Mingacevir Doviat Universiteti Dayamiqli inkisaf, cild 1, Vo 1, 2021

TOBIOT VO TEXNiKA ELMLORI BOLMOSI
VJIK 081.511; 681.513.3

NCCIEJOBAHUSA KAYECTBA ®YHKIHHOHUPOBAHUA MYJbTUCEPBUCHBIX
TEJJEKOMMYHHUKAIIMOHHBIX CETEA C YYETOM CBOMCTBA CAMOIOJOBUS
TPA®UKA

AJIMA3 AJIM KbI3bl AJIMEBA
0oKkmop ¢hunocoguu no mexruxe, OoyeHm
Munesuesupckuil 20cyoapcmeennulil ynusepcument

Pe3rome

B cmamve paccmampusaromes nokazamenu xauecmea (OYHKYUOHUPOBAHUS MYTbMUCEPEUCHBIX
MeNeKOMMYHUKAYUOHHBIX cemell Ha baze apxumexmypuwvix koHyenyuu NGN (Next Generation
Network) u FN (Future Network) ¢ ucnonvszosanuem Ho8blX UHHOBAUUOHHBIX mexHono2ull. Ha
OCHOBe NPOBEOEHHO20 UCCAEO08AHUSA NPEOIONCeH Memod paciema (QYHKYUOHUPOBAHUS cemell
€631 00Uje20 Mmuna npu UCHOIL308AHUU MEXHOIO2UU NOCMPOEHUs pachpedenentblx cemel. SDN
(Software Defined Networking), NFV (Network Functions Virtualization), u IMS (Internet
Protocol Multimedia Subsystem) ¢ yuemom @paxmanvuvlx npoyeccos ceoucme mpaguxa.
Yyumwisas nocreonue, nonyuensl ananumudecKkue blpaiceHuss Ol OYeHKU Makux KOMNJIEKCHbIX
nokazamenel: MAaKCUMATbHAS NPONYCKHASL CNOCOOHOCMb CUCEMbL ANNAPAMHO-NPOSPAMMHBIX
xomnnexcog (AIlIK), eeposmuocmHo-epemennvle xapakmepucmuky (BBX) nonesnvix u
CYAHCEOHBIX MPAPDUKOE.

Knwuesvie cnosa: xavecmeo obcuyscusanus, Mmyavmucepguchvie cemu cesasu, SDN,
MYTbMUMeOUIHAs YCyed, UHHOo8ayuoHHvle mexnonozuu, NFV, nponycknas cnocoonocms, QoE

Beenenune

Pa3BuTHe HOBBIX U (pyHAAMEHTAJIbHBIX ACHEKTOB HaIpaBiieHUs YeTBEPTON NMPOMBIIIEHHON
pesomoniu FIR (The Fourth Industrial Revolution) u cereBbix HHGPACTPyKTyp LU(POBOIL
SKOHOMMKHM U CO3JIaHUSl CTPATETMYECKHMX IUIAHOB KapTa LU(POBHU3aLUU TpeOyeT ONTHUMAaIbHOTO
pacripenienieHuss  GU3MYECKUMH U MH()OPMAIMOHHBIMH  pecypcaMd  MYJIbTHCEPBHCHBIX
tenekoMMmyHuKaunoHHbIX cerelt (MTC) na 0a3ze konueniuiit NGN (Next Generation Network) u FN
(Future Network) mpu ncnosiab30BaHUU MHHOBAIIMOHHBIX TEXHOJIOTHH.

@®ynnamentanbHble YeTBEépToi mnpomsinuieHHOW peomonuu FIR, cinenyronmux NGN un
Oynymux nokosxeHnu FN cerelt cBA3M SBISIETCS CUHTE3 U B3aUMO/ICHCTBUE TEXHOJIOTUH CIIEYIOIINX
Tp€X ON0KOB: (¢usnueckoro, mudpoBoro, Ouonormdeckoro. K TakuM mMEepCrEKTUBHBIM U
MHHOBAIIMOHHBIM TEXHOJIOTUSAM ISl OCTpOeHHsI U pa3BuTHs Oyaymux MTC oTHocATcs mpexie
Bcero caenyromue [1; 2]:

- SDN (Software Defined Networking), NFV (Network Functions Virtualization), IMS
(Internet Protocol Multimedia Subsystem) 1 TeXHOJIOTHH MMOCTPOEHUS PaCIPEIEICHHbIX CETeHl;

- onrnueckue WDM&DWDM (Wavelength Division Multiplexing & Dense WDM)
TEXHOJIOTUH;

- wmobunbHble TexHoruu LTE (Long Term Evolution), UMTS (Universal Mobile
Telecommunicat cat ions System), TexHojoruu cemeiictBa — HoBble panuo NR (5 G New Radio) u
5SG/IMT-2020;

- rexnosioruu IoT (Internet of Think), mpomMbinuieHHbI UTHTEPHET M TEXHOJIOTHH T'€OJIOKAIINH;

- TexHOJIOTHHM 06ayHbIX Beruncienuu (CC) u 6onpmux nanuex (IDC) u Big data;

- TEXHOJIOTMH MH(POPMAIIMOHHOM 6€30MacHOCTH, KBAHTOBBIE TEXHOJIOTHUH, CITIOCOOBI U CPECTBA
HCKYCCTBEHHOT'O MHTEJIEKTA.

73



Uccredosanus xauecmea Ppynxyuonuposanus
MU MYABMUCEPBUCHBIX EAEKOMMYHUKAYUOHHIX

A. A. Aruesa \\«g,/ cemeii c Y4emom ceoticmea camonodobus mpaduxa

W3BectHO [2; 3; 4], 9TO KOHLEMIUSA TOCTPOSHHS TEIEKOMMYHHKAIIMOHHONH MH(PACTPYKTYpHI
nHpopmanmnonHoro oodmectsa — NGN Obuta onpeaenera MCO-T B pekoMmennanusx cepun Y.2000.
Ha ocnoBe uerBEéproii KoHIenuuu TpaHchopmauuu cereid cBszu [TU-T mnpuHsio nepsbie
pexomenganuu cepuu Y.3000 o konnenuun FN u B pekomengaunu [TU-T Y.3001 3agansl uetsipe
LIeJIEBbIE YCTaHOBKU co3faHus bynymmx cereit ¢ ucnonb3zoBanueMm texnosnorun SDN, NFV u
MyJIbTEMeAnITHOM atdopmel IMS [4; 5; 6].

VHTeHCHBHBIA pOCT TpeOOBaHMI aOOHEHTOB K KauyeCTBY YCIYT CBSI3U, MPEIOCTABISIEMbIX
olepaTopamMH CeTed TEJIEKOMMYHHKAIMM, CTaBUT Iepel NMPOU3BOAUTENEM KOMIUIEKC BOIIPOCOB,
CBsA3aHHBIX ¢ co3naHueM AIIK MynbTHCEPBUCHBIX CeTell C KOMMYTAlUE€l KaHaJOB M IAKETOB,
o0ecIeunBarIINX rapaHTHPOBaHHOE KauecTBO oOcmykuBaHust QoS (Quality of Service) u kadecTBa
Bocnpoussenenust QoE (Quality of Experience) Tpadukos.

3ajaua HcCieOBaHUS BBICOKOA((PEKTUBHBIX MYJIbTUCEPBUCHBIX CETEH CBS3UM, HUMEHHO C
OLICHKOW KauecTBa (yHKUMOHMpoBaHMsI oOopynoBanus AIIK juis rapaHTHpoBaHHOrO KauyecTBa
OKa3bIBaeMbIX MYJIbTUMEIUNHHBIX ycayr — «Triple Play Services» siBnsieTcst HanOoliee aKTyaabHOM.

B [2; 3; 6] ycTaHOBJIEHO, 4TO OOBCIMHEHUS KOHBEPIEHTHBIX CETCH CBSI3W MPOUCXOIUT HA
OCHOBE COBPEMEHHBIX €IMHBIX MHHOBALIMOHHBIX TexHOoJorndeckux npuHuunos MTC cinenyromero
nokosiennss NGN u FN. B [7, 8] uccrnenoBansl XapakTepUCTUKU KadecTBa (HYHKIIMOHHPOBAHUS
TEJIEKOMMYHUKAI[MOHHBIX CceTel mepenauu Tpaduka M ONpEAETeHbl I10Ka3aTelld, TaKue Kak
IIPOITYCKHAs CIIOCOOHOCTb, HAJIE)KHOCTh U CTOMMOCTh CCTEMBI CBSI3U.

OnHako, aHaIM3 U CHHTE3 3THX paboT MOKa3all, 4TO OLIEHKa KauecTBa ()yHKIIMOHHPOBAHUS
MTC c 3anannbiM nokazatesnem QoS u QoE BbI3bIBacT MHOXKECTB MPOOIIEM MPHU Mepeaade MOTOKOB
[IaKeTOB MOJIE3HOI0 M CUTHAIBHOTO Tpa(UKU MO IIUPOKOMOJIOCHBIM KaHAJIaM CBSI3M U MHTETrpaluu
pa3HbIX BUJOB 00cnykuBaHusa Tpadukos (peub, nanubie, HTML, daxcsl, Internet, Buneo).

B nanHo#t paGoTe HalM McCIeI0BaHUS MOCBSIIEHB! PEIICHUIO MPOOIeMbl aHaIM3a U CUHTE3a
rokasaresei kadecTBa (yHKIMOHUPOBAHUS MYJbTUCEPBUCHBIX TEIEKOMMYHUKAIIMOHHBIX CEeTel Ha
6aze apxutekTypHbiXx KoHuenuuii NGN u FN, ucnonp3yroumx 3¢¢GeKTHBHbIE KOMIBIOTEPHBIX
texgosornu SDN, NFV u IMS.

O0nIast mocTaHOBKA 331291

W3BecTHO, YTO OJHOW M3 KIIOYEBBIX MpoOJeM B pPa3BUTUU TEJIEKOMMYHUKAMM U
MHPOPMALIMOHHBIX CHCTEM sBIsieTcs oOecrneueHne nokaszarenel QoS&QoE mone3Horo wu
cimyxebHoro TpadukoB mynbrrcepBrcHoi cetu NGN u FN [3; 5; 6].

C nuenpto rapantupoBaHHoro QoS u QoE TpadukoB B MyJIBTHCEPBUCHBIX CETIX
TEJIEeKOMMYHUKALUU HEOOXOAUMO 00€CIIeYnTh ONpeiesieHHbIE MOKa3aTeNln: CPpeA s 3a/lepKKa Ipu
nepeaaye MoToKa MaKkeToB, EMKOCTh Oy(epHbIX HAKOMHUTENeH BXOJHOro mopTa TexHosoruu SDN,
NFV u IMS, nponyckHasi ciocOOHOCTh, a TakK€ BEpPOSITHOCTh MOTEPh MPU Tepefade MOTOKOB
nakeToB. [lpuueM kaxawlii oOcmyxuBaeMblii Tpaduk (peub, manasle, HTML ¢aitnbl, Buaeo)
MIpeIbABISET ONpeielIeHHbIEe TPeOOBAaHU K MTOKa3aTessiM eMKOCTH KaHana cBs3u u AIIK.

[IpoBeneHHBId aHaNM3 MapaMETPOB, ONUCHIBAIONIMX  MYJIbTUMEIUHHBIN Tpaduk C
KOMMYTaIlel KaHAJIOB M MMaKETOB MOKa3bIBaeT [2; 5; 8], 4TO Mpu MaTeMaTH4eCKOM MOJICTUPOBAHUH
MPOIIECCOB OOCTY)KUBaHHUS TpapuKOB, KpPOME TPAJAULUOHHBIX HArpy30YHBIX XapaKTEPUCTHK
TpeOyeTcsl TakKe YYUTHIBaTh 3HaueHue KodpduiumeHta X3pcTa, XapaKTEpU3YIOUIETr0 CTENEHb
MyJIbTH(paKTAIBHOCTH ceTeBoro Tpaduka. Ha ocHoBe Teopuu (paKkTaabHBIX MPOLECCOB,
nmokazaTenb ko3¢ unnenTa Xapcta H, KOTOPBI BhIpaKaeTcs CleayomumM oopasom [2; 8]:

H=1-058, 0<p<l, (1)

31ech, 3HaYCHNUE f3 — YKa3bIBaeT, KaK MEUIEHHO yOBIBaET 3aBUCUMOCTb B X(?). DTO O3HAYaET, YTO
4eM MEHbILE /3, TEM CUIIbHEE 3aBUCHMOCTb B X (7). Takum 00pa3om, HHTEPIIPETALMIO MOXKHO

JaTh TToKazatento X3pcera H caMonoo0HOTo poja, JexainiemMy B nuarna3one 0,5<H<1.
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YuuThiBas BBIIEU3NIOKEHHBIE W BakHOCTh moctpoeHuss MTC na 6aze NGN u FN ¢
UCIonb30BaHueM HMHHOBaMOHHBIX TexHojorun SDN, NFV u IMS, cnexyer obpatuth ocoboe
BHUMaHUE Ha MOKa3aTelld KauecTBa (PYHKIIMOHUPOBAHUS 3TOM CUCTEMBI U 1 TOCTPOCHUS CeTel CBSI3U
[1; 7]. Ilpu 5TOM, BO3HHUKAET Ba)KHas 3a/1aua — pa3padOTKa METO/I0OB pacyeTa MoKa3aTesei KauyecTBa
(GYHKIIMOHUPOBAHUSI MYJIbTHCEPBUCHBIX TEIEKOMMYHUKAIIMOHHBIX CETEH, KOTOpasi 3aBUCUT KaK OT
airoputMa  paborer  AIIK, Tak ® OT TPOUBBOJUTEILHOCTH  OTACIBHBIX  3BEHBEB
TEJIEeKOMMYHUKALIMOHHBIX CETeH, KOTOpble 0a3upyIlOTCS Ha COBPEMEHHBIX TEXHOJOrHsaX kKak SDN,
NFV, tax u IMS.

Hccnenyemble mokaszarenu kaudecTBa (yHkuuonupoBanuss MTC Ha 6aze apXUTEKTYypHBIX
koHuenuuit NGN u FN, ucnons3zyromux texunonorun SDN, NFV u IMS B ycnoBusix 3amanHoi
HAJEKHOCTH M HHPOPMAIIMOHHOM Oe30macHOCTH, (YHKIIMOHAIBHO OIMUCHIBAIOTCS ClEAyIomen
3aBUCHUMOCTBIO:

O () =WIL, (A1, Co (A, HDL K1, L=l 2)
rac Loo(ﬂ“i)_ CpCAHEC BpCMA OXUJAAaHUA IIaKECTa B OUCPCIU Ha 06CJIy>KI/IBaHI/Ie B CUCTEMC C yYCTOM

CKOPOCTH IIOCTYIUIEHHs BXOJSALIETO IOTOKA /11‘ npu obpaborke [—ro tpaduxa, i =1,n; K, -
KO3 PHUIHUEHT COXpaHEHUS OTKA30yCTONUYNBOCTH aIlapaTHO-IPOrPaMMHBIX CPEJCTB Ipu 00padoTkKe
i-ro motoka Tpaduka, i=1,n; [, —xkod3pdurmeHr wuHPOPMANUOHHOK  OE30MACHOCTH
(YHKLIMOHMPOBAHUS aIMapaTHO-MPOrPAMMHBIX CPEACTB MPH 00paboTKe [—T0 MOTOKa Tpaduka,
i=ln; C,.. (4, H)—nponyckHble cMOCOGHOCTH CHCTEMBI alMapaTHO-MPOrPAMMHBIX KOMILIEKCOB
texHosnornd SDN, NFV u IMS ¢ yuerom koaddunmenta Xspcra H ¥ CKOPOCTH MOCTYIUICHHS
BXOJSIIETO OTOKA ’11‘ IIpH Tiepesade | —ro MoToKa Tpaduka, | = 171

VYuuteiBasg (2) Matemarudeckas (OpMyJIMpOBKa 3aJaud NpeasiaraéMoro MeToja pacuera
nokazateneil kadectBa (yHkuuonupoBanus MTC, mocTpoeHHOW B COOTBETCTBHHU C KOHIIETIIIUEH
NGN u FN, omnuceiBaetrcst cieayrouM (yHKIMOHAIBHBIM MPeo0pa3oBaHUEM MYJIbTUMEIUNHHOTO
Tpaduka:

Ki 2 Ki.z)on.’ [ = I’_n
L o(ﬂ“i) S L 0. on(ﬂ“i)
QK(D (il) : {tsx} - {/11} ’ 000 . PR (3)
C.AH<C  ...(AH), i=1n
Ii . Ii.()on 2 I :1,1’1
IIpH CIACAYIOIUX OTPAHUYCHUAX
Py <P Tar A STu (2, B <Py i=Lim @
F,Z[C, Pﬂ,, — BCPOATHOCTH NOTCPU MAKCTOB IPU IMCpCAaAqc 1-TO MOTOKa IIOJIE3HOrO U C.Hy)KC6HOFO

tpadukos; 1, (/11- ) — BpeMmst 3a1epIKKHI T1aKeTa OT MOMEHTA €ro MOCTYILICHHAS 0 MOMEHTA OTIPABKH

C y4ETOM CKOPOCTH TIOCTYIUIEHHs BXOAsImero morokad; P —BeposTHOCT, oOTKa3a B

OMmK.

0
o0cyuBaHUK MakeTy nocTymasomero tpabuka; b, T2 (4), P, L, (1) C oo oon (A H),

3a0.
KL()OVL Hli.don — COOTBCTCTBCHHO, JOIMYCTUMOC 3HAYCHUC BCIIMYMUHBI BCPOATHOCTU MNOTCPb IMAKETOB,

BPEMEHH 3a/ICPKKHU TTaKeTa, BEPOSITHOCTh OTKAa3a, CPeIHee BpeMsl OKHJIaHUs MaKeTa B ouepeau Ha
oOcmy)kuBaHHE B  CHCTEME, TMPOMYCKHAs  CIOCOOHOCTh, KOI(P(GUIIMEHT  COXpPaHCHHUS
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OTKa30yCTOMYMBOCTH U KO3 puumeHT napopmanuonHoi 6ezomacHoctu pynkunonuponanus AIIK
IpH TIepeaaye [ —ro MOTOKa MAKETOB, i =1,n.

Breipaxkenus (2), (3) u (4) onpenensroT CyIIHOCTh pacCMaTpHBAEMOTO HOBOTO IMOAXOAA C
YU4ETOM CBOWCTBa MPHPOJA MYJIbTU(PPAKTAIHLHOCTH Tpaduka, HA OCHOBE KOTOPOTO IMpeIaraercs
METOJ/IOB pacyeTa nmokasaresei kauectsa GyHnkimonuposanust MTC.

Cxema pyHKIMOHHPOBAHHUS MO/e/H 3BeHA MYJIbTHCEPBUCHBIX ceTeil

Jnst BemmonHeHust 1eneBo  Gynkmuu (3) o (4) HEoOXOomMMO co3daTh  CXEMY
(YHKIIMOHMPOBAHUS MOJIENIM 3BEHA CETH CBSI3M, KOTOpasi CO3JAaeT OCHOBY IpeIIaraéMoro Meroja
pacuera MYJIbTHCEPBUCHBIX TEICKOMMYHHUKAIMOHHBIX CETeM NpHU OKa3aHUM HHTETPUPOBAHHOTO
(IntServ) u quddepenuuporannoro (DiffServ) kadecTBa 0OcTyKUBaHUS MOJIE3HOTO U CITYKEOHOTO
nakeros [3; 5].

[IpencraBinennas cxema (pyHKIMOHUPOBAHUS MOJIEIH 3BeHA ceTH (puc.l.) mpu peanusanuu
anroputMa «End to end», coctout u3 cneayomux GyHKIIMOHATBHBIX OJIOYHO-MOAYJIBHBIX CHCTEM:
Oydepusiii Hakorutenb (BH) BxomHOTO MTOpTa, MOy b yrpaBieHus Tpadgukom, kommytatop ATM,
annapaTtHo-nporpaMMHubii koMiieke SDN, NFV u IMS, uinto3-IP u BupTyainbHblil MapipyTHU3aTop
ATM u IP u np.

B nanHOM ciydae, anroput™M (QyHKIMOHUPOBAHUS IPEAJAraéMoil CeTH 3aKJI04YaeTcs B
nepecbuike MHGOPMaIlMU OT UCTOYHHKA COOOIICHMsS A0 IMOydaTessl MpU HAIUYUN BUPTYAIbHOTO
kanana csizu (KC). Yrpasnenue nepenaueit MyIbTHMEAUHHBIM Tpa(QHUKOM HAYMHAETCS C BXOJHOTO
MopTa CeTH W 3aKaHYMBAETCS BHUPTYaJbHBIM MAapUIPYTH3aTOPOM Ha BBIXOJAE M3 CETH CBS3H.
BuptyansHble MapmpyTH3aTOpsl B TPAaKTax CHCTEM IE€peJadd MOTYT BBLACISATh U 00padaThiBaTh B
MIEPBYIO0 OYEpEb UYBCTBUTEIBHBIE K 3aJ€P/KKaM MAaKEThl PEUM, a TAK)KE BHJIEO C MCIOJIb30BAaHUEM
npotokosia MPLS (Multiprotocol Label Switching). C momomesto nporokona MPLS peanmuzyercs
nepenava [P-nakeros Ha BTopoMm ypoBHe ATM cetu.

Ha 6a3e puc.l nmpoucxoauT npoueccoB KOHBEPIeHIUS B CETAX CBA3M KOMMYTAI[MH MAKETOB
Pa3IMYHOro MO CBOEH MpHpOJIe CaMONOJOOHOT0 U (PPaKTaIBHOIO TpaduKa, 4To SBJISETCS OJHON U3
MIPUYMH IPOSBICHUS MYJIbTH(PPAKTAILHOTO XapaKTepa IO0JIE3HOTO U CIIY>KEOHOT0 TpapuKOB.

VY4auThIBas CBOMCTBA caMOIOJ00US MOCTYyMaroLe TpauKoB B CETAX CBA3M, K03duuueHt

sarpyskn KC P(H,;) npum obcnykuBaHHE MOTOKAa [—TO MAaKeTOB TPAQUKOB OMPEIETSIETCS
CJIEIYIOIIUM 00pa3oM:

p(Hl.)z%_-Zn:li-f(Hi)Sl, i=Ln | (5)

k i=1
T'ne, f(H,)— ¢ynxums, yautsisaromias cBoficTBO MybT()PAKTATBHOCTH MOCTYMAIOIINX TPADHKOB i

pasua f(H;)=2H,; H, — xooddurment Xopcra 1ist caMmonpao6Horo Tpaduka MoToKa i —ro maKera,

i=ln; li 1 l; —cKOpOCTh 0OCTYKHBAHHUS CAMOIOI00HBIX MOTOKOB [ —T0 Makera, i = 1,7.

ATM-cetu KommyTatop|
—»| KommyraTop-
) 1 N.on KOHTPOJIIEp ¢ Cim
1.BX :_’ BH BxomHoro Crcrema ympasnenms OpenFlow u BupryansHbIit Ti.cp \
: ’ nopra SDN, NFV [———> [ AMAPaTHO- S vapmipymisatop ATM u [———
Tinx (S——pppIMs | rpadikom TporpaMM-Hbii IP Ha Gaze NFV -
n koMmiiekc SDN,
1 NFVu IMS 1
— IImo3-1P >
Pion IP-cetu Pion

Puc. 1. CmpykmypHo-@hyHKYuOHAIbHAA CXEMA U MOOENU NPOYUECCOE MYTbMUCEPEUCHBIX Cemell
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Bripaxkenue (5) ¢ yuerom koddduimenta Xapcra omnpeaenser 3GpGHEKTUBHOE UCIIOIB30BaHUE
anmnapaTHO-IporpaMMHbIX KomIuiekcoB TexHojorun SDN, NFV u IMS u kauecTBO ymnpaBiieHUs
camonoioHbIX Tpadukom QoS u QoE.

AHaJIU3 MoAeJ M MYJbTU(PPAKTAIBHOTO I0JIE3HOT0 H CJIY:KeOHOTr0 TPa(huKoB

[IpoBeneHHbIN aHAIN3 COBpeMEHHBIX KOMITbIOTepHBIX TexHosoruid SDN, NFV u IMS 8 MTC
MPU OKAa3aHWH MYJBTHUMEIUNHBIX YCIYT IMOKa3bIBACT, YTO HEOOXOIMMO paccMaTpuBaTh BEKTOP
Harpy3Ku, COCTOSIIIUNA U3 HECKOJIbKMX KOMIIOHEHT, Kak/1asi U3 KOTOPBIX JI0JKHA OTPaskaTh CBOMCTBA
U TpUpoJia MYIbTU(PPAKTAIBHOTO TpaduKa HEKOTOPHIX TPYMI IMOJh30BATENEH C OJMHAKOBBIMU
KOHBEPIE€HTHBIMH XapaKTepUCTUKaMu [2; 7].

B nmamHom cnyuae, B MTC paccmarpuBaercsi, 4To JeJCHHE HAa KOMIIOHEHTHI TpadUKOB
OCYILIECTBIICHO TAKMM 00Pa30M, YTO KaXK/1asi U3 HUX OMHUCHIBACT TPA(PUK MPUHIMITUATILHO PA3TUIHOTO

TIPOMCXOXKICHHS: HAIPUMEp OJHA — roJI0coBOi Tpaduk A »» BTOpas — TpaduK JaHHBIX A, , TpeThs —

BUACO TpadukoB /%B pexuMe peallbHOro BpeMeHH. [Ipum 3TOM, MOXKHO CUMTaTh, YTO ITH

KOMITOHEHTHI Tpa(uKa CTaTUCTUYECKH HE3aBUCUMBIMU. B CBSI3M C 3TUM CTAaHOBUTCS TOHSATHBIM, YTO
o0citykrBaeMbIi TpaUK TOKEH paccMaTpUBAThCS KaK CyMMa HECKOJIBKUX KOMITOHEHT |2, §8]:

X/(H)y=A-t+Z (H)(a,-1)", i=Lk, (6)

i .
rne X,(H)-i-as xommonenta mpomecca X c ydetom H B MomeHT BpemeHu [; ;-
XapakTEPU3yeT JUCIIEPCHIO TOTO MOTOKA MAKETa MOJIE3HOT0 U CIY)KeOHOro TpahUKOB B €IHHHUILY
Bpemenu; Z (H)- QpakranrbHoe GPOYHOBCKOE JIBMXKEHHE CO 3HaueHWeM mapameTpa Xspcra H B

MOMEHT BpeMeHH [ .

N3 (6) cnenyet, 4TO UCCIETYEMOM CMECh HECKOJIBKUX MPOIIECCOB C PA3JIMUHBIMU 3HAUYCHUSIMHU
napamerpa XdspcTa Ha OCHOBE TEOPHM (PAKTAIBHBIX MPOLECCOB, YUYHMTHIBAaIOIIME TpeOoBaHME
napamerpoB QoS u QoE npu obcnyxuBanuu MyiabTUMeaniHbIX yeayr tuna “Triple Play services”.

HccaenoBanus n aHAIU3 XapaKTePUCTUK NMPONYCKHOI cIOCOOHOCTH ceTeil CBSI3N

J171s1 O1IeHKH MoKa3aTesel ceTeld Ha OCHOBE aJIrTOpPUTMa pacdyeTa HeoOX0auMOo 00paTuTh 0coboe

BHUMaHHE Ha TPeOyeMyl0 CKOPOCTb Mepefadd 3BeHbeB Vi, , i=1,n 10 3a1aHHOH CKOPOCTH

MOCTYIUJICHUS] BXOJAHOTO Harpy3ka caMoro1o0Horo tpaduka /1,- . IIpu 5TOM 3arpy3Ke CUCTEMBI CBSA3HU
( ,O(ﬂ«l- JH))<1, MmaTpule MapuipytoB Ai= [Ai,nil, i =1,n 1 KOIMUYECTBY anmapaTHO-MPOTrPAMMHBIX

komiiekcoB Nir, i =1,n.

OnHUM U3 KITIOUEBBIX MTOKa3aTesel kauecTBa (PyHKIIMOHUPOBAHUS TPAKTOB CUCTEMBI ITepelaun
U MapuIpyTH3alUU TMOTOKOB MYJIbTU(PAKTAIbHBIX IMAKETOB TpaduKa SBISETCS MaKCHMalbHOE
3HaYeHHWEe TMKOBOM mpomyckHoil crocobnoctu (Peak-raite throughput), xapakrepusyroriee
MaKCHUMAaJIbHOE YHCIIO ITAKETOB, KOTOPOE 3BEHO MOXKET TepeaBaTh B €INHUILY BPEMEHH.

MakcumanbHOe 3Ha4eHHEe MUKOBOW MPOMYCKHOM CIIOCOOHOCTH MpH Iepeaade i-ro MoToKa
naketoB npu gonyctuMoM yucie AIIK Nir jon. B 3BEHBSAX ceTel CBA3M OINpPEAEsSeTCs ClEAYIOIUM
BBIpA)KEHUEM:

Ci.m.n(T]i, Ni.T.zIon) = Z[ Vimr'Ni.T.non.], [ = 1’ n (7)

i=1

W3 anropurma pabotsl 38eHa MTC crienyeT, 4To cpenHee Bpems 3a/Iep>KKU NIepeiayn aKeToB
COCTOUT U3 BPEMEHHBIX XapaKTEPUCTUK TPAKTOB CUCTEM IepeAaul MyIbTH(PPaKTAILHOTO Tpapuka
¥ 3aBUCHUT OT KosmnuecTBa Nir 07109HO-MoaynbHBIX cucteM AITK, KoTopble IpUBOAAT K BO3PACTAHHIO
Ticps Kpome Toro, ouepenu mnakeroB B BH Tepmunana u mnepenaya Tpaduka mo 3BEHbIM
MYJIBTUCEPBUCHBIX CETEH BBI3BIBAIOT TAKXKE 3aJE€P’KKU B nepenade nakeros [8]. [Ipu aToM eMkocTh

7
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BH Bxomnoro nopra Nig: OrpaHM4eHa UX JOIYCTHUMOW IAMATBIO U ONPEHEISIETCS HEPABEHCTBOM

I\Ii.6HS Ni.6H..z{on, l = 1, n.

VYuurtbiBas 1aHHbIE TPeOOBAHMS U CKOPOCTHU MOCTYIUICHHS] BXOJHOTO HAarpy3Ka Aipx., €MKOCTb
BH Bxoanoro nopta SDN npu nonmyctumMoM 3Ha4€HUH Ti.cp.s.mon. MIPH NEPEAAUE i-r0 MOTOKA Tpaduka
OTIPEIENIACTCS CIACTYIOIUM 00pa3oM:

Ni.6H(Ti.cp.3STi.cp3.ﬂ0n.) = O\ai.Bx - Vi.mr ) tisen +ANi, }\ri.BX > Vi.mr (8)
rae ANi — MakCUMAaJbHBIN BCILUIECK NMPH Iepeaaye i-ro MOToKa HakeToB, I = 1,7 ; tissn — cpeaHee
BpeMs 3a/lepKKH IPHU Mepeaade i-ro noToka Tpaduka Bo BXoaHoi nopt, [ =1,n.

HUccaensanus u onenka BBX cereii na 6aze NGN u FN
VYuutpiBas 3akoHYy coxpaHeHus B odepeau [4; 6], nmpu FIFO nucuunnuH, a Takxe He

npepbIBaHUs 00CTY)KMBAaHUS M CBOWCTBA MylbTH(pakTanbHOCTH Tpaduka B y3ie AIIK, cpexnee
BpeMs OKUIAHUS O6CJIy)KI/IBaHI/I$I MAKETOB OTPENIENISAETCS BBIPAKECHHEM:

T, (f(H),V)l=L,[pH), CH-[u-p(H)-N17, )
rIe La,[ p(H), C 32 )]— obmas anmHA OuepesH MONE3HOTO U ciyxe0Horo maketoB B cucteme AIIK.

2
Ha ocnose (9) u ko3dduruent papuanuu sxoasmero npouecca C; u ckopocts pabotsr AITIK

[P MaJlbIX HOpMax moteps naketoB P (A1) — min, obmas anuHa odepenn maketoB B cucreme AITK
O0IIEeTo THIIA OTIPEACIISCTCS CICAYIOMUM 00Pa30M:

1+C? ALY
2-(I1-p) Ve

C

L,[p(H),C)]=L; - b [A-(u-N)'1-p(H). (10)

IIpoBencHBI YMCIIEHHBIX BBIYUCICHUHU C Y4E€TOM aJTOPUTMOB pacuera moxened BBX cereit
NGN u FN u cBoiICTB Harpy3ku MynbTH(QPaKTaIbHOCTH TpaduKa C BHEAPEHUEM IIpOrpaMMHas cpejia
MATLAB 9.0 n nakeroB Signal Processing Communications [5; 6; 8]. M ynclieHHBIX pe3yapTaToB
MMOCTPOEHBI CEMENCTBA IPaPUIECKOI 3aBUCHMOCTH

L[p(H),C?) = FIL! ,p, Ve, p(H)] , C=10.
Jlanee, paccMoTpeHa 3aBHCHUMOCTh OOIIME JUIMHBI OuYepelr MaKeToB OT Ko3(dduireHra

2
sarpysku 38eHa AIIK cetu npu 3aganaom kodd@uiuente apuamuu C, (puc. 2.).

Lez[(H. C3)]

| | p
Vex =155 I\/I?m/c H=0,65 / / /
3 | v
C:i=1.0 —se— FBM/G/1/Ngx / /

7

— M/M/NNe,, /
fi-0.75

L~
L% =(120.....270)6ait | _— | / !
i T | =TGN
/

[
o
(@]

0
o

[*))
o

=
o

|

__'_,_,_._—‘-'-'"-f

o

OOImast THHa 04epe/H aKeTOR TOME3HOTO H
CITy>keOHOTO TpadiHKoe B CHeTeme AITK

o]

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1,0 P
KoshdrmpieHT 3arpy3KH 3eeHa ATTK ceTH

&
v

Puc. 2. Cemeiicmea cpaguueckoit 3agucumocmu 00uieil CymmapHoil Oaunsl ouepeou naKemos
om KoI(ppuyuenma 3azpy3xu 3eena AIIK cemu
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B ciydyae MynbTH(QpPAKTATBEHOCTH TOJIE3HOTO U CITY)KEOHOTO TpapHKOB, TPOBEJACHHBIA aHAITN3
cemeiicTBa rpadueckoil 3aBUCUMOCTH MTOKa3bIBAET, UTO:
- IIpH yBenM4eHUH koddduumenta 3arpy3ku 3seHa AIIK cetn p > (0,70....,0,85), OTBEHarOT

TpeGoBaHUAM 3(PPEKTUBHOTO UCIIOIB30BAHNA HHPOPMALMOHHBIX H CETEBBIX PECYPCOB;

- npu gmame L = (120,...,270) 6aiir, # = 0,75, V. =(0,20,...,0,40)5pn, V., <155 M6ur/c

2
n Cs = 1,0 , 06111351 AJIMHa OYEPECau ITOJIC3HOI0 U CJ'Iy}KC6HOl"O IMaK€TOB B y3JIC CCTH, 3HAYUTCIBHO

YMEHBIIACTCA 110 CPAaBHCHHUIO C HpOCTCfII.HPIM BXOJAIIUM ITOTOKOM ITaKCTOB.
- OJHAaKoO, CTOUT OTMCTHUTH, UTO Ha pI/I02 3aMETHOE HM3MCHECHHE HAYMHACTCS CO 3HAYCHHUI

p = 0,65 Ipu CUCTEME fBM/G/l/NGH.

Jlanee, mpoBeIeHbI MPOBEPKH aJCKBATHOCTH MPEUIOKECHHOTO METO/Ia pacdeTa, YIUTHIBAIOIIUE
CBOWCTBA HArpy3Ku MyJIbTH(paKTAILHOCTH TepeaaBaeMoro Tpaduka. [Ipu 3TOM HCIOIB30BaHbBI
pexomennanuu MCO-T E.800, Q.543, Y.3001, 1.352, Y.1530, G.114 u Y.3400 onwucskiBaromue
TpeOOBaHUS K TPAJUIIMOHHBIM MYJIbTUMEIUNHBIM YCIIyraM CBSI3U, IOCKOJBKY HMMEHHO OHHU
MPEAOCTABIAIOTCS ¢ ToMoIbio y3110B cetu cBsa3u NGN u FN [2; 8; 9].

Temneps MOXKHO OLEHHTh 06Mast moTeps nakero I, [—mnortoka Tpaduka B cetu cpszu. C

LEeNBIO PelIeH s NaHHOM 3a1aun, npeamnonaraem, uto b, <P . Torna obmas Bemmuusa noteps
MAKETOB MOJIE3HOTO M CIY)KEOHOT0 TpaduKa B CETH OIpeessieTcs BepakenueM [3; 4; 8]:

Pon(ﬂ"Nﬁn)zl_H[l_Pi.(m(ﬂ')]Nm SPi.on.()orL(ﬂ') » (11)
i=l

Tne, N, — o6uas xomuuects ATIK B ceTsix CBSI3H, KOTOpble B MaplIpyTax HCIOIb3yeTcs Hepenaa

MOTOKA MaKeTOB TPa(hUKOB.

U3 (8), (9), (10) u (11) cnenyer, uto nmokazatenu kadectBa QoS u QoE npu ob6cnyxuBaHuu
MOTOKA MaKeTOB TpadUKOB OTPAaHUYEHBI IOMYCTUMBIMHU 3HAYSHHUSIMH, KOTOPBIE SIBISIOTCS YCIOBUSIMU
kauecTBa QyHkironupoBanus AIIK B MynbTucepBUCHBIX ceTsx cBsi3u Ha 0aze FN.

3akiroyenue

[Ipennoxxen MeToj  pacyera, OIEHMBAIOIIMX CHCTEMHBIX I[IOKa3arejed  KadecTBa
¢byukuonupoBanusi MTC, KOTOpBI YUWTBHIBAET MPUPOTHBIX MYIbTH(PAKTAIBHBIX MPOIIECCOB,
MMOCTPOEHHOM B cooTBeTCTBUU ¢ KoHuenmue NGN, ucnons3yromme SDN, IMS u NFV texnonoruun
bynymux cereit FN.

W monydeHbl aHATUTHYECKHE BBIPAXKEHUS JIJIST OIEHKH TTOKA3aTellsl MPOMYCKHON CITOCOOHOCTH
CUCTEMBI ammapaTHO-MPOrpaMMHBIX KoMIUTekcoB, BBX mone3HbIx U coy)eOHBIX caMOMOJO00HBIX
TpauKOB TpPU OTPAaHUYEHHBIX (U3MUECKUX pecypcax, OOECTeyHBaIOIUX TrapaHTUPOBAHHOE
kauecTBO obcmyxkuBanus QoS u QOE MmoToKOB MakeToB.
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Trafiklorin 6ziina banzarlik xiisusiyyatlorini nazars almaqla coxxidmatli telekommunikasiya
sabokalorinin faaliyyat keyfiyyotinin todqiqi

Xiilasa

Innovativ texnologiyalardan istifada etmokls, NGN va FN sobokalorin arxitektur konsepsiyalari
bazasinda ¢oxxidmatli telekommunikasiya sabakalorinin faaliyyat keyfiyyatinin gostoricilori tahlil edilmisdir.
Tadgiqatlarin asasinda paylanmis sabakalorin qurulmasi texnologiyalart SDN, NFV va IMS bazasinda,
trafiklarin 6ziina banzorlik xiisusiyyatlarini nazara almagla, baxilan sabakalarinin faaliyyat keyfiyyatinin
gostaricilorinin  hesablanmast iisulu toklif olunmusdur. Faydali va xidmoti trafiklorin ehtimal-zaman
xarakteristikalart va aparat-program komplekslarinin buraxma qabiliyyatinin gostaricilorini giymatlondirmak
tictin analitik ifadalor alinmisdir.

Acar sozlor: xidmat keyfiyyati, coxxidmotli rabito sabakalari, SDN, multimedia xidmati, yenilik¢i
texnologiyalar, NFV, buraxma gabiliyyati, QoE

Aliyeva A. A.
Doctor of Philosophy in Technics, Associate Professor
Mingachevir State University

Functional quality research multiservice telecommunication networks taking into account the
self-similarity of traffic

Abstract

The indicators of the quality of functioning of multiservice telecommunication networks based on the
architectural concepts of NGN (Next Generation Network) and FN (Future Network) with the use of innovative
technologies are analyzed. Based on the study, a method is proposed for calculating the performance
indicators networks using the technology building distributed communication networks, both SDN (Software
Defined Networking), NFV (Network Functions Virtualization), and IMS (Internet Protocol Multimedia
Subsystem), taking into account the property of self-similarity of traffic. Analytical expressions are obtained
for assessing such complex indicators as the throughput of the system of hardware-software complexes, the
probabilistic-temporal characteristics of useful and service traffic.

Keywords: quality of service, multiservice communication networks, SDN, multimedia service,
innovative technologies, NFV, throughput, QoE
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