decrease in the
frequency drop interval by approximately 25% compared to exponential smoothing.
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