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VY crarTi CHHTE30BaHa CTPYKTypa BHsBIISYA aOOHEHTIB 3allUTy HECHHXPOHHOI MEpEeXi 3almMTalbHUX
cucreM nepenadi iHdopmarii, mo 3ade3neynsio nepexija Big 00CIyroByBaHHS CUTHAIIB 3alUTy 10 00-
CIIyrOBYBaHHsI 3alUTyBadiB (a0OHEHTIB) i, SIK HACIIIOK, JO3BOJMIO MiABHUIINTH 3aBaJOCTIHKICTh Ta
MPOITYCKHY CIIPOMOKHICTb 3alUTaIbHUX KaHAIIIB nepenayi inpopmarii.

Kiio4oBi cj10Ba: HECHHXPOHHA Mepeka 3alUTaJbHUX CHCTEM Iepejadi, IPOIyCKHA CIPOMOK-
HICTB.

In the article structure of requester detector of asynchronous network of query-data transmission
system has been synthesized that ensure the transition from service request signals to serve re-
questers (subscribers). Consequently, it permits to increase noise immunity and capacity query-
information channels.

Keywords: asynchronous network of query-data transmission system, capacity.
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METO/bI BOPBBBI C IEPEI'PY3KAMHU HA KPUTUYECKHX
YYACTKAX CETH

B pabore paccMOTpeHBI MeTOABI 60pBHOBI C Meperpy3KaMu Ha KPUTHIECKUX ydacTKax ceTu. Paspabora-
Ha MMHUTALMOHHAs MoJenb MarucTpainbHoi cetn IP/MPLS mns mpoBepku 3¢deKTHBHOCTH METOHOB
MPLS Traffic Engineering u cpaBHUTEIbHON OLEHKU MPOU3BOIUTEIILHOCTH CETH IIPH Pa3IMYHbIX CLie-
HApHsX YIPaBICHHS MIPOILYCKHOI CIIOCOOHOCTBIO.

Kurouesble cioBa: marucrpanbheie cetn IP/MPLS, Traffic Engineering, nmuranuonsas mo-
JeJ1b, IPOM3BOUTENLHOCTD CeTH

IMocTranoBKa 3a1a4u ¥ aHAJIU3 JUTepaTypbl. OCHOBHBIM NPHHLMUIIOM pa-
GOTHI MPOTOKOJIOB MapIIPYTH3ALUKd B CETAX C KOMMYTALHUEH MaKETOB BOT YK
ZOIroe BpeMsi SIBISICTCS. BRIOOP MapIipyTa Ha OCHOBE TOIOJOTHU CeTH Oe3 ydera
HH)OpPMAIIH O TEKYIIEH 3arpy3Ke.

JaHHbIe OPOTOKOJBI PEAM3YIOT MPEUMYLICCTBEHHO OIHOIYTEBYIO CTpaTe-
THIO MapIIPYTU3aIMK, HAXOAS KPAaTYaWluid IMyTh C MOMOIILIO OOIICH3BECTHBIX
METOAO0B, OAHAKO 3a4YacCTyI0 MX HNPUMCHCHHUEC MPUBOAWUT K HAPYIICHUIO CGaﬂaHCl/I-
POBaHHOCTH CETH, OCOOSHHO ITPU OBICTPBIX U3MEHEHHUSIX €€ CTPYKTYPhI B KpUTHYE-
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CKHUX CUTyalHUsX.

KomrutekcHblit moaxo[) k obecriedeHnto TpedyeMoro kauectBa 00CIyKMBaHHS
U cOalaHCUPOBAHHOCTH CETU MpeaJiaraeT TEeXHOJIOTHS MHOTOIPOTOKOJIBHOM Map-
mpytuzamun Metok MPLS, tpancdopmupytomas [P-cetn B cetn BUpTyalbHBIX
COE/IMHEHUI C COXpaHEeHHeM OCHOBHbIX IP-npoTokonoB mapmpyruzanuu u obec-
TICYUBAIONIAsT BO3MOXKHOCTh pacueTa MapiipyTa JOBEJICHHS HE TOJIBKO IS KaXK/10-
r0 TIAaKeTa, HO ¥ JUT COOOIICHUS WU Beero Tpaduka [1-3].

VYnpapneHue MOTOKaMH JAHHBIX TPEIIOJIAraeT MCIIOJIb30BaHUE CHCTEMHBIX
MeTon10B U anropurMoB ynpaeienus tpaduxom (TE, traffic engineering), cBsizan-
HBIX C ONTHMH3aIMEH pabounx XapaKTEPUCTUK CETel M BKIIOYAIOIIUX TEXHOJO-
THIO U Hay4YHbBIE IPUHIMIBI U3MEPEHUS, MOJCITHPOBAHHNS, ONMCAHNS U YIPABICHHS
TpadMKOM JUIsl TIOJTy4eHHUs TpeOyeMbIX pabodyHX XapaKTepucTuk [4].

TE BxitodaeT Ha0Op B3aMMOCBSI3aHHBIX CETEBBIX AJIEMEHTOB, CUCTEMY MOHH-
TOPHMHI'A COCTOSIHUSI CE€TH, 1 HaOOp CpEICTB yNpaBiieHHs KOH(QUTypaluend Kak OT-
KJIMK Ha TEKYIllee COCTOSTHUE CETH, U TI03BOJISIET IIPEBEHTHBHO, UCTIONB3YS IIPOTHO-
3UPOBaHME COCTOSHMS W TCHASHLMH pa3BUTUA Tpaduka, MpeANpHHAMATH NEHCT-
BUS, NIPEAOTBPALIAIONINE HEXXENATEIbHbIE Oy IyIe COCTOSHHA.

LenrpansHoit ¢pynkuueii TE sBnsercs addexTrBHOE yrnpaBieHUE MPOIyCK-
HOM cnocoOHOCThIO. B HacTosiee BpeMsi B TEJICKOMMYHUKAIIMOHHBIX CETSAX HC-
MOJB3YIOTCs pazinyHble MeTolbl TE. BOJBIIMHCTBO M3 HUX MNpEAIojaraeT BO3-
MOYKHOCTh BHEIIIHEW IapaMeTpH3alliy, T.€. Mepeaadn mapaMeTpoB Tpaduka Hero-
CPEICTBEHHO MCIOJB3yEeMbIM ajllOpUTMaM yIpaieHus. HexoTopeie U3 MeTOMOB,
KaK, HallpuMep, METOJ MYJIbTHIIPOTOKOIBHOW KOMMYTALMH NAKETOB IO METKaM
(MPLS), no3Bomstronuii HHKANCYIMPOBaTh Pa3IMyHbIE IPOTOKOJIBI IIepeadl 1aH-
HBIX U HE3aBUCHUMBII OT KaKUX-JINOO MPOTOKOJIOB MEXaHU3MOB IIepejaul JaHHBIX,
JOIyCKAIOT MOAMGHKALMIO WM 3aMEHY aJTOPHTMOB YIPABICHHMS, BXOIAIINX B
peanu3yeMyro TEXHOJIOTHIO YIIPaBICHUSI.

st ahhexTHBHOTO yIpaBIeHHsT PECYPCaMH CETH MCIIONIB3YIOTCS CIICIYIOIINe
MeToasl [5-7]:

— METOA ompeneieHus] MpopMIs Harpy3KH 3BEHA TEICKOMMYHHKAIIMOHHON
CEeTH Ha OCHOBE aHaJIM3a IIPOITyCKHOH CIIOCOOHOCTH 3BEHA;

— METOJ NPOTHO3UPOBaHUs (HPaKTAIBLHOTO TpaduKa, UCTIONB3YIONINH OLCHKH

CTaTUCTUYECKUX XapaKTEPUCTUK BTOPOTO MOPsAKA M CBOMCTBO MacIITad-
HOM MHBapUaHTHOCTH TpauKa, MO3BOJISIOIIMI HA OCHOBE JaHHBIX 00 OT-
cYeTax, MOJy4eHHBIX 70 (PMKCHPOBAaHHOI'O MOMEHTa BPEMEHH £, TIOJIyYHTh
OLICHKM OTCYETOB M BO3MOYKHOTO YHCJIa CHUHTYJSIDHOCTEH B IOBEACHHU
TpaduKa Ha MHTEpBajie MPOTHO3UPOBaHUS (f,, #,+;) TP BHIOOpE KpaTHO-
MacIITaOHBIX KOA((GHUIMESHTOB KOPPEISAIINHA OTCUCTOB,;

— METOJ JMHAMHYECKOTO YIPaBICHUS PACHPECICHHEM HAarpy3KH BHPTYailb-
HBIX COCIUHCHUH, YYUTHIBAIOMINN TIPU IMPOTHO3UPOBAHUN (PpaKTabHBIN
XapakTep co3aBaeMoro Tpaduka;

— METOABl YIpaBJCHHUSA IIepepacipeie/ieHHeM IPOIYCKHOH CIIOCOOHOCTH
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BHPTYQJIbHOTO COCAUHEHUsSI C YIETOM IIPUOPUTETOB M KOHKYPEHIIH MKy
HHTETPAIBHBIMA ITIOTOKAMH JAHHBIX [PU IHHAMHYECKOM PE3epPBUPOBAHUU
HPOITyCKHOW CIIOCOOHOCTH.

AHanuTHYECKas OLCHKA MapaMeTPOB Tpa(uKa Ha KPUTHYCCKUX YUACTKaX Ce-

TH TPEICTABIISIET 3HAYUTEIBHYIO CJI0KHOCTb.

Heapio craTtbu pa3paboTKa UMHUTAMOHHON MOJENH /ISl HCCIIENOBaHUS U
CPaBHHTEIILHOM OIIEHKH METOJIOB yripaBieHus TpadukoMm B cetu IP/MPLS Ha xpu-
THYECKHUX YYacTKaX CETH.

OcHoBHas yacTk. st nposepku 3¢ dexruBroctr metogoB MPLS TE npen-
JlaraeTcsi UMHUTAIMOHHAs MOJIENIb CETH, I03BOJIIONIAsl OLIEHUTh IPOU3BOJUTEIIb-
HOCTh CETH B CJIy4ae HCIIOJIb30BAHUSI METOJOB YIPABJICHUS MPOIYCKHOM CHOCO0-
HOCTbHIO U PHOPHUTETOB KauecTBa obcmyxkuBanus (QoS, quality of service).

Xoporo u3BecTHO, 4To TCP Tpaduk sBsieTCsl 4yBCTBUTEIBHBIM K IIEPErpy3-
kam, a UDP tpaduk — He uyBcTBUTENBbHBIM. B naHHO# paboTe Monenupyercs cle-
Hapuil pa3psiBa HA JIMHUN C 00Opa30BaHMEM KPUTHYECKOTO ydacTka cetu. [Ipomy-
CKHasi CIOCOOHOCTh KaHANOB MomoOpaHa Tak, YTOOBI HA KPUTHUCCKOM YIACTKE
BO3HUKAIIU MEPErPy3KH.

Jlis u3ydeHus HpOM3BOIUTENBHOCTH CETH MCIOJIB3YETCsl IIPUHIMI TeHepa-
UM OJHOCTOPOHHETO YYBCTBHTEIBHOTO W HEYYBCTBHTEIBHOTO K IIEpPErpy3Kam
Tpaduka ¢ ucronszoBanuem u 6e3 MPLS TE.

Mopuenb pazpaborana B cpene OPNET Modeler. Tononorust coctout u3 6 ce-
Tel, 6 TPAaHMYHBIX MapUIPyTU3aTOPOB U 5 MApIIPYTH3ATOPOB simpa. s Mapmipy-
tuzanuu ucnons3yercs OSPF u MPLS. B cetn nactpoens! notoku tpaguxa TCP
u UDP.

OcCHOBHBIE KOMIIOHEHTHI ceTH (puc. 1):

— paspsiB (1);

— UDP Source (3) — ucrounnk UDP tpaduka, renepupyer nepeMeHHbIN
UDP tpaduk (ot 1,5 M6/c no 4 Mo/c);

TCP Source 1 (4), TCP Source 2 (5) — ucrounuku TCP tpaduka (1,5
Mob/c);

— UDP/TCP Dest (6) — ceth HazHaueHus 11 norokos UDP/TCP;

— KPUTHYECKUH y9acTOK ceTH (2), T/Ie BOSHUKAIOT TIEPETPY3KH.

Bce mapmpyrtuzaropsl moguepxusaior MPLS u ckoHUrypupoBaHbI Tak,
yT1008!I anroputMel MPLS TE Bkirowanuck Tonbko npu onpenenenun LSP — map-
mpyTOB KOMMYyTanuu mo metkam. [loxa LSP He ompenenensl, MapmpyTu3anus
MIPOUCXOIUT NpH noMo1u nporoxoina OSPF.

Jlist uccnenoBaTenbCKUX Liesied Obula BbIOpaHa MNPOITyCKHAsi CHOCOOHOCTh
KPUTHYECKOTO y4acTka cetd 4,5 MO/c, mporryckHas CrIoCOOHOCTh JOTOTHHUTENb-
HBIX KaHajoB 1,5 M6/c.

B nanHO# paboTe paccMaTpuBaeTCs MPOIYCKHAS CIIOCOOHOCTh CETH U BIIUS-
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nue anroputMoB MPLS TE Ha pacnpeznesnenue tpaduka, MOCTyNaroIero B ceth
Ha3HAYCHUSL.

Q13

3aty Carvaratio Frec ses curv Susss resseces ciise

Pucynoxk 1 — Tononorust cetu:
® — CTaHJapTHbIC MapIIPYThI; ® — ONOJHUTEIbHbIE MapLIPYTh

Pe3yabTatamMu Mo/eJMPOBaHHS SIBJISACTCS OLCHKA NPOAYKTUBHOCTH CETH
MPLS B Takux ciydasx:

1 Cuenapwii 1: B cern vet onpenenennsix LSP (6e3 MPLS TE). UDP nc-

TOYHUK TeHEpUPYET yBenmmuuBarommiics tpaduk (1,5 M6/c; 2,5 Mo/c; 3,5

Mb/c; 4,0 M6/c). PaccmarpuBaercsi pacipenencHue Tpaduka, IOCTY-

TIAFOIIETO B CETh Ha3HAYECHUs. Pe3ybTaT CUMYIIIIMHI TIPEICTABIICH Ha PH-
c. 2-5.

| Thioughput (bits/sec)

= Egress LER -@ UDF Dest
= Egress LER -» TGP Dest 1
Ejress LER -7 TCP Dest 2
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Pucynok 2 — Bee notoku 1,5 M6/c
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Takum 00pa3zoM, KOTr/ia CyMMAapHBIN MOChUTAEMBbIi TpaduK cTan OoJblie Mpo-
ITyCKHON CIIOCOOHOCTH KaHajla KPUTHYECKOTO y4acTKa CETH, YyBCTBHTEIBHBIH K
neperpy3kam TCP tpadux cran camxarbes. [Ipon3BoUTENbHOCTD B JAHHOM CITy-

Yyae 3HAYMTEJILHO MAJlaeT, TaK KaK CeTh MPAKTHYECKH HE CIOCOOHA IepenaBaTrh
TCP tpadux.

< Throughput [bits/sec)
= Egress LER - UDP Dest
= Egress LER -> TCP Dest 1
Egress LER - TCP Dest 2
f
000,000 /

S00, 000 /

A
=

; /
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: /

A
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Pucynok 3 — Yenuuenne UDP tpaduka no 2,5 M6/c

| Throughput [bits/sec) [ <]

= Egress LER - UDP Desk
= Egress LER - TCP Dest 1
Egress LER - TCP Dest 2

4,000, 000
3,000,000 /
2,000, 000 /
1,000, 000
0 /
| |
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Pucynok 4 — Yeenuuenne UDP tpaduka no 3,5 M6/c

—{ Throughput (bits/sec)
= Bgress LER -3 UDP Desk

mm Egress LER -3 TCP Dest 1

= -
5,000,000 Egress LER -3 T0P Dest 2

4,000, 000 f=

2,000,000 /

2,000,000

1,000,000

Pucynok 5 — Yeenuuenune UDP tpaduka 10 4,0 M6/c
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2 Cuenapwuii 2: B cetn onpenenens! 2 LSP: UDP + TCP morox 1, TCP no-
ToK 2 (Yactuunsnii MPLS TE). Bropoit motok TCP HampasiieH B 06xox
KPUTUYECKOI'0 Yy4acTKa — 4yepe3 JONOJIHUTENbHbIE KaHainbl. UDP nucrou-
HUK TCHEpUpYeT yBenuuuBaromuiics tpaduk (1,5 M6/c; 2,5 Mbo/c; 3,5
Mo0/c; 4,0 M6/c). PaccmarpuBaercs pacmperneiicHue Tpaduka, MOCTY-
TMAOIIEro B CETh Ha3HAUCHHUs. Pe3ynbTaT CUMYIISIIUY [TPEACTABIICH Ha PH-
c. 6-9.

| Thioughput [bits/sec)

== Egress LER -3 UDP Dest
®m Bgress LER -3 TCF Dest 1
% Egress LER -7 TGP Desh 2
1,750, 000

/
1,250, 000
/
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Pucynok 6 — Bee motoku 1,5 M6/c

] Thioughput [bits/sec)

mm Eqress LER -0 UDP Dest
=m Egress LEE - TCP Dest 1
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Pucynok 7 — Yeenuuenune UDP tpaduka 10 2,5 M6/c

| Thioughput [bits/sec)
== Egress LER -3 UDP Dest
= Eqress LER -5 TCP Dest 1

® Bgrass LER -> TCR Dest
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Pucynok 8 — Yeenuuenne UDP tpaduka no 3,5 M6/c
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€| Throughput (bits/sec)

= Egress LER -3 UDE Dest
= Egress LER -3 TCP Dest 1

e
5,000,000 Egress LER -> TCP Dest 2

4,000,000 fre

3, 000, 000 /
2,000, 000

1,000,000 / /

o, 1 a a EY Sm

Pucynok 9 — Yeenmuuenune UDP tpaduka no 4,0 M6/c.

Takum o6pazom, Tpaduk TCP notok 2 He HCHBITHIBAET HUKAKUX NOTEPH MPO-
nycKHO#M criocoOHocTu Tipu yBenunueHnn UDP tpaduka. Tem He menee, Tpaduk
TCP norok | nmo-npexkHeMy BeneT ce0st Tak ke, Kak B CLeHapuu 1.

3 Cuenapuii 3: B cetu onpenenens! LSP u1st kaxoro noroka, NnpuopureT

TCP Tpaduka 661 3aman Beie npuopurera UDP tpaduka (MPLS TE +
QoS). TCP notok 1 n UDP Tpaduk HampaBiieHbl yepe3 KPUTHUECKUI
yuaactok. TCP noTok 2 HampaBiieH yepe3 TOMoJHUTeNbHbIe KaHansl. UDP
MCTOYHMK T'eHepupyeT yBenuuusarouuiics tpaduxk (1,5 M6/c; 2,5 Mo/c;
3,5 M6/c; 4,0 M06/c). PaccmatpuBaercs pacnpejenienne Tpapuka, mocry-

IIaroero B CE€Thb HA3HAYCHUS. PeSyJIbTaT CI/IMyJ'UH_lI/II/I Hpe,Z[CTaBJ'IeH Ha
puc. 10-13.

~#| Throughput [bits/sec)

= Egress LER -3 UDP Dest
== Egress LER -5 TCP Dest 1
® Egress LER -> TCF Dest 2
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Pucynok 10 — Bee notoku 1,5 M6/c

Takum o6pazom, TCP noTok 1 He HMCHBITBIBAET MEPErpy30K, CBA3AHHBIX C
yBenunuenuem UDP Tpaduka, motomy uto mpuopureT ero nepenaun Boime. TCP
MIOTOK 2, HampaBJICHHBIN B 00X0A KPUTHUYECKOTO YJIaCTKa, TAK K€ HE HCIIBITHIBACT
neperpy3ok. [Ipu yBennueHnn cyMMapHOro Tpaduka BbIlIE MPOMYCKHOM croco0-
HOCTH CETH MPOHM3BOIUTEIBHOCTH mepenaun UDP Tpaduka mamaer, 4to coriacy-
CTCA C BI)I6paHHI)IMI/l napamMeTpamMiy KadyeCTBa O6Cﬂy)KI/IBaHl/Iﬂ.
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—&| Thioughput [bits/sec] E
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Pucynok 11 — Yeenmnuenne UDP tpaduka no 2,5 M6/c

| Thioughput (bits/sec)
= Egress LER -> UDP Dest
= Egress LER -> TGP Desht 1

® Egress LER -» TGP Dest 2
4,000, 000

3,000, 000

2,000, 000 I

1,000, 000 [I

0

on 1 2 k! 4 S

Pucynok 12 — Yeenmuuenue UDP tpaduka no 3,5 M6/c

=] Throughput [bits/sec) [ ]

== Egress LER -> UDP Desk
= Zgress LER -» ICP Dest 1
s Egress LER -» TGP Dest 2
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Pucynok 13 — Yeenuuenue UDP tpaduka no 4,0 M6/c

PaccMoTrpum rpaduku Ui KQKIOTO CLEHApHs, Ha KOTOPBIX MOKa3aHa 3aBHU-
CHMOCTh pacrpeiesieHus: Tpaduka, IOCTYMAIOIIEro B CeTh Ha3HAYEHHs, OT BPEMe-
HU B ciiyvae yBennueHus UDP tpaduka va 1 M6/c kaxapie S munyt (puc. 14-16)

[IpomsBonutensHOcTh mepenaun UDP Tpaduka orpanmdeHa mpoIrycKHOM
CIIOCOOHOCTBIO CETH.
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| Throughput (bits/sec)
= Egress LER -» UDP Dest

mm Egress LER -» TCP Dest 1
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Pucynok 14 — Cuenapwii 1: bes MPLS TE. UDP tpaduk yBenmnunBaics va 1 M6/c kaxasie
5 munyT. 3ameTHO cHkenue TCP Tpaduka

ﬂ Thioughput [bits/sec]

mm Egress LER -3 UDF Desk
= Egress LER -> TCP Dest 1
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Pucynok 15 — Cuenapwii 2: Yactnunas peanusauuss MPLS TE. UDP tpaduk yBenmunBaics
Ha 1 M6/c xaxxzple 5 MuHyT. 3ameTHO yMmeHblienne Tpaduka TCP, koTopslii renut obmue
pecypesl ¢ UDP. Uzonuposanusiii TCP tpaduk 6e3 nm3mMeHeHui

ﬂ Throughput [bits/sec)

== Egqress LER -> UDP Dest
mm Egress LER -> TCP Dest 1

5,000,00g * B9Tess LER -3 ToP Dest 2
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Pucynok 16 — Cuenapwii 3: Peanuzauus MPLS TE + QoS. UDP tpaduk yBennunsancs Ha 1
Mb/c xaxapie 5 munyT. TCP Tpadux 06e3 nameneHui
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BriBoabl. B crathe npeanoxxeHsl MeToabl 60pb0BI ¢ Teperpy3KaMu Ha Kpu-
THYECKHUX YYacTKaxX CETH.

Pesynbrar mMozenupoBanusi okasasl 3(¢GeKTHBHOCTh U HEOOXOIUMOCTh HC-
nonb3oBanust MPLS Traffic Engineering, ocHOBaHHOM Ha METOZAX Mpe/CKa3aHus
Harpy3Kd M yIpaBlIeHUs HepepaclnpeneeHueM IPOIyCKHON CIIOCOOHOCTH CeTH C
ydeToM npuopurezanun QoS.
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Routing / Li Y. Panwar, S. Liu C.J. // Simulation series. — 2004. — Vol. 36, part 3. — P. 170-174. 4. Ky-
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Metoanl 60pb0BI ¢ Meperpy3kaMu Ha KPUTHYECKHX yuacTkax cetu / B.M. Ilomrapenko,
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VY poboTi po3risiHyTi MeToau OOpOTHOH 3 EpPEeBaHTAKECHHAMU Ha KPUTHYHUX IUISTHKaX Mepexi. Po3po-
OyieHo imiTauiliHy Mozenb MarictpaibHoi mepexi IP/MPLS mns mepeBipku eeKTHBHOCTI METOiB
MPLS Traffic Engineering i HOpiBHSUIBHOI OLIHKH IPOJYKTHBHOCTI MEpeXi IpU PIi3HUX CIEeHapisx
YIPaBIiHHS IPOIYCKHOIO 30aTHICTIO.

KuarouoBi ciioBa: marictpanbhi mepexi IP/MPLS, Traffic Engineering, imitaniiiHa Mozaens, Ipo-
IYKTUBHICTH MEPEXi.

The methods of struggle against congestion in the critical parts of the network were suggested in this
paper. We developed a simulation model of the trunk IP/MPLS network to test the effectiveness of
methods for MPLS Traffic Engineering and to compare evaluations of network performance under
different scenarios of throughput management.

Keywords: trunk IP/MPLS networks, Traffic Engineering, simulation model, network perform-
ance.
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