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Ha 3700yTTS HAyKOBOTO CTYIICHS KaHJIWJATa TEXHIYHHX HAyK 3a CHEIladbHICTIO
05.12.02 — TenexkoMyHIKAIITHI CHCTEMH Ta MEPeXi. — XapKIBChbKUH HAIlOHATbHHMA
YHIBEPCUTET PaIlOeIeKTPOHIKH, Xapkis, 2019,
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Jlmceprariiitna podoTa NpUCBIUCHA PO3B SI3aHHIO aKTyaJlbHOI HAyKOBOI 3adadi,
OB’ A3aHOI 3 ONTHUMI3AITIEI0 TIPOIIECIB AaKTUBHOTO YIPABJIIHHA YepraMu Ha 1HTepQeii-
cax MapHIpyTH3aTopiB TeekoMyHikamiitaux Mepex (TKM) 3a paxyHok 3a0e3meueHHs
KOMITJIEKCHOTO BHPIIICHHAS 33/1a4 YIPaBJIIHHA Ta 3amo0iraHAs MEePEeBAHTAXEHHAM, a
TaKOXX PO3MO/LITY KaHAJIBHOTO PECYPCY B YMOBAX BUCOKOI IMHAMIKW 3MIHU CTaHy Me-
pexHUX 1HTEpdEHCIB. Y 10CKOHAIEHO METO 30a71aHCOBAHOTO YIIPABIIHHS YePraMy Ha
iHTepdericax MapIIpyTH3aTOPIB TEACKOMYHIKAMIWHIX Mepex. YTepine 3armpornoHo-
BAHO METOJI aKTUBHOTO YTPABJIIHHA Ye€PraMy Ta POITY CKHOIO 3JaTHICTIO 1HTEpdEiiciB
MapIIpyTH3aTOPIB TEICKOMYHIKAMIMHANX MEPEkK. Y TOCKOHAICHO NWHAMIYHY MOJCITh
yIpaBJIlHHS YepraMy Ta MPOITYCKHOKO 3/IaTHICTIO 1HTepdeiiciB MapImpyTH3aTOPIB Te-
JICKOMYHIKAIIHHIX MEPEK.

KunrouoBi ciioBa: MOJIe/Ib, METO/T, aKTHBHE YIIPABIIHHS YePTraMHu, PO3MOILT PECy-
pCy, YIpaBIIHHS MEPEBAHTAXKCHHAM, MPOMYCKHA 3JaTHICTH, KJac, MOTIK, OajlaHCy-
BaHHSI, 3aBAHTAXEHICTH 1HTEP(ENCy, SIKICTh 0OCITyTOBYBAHHS.

ABSTRACT

Lebedenko T.M. Models and methods of active queue management and
bandwidth of interfaces in telecommunication networks. — Manuscript. Dissertation for
the Candidate of Engineering Sciences degree in the specialty 05.12.02 -
Telecommunication systems and networks. — Kharkiv National University of Radio
Electronics, Kharkiv, 2019.

The dissertation is devoted to solving a relevant scientific problem related to the
optimization of active queue management processes on the interfaces of
telecommunication network routers by providing an integrated solution to the problems
of congestion management, resource allocation, and congestion avoidance under
conditions of high dynamics of changing the state of network interfaces by developing
new and advancing existing mathematical models and methods aimed at improving the
quality of service in telecommunication networks as a whole.

In the course of the conducted research and solving the tasks, it was found that
the queue management mechanisms on the interfaces of telecommunication network
routers, which traditionally include congestion management, resource allocation and
active queue management (congestion avoidance), are an effective means of improving
the quality of service for flows of users. However, the lack of consistency in the
solutions of these mechanisms as well as the lack of accounting of dynamics of changes
in the state of network interfaces in time, as well as the high computational complexity
of the calculations of optimization tasks determines the relevance of the development
and further improvement of mathematical models and methods of queue management
and bandwidth on the interfaces of telecommunication networks underlying them.

The method of the balanced queue management on the interfaces of
telecommunication network routers has been improved. The novelty of the solution is,
firstly, in providing the consistent, sequential solutions for the optimization problems
of aggregation of the flows of packets by the queues and the allocation of the interface
bandwidth between them. This significantly reduced the size of the queue management
task and decreased the computational complexity of the final solutions without
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reducing their efficiency. Secondly, the balanced allocation of the bandwidth of the
router interface between the queues of the packets according to the values of the classes
of the queues and the flows made it possible to increase the quality of differentiated
service of the packets.

The method of active queue management and bandwidth of interfaces in
telecommunication networks has been proposed for the first time. The novelty of the
method 1s the coordinated solution of optimization problems in the allocation of the
interface bandwidth between the generated queues and the priority-based restriction of
the intensity of packet flows coming to the router interface. Depending on the type of
optimality criterion used, the application of the method allows implementing the policy
of differentiated packet refusal based on both absolute and relative priorities.

The dynamic model of queue management and bandwidth of the interfaces on
telecommunication network routers has been improved. The novelty of the model 1s
that in the process of allocating the bandwidth of the router interface, the dynamics of
changing its state in time 1s taken into account, which has been described by nonlinear
differential equations based on The Pointwise Stationary Fluid Flow Approximation,
PSFFA. This made it possible to calculate the average length of each queue at a given
point in time more adequately, which facilitated a more efficient allocation of the
interface bandwidth and improved the quality of service on the network as a whole.

Keywords: model, method, active queue management, resource allocation,
congestion management, bandwidth, class, flow, balancing, interface utilization,
quality of service.

AHHOTAIMSA

Jlebenenxo T.H. Moaenu u MeTOAbl aKTUBHOTO YITPABJICHUSA OUEePEASIMHA U TPO-
MyCKHOHM CMOCOOHOCTBIO HHTEP(PEHCOB TEICKOMMYHHKAITMOHHBIX CeTel. — PyKommcCh.
JluccepTanys Ha COMCKAHUE YUEHOM CTEMEHU KaHKU1aTa TEXHUYECKUX HAyK IO Crie-
uuanbHocT 05.12.02 — TeeKOMMYHHUKAIIMOHHBIE CUCTEMBI U CETU. — XapPbKOBCKUH
HAllMOHAJIbHBIA YHUBEPCUTET PAANOIIEKTPOHUKH, XapbkoB, 2019,

Juccepranusa MOCBAIEHA PEMICHUIO aKTyalbHOM HAYYHOM 331a4M, CBA3aHHOM C
OTITHMU3AITACH MPOTIECCOB aKTUBHOT'O YIIPABJICHUS OUepesIMU Ha WHTEpdeticax Map-
mpyTU3aTopoB TeaekommyHukanuoHHbIX cetet (TKC) 3a cuet obecneueHus komrie-
KCHOTO PELICHUS 33/1a4 YIPABJICHUS U TPEIOTBPAIIIEHUS IEPETPY3KH, a TAKKE pacrpe-
JIETIEHUA KaHAIIbHOTO PeCypca B YCIOBUAX BBICOKOW JUHAMUKU U3MEHEHUS COCTOSHUS
CeTeBBIX MHTEP(PEHCOB. Y COBEPIIEHCTBOBAH METO T COATAHCUPOBAHHOTO YIIPABJICHUS
ouepeqs MU Ha WHTEpdericax MapIIpyTH3aTOPOB TEICKOMMYHHUKAITMOHHBIX CETEH.
Brnepsblie npeyiokeH METOT akTUBHOTO YIIPABJICHUS OUE€PEIIMU U TIPOITY CKHOM CIo-
COOHOCTBIO MHTEP(PEHCOB MaPIIPY TH3ATOPOB TEICKOMMYHUKAIIMOHHBIX CETEH. Y COBe-
PIIEHCTBOBAHA AMHAMUYECKAs MOJECIb YIIPABJICHUS OUEPEASIMHU U TIPOITYCKHOM COCO-
OHOCTHIO HHTEP(PEHCOB MAPIIPYTU3ATOPOB TEICKOMMYHHKAITHOHHBIX CETEH.

KuiroueBbie cji0Ba: MOJiellb, METO/I, aKTUBHOE YIPABJICHUE OUEPEIAMU, pacmpe-
JICJIEHUE pecypca, YIPaBJICHUE NEPErpy3KOH, MPONyCKHas CnocOOHOCTh, Kjacc, Mo-
TOK, OaJTaHCHPOBKA, 3arpy KeHHOCTh WHTEpdelica, KaueCTBO 0OCITYKUBAHHUS.
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