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TEXHNYECKWE ACIMEKTbI JOCTABKW/ NMAKETOB B MYJIbTUCEPBUCHbIX IP-CETAX

Bepugse Mxeman, bypkaase TatbaHa
"py3uHCKUIA TEXHWYECKNIA Y HUBEPCUTET

Pestome

MpaBmna NOCTPOEHUS CeTein CBSA3M, NPefoCTaBAOWMX BONbLIONA HAbop YCNyr ¢ 3afjaHHbIM KayeCTBOM,
T.e. MyNbTUCEPBUCHBLIX CeTeid, BCELENO ONpefensioTcs YCA0BUSMU [OCTaBKM MNAakeToB OT WUCTOYHMKA K
nonyyatento. Cpeau OCHOBHbIX KAYeCTBEHHbIX MOKasaTeneil My/NbTUCEPBUCHBLIX CETEA MOXHO BbILENNTH
3aflep>KKy [OCTaBKM NakeTa W Bapuauum 3Toro nokasatens. VX ocobeHHOCTb 06ycnoBieHa Tem, 4TO B
WHTEPaKTMBHbIX CeTAX IP-TeneoHMm n IP-BMAEOKOHMDEPEHLICBSA3EM 3a[epXKKa A0CTaBKM MaKeTOB ABMSETCS
onpefenstoLLe Mpy OnpefeNieHnn KayecTBa CBSA3W, a B C/ly4ae 3aBbILUEHHONW BEIMYMHBI 3a[EPXKKM, CBS3b
OKasblBaeTcA 4acTo BOOGLLe HeBO3MOXHOW. B npegnaraemoit paboTe npoaHaM3MpOBaHbl  (HaKToOpbl,
nopoXgaroLme 3afepXKKy MakeToB MPW MX MPOXOXAEHWM MO KaHalaM M TpakTam Te/leKOMMYHUKaLMOHHbIX
ceTeil. Ocoboe BHMMaHWe yfenseTcs BOMpocaM 3afepXXKuM MakeToB B y3nax CBA3W (B MapLupyTu3aTopax,
KOMMyTaTopax M T.4.) M3-3a HaxOXAeHWs MakeTOB B Ouyepefsax Ha 06paboTKy. PaccMOTpeHbl BOMPOCHI
3aBMCUMOCTM BpPEMEHMW 3aJepXXKN M e Bapuauuy OT MPUOPMTETHOCTM MakKeTOB Ha 06CnyXuBaHue. lMakeTbl,
COOTBETCTBYHOLME TenetOHHbIM W BMAEOTENEPOHHLIM COOBLLEHNAM, MPU3HAIOTCS NPUOPUTETHLIMU MO
CPaBHEHMIO C JPYrMMU COOGLLEHUAMU, LMPKYAUPYIOWMMI B MY/IbTUCEPBUCHBIX CETSAX, U MNpeanaraertcs ux
06CyXK1BaHMe METOLOM YMNOPSALOHEHHOTO ONpoca — MeTOAOM MO/IMHIA. [loaxon ynydLlaeT KayecTBo obmeHa
WHTEePaKTMBHbIX COOBLLEHMI He B yLIep6 nepedayn ApYrux BULOB COOOLLEHNI B MY/IbTUCEPBUCHBIX CETSIX.

KntoueBble cnoBa: MynbTUcepBUCHbIE CeTU. 3afepXXKka NakeToB. WHTepakTuBHble ceTu. MeTtoabl
06CNyXXMBaHWs o4epeaei.

1. BeegeHue

Pa3BuTuWe ceTeli CBA3M B NepcrnekTMBe 6yLeT NPOUCXOANUTL B paMKax peannsalym OCHOBHbIX MOSIOXEHWI
KoHuenuumn cetein cnepytoulero nokoneHns (NGN — Next Generation Networks). OHa AMKTYeT npaswno
MOCTPOEHMS1 CceTeil CBA3W, MNPefoCTaBNAOWMX OOMblIOK Habop ycnyr ¢ 3ajaHHbIM KayecTBOM, T.e.
MY/NIbTUCEPBUCHBLIX ceTeld. KOHEUHON Lenbio TEOPeTMYeCcKMX WCCNefoBaHWM, HanpaBfeHHbIX Ha Cco3fdaHue
METOOB M/aHUPOBaHUA  MYNbTUCEPBUCHLIX  CeTeil,  ABAAETCS  onpefefieHne  PYHKLUMOHASIbHbIX
BO3MOXHOCTE/ MeXay O00bémMamy BO3HMKatloWero Tpaduka, KadectBa o06cnyxuBaHuss Mo QoS u
napameTpaMu CeTW, YAOBNETBOPSAIOWMMN KaK TpaduK, TakK M Ka4yecTBO. M3 60MbLLIOr0 KOMMYECTBa CETEBbLIX
napameTpoB MOXHO BbIeNMTb HECKO/bKO K/IHOYEBLIX MOKasaTesnield, KOTopble WHTErpa/lbHO OLEHUBAOT
Ka4yeCTBO 0OCMYXXMBaHWS U OLHOBPEMEHHO MOTYT ObITb MCMO/b30BaHbI A1 OLEHKM HeobX0AMMOro pecypca
ceTU. BbI6Op COOTBETCTBYIOLLMX MOKasaTesield 3aBUCMT OT TOrO, C KakKuX MO3WLMIA  OLEHMBAETCA Ka4yecTBO
NpejocTaBsemMbIX CEpPBUCOB.

2. baKTopbl, NOpOXAaloLLIVE 3aePXKKY NaKeTOB
NPy NX NPOXOXAEHUN MO KaHaam 1 TpaKTam TeNleKOMMYHUKALMOHHbIX CeTel

B cooTtBeTcTBUM C pekoMeHaaumamn ITU-T Y.1541 [1], npefocTaBnsieMble CEpPBUCHI, B 3aBUCMMOCTM OT
3HaYeHWn XxapaKTepuCTUK nepefgayn IP-nakeToB, Aenatcs Ha 6 knaccoB (Ta6n.l). TpeboBaHWUsA K YCMOBUAM
nepefayn BbITEKAIOT U3 XapakTepa npefocTaBnseMblX YCayr. B faHHOR cTaTbe OrpaHUYMMCs PacCMOTPEHNEM
cepaucoB knacca — 0 [2]. Knacc 0 — 3TO MOTOKM peasibHOTO BPEMEHMW, OT/IMYAOLLMECSH BbICOKON CTEMEHbHO
WHTEPaKTUBHOCTA W 4YYBCTBUTE/IbHblE K Bapuauumy 3afepxku (BbICOKOKayecTBeHHasd  IP-TenegoHus u IP-
BUAEOKOH(bepeHLcBA3b. CornacHo Tabnuubl 1, Ans 3TOro Kiacca cepsBuca, ONpefenstolyMn  KayecTso,
ABNAKOTCA HU3KME 3HAYeHUs 3afepXku goctaBku IP-naketoB (4o 100 mc 0), T.K. OCTafibHble MapameTpbl B
OCHOBHOM COBMaJatoT CO 3HAYEHWSMU APYFUX KNaccoB. 3afepkKa naketa COOOLLEHMIA Npy NMPOXOXKAEHUN MO
TENEKOMMYHUKALMOHHON CETW, BKIIOYAET BPEMS OXMUAAHWUSA 06CNYXMBaAHMA B Y3nax CBA3W W BPeMs rnepefauu
naketa no kaHany. O6e 3TV COCTaBNAOLLME NPEACTABNAT ONpefenstoLlyto YacTb BEPOATHOCTHO-BPEMEHHOW
XapakTepucTMkn  nepefaun. B obuwem cnyyae cpegHee Bpems 3adepxku (T;) COOOLIEHWA B y3ne CBA3W MO
MapLupyTy — y3en cBsisn (Y C)—kaHan cea3n(KC) - (YC) onucbiBaeTcsa BbipaxkeHneM [3]:

T3=Tpacn. « *Toxyes 1)
rae Tpacn. « — CPEHEE BPEMA pacnpocTpaHeHnsa COOOLLEHNS B KaHase CBA3Y;
Toxyc — CPefiHee Bpems 0XuaaHms obenyxmnsanHus B YC;
Tpacn. « MPY HE3arpy>KeHHOI CeTU 3aBUCUT OT NPOMYCKHOI CNOcO6HOCTH | —ro KaHana C;:
1
Toacn. w,i= —— @)

“C

a ins 3arpy>XeHHoi ceTu:
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1
Tpacn. K,i = —p (3)

UG, - Z /Ip.i
p=1
3/eCh U — UIHTEHCUBHOCTb 06CNYXXMBaHUSA MAKETOB (Y1C/0 NaKETOB 3a eANHULLY BPEMEHM),

ZApi - COBOKYMHas NHTEHCMBHOCTb MOTOKa 3asABOK B CUCTEMY.

p=1
BepxHuie rpaHuLibl 3Ha4eHWI XapaKTepucTNK focTaBkun IP-nakeToB,
ornpegensitoLme Knaccbl MHHOOKOMMYHUKALNOHHbBIX CEPBUCOB Tab6.1
XapakTepucTuku Knaccbl KayecTsa nepegayn MHhopMaLoHHbIX MOTOKOB
[OCTaBKU
IP-nakeToB 0 1 2 3 4 5
3anepxka goctaski IP- 100 mMc 400 mc 100 mMc 400 mc lc He onp.
naketa, IPTD
Bapwvauus 3agepXxku
focrasku IP-nakeTa, 50 mc 50 mc He onp. He onp. He onp. He onp.
IPDV
J0n19 NOTEPAHHBIX 3 3 3 3 3
IP-naeTos, IPLR 1x10 1x10 1x10 1x10 1x10 He onp.
Jona IP-nakeTos,
nepefaHHbIX 1x10™ 1x10™ 1x10™ 1x10™ 1x10™ He onp.
c owwmbKoii, IPER

B ceTaX C NakeTHOM KOMMyTauuei MO i—My KaHany NPOXOAWUT CyMMapHbIi NOTOK OT pasfMyHbIX
OKOHeYHbIX YCTpoicTB. CornacHo opmyne J/IMTTNa 06LLee YNCI0 COOOLLEHUIA B KaHanaxX CeTU BbIYMCSETCA MO
BbIPKEHMIO:

N Aia — drnd - Z z ﬂ'plernd e (4)

p=1l i=1l
roe | - 06L|.|,ee 4YMCNo KaHasoB B ceTn. T.0. cpeaHee BpeMFI 3a,u,ep>|<KV| nakeTta Nnpn pacnpocTpaHeHNN B KaHanax:

drnd z z ﬂ’p |Tdrnd e (5)

p=1 i=1

OcHoBbIBasACb Ha BblpaeHMsX (3)+(5), MOXHO 3aK/HUUTb, YTO BPEMS 3afePXXKW PacnpocTpaHeHus
nakeTa MO KaHaly CBS3W 3aBMCUT OT CYMMApHOM WHTEHCMBHOCTM Harpy3kvM B KaHane W A/MHbl camoro
CO006LLEHNS, a AMCLMNAVHA 0BCNYXXMBAHUSA He BAUSET Ha BENNUMHY 3TOW 3a4epXKKU.

CpefHee BpemMs 0XuaaHus 06Cny>KnBaHUA naketoB B Y'C 3aBMCUT OT ero npmoputeTa, T.K. B YC cnepsa
06CNY)KMBAIOTCA NakeTbl ¢ 60nee BbICOKUM npuopuTeTom [4]. B [3] nokasaHo, YTO CpefHee BPeMs 3afepXKKu
(Tocr), CBA3BHHOE C HaxOXAeHWeM Ha obcnyxuBaHue B YC npefployllero nakera B MOMEHT MOCTYM/eHUs
HOBOr0, MOXXHO OMpefenTh Tak:

2 ﬂ“ D[Tdmdf]

Z , ©)
f=1

rae D[Tq ¢ ] - Bucnepcns BpemeH npu pacnpocTpaHeHny nakeTa npuopuTeta p.

T.K. NakeTy, noctynuelemMy B ¥YC Ha 0GCMyXMBaHWE B TEKYLIWIA MOMEHT MPEeALIECTBYIOT MaKeTbl C
pasnyuHbIMU NpropuTeTamm  p=1, 2, ..., P, ans Toyyc 6YAET COOTBETCTBOBATL BIPKEHME:

p-1
T CT.+Z pro»(.f

=1
Towp = 5 , @)
1_pr
f=p

rae f— npuopuTeT Ha 06CNyXXMBaHMe NakeTa, P ¢ - A0/ BPEMEHU, B TeUEHMM KOToporo YC obpabaTbiBaeT NakeT

P p-L
Cyuétom o, = pr no,,= pr noJsyyaeTcs:
f=p f=p
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Te 4= Nin . (8)
(l-04)1-04,)

B BbipaxkeHun (8) 1-0, yunTbiBaeT BiuAHME B YC MakeToB C paBHbIMU U 60fiee BbICOKVMM
npuoputetamu, a 1-0p; - BAVAHWE MAKETOB /LWL C GOJMiEE BbICOKWMMW MPUOPUTETAMW, MOCTYMUBLUUMU B
oyepefb BO BPEMS HaxOX[EHWs B Hell paccMaTpuBaeMoro naketa. BnwusHue nakeToB ¢ 60nee HU3KUMU
NpYopuTETaMN Mano, N OHO ONPeSENseTcs NPU BbIYUCAEHUN Ty B BblpaXKeHUu (6).

B Hesarpy>eHHOW CeTW 3afepXXKamy K3-3a KOHEYHOCTW BpEMEHM OO6CY)KMBaHWUS MNAKETOB MOXHO
npeHebpeyb, MO3TOMY BaXHOCTb NMPUOOPETAET BbIOOP AMCLMNIMHBI 0OCNYXMBAHWUS B 3arpy>KeHHON ceTn Ans
MaKeToB C BbICLUMM NpPUOpUTETOM (TenedoHms, BUAEOKOHMDEPEHLCBA3b). Takoin Noaxos 3KBUBaNEHTEH Bblbopy
OVCUMNAVHBI 06CMY)KMBAHWS C OJHUM abCOMOTHLIM NpUopuTeTOM. MpY Takon LUCUMNANHE NPU NOCTYMNAEHUN
nakeTa C BbICOKAM MPUOPUTETOM MPUOCTaHABNMBAETCA 0BCNYXKMBaHWE NaKeTOB C 60/ee HU3KUM NPUOPUTETOM.
CpefHee BpeMs OXUAAHUA 419 TAKOro cnyyas uMeet sug [3]:

d

- Zpdefhd’.d(1+ v?)

0 4aNgraa ‘a1

Tic' d.fan. — ,
l-o44 21-044)1-04)

rae v — MHTEHCMBHOCTb 06CY)XXMBAHWS TEKYLLIErO MakeTa (C BbICLUVM NPUOPUTETOM).

OfHaKo, YuWTbiBas  BbILLECKA3aHHOe MPEAMNONIOXKEHVe, YTO MNPUOPUTET OTAAETCA TenedOHHbLIM

COOBLUEHUAM W TENEKOH(EPEHLICBA3AM, B BbIpaXeHUU (9) MHOXWTENb, YUUTLIBAIOLMIA NOTOKU MAaKeToB C
HWU3KMK NpuopuTeTamu, 0,4 =0 1 Torga

©)

d
Zpdefhd'.d(l+ v?)
d=1
T 4. = 10
¢ .d.fan. 2(1_0-(1) ( )
OKOHYaTeNbHO CyMMapHOE CpefiHee Bpems 3aAepKu, cornacHo (1), onpegensietca no BbipaxeHusm (5) n
(10).
d
N | 2
1o zpdefhd'.d(l+V )
d=1
3 Y ;; p.i ' difd.e.i 2(1_ O_d) ( )

3. 3aK/o4eHune

JaHHoe BblpaXeHre MONy4YeHO 415 KaHa/ja CBA3WM C ABYMA OKOHeuHbiMW YC. B peasibHbIX ceTax
MapLUpyThbl Tpajuka NakeToB  MPOKNaAbIBAIOTCA 4epe3 OnpefeNiéHHOe KOMMYEeCTBO TPAH3WUTHbLIX Y3/10B.
MonyyeHne aHaIMTUYECKOTO BblpaXkeHWst Ans T, N0 MapLIpyTy ¢ MHOrMMm Y C upe3BblvaiiHO TpyaHas 3ajava.
Ha npakTuke orpaHW4MBalOTCS OLEHKOMN pacrpesenieHns 3afepXXeK B CeTU annpoKCUMUPYIOLWLMMUN (DYHKLMAMM,
KOHEYHOM Liefblo KOTOPOW ABNAETCA ONpefeneHne BepOATHOCTM CBOEBPEMEHHON LOCTaBKU NakeTa Npu pasHbiX
yncnax YC no mapLupyty.
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TECHNICAL ASPECTS OF DELIVERY OF PACKAGES IN MULTISERVICE IP-NETWORKS

Beridze Jemal, Burkadze Tatiana
Georgian Technical University

Summary

Rules of telecommunications networks construction, which provide the big set of services with certain
quality, i.e. multi-servise networks, are completely defined by conditions of delivery of packages from a source
to the addressee. Among the basic qualitative features of multi-purpose networks it is necessary to note a delay
of package delivery. In interactive networks, such as IP - a telephony and IP video-conference communication,
the delay of delivery of packages defines a communication quality, and in case of the overestimated delay,
communication is impossible. In the represented paper the factors making delay of packages at their pass on
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channels and paths of telecommunication networks are analyzed. The special attention is paid to the questions of
packages’ delay in the communications centers (in routers, switchboards etc.), where packages are in turn on
processing. Questions of dependence of delay time and its change from priority of the packages which are in turn
on service are considered. This paper discusses the packages corresponding to messages of telephony and video
of telephony, in comparison with other messages circulating in multi-service networks, to process polling of
method. Such approach improves quality of exchange of interactive messages and doesn't worsen transfer of
other kinds of messages to multi-service networks.
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