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[Ipennaraercs HOBBIN OAXO0A K (POPMUPOBAHHIO CTPYKTYPHI 0A30BOI CETH Teje-
KOMM YHUKAIIMOHHOM CHCTEMBI, OCHOBAaHHBI Ha yd4eTe Beca BEpIIMHBI rpada,
KOTOpBIH 3aBHCHT OT pebep, NMPHCOSIWHEHHBIX K BepIIMHe. Takue ciydan
BCTPEYAIOTCS, KOrZIa B CETU HCIOJB3YIOTCS KaHANbI CBSI3U HECKOIBKUX MPOBaii-
nepoB. [IpuBoauTcs mocraHoBKa 3a1a4n GOpMHUPOBAHMS CTPYKTYpPHI 0a30BOii ce-
TH KaK ITOCTPOEHHMs, MOKPBIBAIOLIETO JepeBa C 3aJaHHON CUCTEMOW OrpaHuye-
HUl. Pe3ynbraTbl MOryT OBITH MOJIE3HBI pa3paboTYMKaM W aJIMHHHCTPATOpaM
TEIEKOMM yHUKAIIMOHHBIX CUCTEM.

The new approach to the structure formation of the backbone network of tele-
communication system is proposed, which takes into account the weight of
graph’s top which depends on the edges attached to the top. This is the case that
communication channels of several providers are used. The statement of the
problem of the structure formation for the backbone network as the development
that covers trees with the set system of restrictions is given. The results obtained
may be of use to developers and managers of telecommunication systems.

Kniouesnie cnosa: pacupeaciICHHBIC CETCBBIC CTPYKTYPhI, TCJICKOMMYHUKAIITUOHHAA
CCTh, rpa(b, Martpuia, Oa3oBas CCTh, OINITUMAJIBHOC PCHICHUC.

Bonpiioit knmacc pacmpeneneHHBIX W TEIEKOMMYHUKAIIMOHHBIX CETEBBIX
CTPYKTYP ONTHMAaJIbHO CTPOMTH Ha OCHOBE 0a30BBIX (omOpHBIX) cereil. Ha cero-
JOHSIIHUNA JeHb Takhe 3aJadd aKTyaldbHbl MpH (POPMUPOBAHUN PETHOHAIBHOMU Te-
JIEKOMMYHHKAIIHOHHON MHQPACTPYKTYpPHl C y4ETOM OCOOEHHOCTEH AEHCTBYIOMINX
Ha TEPPUTOPUHU PErMOHA OINEPATOPOB CBS3U. DTO JaeT BOSMOXKHOCTb COKPAaTHTh
o01mue 3aTpaThl Ha CO3JaHHE BHICOKOCKOPOCTHBIX KAaHAJIOB CBSI3H, MIOCTPOHUTH yC-
TOWYMBYIO CETEBYIO CTPYKTYPY, K KOTOPOW JIErKO H00aBNsTH HOBBIE CETMEHTHI C
yderoM crienuuku o0bekTa nHpopmaTuzauu [1].

Ba3oBas cerb cocTOMT M3 MHOXKECTBa 0a30BBIX (KOMMYHUKAIIMOHHBIX) Y3JIOB,
K KOTOPBIM MOIKITIOYAIOTCS MOJIB30BATENIN CETH, COCNUHEHHBIX CKOPOCTHBIMHU Ka-
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Hanamu cBsi3u. B uaeansHoM (mpocTelinieM) ciydae 3agada GOpMUPOBaHHS CTPYK-
Typbl 0a30BOi ceTH MOXKET ObITh copMyiaHpoBaHa Kak 3amaua (HOpMHpPOBAHUS
CHCTEMBI CBSI3M, COEIMHSIOMIEH Bce 0a30BbIE Y3Jbl M MMEIOIEH MHHHUMANbHYIO
CTOMMOCTh TIPH 3aJaHHBIX HapameTpax W orpaHuueHusix. CTOMMOCTb CETH CKia-
JBIBACTCS] U3 CTOMMOCTH HCIIONB3yEMBIX KaHAJIOB CBSA3U M 0Aa30BBIX Y3JIOB U SABIIS-
I0TCsI, KaK MpaBuiIo, (PyHKIMAMH OT MHTEHCHBHOCTEW oOpabaThiBaeMbIX (Tepena-
BaEMBbIX) MIOTOKOB JaHHBIX.

3anaua GpopMupoBaHHS CTPYKTYpHI 0a30BOI ceTH 4acTo (GOpMyIHpyeTcs Kak
3ajjaya MOCTPOEHUS MHHHUMAJIBHOTO MOKPBIBAIOLIErO JepeBa (spanning tree) Ha
rpage [2, 5]. Ilpu 3Tom BepmHaMu rpada SBiIAoTcs 6a30BbIE Y3IIbl, a pedOpaMu —
KaHaJIbl CBSI3M, COCAMHSIONINE 3TH 0a30BbIe y31bl. B HacTosimee BpeMst U3BECTHO
OOMNBIIOE YHCIIO aJTOPUTMOB MOCTPOCHUSI MUHUMAJIBHOTO MOKPBIBAIOLIETO IepeBa
Ha 3a7]aHHOM Tpade [3].

OpnHako B pealibHBIX CIydasx 3a1ada IOCTPOEHHs 0a30BOI CETH OCIOXKHACTCS
HaJIM4YKMEM HECKOJIBKHMX aJIbTEPHATHBHBIX BapUAHTOB PEaM3alliy, YTO MIPUBOAUT K
HEOOXOIMMOCTH CTHIKOBKH KaHAJIOB B y3JIaX CETH U BOSHUKHOBEHUIO 3aBHCHMOCTH
CTOMMOCTH y3J1a OT INOJIKITIOYaeMbIX K HEMY KaHaJoOB CBS3H. [Ipumepom Moxer
CIY>KUTh 33/1a4a ONTUMAJIBHOTO OCTPOCHUS 0Aa30BOIl CETH PErMOHA NMPU HAIUYUH
HECKOJIBKHX OIEePaTOPOB CBSI3M C Pa3IMYHBIMU 30HAMH TTOKPBITHSA [4, 5].

Hwxe Oyzmer paccMOTpeHO BIHMSHHUE 3TOro (pakTopa Ha MOCTAHOBKY M peliie-
HHE 33/1a41 TOCTPOCHUSI 0A30BOH CETH.

B o0mem cimydae aist pemeHus 3a1a4un mpuMensiercs TpadoBasi MOIENb CeTy,

KOTOpasi CBOAWTCS K ciedyromiemy. 3aman ucxoxdeiii rpad G(X,I), rme
X ={x,,X,,..,Xy} — MHOXECTBO BEepIIMH rpada, COOTBETCTBYIOLIEC MHOXECTBY

6a30BbIX y3710B (N — oOmee uucio 6a3oBBIX Y37I0B, BEPIIMHA X, COOTBETCTBYET
y3ay Homep i), a I' ={(x,,x,)}, (i,j =12,..., N ) — MHOXecTBO pebep rpada, coot-

BETCTBYIOIIEE BO3MOXKHBIM KaHaJlaM CBSI3M MEXIy 0a30BBIMH y3JIaMH, 3a/1aBaeMoe
mapamu (x,, x ;) , TA€ KaiI0h mape (pedpy) (x;, X;) COOTBETCTBYET KaHAJ CBA3H

MEXKAY y31aMu (BepminHamu) i 1 j. [IoCKOIbKY KaHaJbl CBSA3U SBISIOTCS TyTIIEKC-
HBIMH, TO UCXOIHBIH rpad) — HEOPHEHTUPOBAHHBIN.

[Ipu HeCKONBKUX MpoBaiiiepax CBSI3M MEXIy OTAEIbHBIMUA 0a30BBIMU Y3IaMHU
BO3MOYKHO HAJINYME HECKOJIBKUX KAaHAJIOB CBSA3H, YTO COOTBETCTBYET HECKOJIBKUM
pedpaM, CBS3BIBAIOIIMM COOTBETCTBYIOIIME BepinHBI rpada. Torga MHOXKECTBO
pebep I' MOXXHO TpencTaBUTh KaK OOBEAMHEHHE HENEpPECceKArOIUXCsl MOJMHO-

HKECTB T — ? r, > e I, — mHokecTBO pebep rpada, COOTBETCTBYIOUIMX KaHATAM
=
CBsI3M, TIPUHAUISKAIIMM TpoBaiiiepy Homep k, K — uucio npoaiinepos. Kaxknoe
pebpo, COOTBETCTBYIOIIEE KaHAIy CBS3U MPOBalijiepa i MEXy BEPIIMHAMU /M U 1 —
(X35 X;,) » MMEET BEC 1, ((x,,,X,,)) > 0.
Ha MMPAKTHUKE BECY pe6pa MOT'yT COOTBCTCTBOBATh CTOMMOCTL apCH/IbI KaHajia
CBA3U, 3aTpaThbl HA OIUIATY CAWHUIIBI Tpa(l)I/IKa, nepeaaBacMoro 1mo KaHajly CBA3H,

im?>
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COOTBETCTBYIOIIEMY JTaHHOMY peOpy, 00 Oosee CioxHash (PYHKIUS, YIUTHIBAIO-
1asi OOJIBIIIEE YHCIIO TapaMeTPOB CETH.

Kaxnas sepmmna rpada X, Taxke umeer cBoil Bec V(x;). Bec BepumHbl

MOXKCT OIPECACIATHCA, HAIIPUMCP, YN CJIIOM HOHBBOBaTeHef/’I, KOTOPbBIC MOAKIOYAar0T-
C4 K y3J1Y, KOTOpOMY COOTBCTCTBYCT JJaHHAd BCPIIWHA. O):[HaKO B CJIy4dac IMOJAKJITO-
YCHUS K Y3JIYy KaHAJIOB CBA3U HCCKOJBKUX HpOBaﬁﬂepOB, OH BBIIIOJIHACT (bYHKLII/II/I
M0 KOMMYTAallU 3THUX KaHAJIOB, YTO, KaK IIPaBUIIO, Tpe6yeT JOIIOJTHUTECIIBHBIX 3a-
Tpar. HOBTOMy BCC BCPIUIMHBI NOJKCH YYUTBIBATH 3TOT (l)aKTOp, 4YTO B HAUICM CIIy-

K
yae Oy/eT BBITIISAIACTh CICAYIONIMM 00pa3oM: V(x/)=zvf(x/)’ rae v, (x/.) — BEC

i=1
BEPIIMHBI j, CBA3aHHBIH C 00CIy’KMBaHUEM KaHAJIOB IIpOBaiiziepa HOMep i.
Ompenenum Bec rpada — V(G(X,I')) Kak CyMMapHBIi BEC BXOJAAIIUX B HETO

BEpILUH U pedep:
N

V(G(X,T)) = Zv(xj)+ZK:ZN:ZN:ui(xim,xm : (D

i=l m=1 n=1

3azaua B OGIIEM BHJIE 3AKIIOYACTCA B TOM, YTOBEI JUTs 3aJAHHOTO HCXOMHOTO
rpapa  G(X,I) wmaiia [T Ttakoe, uro momrpad R(X,I),
(R(X,T)cG(X,T), " cTI'), conepxauwii Bce Bepmmmsi rpada G(X,T),

6y;[eT HMETh MUHUMAaJIbHO BO3MOXHBIN BEC:
V(R(X.T") =min (R(X.T) - )
r

* K * * o *
3necy mHoxkectBo [T = YT ,tae I eI, (Bo3MoxeH ciydail korna I = D).
i=l

[Ipu 3TOM JOMKHBI BBITIOTHATHCS OTPAaHUYCHHS, CBSI3aHHBIC C OC3YCIOBHBIM HC-
MOJIb30BAHUEM KaHaJIOB CBS3HU ONPEACICHHBIX MPOBAUIECPOB MEKIY HEKOTOPHIMU
y3JIaMH CETH, BKIIOYEHUEM B COCTAaB CETH BCEX y3JI0B.

Pemenne 3amaun BO3MOXKHO C MPUMEHEHHEM H3BECTHBIX aJIrOPUTMOB IIO-
CTPOEHHSI MUHUMAJIbHOTO TOKPBIBAOLIETO AEPEBA. .

Jsi KOHKpeTH3aluu 3aadyu, ¢ YYeTOM HaJU4Msl HECKOIbKUX MPOBaKIEpOB,
HCIIONIb3yeM MaTPUYHOE onucaHue rpada.

Ilycte Bec pebep mpoBaiinepa i 3amaercs MaTpuiei U =|u,,|, rae

imn

u, =u,(x, ,x ). Hammune xaHanoB CBS3M NpoBaiijiepa i MEXIy y3JlaMU CETH,

3a11a€TCs MaTpULed cMexxHocTH ucxoanoro rpadpa G(X,I) - R =7, |, (mn =

m?2

1,2,.,N),tne r, = 1, ecnu xanan cBs3u (pebpo) Mexy y3iamu (BepIIMHAMM) /1

unects, ¥ =0, ecnu kanana ces3u (pebpa) MEKIy y31aMu (BEpIIMHAMY) /11 U 1

mn

HeT. Beca BepiuH, cBsi3aHHBIC ¢ 00CTY)KHBAaHUEM KAHAJIOB CBS3H PA3JIUYHBIX ITPO-
Baiiiepos, 3aJ1ar0TCA MaTpuei A\ =|| V. || , rae v, =V, (xj.),

ij
(i=12,.,K;j=12,.,N).
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%
Kanansl cBsi3u poBaiinepa i (pedpa rpada u3 mogmuoxkectBa 1 ), KoTopbie

, (m,n =

* *
BXOOAT B COCTaB 6a3zoBoi CCTH, ONPCACIAIOTCA ManH].[efI Ri =|| I/:'mn

1,2,...,N),rne ¥, =7r =1, ecnu xanan cpsasu (pedpo) Mexay y31amu (BepIIu-

*
imn imn

*
HaMI/I) m U n BXOOUT B COCTaB CETHU, V', = 0 , €CJIM KaHaJla 3TOro npOBaﬁL[epa CBsI-

mn

3u (pebpa) MexIy y3naMmu (BepiirmHaMu) m U n HeT. OTMETUM, 4TO MaTpula Rl. ,

*
o CyTu, ONpeACIdaCT MOAMHOKECTBO Fi . Tor;[a, CyMMAapHbIN BEC pe6ep " BCp-

muH rpada 6a30Boi ceTH, OTHOCSIIUXCS K MpoBaiiiepy i, Oyaer paBeH:

I/i (X’ Fl*) = I/I (UI ’Ri ’Rj) = iiri;numn + ivim Sgn(i r:nn) : (3)
n=1

m=1 n=1 m=1

rae sgn(x) =0, ecnu x<0 U sgn(x)=1, ecmu x> 0.
CymmMapHbIif Bec rpaga 6a30Boii cetu Oyner paBeH:

V(R(X,T)) = iVi(Ui,Ri,Rf). 4)

3anmada moctpoeHus: 0a30BOH CETH B 3TOM ciydae (GOpMyIHpYeETCs CIEAyo-
MM 00pa3oM.
Hano:
1) wmcxommeii rpadp G(X,I'), rae MHOXECTBO BepmuH rpada —

K
X ={x,,X,,...,x } ; MHOXecTBO pebep rpada — T = YT, , e I, — muoxecto
i=1
pebep rpada, COOTBETCTBYIOIMX KAaHAAM CBS3M, MPUHAUIEKAIIIM TIPOBANIEPY
HOMED I;
2) wmarpuua Beco BepmmH mcxoasoro rpada — V=[v, [, rae

V!f =V (x_/)’ (i= 1929---9K;j = 1929"'9N);

3) MHOKECTBO MaTpHIl BecoB pebdep ucxonnoro rpada—(U,,U,,..,U, );
4) MaTpuIbl 0053aTENILHOM MPUHAUISKHOCTH pedep ucxomHoro rpada (ka-
HAJIOB CBSI3M MPOBaiiiepoB) K rpadyy 0a30BOM ceTH:
sk sk . sk
R =7, |.(mn=12,..N;i=12,.,K), rne ¥, =1, ecnu xanan cesi3u npo-

mn

Bafmepa i MCXKAY y3J1aMu m U n 00s13aTEIbHO BKIIIOYAETCS B COCTaB 0a30BOil CEeTH U
ok
7. =

imn

BKJIIOUAETCA B COCTaB 0a30BOM CETH.

0, ecnu kaHan CBsI3W MpOBaiiiepa i MEKAY y3IaMH m U 1 HE 0053aTEIbHO

K
Haiitn:  V(R(X,I"))= min {> V,(U,R,,R}),rne
(

min, {

R, ,..Ry Py
N N N N
* * *
I/1‘([]1"];1"]&[ ) = zzr[mnumn +zzr}mn (V[m +Vin) .
m=1 n=1 m=l n=1

[Ipu orpannueHnsx:
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1) RX,TH)cGX.,T) - rpab R(X,T") smustercs mnomrpadom rpaca
G(X,TI') ,sxmouarommm Bee Bepmmns rpadga G(X,1) ;

)T cT;

3)rpad R(X,T) siBisiercs CBA3HBIM AMKINYECKAM TpadoM — IepeBOM;

4) s Beex (m,n=12,..,N;i=12,..K)-r. >r

imn imn *

OTMCTI/IM, 4TO JaHHad 3a/lada CYHICCTBCHHO OTJINYAaCTCA OT HW3BECTHOH 3aga4un
MNOCTPOCHUA MUHHUMAJILHOI'O IMMOKPBIBAIOIICTO ACPEBA, IMOCKOJBbKY 3/1€Ch Tpe6yeTC${
MHWHUMU3UPOBATL U CyMMapHBIf/i BCC BCpIINMH, KOTOpBIf/i 3aBHCUT OT COCTaBa BXO-
AAIUX B MTOKPBIBAIOMICE ACPECBO pe6ep.

OTMCTI/IM, 4TO IIOJy4acMOC PCHICHUEC MOXKCT 3HAYUTCIBHO OTIMYAaTbBCA OT
KJIaCCUYCCKOro, Koraa BeCa BCPIINH HEC YUYUTLIBAKOTCH.

Hpumep.

Ha puc. 1 MMPUBCACH NPUMEP UCXOOHOI'O rpaq)a G(X,F) .B AaHHOM CJiy4ac
N=8,K=2.

0111000 0 01 1 0 0 O
1 001001 0 0 0 0 0 0 O
1 000T1O0O0 1 0 0 0 1 O 1
R=1100000O0R,={1 0 0 0 0 1 0
001 0O0T1PO 0 01 0 0 1 O
000O0T1O0°1 0 0 01 1 0 1
01 000T1PO0 0 01 0 0 1 O
0 70 50 100 0 0
70 0 0 30 0 100
50 0 0 0 80 0 0 ’
U, 6 = 100 30 0 0 0 0
0 0 80 0 30
0 0 0 0 30 0 20
0 100 0 0 0 20 0
0 0 70 80 0 0 0
0 0 0 0 0 0 0 )
70 0 0 0 70 0 60
U = 80 0 0 0 0 120 0
0 0 70 0 0 30 0
0 0 0 0 30 0 40
0 0 60 0 0 40 0
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V = 50 50 60 30 30 50 30}
40 30 20 40 50 20 20
Ha puc. 1 yka3aHsl mprHaATI©KHOCTH POBaiiiepy U Bec pedpa.

Y3en

(BeplumHa) (2,70)
1

(90)

Y3en
(BeplumHa)
3

Y3en
(BepwmHa)
2

(80)

(50)

Y3en
(BepwmHa)
4

(70)

Y3en
(BepwmHa)

Y3en
(BeplumHa)

(2, 120) (80)

7
(50)

Y3en
(BeplumHa)
6

(70)

Puc. 1. Ucxonusrii rpad

Ha puc. 2 IOKa3aH MNpUMEp MOCTPOCHUA MUHUMAJIBHOI'O IMOKPBIBAIOUICTO IC-

peBa 411 UCXOOHOI' O rpaq)a IIpu yCJIOBHUU HE3aBUCHUMOCTHU BCCOB BCPIIWMH OT IMOI-
KIIIO4Ya€MBIX K HUM KaHaJIOB.

3aMeTI/IM, 4TO B 3TOM CJIy4a€ MUHHMAJIbHOC IMMOKPBIBAKOIICC JCPCBO CTPOUTCA

IpY IPEABAPUTENBHOM IPeoOpa3oBaHUK UCXOJHOrO rpada TakuM 00pa3oM, YTOOkI
J100bIe 1BE BEPLIMHBI CBS3BIBATIO TOJIBKO OJHO PEOPO ¢ MUHUMAIBHBIM BECOM, CO-
OTBETCTBYIOIIlEE caMOMy JemeBoMy KaHanmy. OOmuii Bec rpada B 3TOM ciydae

V(G(X,T"))=680.
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Y3en
(BepmHa)
1

(90)

Y3en
(BepwmHa)
3

Y3en
(BepLumHa)
2

(80)

(50)

Y3en
(BepLumHa)

(20)
Y3en

(BepLmHa)
5

Y3en
(BepLumHa)

(30)

7
(50)

Y3en
(BepLlumHa)
6

(50)

Puc. 2. MurIMaNbHOE TIOKPHIBAIOIIEE ICPEBO, IIOCTPOSHHOE O€3 ydaeTa BECOB
BepuInH rpada

Ha puc. 3 npuBeaeH npumep MHUHUMAIBLHOTO MOKPBIBAIOLIETO AEpEBa, IIO-
CTPOEHHOT'O C YYETOM BECOB BEPILIUH, 3aBUCAILINX OT MOAKIIOYAEMBIX COOTBETCT-
BYIOIIUM y3JaM KaHaJIOB CBSA3U MpoBaifepoB. [Ipu mocTpoeHUM MCHOIB30BaJICS
MOIU(UITMPOBAHHBIA ATOPUTM TOCTPOCHUS MUHUMAILHOIO TIOKPBIBAFOIIIETO JIe-
peBa, yuuThiBaromumi Bec pedep. OH oTiauyaercs OT M3BECTHOrO [3] TeM, 4To mpu
MMOCTPOCHUU JiepeBa peOpo BHIOMPAETCS C YIETOM BECOB CBSI3BIBAEMBIX MM BEPIIIHH.

O6mmwii Bec rpada B 3toM ciaydae V(G(X,T7)) =580.
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Y3en
(BeplumHa)
1

(50)

Ysen
(BeplumHa)

Ysen
(BeplumHa)

(80)

(30)

Ysen
(BeplmHa)
4

(30)

Ysen
(BeplumHa)
5

(50)

Y3en
(BeplumHa)

(2, 120)

(30)

Y3en
(BeplmHa)
6

(2, 40)

(20)

Puc. 3. MuHMMalIbHOE MOKPBIBAIOILIEE IEPEBO, TOCTPOCHHOE C YUETOM
BECOB BEPILHH rpada

BrIBoabI

[IpennokeHa MocTaHOBKA 3a/ladyll M METOJIbI BHIYMCIICHUS Beca rpada, Koraa
HMMEETCS HECKOJIBbKO MPOBAKUIEPOB CBSI3U.

[TokazaHo, 4TO MpU HEOOXOIUMOCTH ydeTa BECOB BEPIIWH KIACCHYECKHE ajl-
TOPUTMBI MOCTPOEHUS] MHUHHUMAJIBHOTO MMOKPBIBAIOUIETO J€peBa HE [al0T OITHU-
MaJIbHOTO PELICHHUS.
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