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Path Reduction for Multi-Constrained Quality-of-Service Routing

ZHAO You-Jian ZHANG Tie-Lei CUI Yong

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084)

Abstract  Multi-constrained quality-of-service routing (QoSR) is regarded as a promising solu-
tion to support flexible QoS-oriented services. However, there may exist multiple paths from a
source node to a destination node in the context of multi-constrained routing and thus the routing
table has to be enlarged accordingly. Since the current routing table size is quite large, especially
in the high-speed core networks, path reduction needs to be performed in order to store less
paths into the QoS routing table. In this paper the authors try to solve the Optimal Path Reduc-
tion Problem (OPR) which aims to reduce the storage space of the QoS routing table as much as
possible and at the same time to maximize routing success ratio. To achieve this goal, the authors
propose two contribution region based algorithms: the incremental contribution algorithm and its
improved version. These two algorithms figure out the path with maximum capacity of contribu-
tion region one by one from a large set of multi-constrained paths and finally obtain a small set of
selected paths. Extensive simulations show that these two algorithms achieve satisfying perform-

ance in terms of the routing success ratio with low time complexity.
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BARTEANE LS PATH2(5 4~12 17). 5 R R4
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Optimal(PATHO.M.R)

1) FORh=M—1; n>=R—1; n——)

2) a[R—1]=n

3) IF(R==1)

1) PATH1=g

5) FOR(Gi=0; i<<L; i++)

6) Add PATHO(a[i]) into PATH1
7 cpty=Capacity(PATH1)

8) IFGnaxCpty<cpty)

9N maxCpty=cpty

10) PATH2=

11 FORGi=0; i<<L; i++)

12) Add PATHO(a[{]) into PATH?2
13) ELSE

14) Optimal(PATHO,n,R—1)

K 3 AL Optimal

Capacity lRE Tt AR E S PATHO 1y 7]
R BN 4 PR, T A B Rk
R 3R (1) 7E PATHO WAL % — 4% i 48
Do BB R AT KSR B 1~547)5 (D E
Do I 4E BE W 7 A QoS i 3R 25 18] 43 5L 2K A4~ /)
(A 3K 25 8] ) B B — 4% %A%t 40 1) 31 45 A~ /N
R 2 [A N (5B 6~25 17) 5 (D TER /AT K 23 [
CBR T 5 po A% B B35 3K 25 1) 1 338 00 180 45 B 12
e 0 AT A7 K B BB B | o T4 K B0
S B B L L B 26~ 30 A5 ). VE 1K L o
S HE nSeq(p) F T A BR R p T AE 10 /0 R 25 6] B
TR

EE 2. ik Capacity 76 0N 00T A B [H]
5 S i o(i‘zx,fl)"fl)ﬁmﬁﬂﬂwz%).

2r—2)

EEEHM 2 v IR R, LB Optimal 76 %

Rt Tt A e o E )
4.2 EEFRWE % Contrilne
FefE B B Optimal 8 9% T D3k B 6 1 i (0

BRI (UGB . O TR HE %%
JEE RAER A B33 T T4 Y TR X ) AR

Capacity(PATHO)

1) IF(PATHO==)

2) RETURN 0

3) Arbitrarily select a path po from PATHO

4)  Delete py from PATHO
K

5 p0_Capacity=|] (C;(po) —wi(po))
=1

6) FOR EACH path p in PATHO

7 nSeq(p) =0

8) PATH1=J

9 FORU=1; [<=K; [++)

10) FOR EACH path p in PATHO

1) Delete p from PATHO

12) TF (o (p) <<wwy (po))

13) p_copyl=p

14) p_copy2=1p

15) w; (p_copy2) =w; (po)

16) nSeq(p_copy2) +=2'"1
17 Ci(p_copyl) =w;(po)

18) Add p_copyl into PATHI1
19) Add p_copy2 into PATHI1
20) ELSE

21 nSeq(p) +=20""1

22) Add p into PATH1

23) Swap PATHO and PATH1

24) FOR EACH path p in PATHO

25) Add p into PATH [nSeq(p)]

26) cpty=p0_Capacity

27) FOR(n=0; n<2K—1; n++)

28) capacityV[n]=Capacity(PATH[n])

29) cpty—+ =capacityV[n]
30) RETURN cpty

B o4 RS PATHO B )47 K5 R
ENX 9. TIHkIX I C(p; P, ) (Contribution

Region). % S MR fis B H W S ¢ B QoS
WORAL Py = (prspesespyr@Mos Bl f—4
PRES B8R p RN s B —RikiE.H p &
P s FCp) R F (P o0 B & B AR p AR A2 4R
B P fE S PR AT XL MR C(ps Py =
F(p)—F(P O AR p X TEEBEES P
14 BT Ak X Ja.

ENX 10.  FTERX T S(C(p; P.,.,)) (Capac-
ity of Contribution Region). % P, = { p1s prs*s
putre s Bl B ES  BRAE p s B 1
M — 25 ikAe, H p & P, s WERAR p AHXE T B8 AR 4R
G P B TTER XS BUE Xl 0(C(p3; Pry)) =
PFCP)—(F(p AN Pip)).

B E L9 AT, — 2k B4R 1 DT R X 3R OR T %
PEAEAHX T HA AR LA R MEM . mE X 10
P& 3 1 BT R DX 8 BRI R R X — 1 Y — F
. HE 10 RE L YR ES P, HER,
FEAZ p B9 TR X8R AL 2 A T AT XA AR
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Po)) AR SCHE Y — A BE T DR O B8 Y
Tk A B Contrilne, 4N& 5 B 7.

B &l 5 Ca) A] DL ), B3 Contrilne ) B AHE
MG PATHO [ N 4542 PRI B B |k
TR X I B84 p SR G p N PATHO i B JF:

MAE] PATHL . X #£0G 3 L R, 78 PATHI
MR TR L AEE FRENT R
ContriCapacity, {1 5(b) i 7~ » % T B2 09 H 19 7
FHETTEA X I A L 0(C(pos PATHO0)). 1~5 47
StPR bR E PATHL=p AN PATHO, % 6 17315
PCFCpo)) s 58 T AT ¢(F(PATHD)).

Contrilnc()

1) PATHO={p1.p2+"*spn/

2) PATH1=g

3) FOR@G=0; i<<L; i++)

4) maxCpty=—1

5) FOR EACH p in PATHO
6) cpty=ContriCapacity(p,PATHI)
7 IF Cepty=>maxCpty)

8) maxCpty=cpty

9) maxp=p

10) Add maxp into PATH1
1D Delete maxp from PATHO
12) RETURN PATH1

() BT L LR

ContriCapacity(po ,PATHO)
1) FOR EACH path p in PATHO

2) FORU=1; [<=K; [++)
3) TF (w; (p) <<wy (po))
4) ‘LU[(p):‘LU/(p(\>
5) Add p into PATH1

K

6) cp[yl:H(C/*w/(Po))

=1
7)) cpty2=Capacity(PATH1)
8) RETURN cptyl —cpty2

(b) Fad A« 55 Tk DX AR A A

K5 M BTk % Contrilne #1113 2 ContriCapacity

7E K’ 5 (b) §1, ContriCapacity i B HH T
Capacityid B (5 7 17). A4 & 34 2 W] 401, 3 o o koA
ARSI DL 19 52 2% AT 5 Rl KR g6 B0k R
4.3 HitpyiEE mEiE % Improvedine

{453 5 5T R 575 Contrilne & 2% FES SR 38
) K HEJ2 ContriCapacity ¥ i 2, X & i T B #
T Capacity 3 f#. 487 4k 28 % 58 vk 47 el kL e
T 58 52 2 B 45 il e 22 3 XV LA

I3 WP, n={piposespyt BT
HsFHM TR WD HEES, F(p) M
F(P o )TN RINEEAE p FIPEIRE S P v HYT]
X8R, SUB (P, \)E P v H SUB (P, )M
HAE 1 A&BRA<I<N.,1<<i<<C{).J

P(E(Pp.n)) =

W
N (

S (=1 S GFAINTSEC(SUBL (P, ))))
i—1

=1

D)
HHINTSECSUB (P, \) R REHRSUB (P x)
HRT A 1 AR B AR I 5E GIE BT L B 55 .

FE B3 gyt TR ARG A e AT XK B
7 —Rr g DA N BURIE 30 56 248X
AT R A AR B H AT R BB # B —
IHEXE A ) 52 0 B O3 DR PR I AT X I — &5 3 ik
—NiEM. e

M(S) =
ol

S N
DI=D T TYEUNTSEC(SUB; (P v )))
=1 i=1

(8
RAFE . M(S) JEXF GCF (P o)) B — AL, S
RSB B T 4 1) 2 2 S=N I 7 M(N) =
P(FCP N )).

BAE R ATH S B 4 ) H 3k Capacity. i
KOO RIFF AT X B 5 WA %kIeh
ImprovedCapacity(PATHO,S). W R7EE 5(b) 1Y
%5 7 47 8O A ImprovedCapacity . 11 B 5 H BT A1
B AR AL AEAT R 1R R TR A
HERAS TN ImprovedIne(S), Hop S B H£RE
RO 1 — S8 RE B R, 2 S=2
R O AR AR 1R i i RE.

BRAESI AT S B2 I Bk i 2 L K 5
() S AE SRS 6 1798 ] ContriCapacity , J& & 4¢
BEMCHE. 7EE 5(b) . 2 PATHIL [RIFA n 55
I FR W S =2 i}, ContriCapacity 952 2% B AT R 4
1 OKn®). At ImprovedIne B 4<% h
O(LElKiz):()(KL(L*D(2L*1)/6)):()(KL3).
4.4 EEING

AR AS SCHRE Y — 2R 9 5301 i R 2 ) Y



2096 it "

Hl

Eire 2007 4F

L
¥

R M — B4 & 6 Frm . B b i 4 Sk 7R 1k
PR R EHSEE R, Y ContriCapacity i
Capacity I, 159 21 i J2& A 2l o 79 3 5 578k 350k, B
4.2 AW Contrilne 3 7% ;24 ContriCapacity
FH ImprovedCapacity W . 75 21 4 5t 2 i F Je 1 1
TrER A, B 4. 3 WA ) ImprovedIne B .

Contrilnc/

Optimal ImprovedInc

ContriCapacity

Capacity Improved-
Capacity

6 AHEETIERIENLR

5 BEAZ L
30X — 5 4 388 e A AL S X B ik A PR RE AT L g
F 53 AEADL S 50 43 A T 9 43 o 55— B 4 X AR S A
A LA L AT FL A 55 8B40 45 & BLA 1) QoSR
FE AT R REIEA
501 EREEREEWNIEE

AR A AUL S 6 % A SCHR 1 JLAS SR AE PR g
FE S E) b R AT B X S Bk A - i L S

Optimal, 34 3 5T k& 5 Contrilne F0 2 3F B 3% & 57
Bk ImprovedIne.

TEA T AR AL S v, FRATTREAL A= B N 4%
12 B w, (p)~Uni form (1,C), HAp 1</I<K,1<
[N AEA L. EATL C=1000, 1=/ <K.
NI /NR 2 B BER T 100 YOFIRCE S (E.

TEEL 7 d FRATHE L SR &0 T i 7 & 5
BERPERE. LA N=16,S=2 ¢4l T K 735
B2,3 704 =FFOL. S 1O A5 SR B P B EAT
i, A LT B % (Capacity Ratio) &, &
FORFEANF LA BN L 4% B4 0 AT 47 IX 0 FL
i N A& B4R R AT AT X 80 BUR L. & N TE
L0, 1]z |42 4k . IF H 3 1 Optimal B9 F1 L 3 Ik ¢
SRR B R (PERE B WK K ER LA
% Contrlnc JLF 7] LLik 2 5 Optimal A 8] () F kb
2,0 ImprovedIne B FR H R & Ik F Contrlne #1
Optimal. 24 L ]\ T JF 46 38 fin i, & 53035 19 F1 L 8
AR B L=5 5% 6 B, S AR R D &9
WL T 18 8 78 L AL 00 T A 1 & Ak
(3 B ] T R Y Bl R Y = 0 B BR. A
Sk FE B Optimal BAA i iz 8 |, 1 H.
i THE A RERIE Y L $IE N/2 1) ;
MM ImprovedIne HA7 5 i 1Y iz 5 B [A].

1.00 1.00 1.00
0.98 0.95 0.95
0.96 090
8 ¢ 0-90 50.85
20.94 ) ke
& #0.85 #0.80
0.92 , , . :
- Optimal - Optimal 0.75 —= Optimal
0.90 —= Contrilnc 0.80 - Contrilnc 0.70 -=- Contrilne
- ImprovedInc — ImprovedInc — ImprovedInc
0.88 0.75 0.65
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
L L L
(a) K=2 (b) K=3 (c) K=14
K7 #SERPERE R L f AR AL 5
10° 10* 10*
10*
% 5 10° 5 107
g 10! E g
~ ~ ~
Z Z0 Ew I
107 & &
9 - Optimal M- —== Optimal M- —e= Optimal
1072 -= Contrilnc -= Contrilnc - Contrilnc
- ImprovedInc 10 ~+ ImprovedInc 10~ — ImprovedInc
S - -
10 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
L L L
(a) K=2 (b) K=3 (c) K=4

[ 8 AR LM EE R L A2 B

ZRa B 7T FNIE 8 WA R AT LLA Y, Contri-
Inc fil ImprovedInc B4z 8 &2 24 & 3 o /N F I L 54

% Optimal, JIREAE AR 15 1 e L A PERE. 2 L =5
56 WL S AER R R AW T 1L I 1



12 4 AT i 25 - 20 2 IR 55 TR By o A B AR T A4 R T 2097

QoS B H R B H BT S ARAE 5 5L 6 SRS
SR AT ARAR AR 1) s th M RE L TR L ORAE TR B AR

B9 7E K Bl T g T8 BRI LT
RAGE SIS ], &9 (b H Y Bl (5 Y 4 7% A2 X %5 A
Fi. LA N=16,L=5,S=2. \& 9(a) i a] 1)
B A TR ERERE K A58 K A /N IR B 1 s IS
17 L 9 Ch) Hfv Rl DL s 4% 5306 A8 2 1Y) 38 S8 ] &)
FETEE R 2E 5 . ImprovedIne 93z 53 I ] 18 22 1% 3
S ANE B k. 1 H . Optimal #1 Contrilne )iz &
IFE]ER R K35 K 2 45 B08 K L 1Ml ImprovedIne (1
i BRI K8 RO AR, LT 4R A AR,

1.00 1
0.99H

]

O Optimal

Bl 10 R8T 25 A2 B R s S E | A2 S
AL B0 L 10 Ch) A Y Hl sl P 9 47 2 X $i A A,
g A N=16,L =10, K=3. fj F Optimal f1
Contrilne FAMYE S S TE56, UL E AT 124 g Fiiz
SB[ FE AN S A A8 Ak i A2 Ak, B 10 Ca) i a]
PLE i ImprovedIne Y PERERE S By 3% K2 L THE
HooH S=2 i CREARTFH i A TERE. L 10(b)
A LLA H s ImprovedIne /32 50 A1 BE S 19 38 K A7
BRI IR I e & 3t Contrilne, fH2 S <2 B
vk ImprovedIne BA BRI 4 B, L 78
SEPRTFE LS B2 A HLAR.

100000

O Optimal N
100001  Contrilne
1

1000l F ImprovedInc

A /ms

&

V77777777777,

(b) iz B} ]

B9 &Sk PR RE RS B R B K A9 AR A

be
» Contrilnc
ol | N9 | N 1
0.98 :::: E:: § El ImprovedInc
H 0'9(_5 Il :‘3 :’3 § =]
2095H N N o
= 0.944 :::: :’: § ::::
: £ N ]
ol NN S 4
091 NS N1 R 3
0.90H ." ‘ 1 } »6
4 5
K
(a) Bl
1.005
1.000
0.995+¢
3 0.990}
=)
-
& 0.985¢
0.980r
- Optimal
0975+ -+ Contrilnc
- ImprovedInc
0.9700 5 10 15

(a) B

10
| oot 60600
10% ]
" - Optimal
g 107 - Contrilnc
= - ImprovedInc
=
10}
i
10% Aéﬁ:k &8 55—
-1 . .
10 0 5 10 15

" (b) B

Bl 10 Rk rPERe LL A SRS I BE S 19 A8 AL 1 10

5.2 5IHA QoSR HiEH L&

A K 57 3% ImprovedIne [/ P4 BUA #9 QoSR
B35 (Bl Limited Path Heuristict™ 1 MEFPAM)
FTPERE B AOXT L. fE S s b, AT GT-1TM
FIE AR A3 A BT A 50, 100 AT 200 A5 AT
A BT - 5 i K073 ) 2 116, 374 A 1404, Xt F
B AR AR FRATTIE AT 1 00 o e (B0
SR IIE 11T RO R R H B T R X AR S A T A
H Y 22 18] 52 AT R A7 7248 22 10 AT B A8, S92 46 i
AT W M EBFA 7% 3 f% b #% 12 (Optimal QoS
Patht )% &, 8k J5 i FH Improvedlnc 58 i 1% 12 &
4. MK AT LASE T B R IH R el SRk (i

B 7 B L BR A2 52 IR MEFPA 28) 31538 i A1 i 4% 46
B ARSI B S A0 1 I AN AT o] — Fob BLAAGR
% B AR B AR R B A R LU . FRATEEHL
A2 i 1000 4> QoSR i 3K . 48 J5 115 4% 55 15 RE A% 1 2
A3 SR B H . FRATT el T B 20 8 (Success Ratio) ok JZ &
BRI TERE . B8 O R FE RE S 2 Y QoSR
TR H 5 A A B QoSR T K £ H i LU A

11 # Improvedlnc 5 B B 1Y QoSR %
Limited Path Heuristic /1 MEFPA #4757 T M GE b
5. S0 A 4 ImprovedIne fZE % L=5,S=2,Lim-
ited Path Heuristic J &% X=L =5, 1 MEFPA
S0 K=2,3,4,5 B3 510 5.3,2,2, I#TG



2098 it "

S

e 2007 4E

SR PR A G R AR PR H L AR 11 () P
AN 50 AT R B R EAFEERE EBOA KRR
255 3K IR A 9 2% LR L B/IN S ORI H B 1Y R 2

(Bl AETE 1A B8 A2 50 B B /0, 1R B TR I MY BB 42 1 4 1
YL fHAE 100 F1 200 A5 S B9 1% &0 T » Improved-
Inc A1 RE B B 8 TP ME 1) QoSR k.

1.005 ki/r[ngii;’gkﬁemislic 1.05 OLimitedPathHeuristic [ g I‘imlf"“{ Path Heuristic
1.000 0 Improved Inc 1.00 EMEFPA ];/H"P PA Hne
’ % 0.95 B Improved Inc mproved Inc
el sHON N e
";_%'0.99.) § § 'jio'go —
209904 N \ . 085 H
N N = N
NN \ S 0.80 N oH
09551 N § § \ 075 § N\ N <| }:
75 H
IR BN ENSHEN o ‘ AN TR NENSREN
’ 2 3 4 5 ’ 3 4 5 4 5
K K K
(a) 50 5 (b) 100 4~ 4 (¢) 200 4~ 5,
B 11 534 QoSR ¥k fE i
munications, 2004, 22(1): 29-40
AN [4] Cui Y, XuK, Wu]J P. Precomputation for multi-constrained
6 A 1k
QoS routing in high-speed networks//Proceedings of the
. e . IEEE INFOCOM 2003. San Francisco, CA, 2003
Ay = N T N By / \ >
j\jii‘j‘ QoS % EB m‘ﬁ»%}? D E‘@ J Et% EB %%l [5] Cui Yong, Wu Jian-Ping, Xu Ke, Xu Ming-Wei. Research
N Py =/ Pl N .
IETJ ’Zlng Eﬁ Eﬁ E X T B ’fjl: %41 s é’fﬁ [i1] E)ﬁ‘- (()ptlmal on internetwork QoS routing algorithms: A survey. Journal
Path Reduction Problem, OPR) , 31 FH & LB 1 44 of Software, 2002, 13(11); 2065-2075(in Chinese)
127 Ta] 55 M R [6] Orda A, Sprintson A. QoS routing: The precomputation
LR HE .
ig Tﬁ@{j% OPR IEJ %EJ'JF ﬁﬂ&fiﬁﬁﬁ {25 /E @ E —"EJ— perspective//Proceedings of the IEEE INFOCOM'00. Israel,
= AN =]
N N N N 2000, 1: 128-136
AR BR R A SR M T T R DX Y R TR AR
Ve gk A (o 'J*ﬁ% e _— [7] Yuan X, Liu X. Heuristic algorithms for multi-constrained
}JF/H = IE‘IZE)—‘EI/‘J% s Xd‘%:{fl—/fT T Ej[l— ’ #ﬂ}%ﬁ& quality of service routing//Proceedings of the IEEE INFO-
TR AR KR B S 56 R B L X 28 3 F pa bk COM'01. Alaska, 2001, 2, §44-853
[Xﬁlji E"J%?ﬁﬁﬁ%gfﬁ% T%ﬁﬂai'ﬁﬁﬁfi ] ‘K‘E ﬁ% ’ {B*&jt [8] Jaffe ] M. Algorithms for finding paths with multiple con-
:[;ml}%/ﬂf& T rﬁ]%ﬂ;‘l‘zﬁﬁ: E@E%fg straints. Networks, 1984, 14(1): 95-116
;EEQ;B/% i %@fﬁ ,;P , ZIKjC:J:/% h E’\J%ﬁéﬁzﬁfﬁ%ﬁ [9] Wang Z., Crowcroft J. Quality-of-service routing for sup-
S S porting multimedia applications. IEEE JSAC, 1996, 14(7) .
BATE T AW A& A (DY EME B RZ
X E ot " [ o - 12881234
5] A r L/, | 7
I—Jﬁﬁ Hﬁﬂi{jﬁ%/{lﬁ/ T ’ T 2 ﬁ%‘ﬁ‘% Hj ﬁﬁﬂi [10] Lorenz H, Orda Ariel, Raz Danny, Shavitt Yuval. Efficient
PR A4S | AR 0 B ik 24 /A A AT . . . .
/fj[:%/h: ’ %QE%T Xj‘ﬁ)?ﬁ Hi,fjﬁ%/fl 2ﬂﬁi il % =] ]\;—F/TT% QoS partition and routing of unicast and multicast//Proceed-
ﬁé}iﬁﬁ 5(2) %,l{}/? %‘n H H@%,@Z‘,I‘ﬁjﬁﬁlﬁg%{t%ﬁéﬁ ings of the IWQoS 2000. Pittsburgh, 2000 75-83
H ﬁﬂ:%jtﬂj‘ s ﬁ[]ﬁ'iﬁljﬁ%ﬁé E[/»J i& H Ej Im é% j&ﬂ *ﬁ}]&‘j’g [11] Raz D, Shavitt Y. Raz Danny, Shavitt Yuval. Optimal parti-
ﬁ% ? E]/‘J Alflﬁz‘{ﬂ‘ , :‘LX E;J—ﬂ‘ [/\J\ éﬁiﬁ,{iﬂg g Q/\] ;ﬁ QOSR E tion of QoS requirements with discrete cost functions//Pro-
ZIN -
S S > 8 g ceedings of the IEEE INFOCOM'00. Israel, 2000, 2; 613-
ERBFITEE R EESH - F%E . RGH
. e o ' 622
o X 1 < 4A.
XTL ! %%EL/ITE%{IE%E [12] Ma Q, Steenkiste P. Quality-of-service routing with per-
formance guarantees//Proceedings of the 4th International
%:‘ % 54 ffﬁk IFIP Workshop on Quality of Service. New York, 1997.
115-126
[1] Korkmaz T, Krunz M. Multi-constrained optimal path selec- [13] Pornavalai C, Chakraborty G. Shiratori N. QoS based rou-
tion//Proceedings of the IEEE INFOCOM'01. Alaska. ting algorithm in integrated services packet networks//Pro-
2001, 2. 834-843 ceedings of the IEEE ICNP'97. Atlanta, GA, 1997
[2] Zhang Xin-Yan, Liu Jiang-Chuan, Li Bo, Yum Tak-Shing [14] de Neve H, Van Mieghem P. A multiple quality of service
Peter. CoolStreaming/DONet: A data-driven overlay net- routing algorithm for PNNI//Proceedings of the IEEE ATM
work for peer-to-peer live media streaming//Proceedings of Workshop Proceedings. Virginia, 1998: 324-328
the IEEE INFOCOM. Barcelona, 2005, 3: 2102-2111 [15] Van Mieghem P, de Neve H, Kuipers F. Hop-by-hop quali-
[3] Li Zhi, Mohapatra Prasant. QRON: QoS-aware routing in ty of service routing. Computer Networks, 2001, 37(3):

overlay networks. IEEE Journal on Selected Areas in Com-

407-423



12 4 AT i 25 - 20 2 IR 55 TR By o A B AR T A4 R T 2099

[16] Thomas Megan, Zegura Ellen W. Generation and analysis

of random graphs to model internetworks. College of Compu-

MY 3R

EIE L — DRSS M AT X B o — Y.

. BEEEAILN P BITEANECY N, X
N FE 4353 8.

MON=0 B, A G(F(P,, ) =0, WK %5 5 2 0k
—1.

K
M N=1 I, i DH GQFPL ) =[] (C—w (p))s
=1

ARG R — 1.

R N<n =D BUEME—B, FHIEY N=n+1
o R AL 2 I — 1Y)

I N2, g(F (P )0 A ZARYE X (5 R IFE. T
WM 4 B 42 pors po € P s BER (5) 1,2 p" = poy BE T
FEERIEH ¢ (F(Pow ) X p' = po W i 4 R0 h
P (F(P ). I8 Pl =Py —{pats Plan.e=Puy —
{pet s I

PN (F(Pp)) =¢(F(P 000 +(F({ p 1)) —
G(ECpa APl a)) (f D

PP (F(P ) =g(F (P +g(F({pa}))—
P(F(pos NPl o)) (Bt 2

WE po=pe M Plva=Pl .- Pa NPy =po A
PlovesH Plys Plones ba NPLoa F1 pe APl I
FAECR o f V3G B AT 0 ] AT KR R M — 1
FTLL ¢ (F(P ) =¢* (F(Pip)).

W paZ per sI8 Pleorr =Plos o — {po} =Ploy. —
{pat WA
GF(P 0 =P(F(Pl, 0.0 FP(F({pu})) —
G(F(poy NPl 1)) (M3
PF(P 2 = G(F (Pl .00 F G pa 1)) —
G(FCpa APl iie)) (B D

GFCpa N Plopa ) =¢(F(pa APl +
GFUpa N poi))—
G(FCpa A poo APl ) (BED
GCF(poy NPy ) =(F(py APy )+
GEUpa N po)))—
GFCpa A po APl n2)) (HE6)
H 2 CEE 3> ~ (B )R A DS (B 2) . 15
N (F(Pp)) =¢(F (P 0.0 FOF pa 1))+
PEU P} —P(FCpay APl o)) —
P(FCpos APy o D — CFU pa A p)) +
GCECpa A pe APl a.2)) CBfF D
G (F(P ) =¢(F(P 0.2+ 9F U pa )+
PE ) —PCFCpa APl o)) —
PCECho APy 1.0)) — PCE pa A paot )+
GFCpa A pe NPl i) (8

ting, Georgia Tech. : Technical Report: GIT-CC-94-46,
1994

=R 7D 5 CBfF & RI N, B 3Rk 58 e A 1) . Hof IE 991
BRI CF (P .00 s pCE (oo A Pl 1)) s pCF (poy A
Pl it o DFNGCFCpoy N pos NPl o)) ¥ ME— (&, BF LA
P (F(P ) =¢* (F(P,.,)).

5 b TR RN N — A BE R G i w] A7 X S8 FLAR

JEME—11.
EIE 2. Bk Capacity(PATHO)7E i IR 1% 0L F It ]
(2K — 1)L+
(SPAT = 7
RN O~ =57 )

SER. % C(L)H PATHO {34 L 48542 0 18 BT 35 1
A URE U CCO) =0, FESR IR G B T 45 4% 5% 42 40 Bk 43 5 ik
2N BB AR T AN L A% B 4% ikt — A% PR AT 4 FS 1%
28 (L—D & BEAE. X 28 (L— D FF s ) 25 4
AN SR A3 TR R AN SR 2 ) 4y B (L — D & B 2. Wl %
IR 9~ 22 AT MG AE SRR 0L B4l — R ANZTE 3
A R A Sy DR A A DR B A B O (L — D) -
2N (L—1D 422 (L—D 4425 (L—D =2 — 1 (L—1).
EN At A LIS R AT W (N

C(LY=@F —D(L—D+ @ —1DCL—1)

s

C(0)=0
I LA
CER—DE 2k 2R
Cl="Gr— gy gk gl gr—gyr (M9
. ” @K =1 o T
ﬁft(wmqjvﬂg11ﬁwﬁ'?th$ﬁiﬁ(§ﬁt(])@
e VR B B Capacity (PATHO) 7E 5 ¥R 18 100 T 4 i
. @F =1+t
(SREAY = -7
'ﬂE*EﬁO( (2F—2)? )

FEI W Poov={piprss o) RN s B
B s M —DRRES  F(o) Ml F(P .80 40 1 308
7"y MBERESR Pooy WAAT X, SUB; (P,.n) S
Pl nH SUB (P o )T RAEE [ FHAO<I<N, 1<
i<<Cl) .

G(F(Pi )=

J
(N

N
D= DV WFUNTSECCSUB; (P, x)))
=1

= i=1

(Ff 10
Hi INTSEC(SUB; (P, ) FEREAR SUB (P )
B L BRI AE.

SEW. O N flFHECEIR AL, 1. 2 N=1 1, 2
102830 = ¢(F(Pipa)) = ¢CFCpo)) s i 2 (K 10) 45 91 =
(=D ' (FUNTSEC(SUB (P, DN =(F(p, ). ZEH =
i, =2 i 100 57

AR B R 100X N sz, F i e B B F (N+ Dl
A



2100 it " GijN 2 i 2007 4E
SI)(F(P o ‘V+\))* N (I
PCF(Po ) +HPFUpy o)) —(Fpyy APiyin) 2 (=D 12¢(F(INT5EL(SUB (PN
=2
52 T , it
N N
el DD D VUFEANTSEC(SUB;  (py oy APy xOI)+
72(—1)’ 2¢<F<INTSE(,(SUB (P )N+ e
= = (—DY(F(INTSEC(P., ) x 1))
¢<F<{pw}>>+ ot
N cy —2(—1)/ IZSb(P(INTSI;C(SUB (P )+
2(—1) Zgb(F(INTSE(/(SUB (Pxir NP - R
= ¢<F<{pw+1>>>+
CHRAIA 24 B 50 o o
ifi E( D' ‘2«/J(F(INTSEC(SUBZ Lt AP )
N+ N ’:’1
—1 F(INTSEC(SUB; (P, .x
;ﬂ ) ;w (INTSEC(SUB: (P, ,s.x 1)) 72(71)1 IZ¢(F<1NT5EL<5UB P ot
=1 i=1
N N .
F({py
= > (=D DV WFUNTSEC(SUB; (P o)) + PEU Py E)H
=1 i=1 (\
(= DY(F(INTSEC(SUBX 41 (P10 E(—wz (F(INTSEC(SUB; (py 1 NP n))) s
N+1 1=1 —
=D W(F(INTSEC(SUB{ (P, .x10))) + B LA

N ('\+I

2( DT GFUNTSEC(SUB (P v D)+

i=1

(—DVY(F(INTSEC(P .y .x11)))

N

=DV FUNTSEC(SUB; (P x DD+ $(FU py 1)+

i=1

ZHAO You-Jian,
Ph.D. ,

born in 1969,

associate professor. His re-
search interests include computer net-
work architecture, high-speed computer

network devices, etc.

Background

Quality-of-service routing (QoSR) is regarded as a
promising solution to support flexible QoS-oriented services.
Unlike the traditional routing, QoSR tries to meet multiple
constraints. Due to the NP-completeness of the multi-con-
strained routing, researchers in this field have designed many
effective heuristics to find a feasible path or several feasible
ones in a given network. This paper steps further and propo-
ses an algorithm to reduce the number of the selected paths to
an acceptable level and at the same time to maximize routing
success ratio.
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