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An Enhanced Algorithm for Multiple Constraints Optimal Path Calculation

WANG Sheng, LI Le-min
(Key Lab of Broadband Optical Fiber Transmission and Communication Networks , UESTC , Chengdu , Sichuan 610054)

Abstract: One of the key issues in the design of a QoS-criented service is how to identify a feasible route which satisfies multi-
ple constraints while simultaneously achieving efficient utilization of network resource . The underlying problem can be stated as a Mul-
tiple Constraints Optimal Path (MCOP) problem. Recent years, some algorithms have been proposed in literature, but suffered from
various disadvantages. They can not meet the practical requirements. In this paper, a formal definition of MCOP problem is stated. A
novel enhanced heuristic for solving MCOP problem is proposed, in which elegant path searching techniques are used to achieve higher
performance in terms of path selection success ratio and average path cost. Using extensive simulations on random graphs and random
assigned link weights, the improvement of the new algorithm proposed is verified, and the impact of some key design parameters on the

performance is discussed.
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B AT A R P R4 “ R 145387 (best effort) dk 55 #31
B PEEESNREY R, S AN FFERAKHE,
—HRSFEEC AR EMS ZROER. HilL, EEEN S
SR AT 458 AR % B B ( Quality of Service, QoS) B9 % BB &R
S AR AR g AR 3% B 4040 PO 4% & R A O [h] . SR 5 QoS fREERY
PR B8 T B S SO A 2 R 5 (4 Diffserv . Inteserv!!)
)5, A EBHTR T ERNMARERERNEEBAR.
HET, MPLS'2! ( Multiprotocol Label Switching, % th 3 4R iC 2 #t)
BANNREN AR P MERBHNERBER.

MPLS £ R B0 B8R b % 3 (flow) 58 3L LSP(La-
bel Switching Path, $RIC3CHBERR) , SRS 7E LSP LAk dk %9 .
HT LSP B, BEELS BV % WA &b QoS TR, B {R LSP AE®
R SEOR , B R A R AR ARG BT IR . X2
MCOP(Multiple Constraints Optimal Path, B4 F B ) A1 .
PR XA R - A E BRI R R SE R, F

Wkl H 1 : 2002-08-16; 48 =] H 15 : 2003-09-28

EORE T R MR MTE T A ERRE &R, BRI
PR SFHARNBI ER HWRS), MARFTAREX L
ARAIBEZCX R R AR BRI A TITER) P “ BN
8, R IERBRE AR S - FELENSE HFRE
Rffr.

# MCOP /a8, Mg h B AEBRTER T —-4HS%,
RATF#RBEHAR. ZESEF USRI, LB RMER
(additive) , —JSRIE DAY (nonadditive) . Xt FIHELI K, B &
BRNAR R D AR TS TS RANARSHZ MR
SE(PIBEE JER %) ; T FIEMEL R, BEMARES
HBBRARSH IR FEXRENBINER. CAETREHD,
AR AR AR AR 0=, Bk, £33
B BEE RN RA AR A S ARBRR
BaAe” R, RIS RE R I E LR .

Mo B H 3 1 8F, MCOP [a] B3R 4t 5 RSP ( Restricted-
Shortest Path, 2R AY 848 g% ) /a1 &) RSP MBI R BRI K
FRMBABBR, BARRE 1. 5—15 MCOP HXK

LW E B ERPEES (No.60002004) ; # F HHFEH AR BFILE R H (No. 02064)
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£ MCP(Multiple Constraints Path, £ £ 5 B4 4% ) [a] &> . MCP [5)
BHARAE A ERERITEHREARNER, ATFEER
PR AR A [ B X B A [ BB AT LUBE MCOP R B9 3R
RS A A R T LA A K 2. — 28 R JE ) R 1
fle7d B FUR R B R, B RSB/ ME R, Dl 4
KB RN R MR R MRS, B — KB msR
BhF k B A IO s — MR R R PR SR T £
R MEFLR, E k B BRI E AT K ZRNB/DK
B RENENTEELNFSYRAREEEMUEHE) N
R AR, XHRBTEBERARE . Ho, SBEER
BB P MCP 5 RSP [a]f%, k¥ B B MCOP [a] &K ; 75 4b, B ik
HEEEAE S LSRR BT TR, R A « BEhE ke,
k EAEFIEERE A L EHBK, W R E R ME, # k
fEA/, AT SE Tk R AR R AR

UEAEN, REE R T — 264t 3¢ MCOP (o] By B gk (1112)
FHep U KRR 2 MY IE S, A AR B — M i MCOP
(] . T2 o 4 4 ) HMCOP( Heuristic for MCOP) 3 BB T
ERBRH, H MR — Rtk s MCOP R . H &, B L
—A KRB, IR xR MERNBERIEREBRER
TEN(4.2 WS A THFOM T HR HMCOP KX AN E) .
&% EATR , R MCOP [a) 58 i) — 2455 (41 RSP.MCP, B, 2 4
3 # MCOP [R]RE) B A A BT LR , (B 4%+ — AR 89 MCOP
REBAGBEIT B AT AL T4 4 0 B, SCHRD? o 42 4 #9 HMCOP
BB RS — AR MCOP [RIEERH Y, (BIETEBE .

A EERBRIE T, 4% HMCOP fOSkiGR 4 T Bt
®2, B 8 ME R R EHMCOP( Enhanced HMCOP) 3 35 . {5
He5 R %W, EHMCOP B ¥ i #: fE b HMCOP B 38 91 B ot
B AXHNEERNBFRIBTHN B VARET AN —
SRS MU, A BARBERZ RSN ERR.E£=
PRBMNF TAICIRY K EEMCOP B EA B, 8H T
BEMARNERAMB. SN2 T EHMCOP B B H 2
¥, BT U T X HMCOP Btk 3 /> 6 S M HE Y e
BUn iR R E " R  EMBHKEIER”, 8N THEZE
PWHFEUREE BENBELY 42,

2 HERAKEE#HE

2.1 HEiRMA
oG=(V,E): FEHE Kb VEHSES EREK
(GMES;
®I(i,jYCE, i,jEV:TUA i fjZEM—4&KH;
om(l(i,j)), (i, )EEMIG,HHERMIE;
0w, (1(i,/)), (i, j)EE k=1,2,,K:3 1(i,})Ey
Bk NYEAE;
®p(i.j), i, jEV:IE i MjZEy—&kEBE2, BT

BEFEINTRNES, BT UBERETHANES;

Om(p(i,j)), i,jE€V: B&& p(i,j)MERM, BZX
B2 LA ERMEZ M, A
m(p(i,j))= )Z: m(l(m,n));
I(m,n)€Epti,[)
®u,(p(i,j)), I(i,j)EE, k=1,2,,K: BB

p(i, IR k NERAHSE, BREKZ LFEANS 1
AFAEZ A, B
w(p(i,))= >,

{m, )€ p(i.j)
K
0 (i) =D w (i, j): BERR p(i,j) LA KA
=1

BRARBEZ A APRF &, XPEHEEEAKS 5., A
BB

OAdj(x): T x MPTH PERES;

®Heap: H ¥k PSR EH , I TR AL B PIERM
B ; FEAMBRIE TS Insert_ heap (KBS 12 46 A Heap) Fl
Extract_ min(M Hesp FEULHEF S HE /MK E, XBHSF
SBPAURERM, LT URBBARSHE);

OL(i.j): AR i BIWR WEBBES EEKANH N,
(RAE XS R 3.3/01); FEMIRIEN Insert_ path _ list, [

RETHAFHBE;
®Normalize( Gy, k€ [ 1, K1) : % Bl 5 BT B I AR AL R

BREBEARMEFTH— kb8, HFW ¢, k=1,2,,K
R H K A,
2.2 [EEHER

fEARE 6=(V,E), M afas -1 ERMNE:
m(1(i, ), 1L j)EE, UR K INEARNE: w, (1(i,
Ny G )HEE k=12, , K. FiAXSEMRIERLN. 4
EKNBBRARME:C,, k=1,2,, K. ERELB—FMFE
TR s BN ZEMBERZp(s,0) JFEHE:

HE L (p(s, ) Ch, k=1,2,-,K;

% 2:m(p(s, ) ) RITATITHR(HERME | WBEE
AR TR PR/,

3 EHMCOP kiR

3.1 EkiEse

EHMCOP EE& M ERBI T EQFEUT=ALK.

F15 AARETESE HERFEMNTAIES
At B, BU/NRIBER (B 1 AL INE 217). 5,
RERNRBBREARSRZ MBI 2.1 /)¥). SLBEH
IR FRUBEM T EBRMEH;

$24 HWMES s BENSR: R p(s, ) RER
LR, I 1 EARESEEE 3~ 5 17N, &, 1 T
HINARSPEE—LT LY KA ARSBZ AT K
B, R AR T R T — B R, AT LA B R
FEREARKBE. BARAREHNBRBRARSEZ NE
W op(s, ) K. EBFBTRH, RTE3I$;

B3 BERAERHREESR HENES s BENS:
IR (E 1 FARBRIBHE 6 17).

R AR R LT Dijkstra W 8B 89 5 k08,
BELREN RENWRERARSE(E 1(0)55 847), BX
HRREMEBERAR BB o, (F 977). RFH HBR M
AT, —RAWTH R AR RREEE; A—MEAR
ABATR I ICR—FRDEHNS s, BDNBEE D, (i,1),
HHTR | R MBER. FmH i B SR 8RR m i

wk(l(mvn))v k=1,2v"'vK;
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RGBT s Bl e WATFTHR.

TE B RS B B 45 B8 Dijketr B3 10 B2 24 8T Further _ check( T (s, y))
BAEBRAZR N p(s, ) X F « MIAREE Sy, T BERAR T(s,y) (H 1 BEGIN
1IERH AR 10~ 1247), RN BRARSHS AN R 2 ¢(V,E)=G(V,E) - T(x,y)
BRE T(s,y) SREVEBRMNBE p,(y, VAKRSHZ 3 C=6-w(Tls,))k=1,2,.K
MEARFER(E 1 ERTE—R 22~ 2747), BHED 4 Reverse_ Caloulation ' (V,E),y,¢,C's, k€ {1, K]
FIE—%&% T(s, ) DB BMA  MENTARR@®RMNEE |5 Fulbln))<l Vi=1,2,~, K THEN
% T(s, ) RATFTH) 80K T(s, ) BABBRBRESF(XT 6 RETURN SUCCEED
EBRBESWEAKHASN 3.3 %) EARBR, e Fwi || ENOF
B T(s,y) RAlHT, BB BT — 50 7R ARE (E 1 ZE‘SE .
ERTERERN 1447, RFITREREE RN BARLHS 0 ”EEND“EIS‘” .
W3.2%5), YA FTE R R BB R IR HL AT AT BR AR Y L END
{548 T(s, y) BAEZBZES(F 1(d)15~2017).

B () AFTRRR AR G
Enhanced . HMCOP( G(V, E), s, ¢, C,, k€ [1,K])
1 BEGIN Forwmd_Calculation(G(V,E).s,C,,,kG[l,K]
2 Reverse_Calculalion(C(V,E),t,C,‘,ke[I,K]) 1 BEGIN
3 D uu(p(s) > K THEN : I’j;’j‘_;‘:j;:;;"“""]
4 RETURN FAIL 4 WHILE(Heap @) DO
5 ENDIF //M Heap P ELH £ R M AN # 12
6 Forward _ Calculation( G(V,E),s, Gy, k€ [1,K] 5 p,.n(s,x)) = Exiract _ min( Heap)
7 IF wlp(s,0)) <1 ¥ ,€[1,K] THEN S/ SRR AN KK o, WS R
8 RETURN p(s,t) 6 IF x=1: THEN
9 ENDIF 7 BREAK
10 RETURN FAIL 8 ENDIF
11 END 9 FOR y€ Adj(x) DO
10 T(s,y)=1l(x,y)+p, .(5,%)
11 m(T(s,y)) =m(i(x,y)) + m(p,,.(5,%))
B 1(a) ERBERHER 12 w TG, y)) =wi(1x,9)) + w(p, o (s,%)) , k=1,2,-,K

| Reverse_ Calculation (G(V,E), ¢, C;, k€ [1,K])
1 BEGIN
Normalize ( C,, k€ [1,K])
Initialize( Heap)
WHILE( Heap @) DO
7/ Heap B s, BN BE42
p,(x,t) = Extract_ min(Heap)
FOR y € Adj(x) DO
T(y,t)=l{y,x) +p(x,1)
wi(T(y, ) = w;(I(y,2)) + w(p(x,8)), k=1,2,,K
IF s.(T(y,t)) < s.(p,(¥,t)) THEN
10 p(y,t)=T(y,t);
17/% s A RANENETF
11 Insert_heap(Heap, p,(y,¢))
12 ENDFOR
13 ENDFOR
14 ENDWHILE
15 END

S W

L= - Y]

3 ;n:;}({wk( T(s,9)) + wlp(y, 1))} >1 THEN

14  Further _ check (T(s,y))

15 IF Further_ check SUCCEED THEN
16 Insert_path_list (L,(s,¥)),T(s,¥)
17  IF Insert . path_list SUCCEED THEN
Insert _ heap(Heap, T'(s, y)

ENDIF

ENDIF

ENDIF

ELSE

Insert _path _list (L,(s,y),T(s,y))
IF Insert _path _ List SUCCEED THEN
Insert _ heap(Heap, T(s,¥))

ENDIF

ENDELSE

ENDFOR

ENDWHILE

END

EYRIRBREBRIEESS =

H1(p) REHHEERL

A 1(d) ERHTHESERNG
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TER A EHMCOP B, LB & & R fTIRRE
EEHLEKSIA RS HMCOP B R FEA M. 4.2
T RN GE A ST L e A 5 S S e P SR R RBR
3.2 WITHER®E

REEE p (v, VHTENRE s. R/ADHBE FABEEE
HWHEM v Bl BN B/DARME. BN 5. = wy + wy = 10,8
P w) Rl w, BEUE T LIA SFET RS, BE AT RERR 2.8, ®.7]
BB 5.5. F MBS ARHER, T(s,v) 5 p, (v, DA FE BRE
B, REEEE T(s.y)5 p,(y, VRBEARRATFTHE, AR
EZ TG,y BIHNS « FHEEFTHBE. B, RARRY
RN, FEH—SREITH.

REMABRERE | (iR EEEER MBI A: T
S AEER GV, E)YPRBRIEREER T(s, y) T AR
(XEERANTHEHEH R, BRHFNE ¢ (V,E).RE
MBAW C L k=1,2, -, K PR IERTTE RFEMAFRE,
BEFHARC k=12, , K. BGEHAR AT E#ERE
FE G (V,E)VP R BHNBEARMEC, k=12, K&
BAT &y BIHME  BETFERLARERMERE.

3.3 ERS%RBER

B 1 iR @ et BRR T, L (s, y ) RBME DM s
Hy WIEERBREES BERSEMN 1B N, K N, RS
TR ABZEEA .

L(s,y)=
l<sn<N,

p,_n(S,_’)’) V n’m’(pr.n(s’y)) < m(pr.n+1(s’y))

¥ ra 3k w(pya(s,9)) <minlw(p,., (5, 9))]

A PR AT HEIF (AR 760

o4 % B R LR, BPHEOTHF

CHEXMBEERERN K MELA N ARSK
AR OB 2 /1.

HEATH BRI (Insert_ path _List) PR 510 - SR B
PEPARA LI, 228 PR AN DU LA SR . 2 HR A 20
HRHTIE, — REAHE LAFE AR, —RIEAL
B T RABEHE N, 596 AR 1B 0B RS E 8
TN, RS R B

L (s, ) PR R E A RN, B4 LR
K BARSHED ARG OB ERE , SR E TR
B80S MR ST B AT AT B 48 AR
2 AR TR — EAET T 2, REIH— ik R LK T
IR RITE B LR B,

B, N, KRS E MR BT X E AT, N,
AR RO ER S, R OANK, REIR R ol
REPERLRLK; 55— T, N, K, B 010 R R K, 3
HERMFEABE 4 4 T EREAHAS RS S8
N, AR S LR R,

4 MHEESHELLR

4.1 MEEHH
Bk B h B e A IE S R R . Rt

B PR SR Dijketra KEE B HREN 01 V1)L E
BRSSP H G B EANRELTHTE IR, &R
BRTEARERTAHTABREREER HEEIRE
BRER OGENVIY) IERMTEERS S — 4 FEAFER
BERM Heap PREUE/DERMBER, B TRAZHEIL
B VZREIGET NI VIR, Bk O(N, 1 V1), BFER 0
(MIV1?). Bt BN ERTEBEREREN 0(max(N, | E
[)1VI2). %4 EHMCOP & % & 7% By X [a) 1 [a] 1T BB
ZA,H 001 VI2+ max(N2, 1 EN) | V1?). &R A = 3 (bi-
nary heap) 2¥, Fibonacci 3 ( Fibonacci heap) %5 B 4 25 # 3B 45 1
LI Heap, M5 Z4 B & FAAK— 4103,
4.2 WEMH

SCAR[12]9 ) HMCOP B 7 Ae w4~ [l . B R 1 i+ S A
EEFERHE R A SE & 4. T 8 525 B F R Ut I X f R
SEE YRR , R A= 304 5 19 EHMCOP B B 2 fin fa] o2 AR
XA EERY .

B2 S5O ECERT =ME KRG HEERM. A
W1AAE 2. BEBERAK 1| MK 2 HABERT 1,5RM s
B B ERMBIRBEE.

AHWIE, B 2(a)F
BEBBE P =(5.1,2, 10’0.1’0'1/@\5,0.1,0.1
5.t), P MERMH A 9.4 2'0_2,0_2/@/ 3,0.02,0.3
HATEI% 0.9 F1 1;{HRH 40304 (4) (D
HMCOP B i BB pg s g 100304 2,0.08,0.32 e
Py=(s,2,5,1), ERH#H 1,0.1,0.2\@/’0' -
13,48 4 %149 0.7 # 0.

B 2(a) HIEL

8. FERAHER. X F
TR 2%k, Rt EEE
FEHREE Py =(2,4,0),F
R 5, 4R A 0.7, 7 10303
AFSFHIN 0.1 7 0.6. F @ T 5:0.1.0.05
EitER, HefRiE T a1, 70202 6,0.1,0.05 @
HRiZED s ERMB/DE
FRETTAER. A 1 mae) B2
EEH S 288 MM AEET BBE Py =(5,1,2)5 P3
MEARBHRLEBAE 2 KT 1(0.2+40.4+0.6=1.2) , 1
BRIR,BRZ G, L) SRMTENSE P, RERAFITH
BER, FTLLZ S ARESEHT, MESRMBERE Ps=(5,2)5 Py &
BRRETAITIRE  MELA S EWEBEE P, NENXRET. R
FtETERNEREARATER/W . BR P 5 P BB
T HAIRENERERE P, DIBENAPFENNITRE. B
T EFFERRE Po=(2,5,1),5 P, R RV T2, BT
HMCOP B¥EH, P IWARMAT P, RIAVTERN B 28T .

FEASCIR LI EHMCOP BE: P, WA 2 BFHTE Y, Mk
BPH P REERAAITHREN, AFEH - S HTHE,
B M Further_ check AW R EFAN N H 2 B ETEH
R HBRE, ERIZBRS P, WEBCHAITERE. MR
MET R R AT EE.

HMCOP B &1 5 — A Bl & E it B et Lig & — &8

10,1.0,0.9
2,0.5,0.6 2,0.3,02
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7. UE206) 8. X Py =(5,1,2), P, = (5,2), Py = (2,
£),Py=(2,3,) BEMHHAERGE N & 2 0, FRidR—
FIEMBERE, N P, BCF(ERNA ), P, HEF(ER
Wi 7). EEEBEMAYE 2 HEDENS  MBEW
B, Atk P, BARERXEERS P, ZREERN
TEEEARBEAEN. BR MNEFRERFL, B2 P,
5 P BBRE B T BAENURER R AERN, W H A0
W/ XEBRZFUBER, Bl P, BRETRHE
B B5EEBRAREE N SRR EE, AR e s &
BEANREERNTRER P, BRI EFABEICRAS
#, AT AR B R R R ERNESR.

A 304t iy EHMCOP Bk, h FHEEN T REIERT
EXEMBERZ, FRBEENERLBPE T — Lk, Nl
PRIEEEREREACHERNBRICEVNATETNBEZ
.

4.3 RAE

AATPMENGERAERERGRFBR, H4A L
BIEEN 5% MEFXE; BRZRIE TN AR YA,
BAHENR A Transit-Sub BEBELAE R, S MBI ES
10045 5 3 F /A, #EEHL™ 4 KA [H) 1 8 B AL
2 HPEREHRY TAMERELL,100] AFEHLESE, AR
REABWA(E K=2), 2 BIEFE[1,50]F[1,100] A EFE;
N FHW RN ERE, VL4 2000 KARBHER, —
WHERGAFBREBED SN REARE. X FEWRIER, BE
TR RENA NN A PRV ESEN, TSR AWE ¢, M
C, RXHHEN - HETEM s Bt M w, B/NBEE p, I w,
BN po s RIGHETEREL b wi(py), by w(py) ] FEYLIEEE
“‘/l\ﬁﬂzjb C] ,Eﬁ@[ b1* wz(Pl) ) bz* wz(Pl)]Wﬁ% Cz {E,
Hep by F b, REEME.

BRI ERE H A NE = 200000, X ELRH
Ei{fA NE X EHMCOP Fi HMCOP # 471 8. B#EE 1, ER
A :NO+ BF + SE+ SH+ BS=NE.

T B EHMCOP # HMCOP WM BN E R E, TR
gt T BN B B B FEST HL TR, 4K Fi EHMCOP I HM-
COP B ¥: MR B AT R i+ B YLET (), REeT 6 23 % BRK
BORF3, 4 FE BB E ik FER . B TR E R
BT EARFIREF IR T A —EiRE, FTLUR AR 1, Bk
B FReat 2 . R PI T ITB R AT, BN R ik
T8 124, HARATEERENZEEEH(RITHEEE
HEHN) B EHEAS N EREE BRI EER(RER
NE - NO ¥K).

WA B BN EIRY I B SR A
BHERY AC. SR AN E kP RERRAF. HE T HE, 1HH SR
B % 18 R A AT AR B IE 0L, BB OV W BT R MR R 18
PR, LA 2 5. # EHMCOP H-5:1 SR iFE AR A
(BS+ SE)/(NE - NO), i HMCOP & ¥ &) SR 3: (BS + SH)/
(NE - NO) . E3 A4 AC it REBERZ ERM, REREY
B8 CHETHE, ARAE T ERRR AL, R

BBS K. AC B/, VR E B L B0 B2 AN R B
BE.
x1 GRERTAHKH SR

NE | SR sEs i & R H

NO | ERTATEE R AU (BIETESS 2 A48 MRS

BF | MR R MO U (B PAT 258 3 )5 R0
SE | EHMCOP 3}, i HMCOP A3 FI¥k 3

HMCOP /.3y, T EHMCOP 7~ LAk 3

EHMCOP %3V H5#E0S 5 HMCOP B35 F Bikeat Z 1

B F R AR B

FAE AR, {H EHMCOP HE BB 2 AR M B/
FAELA R, /B HMCOP 33 19 B 22 ERMBU MUK
B R MR H

AC |HTEHMEBERKTHERN

2B Blw|2 |2

4.4 HH4ER

AHHEHHAGELRMNER. F—HLBRHART N, B
KB R W TR b A b, RESHIH 0.9 1
LLE2ABT N, ERFABRETHNHELER B3HALT
AC H1 SR LR R

BAEEDLBEE N, WA, SHE/NT ;4 N, =88F,SH
ZF 0. XHBE N, BE KX T% T 8, W L& HMCOP B ik 5
THE Sk B RE 42, EHMCOP B AR 8B 3 o sk . i HA494 6000
KW HRZTER , EHMCOP B W LUITHE i B B R R AERS
£, HMCOP B¥: ARE; X MEA & B LR IK P NE B 3%,
FERBAAA 100000 ZRBA A W 1THREMFL, X
PIAEER— FHE F,AE3(a)FATUEBE,N, =8 8,5
HMCOP #5486t , EHMCOP B 5 i s T tE Bl 8 T3 10% .

B HE N, MK MEB/AT ;Y N, =70, MHET
0.XEME, N7, EHMCOP B HHE BRI AME
AR KF HMCOP B ik it B 45 5. i B 494 35 2000( ME) Ik
EHMCOP =40 45 AL T HMCOP B k. ME 3(b)
A LAE H , EHMCOP 8 55 #9°F 39 =444 tb HMCOP B 8s/].

B2, NTERER A TR HXRE R LIEY, EHM-
COP B - fREmt 27 I 4Ry #E HMCOP Bk 9 ~ 10 f5 214,
HEH LRGN 4.1 TR RESIE R, B R
T V5 EV(EPHEBEE) B KRE, N2 405100 4,
TR A 100 ¥ SpE P EREEERTFXME. FTUH
TR T EBUR THMEE.

B THEBR AT EHMCOP BEEARBEAERTH
HRE. B TR ¢, M C, 43 BITEL by wi(py)s by wi(py)]
b wylpy), by wy(py) I NREYLIEEE, FRLL b, F1 by BRI/
WET AR FZRE”, by F b, MERR/, U6 BT W R AR
HRKBRERERD. F3AHT b BUAESHIK 0.7.0.8.0.
9.1.0.1.1,b,= b, + 0. | NIH RE R, B 4 4511 T SR M AC
BIHBEE R . X ALK N, BER 10.
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F2 BN Kb, MR ZEEEEMOHRNELRER
BS
N, NO BF SE SH TR
ME MH
44473(42762,46184)
; 115295 33878 6058 296 9.64
(112603, 117986) | (32324,35432) | (5389,6728) (248,343) (9.28,10.0) 1932 46
(1714,2149) (29,64)
6005 o 6108 . 027 42915(41218,44612)
11 348 .
5 1878 4
(113978,118212) | (34412,35295) (6073,6183) (6,10) (8.7,9.83)
(1613,2142) (0,8)
4370440502, 46905 )
6 115575 34468 6252 1 9.3
(110814,120335) | (32859,36076) (5457,7046) (0,2) (9.23,9.38) 1846 !
(1642,2050) (0,2)
43231(41778,44684)
, 117047 33613 6107 2 9.24
(115949, 118144) | (32504,34721) (5756,6459) (0,4) (8.93,9.55) 1921 0
(1626,2217) (0,0)
. 613 o 0.6 43476(41111,45842)
e 34025 ;
(113174,119556) | (32155,35895) | (6078,6191) (0,0) (9.25,9.86) 1940 0
(1848,2033) (0,0)
— 12984 % o 057 43238(42748,43729)
10 ' 1882 0
(115811, 119645) | (31654,34313) (5669,6431) (0,0) (9.1,9.64)
. (1599,2165) (0,0)
43460(41915,45005)
s 116520 33704 6316 0 9.64
(114354, 118686) | (33127,34281) | (5976,6656) (0,0) (9.19,10.1) 1792 0
(1570,2014) (0,0)
3 MRBRBHRAPHNEEEEHHHRLRER
BS
by NO BF SE SH TR
‘ ME MH
1779(1530,2028)
0.7 187636 10335 250 0 6.07
U] (187229, 188044) | (10010, 10659) (155,344) (0,0) (5.19,6.96) % 0
(0,52) (0,0)
168010 - | - 6162(5435,6889)
0.8 ' 261 0
(166185,169835) | (23578,26432) (616,1028) 0,2) (6.5,8.31)
(214,308) (0,0)
140400 10925 | 71 o 0.8 14944(13933,15955)
0.9 ) 1497 0
(139538,141262) | (39443,42407) {3399,4063) (0,0) (9.58,10.15)
(1185, 1809) (0,0)
" - . o - 199627(199400, 199854
1.0 ) 2259 0
(0,76) (73,375) (26,196) (0,0) (6.83,7.43)
(2064,2453) (0,0)
o 0 ) o 5,08 199998 (199994 ,200002)
1.1 ' 315 0
(0,0) (0,0) (0,4) (0,0) (7.91,8.25)
(2197,2433) (0,0)




£ 4 #

E B —HRHNEARBERBEAEDIR 535

OEHMCOP __m HMCOP
0.65

232
230

06 b
228

& 055 226
0. 224
222

R e e 220

35 6 7 8 1015
N:
(@) SRE NKIXER

3 $—HELBH SRS ACER

AR, EHMCOP 8 8: 76 & F 493 517 T &8 H, HMCOP
HEREST , it MDA 3, B R BRI M EE T HM-
COPHE % EAFMARAG T, HEXBENBEERARMN.
ME 4Ca) FETIR, FEARIER K& (0 b, = 0. 7)MARIEHR
TSN b = L DAFEA T, R B L BA X 5. AFR™
WEF, AR A RER B R KA BEE, A NO By K/haT
R,6,=0.76F,90% i LB ERBEEME: K2, AN
AR, BN BEE T LIA B R B0 R AR ER R
TEX MR, EHMCOP B Btk ek 2 B A .

@ EHMCOP & HMCOP
11

AC

2

3§ .6 7 8 10°1§

N
(B ACE N.BIX R

@ EHMCOP & HMCOP
0

09F
07F

05F
o3 210

250

SR

Q
3 2%0

190

0.1
07 08 09 1 11 07 08 09 1 1.1

b b
() SRE b.BIX R (d) ACH b MK R

B4 FTHERBSR G ACKER

B 4Pa]FE N, b, 8K, ME B k. XIEHARB R
Fy,EHMCOP Bkt HE H FRMB/MBERES . X&H T
YRR, ERTERZER AN/ EZ IR H
BN, AT AERE NSRORAE. B2, B 4(0)FKH,
AR TR, RE 5 HMCOP B ¥ A Lb, EHMCOP B %1581
R PHBREREE, FHERM ACHA/NANEEHE N
& XERE RN NBGEREHFRK.

5 it

3 &AL R B9 MCOP R, RATek# THA /K
HMCOP E #%:, 3 BIiR Y T2 BAZICR" T 1T RRE"H
B, L7 IR HMCOP B 3 sh 7 2L Y IE o FR R R B 210
FAEENRE, FRNEERAN EIMCOP R % B TEH
BRI, I TERNERE  HE PR ER
43#r T EHMCOP 3.3 2 I/ ## jt HMCOP 3 B; T 77 75 W) [=) 2K
B BRI ELE, AT AXHENERS HM-
coPE % ZR#EA ERIHH . FHEEERN SRR
BEighR L, TR B L HMCOP B 47

XM :

[ 1] X Xiao,L M Ni.Internet QoS: A big picture[ J] . IEEE Network, 1999,
13(2):8-18.

[2] T M Chen,T H Oh.Reliable services in MPLS[ J]. IEEE Communica-
tion Magazine, 1999,37(12):58 - 62.

[3] Z Wang, ] Crowcroft. Bandwidth-delay based routing algorithms[ A].
Proc of IEEE global Telecommunications Conference 1995, GLOBE-
COM’95[ C] . Singapore: I[EEE,, 1995.2129 - 2133.

[4] R K Ahuja, T L Magnanti, ] B Orlin. Network Flows: Theory, Algo-
rithms, and Applications[ M] . Prentice Hall, Inc, 1993.

[5] J M Jaffe. Algorithms for finding paths with multiple constraints[J].
Networks, 1984, 14:95 - 116.

[6] A Orda. Routing with end-to-end QoS guarantees in broadband net-
works[ J] . IEEE/ACM Trans on Networking, 1999,7(3):365 - 374.

[7] F Ergun, R Sinha, L Zhang. QoS routing with performance-dependent
costs[ A . Proc. of the INFOCOM 2000 Conference[ C].Tel AVIV,IS-
rel, IEEE:2000, (1) : 137 - 146.

[ 8] HF Salama,D S Reeves, Y Viniotis. A distributed algorithm for delay-
constrained unicast routing[ A]. Proc. of the INFOCOM 97 Conference
[C]. Kobe, Japan: IEEE, 1997,4(1) :84 - 91.

[ 91 J Zhou.A new distributed routing algorithm for supporting delay-sensi-
tive applications[ A]. Proc of (ICCT’98)[C]. Beijing, Chian: IEEE,
22-24 Oct. 1998:537-06(1- 7).

[10] D Eppstein. Finding the k shortest paths[ A]. Proc. of the 35th Annual
Symposium on Foundations of Computer Science [ C]. Santa Fe, New
Mexico, USA:[EEE,1994.154 - 165.

(11] T Korkmaz,M Krunz,S Tragoudas. An efficient slgorithm for finding a
path subject to two additive constraints[ A]. Proc of the Interational
Conference on Measurement and Modeling of Computer Systems( ACM
SIGMETRICS’ 00 Conference) [C]. Santa Clara, Califoria, Interna-
tional Conference on Communication Technology, USA: ACM, 2000, 1 :
318 -327.

[12] T Korkmaz, M Krunz. Multi-Constrained Optimal Path Selection[ A].
Proc of the IEEE INFOCOM 2001 . Conference Proc[ C]. Anchorage,
Alaska, USA:2001.834 - 843.

[13] T H Cormen, C E Leiserson, R L Rivest. Introduction to Algorithms
[M]. The MIT press and McGraw-Hill : sixteenth edition, 1996.

[14] K1 Calvert, M B Doar, E W Zegura. Modeling intemet topology[J].
IEEE Communications Magazine, 1997,35(6) : 160 - 163.

1EEEN:

E R B9 FETMUISAEM, HL, AEE, AT EEHR
FHHERFS RFEEER .

FER B, 9RFETHILRN, 8, HLE 200, CRKEBRE
+, FEHRTRAEEM S RFEERAR.



