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B pamkKax mMexayHapogHOro Hay4yHoro KoHrpecca ""Hayka n MHXeHepHoe ob6pasoBaHue. SEE-2016", Il mexpayHa-
pofHas Hay4yHO-MeTofM4YecKasa KOH(epeHUna «YnpaBieHne KayecTBOM MHXEHEPHOro o6pa3oBaHns. Bo3MOXHOCTM
BY30B 1 MOTPEOHOCTN NPOMbILIAEHHOCTM» (23-25 nioHA 2016 r., MIT'TY um. H.3. BaymaHa, MockBa, Poccus).

Pa6oTa nocBsilieHa Npo6aeMaTke opraHnsaumm u nogaepXaHusa sQpeKTUBHOro MHPOPMAaLMOHHOIO
B3aMMOAECTBUS  TeppuTOpManbHO pacrnpefeneHHbIX CPeACTB W CTPYKTyp. PaccmoTpeHa u
npoaHannMaMpoBaHa TeNeKOMMYHWKALMOHHAs CeTb HOBOrO MOKOMEHWs, NpeAcTaBfieHHas B Buae
aHaNMTUYECKOW MOAEeNMn, No3BoNsAOLLe ONTUMM3NMPOBATL Takue MokKasaTenu, Kak 6bicTpoaeiicTsue,
HAIe)XHOCTb M CTOMMOCTb. PelleHa 3ajadva (opmanusauuu MokasaTeneil KadvecTBa Npw
NPOEKTUPOBAHUN  apXUTeKTypbl  ceTeil. 3agaya onNTUMU3ALMUK

0600ULEHHOT0  MoKasaTens

(OYHKLMOHMPOBAHUS CeTW 3aK/lo4aeTcss B BapbMpPOBaHUN CTPYKTYPHbIMU W TeXHUYECKUMMU
napameTpamu, XapakTepusylolwumu 6GbiCTPOAEHCTBUE W HAAEKHOCTb NPU  OrpaHUYEHUsIX,

HaK/agblBaeMblX Ha CTOMMOCTb CEeTW.

KnwoueBble crioBa: TeNEeKOMMYHUKAUWOHHAA CeTb, JlOKaslbHas BblIYUC/INTENbHAA CETb, MPOTOKON
MEXCeTeBoro BSaI/IMO,U.eVICTBVIﬂ, y3en CceTu, Ka4yecTBO OﬁCl'Iy)KVIBaHI/Iﬂ, 3Ta/lIoHHaaA MopAenb

BBaMMO,D'eVICTBI/IFI OTKPbITbIX CNCTEM, BUPTYa/ibHblE YaCTHbIE€ CETU, NHXXUHUPUHT Tpa(bI/IKa

O603HAYEHNS 11 COKPALLIEHNS]

AC - aboHeHTCKas CTaHUuMs, y3en ceTu

JIBC - nokanbHas BblYNC/IUTENIbHAA CeTb

MPK - npoueaypa paspeLLeHnst KOHQANKTa

TKC - TeneKoMMyHUKaLMOHHAsA CETb

OMBOC - 3TanoHHass mMogenb B3auMMOAENCTBMA OT-
KPbITbIX CUCTEM

ALOXA - MeTof cnyyaHoro foctyna c paspeLleHu-
eM KOH(NKTHbIX CUTyauuii

ATM (Asynchronous Transfer Mode) - TexHonorus
aCMHXPOHHOIO peXxxnma nepeHoca/ nepegayun gaHHNix
CSMA (carrier sensitive multiple access) - MHoxe-

CTBEHHbI AOCTYyNn C KOHTPOJsIEM HOCUTENA
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CSMA CD (carrier sensitive multiple access with colli-
sion detection) - MHOXECTBEHHbI JOCTYN C KOHTPOMEM
HocuTenst M obHapy>xeHuem KoHgnmkToB FRR (Fast
ReRoute) - mexaHn3M 6bICTPOIA NepeMapLLpyTHU3aLn
IP (Internet Protocol) - npoTokon mexceTeBoro B3au-
MOZJENCTBMS, OCHOBA TPAHCMOPTHbLIX CPEACTB CTeka
npoTtokonos TCP/IP

MPLS (MultiProtocol Label Switching) - mHoronpoTo-
KO/bHas KOMMyTaLMsi N0 MeTKam

QoS (Quality o fService) - kauecTBO 06CNY>XKMBAHUS

TE (Traffic Engineering) - MHXWHUPUHT Tpadnka

VPN (Virtual Private Network) - BupTyasibH”re yacT-
Hble ceTn
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BBegeHune

B HacTosiLee Bpems BO BCEM MUpe peLuaroTcs Npo6siemMbl CO34aHUA rN06asbHOro MHgopMa-
LMOHHOro obuiectea. B Poccun npuHsTa thefepasibHas nporpamma, npegycmarpusarolas wn-
POKOe BHefpeHWe MHMOPMALMOHHBLIX TEXHOMNOIMIN B pamKax rocyapCTBEHHbIX MPOEKTOB, UTO
ABNAETCA HEe0OXO4MMbIM YC/I0BMEM peanv3aumy HauMOHaIbHOM cTpaTteruy nepexofa K ycKo-
PEHHOMY 3KOHOMWYECKOMY PasBUTUIO N PeLLeHUIO psafa coumanbHbIX 3afad. Peanvsaums npo-
rpammMbl TpebyeT opraHmsaumMmn v noggepxaHna apMeKTUBHOrO MHPOPMAaLMOHHOIO B3aUMOLEN-
CTBUSA TEPPUTOPUASIbHO pacnpesiefieHHbIX CPeLCTB U CTPYKTYP.

Co cTOpoHbI NOTPebuTenein K MHHopMaLMOHHOMY 06MeHY NpeAbABNAETCA paj TPe6oBaHuUi,
OCHOBHbIMU 13 KOTOpPbIX siBnatoTes [1, 5, 11, 12):

A ObecneyeHne nepegayn 3aaHHOro obbema MHhopMaLumu;

A [locTaBKa COO6LLUEHMIA NO 3ajaHHOMY aflpecy;

CBOEBPEMEHHOCTb A0CTaBKN COOOLLEHWIA;

O6ecneyeHye 3aaHHO [OCTOBEPHOCTU AOCTaBKM UHDOPMaLWK;
CoxpaHeHve KOH(MAEHUNaNbHOCTU NH(opMaLmK;
TexHWKO-3KOHOMUYECKas 3PNEKTUBHOCT;

CobntofieHne YCTaHOBMIEHHON ANCUMMANHBI 06CNY)XUBaHWUSA abOHEHTOB.

[ns 06bEKTUBHOM OLEHKM KayecTBa CEpBMUCOB, MPefOCTaBNAEMbIX CETbIO, NOMb30BATENMN U
MOCTaBLUMKN YCYT UCMO/Mb3YHOT XapaKTePUCTUKM KavyecTBa CETEBbLIX YCYT, NMO3BONAOLLME OLie-
HWUTb TOT WM MHOW acnekT KayecTBa. AHa/N3 MOKasbIBaeT, YTO BCE MOKa3aTe/n ABMSHTCA B3au-
MOCBSI3aHHbIMW.

Cpepgun TexHonoruin peanusaumm TKC B HacToswee Bpems nuaupyet MPLS. W3HayanbHO
3aflyMblBaBLUasACA KaK CPeACTBO A1 YNPOLLEHNs conpsbkeHus ceteld IP n ATM, a Takke ans
CHVDKEHWA Harpyskn Ha MapLupyTusaTopbl, MPLS gocturna BbICOKOW NONynspHoOCTH, 6naroga-
P peain3oBaHHbIM Ha ee OCHOBE MPUIOXEHUAM, TaKUM KakK UHXUHUPUHT Tpaduka TE (Traffic
Engineering), BupTyanbHble YacTHble ceTu (VPN), Fast ReRoute (FRR), obecrneyeHune kavectsa
obcnyxunsaHmna QoS (Quality of Service). bonee Toro, nmeHHO peanunsaumsa QoS, BO3MOXKHOCTM
MPLS VPN n TE BbIBenu ee Ha ninampytoLme nosuuumn.

MPLS - ceTn obecreumBatoT MOAAEPXKKY BMAEO- U ayAamMo-KOMMYHUKALWIA B peXume nps-
MO TpaHCNAUMM MeXAy MPOW3BOSIbHO YAasleHHbIMU aboHeHTaMu ceTu. TexHonoruto MPLS B
VPN oT/myaeT xopoLuas MaclutabupyeMocTb 1 eCTeCTBEHHAs MHTerpauus ¢ cepsmcamu npoTo-
kona IP.

OpfHUM 13 OCHOBHbIX MeToAoB nccnefosaHna TKC Ha ocHoBe MPLS- TexHoMornm aBnseTca
METO/ aHa/IMTNUYEeCKOro MOLE/IMPOBaHNSA, KOTOPbIA CBOAUTCA K MOCTPOEHMIO aH/IMTUYECKON MO-
[lenn, OTPaKatoLLEen (hM3nMYecKme CBOWCTBA UCCNEQYEMOI CETU B BUAE MATEMATUYECKUX OObEK-
TOB M OTHOLUEHWUIA MeXAy HUMKW. B OCHOBY ynpaB/ieHWst TaKON CETbHO MOJIOXKEHA STA/IOHHAsA MO-
[enb B3aUMOZENCTBMS OTKPbITbIX cucTem (SMBOC).

OObBEKTOM M1CCefioBaHUA B JaHHOW CTaTbe ABMSETCA TeNIeKOMMYHUKaLMoHHas MPLS ceTb,
npeLcTaB/eHHas B BUAE aHAIMTUYECKOW MOZENN, MO3BONAIOLWEA ONTUMMU3MPOBATL Takue MoKa-
3aTenn, Kak ObICTPOAENCTBIME, HALEXHOCTb U CTOMMOCTb. PelleHa 3agava opmManmnsaummn rnoka-
3aTenieil KayecTBa Mpv NPOEKTUPOBAHNM apXUTEKTYPbI CETENA.
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MapameTpbl, XapaKTepusyrowime pyHKLUNoHMpoBaHe MPLS-ceTn

[na aHanm3a npouecca yHKUMOHMpoBaHMA MPLS-ceTn 3afatoT cregytowme rpynnbl Uc-
XOAHbIX MapameTpoB: TEXHUYECKUE, CTPYKTYPHbIE, HArpy304HbIe Y CTOUMOCTHBbIE.

K TexHunueckum napametpam {T} OTHOCATCA: A/IMHA TakTa - h, CKOPOCTb pacnpocTpaHeHus
CUrHasia no KaHasiam CBAsn - V.

CtpykTypHbiMK napameTpamu {S} MPLS-ceTu aBnstoTcs:

*  4MCNO abOHEHTHbIX CTaHLMIA 1 Y3/10B CETW, TOMOOINS;
MHO>XECTBO paccmMaTpuBaeMbIX METOAOB AocTyna - R;
*  WNHTEHCUBHOCTM OTKa30B Y3/10B CETU M abOHEHTCKUX cTaHUMI (AC) 1 kaHanos cBssn (KC);

*  VHTEeHcUBHOCTM BoccTaHoBneHUn AC n KC,;

* NOKas3aTe/ XNBYYeCTH,

*  YXC/O NPUOPUTETOB COOBLLEHWIA;

*  YMCNO JOMONHUTENbHBIX LWWWH AN Nepeadn COOOLLEHNIA;

*  eMKOCTU BbIXOAHbIX M BXOAHbIX Oy(epHbIX HakonuTenein kaxaoin AC.

K Harpy3ouHbiM napametpam {H} oTHOCATCA 3aKOH NOCTYn/ieHnst (MHTEHCUBHOCTW) CO06-
weHnin B AC, (hyHKUMM pacnpefeneHns AvHbl NepefaBaeMbix COOOLLEHNI U (PYHKLMK pacripe-
[eNeHnst BePOATHOCTEN, OTHOCALLMECS K UCMO/b3yeMbIM MeToAaM LOCTyna.

CrovmocTHbIMU napameTpamu {C} asndatotcsa ctoumoctb AC - Cac, ctonmoctb KC - Cke,
CTOMMOCTb arnapatHbIX ¥ NPOrpamMHbIX CPeAcTB, HeOOXOAMMBIX A4S peannsaumn meToga fo-
cryna - Cgoc., CTOMMOCTb annapaTHbIX 1 NPOrpamMmMHbIX CPeACTB, HE0OXOAMMBIX ANS peanm3aumm
cucTembl NpUopUTeToB - Ceuc.np., CTOMMOCTb anmnapaTHbIX Y NPOrpaMMHbIX CPeAcTB, HeobXxoam-
MbIX /19 nepefaqn COO6LEHWI MO JONONHUTENbHbIM LWMHAaM - Cpaon. wuHbl.

NokasaTenn KayecTBa yHKUMOHMPOBaHUA MPLS-ceTu

MPLS-ceTb ABNAETCA CMOXHOW CUCTEMOM, (PYHKLMOHMPYIOLLE B YCOBUAX BO3LENCTBMSA
Pa3/IMYHbIX CryYariHbIX (PaKTopoB. [ns Hee XapakTepHO Hannyve 60/bLIOro YKc/a B3aMmoCBs-
3aHHbIX 3/1EMEHTOB, C/I0KHOCTb CTPYKTYpPb! U BbINOHAEMbIX (YHKLUMA. BCce MHOXECTBO TeXHU-
YECKMX XapaKTepUCTUK KayecTBa TPAHCMOPTHbIX YC/Yr CETU Kak NpaBW/io OTHOCAT K OLHOWN 13
ClefiytoLumx rpynn:

1) npoun3BOAMUTENBHOCTD;
2) HaOeXHOCTb.
B kayecTBe nokasaresneii HaLeXHoOCTH 1 bbicTpogencTemsa MPLS-ceTv npuHumMatotes [1,2,13]:

BEPOSATHOCTb YCMELLUHOM Nnepefayn nHhopmauum no kaHanam (KaHany) csasu E;

MPOMYCKHYH0 CMOCOGHOCTb KaHasoB (KaHana) casiau I1;

cpeaHee BpeMst J0CTaBKM COO0GLLEeHWIA T aoc.;

cpefHee BpeMs JOCTaBKM COOOLLEHWIA | - TOro npuoputeTa
Tipoc, rgei=1,m, m- 41CNO NPUOPUTETOB.

MponyckHas cnocobHOCTb KaHaN0oB (KaHas1a) CBA3W CBA3aHa C BEPOATHOCTbIO YCMELIHOM Me-
pefayn MHGopmaLmMmn no KaHanam (KaHasy) CBA3W CNeayroLmMm COOTHOLLEHNEM:
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M =jEb , (1)
roej - YnCno KaHanoB CBA3MN,
1
b=
M (L)
roe L - AnvHa coobLeHuiA.

HeTpyaHO nokasaTb, YTO CpefHee BpPeMsi 4OCTaBKM COOOLLEHWIA 3aBUCUT OT NPOMYCKHOM
CMOCOOHOCTY KaHanoB (KaHasia) CBSA3M CrefyoLmm 06pasom:

Tooc- (1- Pgvl, 2
roe Po- BEPOATHOCTb COObITUS, 3aKNKOYaoLWErocs B OTCYTCTBMM coobLueHmin B JIBC.

OCHOBHbIM METOA0M MOBbILIEHUA HaJEeXHOCTU ceTeid [3,4] Ha aTane NPOeKTUPOBaHNS AB/S-
eTCcs BBEAEHME M30bITOYHOCTU (MO YMCNY 3NEMEHTOB, BPEMEHW WCMOMHEHUS 3afaHus, Tpebye-
MOV MH(hopMaLmMK), Ha3blBaeMOM pe3epBrpoBaHMEM. Tak Mpy He3aBUCKMMbIX OTKa3ax W Harpy-
YXEHHOM pe3epBe U3 Xi =0, 1, _ m3genuid i - ro Tna i=1, ~, m, BePOSATHOCTb GE30TKA3HOW
paboTbl CETW paBHa:

E(X1,..xm=Mr=1fi- (1- E I ) (3)

rae Ei - BeposiTHOCTL 6€30TKa3HOW paboTbl U3AENWIA | - O TUna B TeYEHWNEe 3ajaHHOr0 BPEMEHN.
Mpw zi - «BeC» M3genus i- ro TMna, a Z - orpaHUYeHns Ha CyMMapHbIil BEC U34eNniA 3a4a4va on-
TUMa/IbHOrO pe3epBMpPOBaHMA COCTOUT B OTbICKAHUWN Cpeam BCcex Habopos (Xi, _, Xm), yaoB/e-
TBOPAOLLMX OrpaHUYeHUIo

Er=1ZiXi<Z, (4)
Habopa (X ,....-XIM), onpeaensoLlero MakCMManbHOe 3HaueHUe BEpOSTHOCTM 6Ge30TKa3HOM

pa6oTbl E (X1,...-Xm).Ecnm X* =0, To pe3eps No 3feMeHTaM AaHHOro Tna He TpebyeTcs [6].
CtoumocTb paspaboTku JIBC onpefenseTcs cregyrowmm obpasom:

C =NCAC +JCKC +JCpocrt. + Ccuc. np. + Cgon. LWKH , (5)

raoe CAC, CKC, Cpocrt., Ceuc. np., Caon. LWWH - CTOMMOCTHbIE MapameTpbl,

J - 4ncno KaHanoB CBA3N,

N - umncno AC.

CroumocTHbIMM napameTpamn {C} asnatoTca ctommocte AC - CAC, ctommoctb KC -
CKC, cToMMOCTb annapaTtHbIX ¥ NPorpaMMHbIX CPeACTB, HEOOXOANMBIX A1 peasv3almn MetToga
foctyna - Cfoc., CTOMMOCTb annapaTtHbIX M MPOrpamMMHbIX CPeACcTB, HEOOXOAMMbIX A4/1F peasn-
3aummn cuctembl npuoputeToB - Ccuc.np., CTOMMOCTb annapartHbIX Y NPOrpaMMHbIX CPeAcTs,
HeobXoANMBIX AN nepefadn cooBLLEHNI NO LOMONHUTENbHBIM WKHaM - CAOM. LWWHbI,

CpepiHee BpeMs 4OCTaBKM COOOLLEHMIA M CTOMMOCTb Pa3paboTKM 3aBUCAT OT 3HAYEHUI TeX-
HUYECKNX, CTPYKTYPHbIX Harpy304HbIX U CTOMMOCTHbIX MapamMeTpoB CETU:

T poc=f({T}, {S} {H} {C}) (6)
C=C{T} {Sk {H} {C})
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NTaK, OCHOBHbIMW TMoOKa3aTensaMu 3PQeKTUBHOCTU (YHKLMOHUPOBAHNA CETU SIBISETCA
cpefHee Bpems AOCTaBKU COO6LLEHNIA (CpefiHee BPeMst OCTaBKM COOOLLEHWI i-TOF0 npuopuTe-

Ta, 1=1,...." ), HAAEXKHOCTb 1 CTOMMOCTb ee Pa3paboTKM.

BblOpaHHble nokasaTen UMeKT ACHbIA (PU3NYECKUIA CMbIC/I, YTO MO3BONSET UX MUCMOMb30-
BaTb NPV NOCTAHOBKE N PeLLeHnn 3a4a4m aHan3a PyHKLMoHmposaHua MPLS-ceTu.

B kauecTBe 0606LLUEHHOro nokasartens [7,8,14], XxapakTepu3yoLero apgeKTMBHOCTbL CETH,
LienecoobpasHo B3ATb NPOM3BEAEHNE OCHOBHBIX MoKa3saTesiei ai(heKTUBHOCTH, T.K. MOJb30BaTe-
nn NNIBC 3anMHTepecoBaHbl B X MUHUMa/IbHbLIX 3HAYEHUAX, a MoKasaTenn HageXHOCTU U ObICT-
POAEVCTBUA SBNAKOTCA B3aUMOCBS3aHHbIMU:

® =T goc *C= & {T}, {S}, {H}, {C}) (7

3agavya onTUMM3aLMM 0606LLEHHOr0 MoKasaTens ® 3aKYaeTcs B MUHUMU3ALMK © nyTem
BapbMPOBaHUSA CTPYKTYPHBIMI U TEXHUYECKUMI MapamMeTpamm, XapakTepuayLMi GbiCTpo-
[EACTBME N HAIEXKHOCTb NPV OrPaHNYEHUSX, HaKNaAbIBAEMbIMA Ha CTOMMOCTb CETMW.

MaTemaTnyeckasa nocTaHoBKa 3afayn onTuMmmsaLnm

MaTemaTuyeckas MocTaHOBKa 3afjayv ONTMMM3aLMW Ha OCHOBe Bblbopa MeToda A0CTyna
CBOAMTCA K CreflytoLLemy.

3BeCTHbI:

*  MHOXecCTBO {T1} TexHMYeCKNX napameTpoB ceTu (4/IMHa TakTa - h);

* MHOXecTBO {S1} CTpyKTYpHbIX napameTpos cetn (N - umcno ysnos AC B JIBC, Tono-
norma G - «wWuHa», R - MHOXeCTBO paccMartpuBaembix MeTofoB goctyna: ALOXA,
cuHXpoHHast ALOXA, n- CSMA, p - CSMA - CD v MapKepHbIil MeToA, A0CTyna);

* MHOXecTBO {H1} Harpy3o4HbIX napameTpoB ceTu (g - BEPOATHOCTb MpuUXoAa CoobLLe-
HUI B BbIXO[HOW OydepHbIin HakonuTenb Kaxxaoh AC 3a Bpems TakTa h, L - anvHa co-
06LeHNs, pacnpesenieHns no rmnepreoMeTpUYecKoOMy 3aKoHY C MaTeMaTUyYeCKUM OXK-
flaHvem

* MIL] = Ub, dyHKuM® pacnpegeneHus F, oTHOCAWMECA K pacCMaTpuBaeMbIM MeTOAaM
[l0CTYna);

»  MHOxecTBO {C1} ctommocTHbIX napameTpos (CAC - ctommocTtb AC, CKC - cToMmocTb
WKHbI, CAOCT. |- CTOMMOCTb annapaTtHbIX 1 NPOrpaMMHbIX CPeACTB, HEOOXOAUMBIX /15
peannsauun i - Toro Metoga goctyna, rae i e R).

Heobxoanmo HaliTh Takoili MeTof AoCTyna r*e R, npy KOTOPOM 0606LLUEHHbI NoKa3aTesb
agpekTmBHoCcTM @ = Tpoc*C npuHMMan 6bl MUHUMaNbHOE 3HaveHwe [16] npwu cregyroLwmx
OrpaHNyeHnsx:

* CpefHee Bpems JOCTaBKM CO0OLLeHNA T AOC He NpeBbILLaeT 3a4aHHOro 3HaveHns T 3af,;

e CTOMMOCTb pa3paboTku JIBC C He npeBbILLAET 3afaHHOro 3HaueHns C 3ap;

*  eMKOCTM BbIXOAHbIX 6y(hepHbIX HakonuTenein kaxaon AC V- = 1;

*  eMKOCTM BXOAHbIX 6yhepHbIX HakonuTenen kaxaoin AC V+=*;

Wtak, 3agaHbl {T1}, {S1}, {H1}, {C1} v Heobxoanmo HaliTh r*e R, obecneunBaroLLnii

min ® = T goc *C = ® (r*) 8)
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npu orpaHnyeHunsx: T goc < T 3ag., C < C3ap.
V-=1LV+=10
CocTosHMe KaHana:
K = 0- KaHan cBO60fEH;
K= 1- COCTOSHWE YCMEeLHON nepeaayn MHpopMaLmmn no KaHany;
K = 2 - COCTOSIHWE KOH(/IMKTa (4715 ClyYaliHbIX METOA0B A0CTYrNa) Un nepegada Mapke-
pa (419 4eTepMUHUPOBAHHOIO MeToa LOCTyna);
K = 3 - COCTOSIHME UCKaXKEHHOIN nepeaayn MHpopMaLmm no KaHany (310 COCTOSIHWE TO/Tb-
KO ANns cnyyariHbiX MeTofoB goctyna ALOXA v cuHxpoHHas ALOXA);
K = 4 - COCTOSHME MpepblBaHMs YCMELIHOW nepefaqn UHhopmauumn no KaHany (3to co-
CTOSIHME TOMbKO AN CNyYalHbIX MeToAoB goctyna - ALOXA nn - CSMA).
Torfa OCHOBHble MOKasaTenn (YHKUMOHMPOBAHWNA CeTU [6], MpuBeLeHHbIe Bbille, onpese-
NAKTCA CNEeLYOWUMU BblPXKEHUAMMN:
CpepHee BpeMsi LJOCTaBKN COOOLLEHWIA:

_ (- Pi(0,0)
J'_I'AOC = LE (B eanHMUax TakTa h), (9)
Pi (i,1) - dmHanbHas BEPOATHOCTb HaxoXaeHus cet B coctosiHum (i, 1),i= 1, N

Pi (0,0) - dwmHanbHas BepoATHOCTb HaxoxaeHus JIBC B coctosHum (0,0).

CroumocTb paspaboTku JIBC:
C=NCAC + CKC + Cpocr. (10)
Heobxoaumo oTMeTuTb, uTO hopmyna (1) He cnpaseanvMBa A4S CAy4vailHbIX METOAOB AOCTyma
ALOXA 1 n-CSMA, nockosbKy OHU NMO3BONSAOT NpepbIBaTh YCMeLLHYH nepeaady coooLeHwmin [17].

3aK/1oYeHune

B KauecTBe nokasatenieil Kauectsa 41 ONTUMU3ALMN W aHanM3a Npu NPOeKTUPOBaHUN ap-
XUTeKTYpbl MPLS-ceTeil 3a4at0TCH TEXHUYECKMNE, CTPYKTYPHbIE, HArpy304Hble Y CTOMMOCTHbIE
napameTpbl. OCHOBHbIMU TEXHUYECKUMWN XapakKTEPUCTUKaMU KayecTBa TPaHCMOPTHBLIX YCAyr
CETU SBNAKOTCA NPON3BOAUTENBHOCTL (ObICTPOAENCTBIUE) U HAAEXKHOCTD.

B kauecTBe nokasatefieil HafeXXHOCTM K BbICTpogencTBus MPLS-ceTu NpuHATLI BeposT-
HOCTb YCMEeLIHOW nepefayn MH(opMaL MM No KaHanam CBA3W, NPonyckHas Crnoco6HOCTb KaHas10B
CBA3N, CpefHee Bpems LOCTaBKM COOOLLEHWIA C y4eTOM X NPUOPUTETHOCTU. OCHOBHBLIM 3KOHO-
MUYECKMM MoKasaTtesieM 3PQeKTUBHOCTY CETU ABMISIETCA CTOMMOCTb pa3paboTku TKC.

CpefiHee Bpems JOCTaBKW COOGLLEHWUIA 3aBUCUT OT BEPOATHOCTM YCMeELLHOW nepefayn WH-
(hopmaLiMy Mo KaHasam CBA3M MU NPONYCKHOW CMOCOGHOCTM KaHa/10B CBA3W, YTO OTpaXKaeT B3au-
MOCBSA3b MOKa3aTesieil 6bICTPOAENCTBUSA U HaAeXHOCTN MPLS-ceTw.

AHanm3 mapuipyTusaumm tpaguka B MPLS - ceTax, NpUMeHsieMbIX B TPaHCMOPTHON WH-
(hpacTpyKType Hay4yHO-00pa30oBaTe/IbHbIX CETEei, CBOAUTCA K aHa/IM3y paspeLleHns KOHMIMKTOB
M OMTMMM3ALMN Ha OCHOBE BblbOpa MeToda AOCTyna, OMpefeneHus pes3epsa W OMpeaeneHus
BPEMEHM A0CTaBKU COO06LLEHNIA [18].

MartemaTnyeckas NoCcTaHOBKa 3afa4/ ONTUMM3ALMN CBOAUTCA K ONTUMM3aLMK 0606LLeHHO-
ro nokasatens aQgeKTMBHOCTY CETU NPU BapbUPOBaAHUM TEXHUYECKUMU, CTPYKTYPHLIMU, Harpy-
304HbIMM NMapameTpamMm C y4eTOM CTOMMOCTHbIX OrpaHUYeHU.
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