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Abstract

Flow models of multicast and broadcast routing in telecommunications networks are proposed. The novelty of models lies in de-
scription of multiproduct case, as well as in consideration of flowing nature of modern network traffic, allowing to implement previ-
ously known conditions for prevent communication channels overload prevention for the case of multicast and broadcast routing
type. The models are represented by a system of linear equations and inequalities, which makes them quite effective in terms of com-
puter implementation. As part of the proposed models, problems of multicast and broadcast routing are focused on solving optimiza-
tion problems of Boolean programming. The example shows efficiency of the proposed models in terms of service simultaneously mul-
tiple traffics with different characteristics, models adaptation to changes in network parameters (channel capacity). The proposed
model can be used directly for solving the broadcast and multicast routing problems, and the mathematical description of more com-
plex processes and problems, such as those associated with the design of telecommunications networks, where routing problem com-
plement other important network tasks (selection of topology and bandwidth of communication channels).

Design of flow-based model for MPLS Fast ReRoute is proposed in the paper. The model allows for the same flow calculate
two types of paths: primary and backup. Depending on the parameters of the model it is possible to implement different schemes of
reservation: link, node or path protection. In the course of solving the problem of MPLS Fast Reroute the classical metric of primary
and backup paths is minimized. The nonlinear restrictions, which are responsible for prevention of node, link or path intersection of
primary and backup routes is introduced in the structure of the model.

BBeagenmne

B coBpemenHbIx TenekoMmyHHKannoHHBIX ceTsax (TKC) BaxHoe MecTO mpu HpenoCcTaBIEHUH YCIyTr
IPTV, mucraHn@oOHHOTO OOyuYeHHs, peIUIMKaluu 0a3 JIaHHBIX, BeO-YCIyT, pacCchUIKW KOPHOPAaTUBHON HH-
dbopMar OTBOAUTCS MHOTOanpecHoi (multicast) mapmpyruzanuu [1], oT 3QPEeKTUBHOCTH OpTraHU3aIUU
KOTOPOI BO MHOTOM 3aBUCST KIIIOUEBbIEC [TOKA3aTENIN KaueCcTBa OOCITYKUBAaHHA: CKOPOCTh I€peaayiu, CpeIHsI
3aJiepXKKa, HKUTTEP, YPOBEHb MOTeph MakeToB. KpoMe TOro, B yCIOBHSX BO3MOXKHBIX OTKa30B CETEBOTO
000py/nOBaHMs, BBI3BAHHOTO HEBBICOKOM 3KCILTYyaTAallMOHHOW HAJEKHOCTBIO WM TMEPErpy3KOH OTAENbHBIX
kaHas1oB cBsi3u U y310B TKC, Ha mepBoe MeCTO BBIXOAAT TpeOOBaHMS OTHOCHUTEIHHO MOBBILICHUS OTKA30-
YCTOMYHNBOCTH MApIIPYTHBIX PEIICHUN. DTO CBA3aHO, HANPUMEP, C TEXHOJOTHUCCKON peanm3aliueii uueH,
3aJI0)KCHHBIX B KOHIIEMIINIO OBICTpOt mepemapipytuzanun (Fast ReRoute) [2]. Baxuoit ocobennocTrio Fast
ReRoute siBisieTcs monaepxka QyHKIOUHA ONEpaTHBHOIO MEPEKIIOUEHHs TpauKa Ha pe3epBHBIA MapHIpyT
MIPU OTKa3e€ OCHOBHOTO, IIPH 3TOM PE3EPBHBIN IMYTh JOJKEH PACCUUTHIBATHCS OJHOBPEMEHHO C OCHOBHBIM,
peannzys onpeAeNeHHYI0 CXeMY 3alluThl — 3aluTa y3Ja, KaHaia, MapupyTa. B xoae peanusaiim MHOT0a1-
pPECHON OTKa30yCTOMYMBOI MapHIpyTH3allMK KIFOYEBBIM TPEOOBAaHUEM TaKKe SBISIETCA yUeT MOTOKOBOTO
XapakTepa MyJIbTHMEAUHHOTO TpaduKa, Ha epeady KOTOpOoro 1 OpUEHTHPOBAH MMOI00HBIN BUL MapIIPyTH-
3aiuu. B 3TOM CBS3M B JIOKJIaJie MpeJIaracTcs JajbHeilliee pa3BUTHE TTOTOKOBOM MOJEIN MHOTOAJIPECHOMN
MapmipyTtuzanuu [3, 4] 3a cuet npupaHus el QyHKIMH 0TKa30yCTOHYMBOCTH 5, 6].
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Mogeab 0TKa30yCTOMYMBON MapIIPyTHU3aliiii MHOTOaApeCHBIX IIOTO-
KOB B Te1€eKOMMYHVKAaIIMIOHHBIX CeTsIX

Ilycte mpu pa3zpaboTke MOJENH MHOTO3JpecHO Mapmpytusanuu crpykrypa TKC ommcsiBaercs c

nomotpio opuentuposansoro rpapa I' =(V,E), rne V =1v;,i =1,m| — MHOKECTBO BepIIHH — y3/I0B
(MapmpyTusaTopos) cetu, a (7, j) € E — muoxectBO ayr rpada, moaenupyromux Kanaisi ceszu (KC) TKC.
Jns kaxaoro KC, monenupyemoro myroit (i, j) € E, 3amana npomyckHast CocoGHOCTb, H3MepsieMast B Ma-

kerax B cekyHay (1/c), kotopas OyneT 0003HauaThCs Kak P, j) - C KaxIbIM K -M IIOTOKOM CBSI3aHO PsJI TIa-

PaMETPOB: T’k — CpCAHAA MHTCHCUBHOCTD ITIOTOKA HAa BXOAC B CCTh; Sk — Y3CJI-OTIIPABUTCIIb,

d =, d? ., d | )

— MHOXECTBO Y3JI0B-TIOTydaTeNeil, Tie 11, — 4HCIIO HOMydaTeleii MakeToB K -ro moToka.

B xoxe pemienust 3aa4yi MHOTOQ/IPECHON MapIIpyTH3aLUH HEOOXOIUMO paccUUTaTh MHOXKECTBO Oy-
JIEBBIX ITIEPEMEHHBIX

x(ki, € {01}, 2

KaK/[asi W3 KOTOPBIX XapaKTepusyeT oo uuTeHcHBHOCTH k -ro motoka B KC (i,j)) € E; ke K, rne K —

MHO>KECTBO [TOTOKOB B CETH.
Ha mapmipyTHble nepeMeHHbIe (2) HakJIaAbIBaeTCs psA OrpaHUYeHUI:

k
Zx(i,j) >1 npu keK, v; =s,, (3)
j<i, eE
a TaKXe
k ) *
Zx(i,j) =1 npu keK; v; ed,. (4)
i:(i,j)eE

Orpannuenue (3) BBOAUTCS AJs y371a-OTIIPABUTENS, @ €r0 BBHIIOJIHEHHE OPUEHTUPYET HAa TO, YTO OT
ATOTO y3J1a MOTOK, IOCTYNAOUIMK Ha 0oOCIy)XHBaHHE, OyleT mepedaaH XOTs Obl OJHOMY CMEKHOMY Y3IIy.
VYcnosue (4) HaueneHo Ha obecrieueHHe JOCTaBKM IMAKeTOB HAa KaXKJbIM y3el-Tojy4yaTesb, IPHYeM MOTOK

JAOJDKCH NOCTYNIAaTh HA 9TU Y3JIbl JIMIb C OAHOI'O CMCKHOI'O Yy3Ja. I[J'ISI KaXXa0ro TPaH3UTHOI'O y3j1a U j eV i

B Ka4€CTBC KOTOPOI'0 MOXKET BBICTYIIATH JIF000H Y3€J1, KpOME OTIIPABUTECIIA, TONOJIHUTCIIBHO BBOAATCA CJIC-
AYIOLIUEC YCIIOBUA:

k k .
i:(i,j)eE

BBINIOJTHEHUE KOTOPBIX JIEIAeT BO3MOKHBIM HAJIMYKE MOTOKA B JIOOOM M3 MCXOJAIIUX OT TPAaH3UTHOTO y3J1a
kananax css3u ((j,p) € E) auuws B TOM citydae, KOrjaa 5TOT IOTOK MOCTYIIAET HA TOT y3ell XOTs Obl 4epes
onun Bxoasumit KC ((i, ]) eE).

Ecnu Ha cTpyKType ceTr BO3MOXHO 00pa3oBaHHe KOHTYPOB (IIMKJIOB), TO TIPH BBITOJHEHUH yCIOBHM
(2)-(5) He Oynmet obecnieunBaTHCSl CBA3HOCTD OTIENBHBIX KaHAJIOB B MapuipyT. [yt mpegoTBpamienust oopa-
30BaHMS KOHTYPOB B TIPE/IJIAraeMyro MOJICIb BBOJISITCS YCIOBUS (IO YMCITY KOHTYPOB B CETH) BU/Ia

> x(, <|Ex|, (6)

(i,j)eEL
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rne E) — muoxectBo myr rpada, 00pasyromux B COOTBETCTBUM €O CBOEH OpHeHTauueii i-i KoHTyp (7);

i
Ex
XO0JIc MHOTOAJIPECHOM MapIIpyTH3aIlUK YT, COCTABISIONINX TOW MM HHOW KOHTYp, BCErJa MEHbBIIE 00IIEero
KOJINYECTBA JYT B 3TOM KOHTYpE, T.€. KOHTYP B PACCUUTHIBAEMBIN MapIIPyT HE BXOIHMT.

C LEJIbH0 HESAOMYUICHUA TMCPErpy3KU KaHAJIOB CBA3U MApPUIPYTUSUPYCMBIMU MOTOKaMHU HCO6XOI[I/IMO
BBITIOJIHUTD CJICAYIOIINUEC YCIIOBUS:

— MomHOCTh MEHOXKecTBa E . Boimonuenne ycnosus (6) rapaHTHpYET, UTO YHCIIO 331€HCTBOBAHHBIX B

kZ}(rkxf‘i,j) <¢ip G, )eE. ©)

Jns ompeneneHust 3amacHoOro (pe3epBHOr0) MapIIpyTa HEOOXOIUMO, HapAdy C HEeW3BeCTHBIMHU (2),

-k
paccuuTaTh JONOJHUTCIBHBIC IICPEMECHHEIC X KOTOPBIC XapaKTCPUIYCT OO0 k -I'0 MOTOKa, NPOTCKaroIIe-

ij >
.. —k

ro B kaHane (7, j) € E 3amacnoro mapmpyra. Ha nepemennbie Xjj TaKKe HAKIAJbIBAKOTCA OrPAHHYCHHS,
nogo6ueie (2)-(7). Kpome Toro, B CTpykTypy mpeaiaracMoil MOJENH Ui MPeIoTBPALICHUs TTepeceueHHs
OCHOBHOTO M 3aIlaCHOTO MaplIPYTOB C pealHu3allleil pa3iiMYHbIX CXEM Pe3epBHPOBAHUS BBOJUTCS PsiI J0-
MOJIHUTENIBHBIX YCJIOBUH-OTPAHUYEHUH, CBA3BIBAIOLINX MAPIIPYTHBIC MEPEMEHHBIC AJISI pacueTa OCHOBHOTO
U PE3EPBHOIO MyTEH.

Ipu peannsauun cxems! 3awutsl (i, j) -kaHana B IpeanaraeMyr0 MOAEIb HEOGXOAMMO BBECTH YCIIO-

BUS BUJIA:

k=k _
x;%; =0, 8)

BBILIOJIHCHIE KOTOPBIX rapaHTHpyeT ucnonb3osanue (i, j) -kaHaia JIMIIb OJHAM MapUIPyTOM — IGO0 OCHOB-

HBIM, JIMOO 3aIIacHBIM.
[Ipu peanu3aiu CXeMbl 3alIUTHI i-TO y3J1a MOJICIb CTOMT JOMOJHUTH CIICTYIONIMM YCIOBHEM:

fo;fg =0, 9)

i:(i,j)eE

BBITIOJTHEHHE KOTOPOT'O TapaHTUPYET UCIOIb30BaHKE I-T0 y3ia (T.e. BCeX HHIMICHTHBIX €My KaHaJOB) JH00
OCHOBHBIM, JIN0O 3aI1aCHBIM MapILIPyTOM.

Hns obecrieuenus 3amuThl MyTH (IyTel) B CTPYKTYPY MOJENH HEOOXOAMMO BBECTH YCIIOBUS-
paBeHCTBa

k=k
(i,j)eE

YTO SKBHUBAJICHTHO YAOBJICTBOPCHUIO TpeGOBaHI/Iﬁ OTHOCHUTCJIbHO OTCYTCTBUA B OCHOBHOM M 3allaCHOM
MapupyTax oOIIMX Y3JI0B U KaHAJIOB (KPOME y3J1a-OTHPABUTEIIS U Y3JIa-TI0Ty4aTeIs ).

[ pacueTa MapIIpyTHBIX EPEMEHHBIX xll-; u J_Cl-]; npu pewenun 3aaa4 Fast ReRoute B8 TKC munn-

MHU3HPOBAJIach CACAyIOIas 1eyieBast (QyHKIUS:

_ k. .k —k=k
F=3% Dcixj+2 D%, (11)
keK(i,j)eE keK(i,j)eE
k

=k
rac Cij n cij — MCTPUKH MapHIpyTHU3alru JJIs1 OCHOBHOT'O U 3alTaCHOTO MapIpyTOB COOTBECTCTBCHHO.

k =k
B pesynprare MuanMu3aiuu BeipaxkeHus (11) ocymiecTBisercss pacueT mepeMeHHbIX X W X, qeMy
Ha TPaKTHKE OTBEYAJIO OINpEAENCHHE J[BYX THUIIOB MApIIPYTOB MEXJIY IapoHd Yy3JI0B OTIPaBUTEINb-
IIOJIy4aTellb — OCHOBHOIO U 3amacHoro. Ilpuuem nmapaniesbHO ¢ pacdeToM MaplIpyTOB OIPEAEIsUICs MOopsi-
JIOK MX WCIIOJb30BaHUS MOTOKaMH Ioib3oBateneil. Kpome toro, B xozme uccienoBanus monenu (1)-(11)

YCTAHOBJICHA H606X0}_'[I/IMOCTB €C NONOJJHCHUS yCJIOBUEM
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> Yy <Y DXy, (12)

keK(i,j)eE keK(i,j)eE

BBITIOJTHEHWE KOTOPOTO TapaHTHUPYeT TO, YTO OCHOBHOW IMyTh (MYJNBTHIIYTh) Bcerda Oymer ad¢exTnBHee
(mpou3BOIUTENBHEE 0 CKOPOCTH, 3aJCPKKE MAKETOB), T.€. «KOPOYE» 3alacHOTO B PaMKaX BBIOPAaHHBIX

k —k
MapIIPYTHBIX METPUK C;; U Cj; .

IIpu peanuzanuum MHOTrOaApPECHOM OTKa30yCTOWYMBON MaplIpyTH3alUMy ONTUMHU3ALMOHHAS 3aJada
(11) ¢ orpannuenusmu (2)-(10) u (12) oTHOCHTCS K Kaccy 3afad CMEIIAHHOTO Ie0YNCICHHOTO HEeJHHEH-
HOT'O [TPOTrPaMMHUPOBAHUSL, YTO MPEIoJiaraeT MIPUMEHEHHE COOTBETCTBYIOIINX METO/I0B pacyera [7-9].
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