H.U. Jinuctonag, A4.T.H., npogeccop, 3aBeay-
owni kagpeapori MHPOPMaLVOHHbLIX pPaano-
TexHosorni benopycckoro rocynapcTBeHHO-
ro yHuBepcutTetTa WMHPOPMAaTUKU u pPaguvo-
SJIEKTPOHVIKY,

J1.0. Byka, maructpaHT benopycckoro ro-
CyAapCTBEHHOro yHuBepcutetra uHGpopmatu-
KU v panmuossieKTPOHUKU

Mapwipymusauusi UHhopMauUOHHbIX
NOMOoKO08 8 My/1lbMucepeucHvIX cemsx
C yyemom mpeboeaHul Kayecmea
06cny)KueaHust

B ctatbe paccmMoTpeHbl npobriemMbl MapLupyTu3aumm mH@op-
MaLUUNOHHbIX [OTOKOB B MYJ/IbTUCEPBUCHbLIX ceTsX. [loka3aHo, 4TO
WCI0/1Ib30BaHNE PAa3JINYHbIX 3HAYEHUK BECOBbLIX U CTOUMOCTHbIX
KO3 PUUNEHTOB MO3BOJISIET OCYLUECTBIISATb MHOMOKPUTEPUATIbHbIV
MOUCK OrNTUMAaJIbHOro MapLupyTa C Yy4€TOM OrpaHWYeHur Ha Kax-
Abii QoS-napameTp B OTAE/IbHOCTH, a Takxke C y4eToMm TpeboBa-
HUVI KOMIO3UTHOU METPUKU I /IS 1oucKka KpardaviLiero rnyTu.

MynbTucepBMCHasa ceTb nNpencTtaBnsgeT cobon yHuBepcasb-
HYIO TPaHCMOPTHYIO cpeny, NpefHasHa4YeHHYIo O nepenadn peyu,
N300paxXeHnss U OaHHbIX C WCMOJIb3OBAHNEM TEXHONOrMM KOMMY-
Taumn naketoB (IP). B aton cBA3M MynbTUCEpBUCHAA CeTb OOJIXK-
Ha obnagaTb BbLICOKOM HaOeXHOCTbl, obecneumBatb Tpebyemyto
CKOPOCTb Mnepefadym M HU3KYK CTOMMOCTb (PYHKLMOHUPOBAHUS.

OcHoBHas 3agada MyNbTUCEPBUCHbLIX CETEN 3akovaeTcs B
obecneyeHnn pabdoTbl Pa3HOPOAHLIX MHMOOPMALMOHHBLIX U Tene-
KOMMYHUKALUNOHHBLIX CUCTEM W MPUAOXEHNA B €AnHOW TpaHcnop-
THOW cpepge, Kkorga onga nepegadm oOblMHOro Tpaduka (OaHHbIX)
n Tpadwuka agpyrom mHdbdopmauum (peyu, BMOEO U AP.) UCMNONb3Y-
eTca eamHas nHopacTpyktypa. Npyu 3TOM Takad ceTb OTKPbIBAET
HOBble BO3MOXHOCTU AOJ19 MOCTPOEHNUS MHOroobpasHbiX CEPBUCOB
MoBEPX YHMBEPCANbHOM TPAHCMNOPTHOM cpedbl — OT NakeTHON Te-
nedoHNM OO0 WMHTEPAKTMBHOrO TeneBuaeHus n Beb-cryxo.

CeTb HOBOrO MOKONEHUS OT/MYaeTCs CneayloLlmMMy HOBbIMU
BO3MOXHOCTAMMU:

a) yHMBepcCasbHbIM XapakTepoM OOCNyXMBaHUS PasHbIX Npu-
NOXEHWNI;
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©) HE3aBMCUMOCTLIO OT TEXHOMOMMIA YCNyr CBA3UM U MMOKOCTbIO
nonyyeHnss Habopa, o6bemMa 1 Ka4yecTBa YCINyr;

B) MOJZIHOM MPO3PaYHOCTbID B3aMMOOTHOLUEHUA MexAay no-
CTaBLUVKOM YCIYr U MOJIb30BATENAMM.

NHTerpaumna Tpadurka pasHOPOAHbLIX AAHHBIX M pPeyn Mo3BO-
NeT CHU3NTb U3OEPXKM Ha COo3daHmMe K akcniyataumio cetn. B
ONTUMaNnbHO QYHKUVOHUPYIOLWLEN MYNbTUCEPBUCHOW CeTu, Kak
npaBuIO, MCNONb3YETCS €OMHbIM KaHan Oas nepenadn OaHHbIX
pasHbIX TUMOB. B Takmx ceTax MOsBASETCH BO3MOXHOCTb YMEHb-
WNTb pasHoobpas3ne TUNOB 0O0PYAOBaHUSA, MPUMEHATb €AUHble
CTaHdapThbl, TEXHOMOITNU U LEHTPanIn30BaHHO yNpaBasaTbe KOMMYHU-
KauMOHHOW cpeaon.

Ba30BbIMM MOHATUSAMU MYNBLTUCEPBUCHBIX CeTeln aBnsoTca QoS
(Quality Of Service) n SLA (Service Level Agreement), TO ecTb Ka-
4eCcTBO OOCNYXMBaHUSA M cornaweHve 006 ypoBHE (KayecTBe) npe-
[OCTaBneHns ycnyr cetu. [lepexod K HOBbIM MYbTUCEPBUCHbLIM
TEXHONOMMSIM U3MEHSIET CaMy KOHLEMUMIO MPEenOCTaBNEHUs YCAYT,
KOrga KayeCTBO rapaHTUPYETCsl HE TOMbKO Ha YPOBHE O0MOBOPHbIX
corfnaweHuii ¢ MnocTaBLUMKOM Ycnyr un TpeboBaHuin cobnogeHus
CTaHOAPTOB, HO N Ha YPOBHE TEXHOJIOrMIA N OnepaTtopCKmUX CeTeN.

MoXxHO nonaraTb, YTO OAHWM M3 OCHOBHbIX (HaKTOPOB OMTU-
Mnsauum GOYHKUMOHUPOBAHUS MYJIbTUCEPBUCHBLIX CeTeln SBNSeTCS
pazpaboTka anropuTMOB M MpoOrpaMMm Moucka ONTUManbHOro
nyTM No OAHOMY WM HECKONbKMM KpuTepuam. B HacToswee
BpemMsi OCOOEHHO akTyasibHOW sBNgeTcs npobfsiema noucka onTu-
MasibHOrO MyTW MO HECKOJIbKMM Moka3aTensMm — MeTpuKaMm.

Takum o06pasom, koHuenuma QoS-maplpytTmdaummn TpebyeT
onpeneneHns Takoro nyTtu (nyten), Mexny 3aLaHHOW Napon y3-
NoB-agpecartoB, BOOMb KOTOPOro OyayT BbINOMHATLCS TpeboBaHUs
OOHOBPEMEHHO MO Heckonbkum Qo0S-meTpukam [1].

B kadectBe meTpuk QOS BbIOpaHbl crnegylowme: nonoca
nponyckaHug YSJ,, 3ajepxKa pacnpocTpaHeHusa curHana Ds,j’ Ba-
puauum 3apnepxkn Jo,, BEPOSTHOCTb MnoTepu nakeToB X, , rae
S, j — oTnpaBuTeNb W nony4YaTesnb MHOOPMALMN COOTBETCTBEHHO.

Ona noucka onTMManbHOro NyTU MOryT ObiTb MCMOJIb30BaHbI
Pas3nnyHble U3BECTHblIE U MOANPUUMPOBAHHbLIE ANrOPUTMbI, HaNpPW-
Mep, MOANDULMPOBAHHLIN anroputMm [enkcTpsbl, onncaHHbin B [1].
Mogudukauma anropytMa COCTOUT B TOM, YTO A0 Hayana nomcka
ONTMMaNbHOro MyTM OTOPAaCLIBAIOTCA TE€ pelleHus (nyTu), Ans Ko-
TOPbIX He BbINOJIHAIOTCSA TpeboBaHUs Mo obecnevyeHuto npeaenb-
HbIX 3HayeHurt QoS-meTpuk. bonee nogpobHO Moaudukauus 3To-
ro anroputmMa onuvcaHa B pabote [1].
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Taknm obpazom, afns noucka OnNTUManbHOrO MyTW MNpeasoxe-

Ha crnefylowas KoMno3mTHaa meTpuka [1].
S,j S,j Jsj S,j
’ +WD ’ +WJ : +WX ’
Y D X

_ (1)
max max max min

Micnonb3oBaHve BeCOBbIX KOIGPUUMEHTOB (W, Wy, W, W,)
paclimMpsieT BO3MOXHOCTM B MpoLecce pelleHuss npobnembl or-
TUMaNbHOW MaplpyTusaumm ¢ yd4eTom TpeboBaHU 3a4aHHOro
kayecTBa 0OCNYXNBaHUS.

Ha pwucyHkax 1-4 npencraBfieHbl 3aBUCMMOCTU KOMMO3UTHOM
METPUKN r OT pPasfinyHbIX BECOBbIX KO3hPUUMEHTOB. Hanpumep,
BeCcoBoin koadduumneHt w, (puc. 1) namensetcs ot 0.1 no 0.7, B
TO BPEM$S KaK OCTaljibHble BecCOBble KO3DPUUMEHTbI NPUHUMAIOT
CnyyaiiHble 3HAYeHVst C y4eToM Toro, 4to w, + w, + w, + w, = 1.

Peaynbtatbl pacyeToB MOKa3bIBAOT pPa3/NYHble KaYeCTBEH-
Hble 3aBUCUMOCTU MOBEOEHUS KOMMO3UTHOW METPUKU r OT U3Me-
HEHMSA BECOBbIX KO3 PUUMeHToB. Tak, MeTpuka r B 3aBUCUMOCTU
OT BECOBOro koahduumeHTa w, U3MEHSIeTCs NpakTU4ecku no ni-
HEeNHOMY 3aKOHYy. 3aBUCUMOCTb I OT OPYruxX BECOBbIX KO3DPUUM-
eHTOB sBNnsieTcs 6onee cnoxHon (puc. 2-4).

Mpn BbIBOPE KOMMO3UTHOM MeTpukM ocobas ponb OTBOAUT-
Csl CTOMMOCTU eauHWUUbl nepefaBaeMon mHopmaumm. B aTon
CBSI3N CTOMMOCTb LLeNecoobpasHo BbIAENUTbL B OTAENbHYIO METpU-
Ky. Y4eT CTOMMOCTW MOXEeT ObiTb Npou3BeneH NyTemM BBeOEHUS B
dopmyny (1) AONOAHUTENBHBIX KO3DDULMEHTOB.

r=-w,

S

Y, D, Jg
I’:—CYWY%+CDWDDA+CJWJ%+CXWXX

max max max min

(2)

3necb KO3pOUUMEHTbI C; — KOIDPUUMEHTHI, Yy4uUTbIBalOLLME
cToMMOCTb 0becneyeHns TpeboBaHWn TO nnn nHon QOS-meTpu-
Ku. YeMm Huxe CTOMMOCTb, Tem Gosble koadpouumneHT c. Ecnu
CTOMMOCTb HEM3BECTHa MW HEe y4uTbiBaeTcst, To ¢; = 1.

Ha pucyHke 5 npencrtaBfieH anroputMm, peanmaylowmin ¢op-
Myny (2), a Takke paHee W3M0XEHHble noaxoabl. ANroputM MOX-
HO YCJIOBHO pa3fennTb Ha HEeCKOJIbKO UTepauuin.

3anyckaeTca paspaboTaHHOe MporpaMmMHoOe obecrneyeHue.

Ntepaums 1. Havyano paboTbl anroputMma.

Wtepaumsa 2. Ha paHHOM 3Tane CTPOUTCHA TOMONOrns CeTwu.
C nomolbio Kypcopa 13 NIeBOM 4acTu 3kpaHa BblGMpatoTcs y3nbl,
HacTpauBalTCa MexAy HUMU COedMHEHUS.
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Hauano

‘ MocTpoeHme Tonosorum cetn ‘

l

‘ Beoa s ceoiicteax Y,D,J,Z ‘

——

‘ BBoa npeaenb HbIX NapameTpos ‘

!

Wy+Wd+Wj+Wx<=1,
First Device<=0,
End Device<=0

38

Rst==Wy Dy*(Yst/Y min)#Wd"Da" (Dst/
Dmax)+WjD j*(Jst/Jmax)+Wx* Dx*(Xst/

(clp][]!=65535) Xmin)

&&(!flag[])
&&(!=p)

For(i=0;i<=n;i++) mn=Rst[];
if(R st[i+1]<min ) min=Rst[i+1]

l

‘ P=Pst

l

Mpachmyeckoe Bbl AeNeHMe Nyt Ha
cxeme

‘ Ii1=min ([ilrfp]+clp1lil) ‘

Puc. 5. Cxema paspaboTaHHOro anroputma



NTepaums 3. B cBoWCTBax COeAMHEHUs BBOASATCHA Heobxoam-
Mble MnapamMeTpbl: MPOMyckHas crnocobHocTb kaHana (Y), Bpems
3apnepxkn (D), Bapuauusa 3agepxku (J) M KOAMYECTBO MNOTEPSH-
HbIX NakeToB (Z).

Ntepaunsa 4. Beogarca npepenbHble 3HA4YeHUS napameTpoB,
NpU KOTOPbIX MOXHO OyOeT HalTU ONTMMasibHbIA MapLIpyT OT Ha-
YanbHOW A0 KOHEYHOW TO4KW.

Utepauusa 5. lNMpoBepsaoTCcs BBeAEHHbIE HavallbHble napamMeT-
pbl. [1py HECOOTBETCTBUM TPebOOBaHUAM anropuTM BO3BpaLLAETCS
Ha BBOJ, NpefesfibHbiXx rnapamMeTpos (Utepauus 4)

Ntepaumsa 6. Ecnn BBeLeHHble npenefibHble 3Ha4YeHus Kop-
PEKTHbI, TO aNropuUTM MNEepexoauT Ha LMK/ MO MOUCKY KpaTtyanmwie-
ro NyTM ¢ y4eToM CHOPMYIMPOBaAHHbLIX TPeBOBaHWUIA.

Utepaunsa 7. MNpoBepsieTcsa LieHa OAaHHOro nyTW, eClin OHa He
paBHa 65535, U faHHbIN y3en He paBeH HavyaslbHOMY W paHee He
aHaNM3npPOBasCH, TO NepexoauMm K mutepauum 8, nHave BO3Bpalla-
emMcsl Ha utepaumio 6 umkna.

Utepauua 8. Ecnu 3ape3epBMPOBAHHON €MKOCTU [OAHHOro
KaHana [ocTaTtoyHo ans obecnedeHmss QOS, TO B TakOM cry4vae
nobaBnseM [OaHHbI KaHan B CMWCOK BO3MOXHbIX KaHanoB AN
KpaTyanero nyTu.

Utepauma 9. HaxooMm MUHMManNbHOE 3HavYeHue mexay Te-
KyLLle eMKOCTbIO KaHana M 3ape3epBMPOBaHHON M BO3Bpallaem-
CS B Hayano uukna.

Ntepaumsa 10. PaccumtbiBaeTcs onTuMalbHbIA MyTb No ¢op-
myne (2).

Utepauua 11. Haxooum MUHMManNbHOE 3Ha4YeHue nyTu Ha
KOHKPETHOM 3Tane u OobaBnsiemM ero B MapLupyT.

Ha pucyHke 6 nokasaH Bup paboTbl OManoroBOro OKHa pas-
paboTaHHOro nporpaMmmHOro obecnedvenus. lNporpammHoe obec-
neyeHne HanmcaHo Ha g3blke Java v cogepxut okono 30 moay-
nen (NpumepHoO 4-5 TbIC. CTPOK Koaa).

Ha pucyHke 7 nokazaH pesynbtaT paboTbl nporpammbl. On-
TUManbHbIM NyTb OT CTaHuMm 1 OO0 CTaHuMn 8 noka3aH XWPHOW
NNHUERN.

Takum 06pasom, UCMNOSIb30BaHME Pa3INYHbIX 3HAYEeHWI Beco-
BbIX U CTOUMMOCTHbIX KO3(DOUUMEHTOB MNO3BOMSIET OCYLLECTBASATb
MHOrOKpuUTEepManbHbli MOUCK ONTUMANIbHONO MapLipyta C y4eToM
OorpaHu4eHnin Ha kaxabii QoS-napameTp B OTAENIbHOCTU, a Takxe
C y4yeToM TpebOBaHWU KOMMO3UTHOW METPUKU r AN rnoucka
KpaTyanLero nyTu.
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N.l. Listopad, L.O. Bouka
Data Flows Routing in Multiservice Networks Based on
Quality of Service Requirements

The article deals with the problem of data flows routing in
multiservice networks. It is shown, that using of different values
of the weight and cost coefficients allows to realize the multi-
criteria search for the optimum route taking into account the
limitations for each QoS-setting individually as well as with the
composite metric r requirements for the shortest path searching.
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