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Fault-tolerance ensuring for the multicast routing solutions in
telecommunication network within the multiflow traffic transmission

Conditions for the node, link and path protection within the fault-tolerant routing for the
multiflow case were proposed. Presented conditions are based on a nonlinear flow model which
uses the terms for the links overload prevention modified for the case when just some of the flows
switched to the backup paths, but not all of them.

Bce wame 8 mepenaud  pasHOpPOJHOIO CETEBOIO  KOHTEHTAa C  LIEJIBIO
MUHUMM3AIUU 3arpykeHHOCTH TesnekomMmyHukanmoHHo cetu (TKC) ucmomnb3yror
cpeacTBa (MOJEIM, METOAbI M TMPOTOKOJBI) MHOTOaapecHOW Mapripytusanuu. K
COXKQJICHUIO, B CJIydya€ OTKaza TOr0 WM HHOTO MapuipyTra Ha €ro Iepecuer
TpeOyeTcsl, Kak MPaBWIO, HECKOJBKO JIECATKOB CEKYH]I, YTO MOXET MPUBECTH K
MOTepe 3HAYUTEIBHOIO O0BbeMa MepeaBaeMblX JaHHBIX. [loaTOMy i MOBBIIEHUS
OTKa30yCTOMYMBOCTH MAapUIPYTHBIX PEIICHUN Hapsay ¢ pacyeToM OCHOBHOIO
MapIIpyTa o0ecreurnBaeTCs OJTHOBPEMEHHO TIOUCK U pe3epBHOTo myTH [1].

Opnako B ycinoBusx mnepenaud B TKC MydabTUIOTOKOBOro —Tpaduka
NEPEKITI0YaThCA Ha PE3epBHBIE MApPIIPYThl MOTYT HE BCE MOTOKH OJAHOBPEMEHHO, a
JUIIL  HEKOTOphle M3 HHUX. YuyeT »Toro ¢daxkrtopa TpeOyeT aJeKBaTHOMN
MaTteMaTu4yecko ¢opmanu3alv Ha YpPOBHE MCIOJB3YEMONH MaTeMaTHYE€CKON
MOJIEJNIH, T.K. MOTYT BO3HUKHYTbH ITPOOJIEMBI C MIEPETPY3KOM KaHAIOB CBSI3U, KOTOPHIC
BXOJISIT BO BHOBb HCIIOJIb3yEeMbI€ pe3epBHbIC MyTH. B 3TO CBsA3M B MaHHOW padoTe
MOJYYWJ JajbHEWIlee pa3BUTHE MOAXOJ], OPUEHTUPOBAHHBIA HA MOTOKOBYIO
MHOT'0/IPECHYI0 OTKa30yCTOMUYMBYIO0 MAPILIPYTU3ALMIO MPU peai3alii Pa3INYHbIX
CXEM pEe3epBUPOBAHUS CETEBBIX pecypcoB [2,3] ¢ 1enpio pemieHus mpoodiem,
CBSI3aHHBIX C IPEAOTBPAILICHUEM TTeperpy3Kku kaHanoB cBsizu TKC.

B  Xxome  mareMaTH4ecKOoro  ONMCaHWs  Mpolecca  MHOTOaAPECHOU
MaplIpyTH3alUUd KCIIONIb30BaHa MOTOKOBAsE MOJENb, B paMKax KOTOPOHM CTpyKTypa
TKC onuceiBaeTcs ¢ moMollpio opueHtupoBanHoro rpada I'=(V,E), rame

V= {Vi A= 1,_m} — MHO>KECTBO BEpIIIHH — y3JI0B (MapIIpyTU3aTopoB) cet, a (i, j) € E

— MHOXeECTBO AYr rpada, monenupyromux kanansl cBsizu (KC) TKC. Hdns kaxmaoro
KC, wonemupyemoro ayroui (i, J)e E, 3amana mnpomyckHas CIOCOOHOCTD,

u3MepsieMas B IaKkeTax B ceKyH.y (1/c), kotopas Oyxer 0003Ha4aThCs Kak @ jy. C

KaXJ1bIM K-M IOTOKOM CBsi3aH paa ImapamMeTpoOB: I’k — CpCaHsAd HMHTCHCHBHOCTD
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NOTOKA Ha BXOJIE B CETh; S, — y3en-ornpasurens; d, =\di,dy,...,d, * [ — MHOKeCTBO

y3JIOB-TIONy9aTesiei, M, — 9uciio noxydaTesnei maketoB K -ro moroka.

B X0Ac pCUICHUA 3aJda4du MHOI‘O&I[pGCHOﬁ MapmpyTru3annumn HGO6XOI{HMO
paccunuTaTb MHOKCCTBO 6yJ'IeBI)IX IMMCPEMCHHBIX

k :
X(i.j € 04, (1)
Kaaash W3 KOTOPBIX XapaKTEepPH3yeT JO0JII0 HHTCHCHBHOCTH K-ro moroka B KC
(1,))€eE; keK,rme K — MHOXXeCTBO IIOTOKOB B CETH.
Ha mapuipyTHbie iepeMenHbie (1) HakIaapIBaeTCs Psii OTPaHUYCHUH:

Z Xé J)Zl npu kEK, Vi:Sk’ (2)
jii.)eE

> X(ki,j):l npu K € K; Vjed:. (3)
i(i,j)eE

Orpanudenue (2) BBOAWTCS JUIS y3Ja-oTHpaBuTelsd, a ycioBus (3) — s
KaXJI0T0 y3I1a-Toyyarens. JIns Kaxkmaoro TpaH3UTHOTO y3na Vj €V [IOTOIHATENBHO

BBOJISITCS CIIEAYIOLINE YCIOBHUS:
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i:(i, j)eE
BBITIOJTHCHHE KOTOPBIX JIeJlaeT BO3MOXKHBIM HAaJIW4YUE IIOTOKA Ha JIIOOOM U3
ucxoasamux uaTepdericoB Tpan3utHoro y3ia ((j, p) € E) nums B ToM citydae, koraa

3TOT MOTOK IMOCTYIAET XOTs Obl Ha OJAMH U3 BXOJHBIX MHTEP(HENCOB ITOroO ke y3ia
(G, J) € E).

Ecnu B cTpyKType ceTh BO3MOXKHO OOpa3oBaHHME KOHTYpPOB (IIMKJIIOB), TO MpHU
BhIoJIHeHUH ycioBuid (1)-(4) He Oymer oOecnedmBaThCS CBS3HOCTH OTHEIBHBIX
KaHAJIOB B MapuIpyT. s npenoTBpaiieHuss o0pa3oBaHus KOHTYPOB B MpeIIaraeMyro
MO/IeJIb BBOJIATCS YCJIOBHS (110 YKCITy KOHTYPOB B CE€TH) BUAA

k
()5 =
rjae Ejt — MHOXECTBO JIyr rpada, o0pasyronmx i-ii Koutyp (m); ‘ET'[ — MOIIIHOCTh

MHOXkecTBa E). Brmomnenwe ycnosus (5) rapaHtupyeT TO, YTO KOHTYp B

paccYMThIBaEMbIii MAPUIPYT BXOJUTH HE OYyJIET.
Jlnst onipeziesieHns pe3epBHOTO MapIpyTa He0OX0AUMO HAPSATY C HEU3BECTHBIMU

(1) paccunTaTh TOTOTHUTEIbHBIC IEPEMEHHBIC )_((ki j)» KOTOPBIC XapaKTEePHU3yeT JOJIIO

k-ro moroka, mpotekaromero B kaHane (i, j)e E pesepBHoro mapmpyra. Ha

NIEPEMCHHBIC )_(ik(i, j) TAKKe HAKIABIBAIOTCS OrpaHuyenus, nonodusie (1)-(5). Kpome

TOr0, B CTPYKTYpY MOJENW ISl NPEAOTBPALICHUS IEPECEUEHUSI OCHOBHOIO H
PE3EPBHOTO MAPILIPYTOB C peaju3aluell pa3jInyHbIX CXEM PE3EpPBUPOBAHUS BXOIUT
pAX  JONOJHUTENBHBIX  YCIOBUW-OIPAaHUYEHUM, CBS3BIBAIOLIMX  MapUIPYTHbIE



IIepEMEHHBIC JI1 OCHOBHOTO M pe3epBHOro myteid. [Ipu peanu3anuu cXembl 3alluThl
(i, ]) -xaHaIa MCITONB3YIOTCS YCIOBUS BH/IA:

k Sk .
X, %G5 =0, (6)
HpI/I HUCITIOJIB30BAHUH CXCMBbI 3allIUThI i'FO y3ﬂa 3aﬂ€ﬁCTBy€TCﬂ YCJ]OBI/IC:
k <k _
X XX =0, (7)
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a i1 o0eCIieueHus 3alUThl MyTH (IIyTe#) BBEICHbI YCIOBUSI-PABCHCTBA
k <k _
2 X%, =0. (8)
(i,j)eE

HoBu3Ha mnpenmaraeMoro pemeHusi 3aKiI4aeTcss B TOM, YTO B KayeCTBE
YCIOBUM  TMpeAOTBpallleHusi Teperpy3ku kaHajgoB cBs3u B TKC  Oyayr
VCITOJIB30BATHCS BBIPAKECHHUS

k oK
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keK X(i,j)X(i,j) +1
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WX BBINOJIHEHHE B YCIOBUSX PEATU3AMU OTKA30yCTOMYMBOW MHOTOQJAPECHOMN
MapmpyTtuzanua B pamkax mojenmu (1)-(9) mpuBemer k TOMy, YTO CcymMMapHas
WHTEHCUBHOCTh  TMOTOKOB, TMpoTekamomux 1o BeiOpanHomy KC, Oyzer
pacCUUTHIBATBCS IS «XYAIIETO Clydash», T.€. BO BHHUMaHUE OyJeT NMPUHUMAThCS
OoJsblllasi W3 WHTEHCUBHOCTEH K-ro MOTOKA, OTHOCSINMXCS K OCHOBHOMY WIIH

pE3EpPBHOMY MapIIPYTYy.

B xone pacuera nepemMeHHbBIX Xilj 151 )_(i|J$ MUHUMH3UPYETCA (PYHKIUS

kK k =k ok
F=2 2 CipXipn*t 2 2 CipXiij) (10)
keK (i, j)eE keK (i, j)eE
KOTOpasi ONpENeNsaT YCIOBHYIO CTOMMOCTh HCHoJib30BaHus pecypcoB TKC B xone

o o o k
pelIeHys 3a/1a4n 0TKA30yCTOMYMBOI MHOTO3JAPECHON MapIIPYTH3ALKH, Tae Cij j) U

~k
Ci,j) — MCTPHKHM MapUIPYTH3ALUH [UIs OCHOBHOIO M PE3CPBHOIO MapILIPyTOB

COOTBCTCTBCHHO.
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