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Abstract Finding the path satisfying two additive QoS constraints is the key question of QoS research. The linear search

algorithm is one of important approximation algorithms. This paper proposes a new linear search algorithm combined with

the reverse optimization scheme. If the path found by the linear search procedure does not satisfy the QoS constraints, the

proper nodes of the path are chosen to make the reverse optimization. The time complexity of proposed algorithm is

O(K(m+nlogy(n))). The simulation shows that the new approach extends the search fields and improves the succeeding

ratio of finding the feasible paths.

Key words Bi-constraint path, Linear search algorithm, Reverse optimization

1 85I§

B, KPR SER 808N AfERE B AN, 1
PR BT, DA H R EE KM EE O L E R M
BB RN A, XENHNT S B E (Quality of
Service, QoSYE ™I HIEK . & QoS TaKMEIA— R Z
#(metrics), X8 metrics X TN AHBEBTFRERERZZREE
By, P33 (BR 28 T AL ) BARITE B B A 2 BR 12 B ) 44 20
WEFERKH QoS Fk. MABHE QoS metrics HLIFHH &
(bandwidth), ZEiR(delay), ZEIREF(delay jitter), 171K Z (lost
rate) & &2

QoS A& AULT 3 FEAMAE: (1) LR,
IR, EIRER, BhESE: Q) HEAKR, WMKkERE,
GMHLIR, WHHRFE. FAIFR— metrics ZINTEETM:
b, RIRBIIRIEEN metrics IR IZEEN FTH B
metrics BIRIZR . FR—A> metrics RMHER, R ERFE
B metrics A4 BGOZIERE BT A B8 1Y metrics Mg/ ME.

il

2004-01-09 Y&, 2004-06-25 =
F 7% AR B R£(60002004) HBHRES

BoaEAk A it metrics P

 AFEERE R metrics, HEEETENE metrics AT LUIR it Y 47 %

BRIEAR QoS AN T: AEFEE A s MBEKRTS
t, —&¥) QoS AR D, VARTFIREHFMRT BArRE, EokK

2R (s, HIEHIRRAZI A HIT S v 3 3 £ R 2% 4 BR R B A4

Yr e £ . Z I R BR N 2 2 BR % | ) @ (Multi-Constraint  Path

problem, MCP) L & % £ HAL AL B&

Optimization Path problem, MCOP).

r—

1] & (Multi-Constraint

CHER[31IE B — R F B A B AN L LIS intE QoS 4y
I B ] B R NPC(NP-Complete) i . 58RI T £ TR0 H]

MR ZARBEREAEY. (1) H-

AN FAT B

I AN L R F AR n B g2 R, (2) H—4
MR F— ML R AR m B B2 R E; 3) HE
ML R A KA I B i K12 R B . B AKINPCHE R
QoS % H 1] M 2 M 4 R B 172 Ial & (Bi-Constraint Path
problem, BCP)LL K& 522K i 74 8% #2 i1) il (Restricted  Shortest
Path problem, RSP), BCPE K F-3X(s, H)IB)isi & PP T AIR AL




6 #

m2: QoS B&

I AR PR MBS 20 RSPEERFHR(s, DIk RIMAELR

A B (cost) B /D I 3R AR, R B K 2 — NNk Zy R
&, RIS —DMBEARSM. RE _EBCPRERSPXT
N BB E 198, RSPJB FFPTAS Pl(Fully Polynomial Time
Approximation Scheme)Z§, EIRSPTH] LL piy I 2% 5 o 0R 1/
ZIRAKME, HEERHENRE. _

BCP & RSP & VIEXR, (E{TH#EY RSP H)EEAR AT LA
Fkf# ok BCP, ML BCP BIE N AT LUEEXHLAL H A7
iZ B 401245 B RSP 1 & 3T DU  1IX 5 A 1] LT 2 NPC 1P,
KT BCP EL RSP 42 H TR B HE, JCHR[61X L | 4%
& . B X BCP 8¢ RSP MIEVETT LLAr A 3 26 (1) ERIEME
7%, SCHR[7,8]#RE T RSP B - L IRNE T, SCHR[SIHIE LA
ey [H) 33 A% A O(m(nz/e)logz(n/e)) %4 K% BCP 8¢ RSP
BT “ERH” 1) FPTAS KB &, %8 Ea UUHZHARE
JoRRIE T, SR TG i &2 LR 7]@;%1@% 8] % IR L
THAESHNBEEREELRBELTPLENH. 2) 318
MRNEE, CLSCER[9, 1008 R, RHEEB RSB URY
WSRO BB RSP LA K BCP, X F— R 15 (L8 i fF B 2%
SHBERBAKKE, KPP0 EERRRIERER
" O(D\Dynm), Dy A D HERAKIER IR LI R & HE. 2 BCP

| -

Bk RSP 8% H 3) R K 77 iR o, (BIX R % i TR (R JF
HAKMARANRXAEZ M E. 3) BRAXHEZE, BEAAH

KR G R H IR E R, kS RFEERSERZURTE -

Hie EHEUTO . B RAFEEY, EHERERFEUHR
FAR BB W) B 2 FE RN 5 SE T A EE R — KRB k[ 11]
HAERE TR RREE, ZEENZOERYRES4RN
BUELTE RN h(e)= aw (e)+ pw(e) KT AR B E, FHrHER
MR RERREERRZ. CR[12E—PRE T X—EHE.
UMM ERZERIBORKEAPINARF NS BT
7, SCHER[13]13% H B XU E 1 % (Binary Search, BS)&iZ2 HaJ
S AR S B ERED. BS B LOBEARERERR
h(ey=w(e)+kwy(e)B kw(e)+wy(e)fE A BERR LR, 1ZHPrAEm
HMBEREBEHITHNERR, HNBEEREA OK@mt
nlogy(n))), K FEARKEL, ZEEMNT RENE T Hiknh
B RN R BT,

AXE—FBRRNEE, ZHEEETRERRITT
MR ECAGIE R . SCER[11 ~- 13)P RIS RE %, T
h(e)= awi(e)+ fwi B RS H a BL SHIRTT L. BE, £
HEREELR NS SR T e RAE# R N7
KA REF A TRER—2U, FHik, &SRB T R
B, B h(ey=wi(e)thw(e) R RIS, A ZH kwi(e)twa(e)

Ll

l-Hn

Ll

i) 1) e T A i 953

(@) wye e B A ESE

MR A s T ERD), TIRMA wi(e)How(e)VE iR
BB RREE p PEE—ITE v« BEAREHA
wi(e)BL wy(e)WE AN ETHHE LT S 3| B AR 5t IR u
—¢, MR ER p MBRRE s—u il u—t EBRARTIBREE
BHRLREM, REBITT SRR, B IRME
AT R . ACR M T AN RRAZ p it R R IR EE
Hou TEFH#HIT TR R .. R AU B O AR .
ERREHBREIEWE, HFARMFIKENBEERE
R, MANAZBRIRERUMER, FHEEN ZEER
BEARE A wi(e)Bh wa(e)E A EH#IT AFMIL. ALK
1 EAE S T & B R s FE M4 3 ANSNET [,
RIRASLES K T RETE, R TRENE, RN
FIFETYH O(K(m+nlogy(n))).

2 BCPHIREIINILE X

ALTE BCP, HECHBRINT . |

EX 1 BCP, ZEMLKHE G=(V, OFXR, VR R
REE, EREERRE, ETHE KK eec EAFSMT QoS
SR w KR, =1, 2. BOSHEIER BT intk.
4 Dy QoS WA » k=1, 2, X TFBLEEH A s 1B
PRt IBRAZ ps & p TR wip)=Yeeowi (@)<Dy » k=1, 2,
MFREE42 p 1 2 QoS LUK,

NRABH AP — N ARFHE BA (cost), H—1F L
iB(delay), BRGIET A s BT R t WERARA D, &
KF (s, HAIPIEEAE p, R delay(p)=Y, e delay (e)<D, H
cost(p)=Y e cost(e)i /P, MIFEH RSP,

Pl

"B EEAShE RN w(e)i’l 1/D;, k=1, 2. B
FREBHEAINSELETE —HEL, [B 8 wD w2 R

D\=Dy=1, MARFH R ——RAERSGEENPITHE.
sh, ERRNEERNEERER, KXXH n RRTEE m

JUEETE XT BCP WIIEUEIEEE — ik 5— I
AREFESRE, AEP—NARFHFHRITHRE, H—
MNAREMEFITEFR TR LS, S TFEEEREGEAT L
T4k, |

[

B |

p 5 p* 5 BA R he)=wi(e)thwy(e)5 h*(e) =
] bR B B AR SR SR 15 ) B
&, k<k*, T wipy<w (@*) B waop)> wy(p*)-

W BB L EN 4450

wi(p)Hhow(p)<w 1 (p*)Hhw,(p*) (1)




954 H F 5

wi(p)YHe*wo(p)>wi(p* )+ wy(p*) (2)
(DX E* = Q2) X k: (k* - E)wi(p)<(k* — byw,(p*), H k<k*,
1B wip)<wi(p*)-

AQR)—I(D): (k* — Dwa(p)>(k* — bwo(p*), 7

wa(D)>wa(p*) e Uk EE

ZEHIUEHAH wi(e)thw(e)E A EEBA E 1T R Mg e
B, kR, R R TR 2 DR &M, BriEEs
BRHIE 1IN HEBE, RZ kA, B wi(e)tkwy(e)E b
AT B0 B T R 1 TR | AR A, BT
B 2 NS EESE . FE L A< RS 1 18
WEAH, 1 BRI 2 MRS 3 =0 B E S
/INEFAE BT ASE | MR ZEFIA, 2 =828 KB A
BT HXE 2 LR FAFMNAL

% BCP [{) BS & 11940 BARI T3 42 h(e)= wi(e)
+ew,()E A BEM N EIEHIrEBRE R BTN R, &5 RBUK

TREE & {H, RIEWRE k WIBEA 1<sk<sB, B=max{n-wye),
k=1,2}, HBHEEZEE R O(logy(B)(m+ nlogy(n))), TELFFIE
B — IR IR BN K, B EREERE R
O(K(m+nlogy(n))), ZEIEFHN T B ) H 3¢ 5 R BEKF
. ZELER R BRI R 2 hey=w (o)t
BRI, W5E LA EREE A kwi(e)yrwae)
K, BEBINEREAMATRALAREMSE 1, EAHN
TFARFM 2. Flnz k LEBRE, MA Ale)=wi(e)+kw,(e)
YERNEERRALE RS 0] hwy(e)twa(e)tHE T M EBm T4k 4y
WA 2 e MU REKM 1, DARSEREIERBE,

ASCRMCHAT T B0k, HERIBAEE 1, KA TR
BR., SRR, AHFE
BB IERE A RA G REEMERN. FEE %
BREAY S RGBT A, BT —BRER, SE—
BRI R TRl U0 4t S AN 5 BOHE AT AL B 1R AT — B 2
AR BRI AT 4%, T FERR A R R AL FE . R e
WA SR E T BT E R B AT KL R
FRE TR —¥F, FEFA T EREFABRBESIHA
TR R BT ATHR 42, XL BS i/ MmeE. Wit R
ot #2, 3K T RN, B8 T MR RBRRINE,
FEAREIEZ BT, BEREYUTHEAE L.

EX 2  BRRPEY A X2 pes—r WETA s
(RS0 0) BitiTHRS, 73RN 0,1,2,--,|p, I NERIZp
fIBRE, B ¢ BORR S, p (oD [A) S SRR S S [l 208 A ]

1 kwi(e)rwy(e)iF T3 —IRHE R, FINARBABITITERZH

h(e)y=wy(e)y+hwo()fE N ERALFT

8 ¥ #® o %27 %
EEHINERS),
EX 3 Eﬁﬁpﬁiiﬂ% {s, a1, az,**, u}, s=ay u=dap,

Eﬁ'ﬁq*ﬁiﬂﬂj{u, bl& b25'"! t}’ H=b0: t=b|q|= lp|5|Q|jbE%:fép
5 g BIBEEL G, DRI r=peq FIEXINT, 4 i=max{j,

- bEp}, KR p 5 g WA STHERR g PIRSRAMN

TR r=poqg BXAKEp B s—b, BRLA K2 g B bi—~t.
BRIEREMRBIGR, rihp5 g FiEE.
ZEXRIETHpE g EEMBPIBRZ r=pog AEE

Bl

Bl w1 R, pi={s=ay, a\, @y, a3, as=u}, q1={u=by,

b7, bg, by, =b1o}» q:={u=by, by, t=b16}> q3={u=by, b, b3, b3, by,

bs, bg, b1, bg, by, =b1p} -
ty
\Fbm
by

1 r=peogqrhl
5 q AN EF 11, A a=by, r = py ® g1={s=a,,

ay, Gy, as=bq, bg, by, =b19} o

5 BELET R, rn=p ®q={s=ay a,, a3, a3, u, by,
=byo} o

p 5 g3 BIAIES EH 34, 9K a=bs, ar=bs, ay=b»
HAPE g PARFEATIN b7, B max{i, b,€Ep}=7, WH r;=
P1 ® g3={s=ap, a1, az, a3=bs, bg, by, =b10}

REELEE]

(1) % B=max{nXw;(e), k=1, 2}, k0=1/B, k1=B, k=1,
PA wi(e)+hwy(e)fE At B I iz H K B A2 H Sk H BR 42 s
 p R wi@)<D; B wo(p)<D, WA iTH p, HEpiHiE
wi(p)>Dy B wo(p)>D, MIETEHE . = wi(p)>D, B w(p)<D;
#(4), & wi(p)<D, H wy(p)>D, ¥ (5).

(2) k1=k, k=(kO+k)/2, LA wi(e)+hkwy(e)VE AR EIE
A H R EE p, & p WL wi(p)<D, H wi(p)<D;
N W 1TRE p, F wi)>D) B wo(p)<D, ¥(4), F wi(p)
<D, H wy(p)>D, 55(5). (FF: BLEIAT G IR &4
HAHRHER).

(3) kK0=k, k=(k1+k)/2, LA wi(e)+kwy(e)lE N EERIEIE
H R EIEK R p, #F p L wi(p)<D, B wy(p)<D,
WL TAT#E pr & wi@)>Dy B wa(p)<D, #(4), H wi(p)
<D; B wy(p)>D, #(5). (FF: AT EEH IR MY R KE
H AR HIESL) . |

| -

| -

-




65 7K inSF: QoS B bl I R I & AL A%

9355

i A M el

AN W

@) (RN p FEMFEE: M p “PET R RYELLHTH SR wle)IR L /D, k=1, 2. EHHMD
u, LA wl(e)VE"EﬁE%é?ﬁﬂiJ%ﬁ%ﬁ pr=u—t, SHZEpH s~ ST R-—HES, RN Di=D=1, k KJLEZH{1/n, n].
uBBK p1y & r=p,®p,, BN r 2EHELHREKME, HFEL EARRPEAEEE T I N BEEZRETA O(logy(B)Y(m+
WA TR, BFNE wip)>D, B wy()<D, ¥(2), & nlog,(n))), IR BRI K BB LT A OK(m+nlog,(n))).
wi(p)<Dy B wy(p)>D, ¥4 (3). | 3 SCI&R

(5) (RIAMALE )R p FEQT T 403E: B p M “ PR =7

uy UL o) fERES S ER B R R pymu—t, SHAR p ) s— j‘is‘ﬁ'ﬂ'ﬁiﬁ;: ﬁ 8 X 8, 20X 20 ¥ FZEF1 ANSNET (K
y A __,: 2 |] , \ L\ | \
B b1y A repy 0py Kl r REWELH A, e 2 07 DTHEBRNSE w Mwy, RATFEL 1 242 20

FIBENLIE S, MREAMAEET, TR BS BEHTT
)% HE B £ 7%, it D = 2), |
W PrRsste, SUE wiEPD B wa@)SD %@, B s e ko3, SRR 3, B 4 FIE S
wi(p)<D) H wy(p)>D, ¥4(3)- |

6) ERMEERRBZREFR L REERREATRE. s

RARAEENEER S 2: (1) §e8ENH, &8
— RIERITIES, BS iBH he)=wi(e)+hw,(e)sk kw(e)+w,(e)
VE N EE AL ERITNER R, k€[, B=max{nXw;(e), k=1,
2}, RIEGMAAEEIZA he)=wi(e)Hiw(e)iE T LR,
k€[1/B,B]. REEH |, REFERBIMBEZAp, MA p A
WRLIR A, WHITRARLERE, HEEBRETITH,
IR wi(p)>Dy, /S kTR GRS
—ANAREME), F wap)>Dy, MWK k EHITHE (BER
RS AR A UL R 4kEE R L. ZEEfRIERE
R THAERE L. () 43 RAMIEE: BTt
HWRNARE, B ERIE TR KT TR
#. EEMHEREBE, ASONHFTBRER p TREE N S/ | |
flf, FHAE BS EEMENE p EFER, MRANX o b 0 0

290 320 350 170 185 205 770 845 920

CABHTIE SRR TR R TTTRE. fltnn Fans . BS Byt e BS EiE - BS Bk
B - REMRAEET  — RERAEE]  —— RARLEE]

RB2WIEIZE p, 5 p HLE wmip<D,, w(p)>Dy. HT —~— REMAEED — REMKAERT  — RAEED
wa(p)>D,, BR p NHAAE 2 MIREM, B E#ITE 3 HiEH X4 ByELE B 5 HiELE
BEIE, M p BRI A u i2XT 842 p B FEBNE 2 N & (88 Hit L) (ANSNET) (2020 7 B)
BT SK B2 u—~t FH 52 p R EFREHERAS iR, B3, B4 I8 5 B, BHARRAREME, HE
H—&FHE, BEHEEp B s—u BN u—t EEB TS Di=D,. HEHRFIRBIATITEE 21 B Ih Z(Succeeding Ratio,
2|47 BEAZ SR).

AR, EiREER2p NP EYT S ufEAN R X AL E S | IIEFT BS HiE, X 8X8

RERAER R, FAXEHETUTHMZERTI (1) E# K EEM ANSNET RS T IgFF I, WX 20X20
7 p KBRT ¢ AT SPEIUERRRRLER: 2) &  RERRERAEEIIRITT 1. Xg 7R TR,
BSH U2, ol - 1D BW ST RBEILER, HAERE « HAMEHBERENBRZEp TS, BARPFHELLREM,
e B SR BEYUE R . AR —MIUTTE  BhTHEASSMmA, THEOLBREBEMTHRET, R
EMAFE, FE—MHABRANEBREL. ACERAE—  gTHOMRIN T A R TSRZE. KRR AT
R AL 2 7 AR EERA R MU EE T . REMAEZE 1 ABEE /N, BERLED, p REFERT
EEEHITERES, NARFHEP - LIIREEEN B2, |- DEET D, WEgERS W, LR

£, RAabeEZE 1 S E BS EiE#2ul, Bk thER R 20X 20 I HE, kL AFEZEIIREREZ p FfG




956 B F 5 B % 21

FEREEHLE B S A5 A T R AL 1 R E
8 SAE A AL SR A —E L% o, REKRE,
REEAER T AL T BS B, BEARFHRER
B REAHE, £—RIGH T BB KREULL BS HIXLF 5%
V¥ S

4 4t

AT QoS B rh 1) B (A% Lo ) S B 39 2 B A i 20 R
(% e R AT TR, IR T —ME4 T R K
R . RSO B RES M REERT T
ITERARET, HEE BN BB IS E Y AT R AR
FIXUEHRE Y BS H, REMAEERETREEERR
BRANNE. TRMRAZAR MBAEERATHERS
8], &/ T BHME, KNEERETN OK(m+nlog(n).

5 £ T B

[1] Crawley E, Nair R, Rajagopalan B, Sandick H. A framework for
QoS-based Routing in the internet. Internet Draft, RFC2386,
1998.

[2] Guerin R, kamat S, Orda A, Przygienda T, Williams D. QoS
routing mechanisms and OSPF extensions. Internet Drafi,
RFC2676, 1998.

[31 Wang Z, Crowcroft J. QoS routing for supporting resource
reservation. I[EEE J. on SAC, 1996, 14(9): 1228 — 1234,

[4] Sobrinho J. Algebra and algorithms for path computation and
hop-by-hop routing in the intemet. IEEE/ACM Trans. on the
Networking, 2002, 10(4): 541 — 551.

[5] Garey M, Johnson D. Computers and Intractability: A Guide to
the Theory of NP Completeness.[M]. San. Francisco, New York:

W. H. Freeman, 1979, chp. 4.

[6] Chen S, Nahrstedt K. An overview of quality of service routing
for next-generation high-speed networks: Problems and Solutions.
IEEE Network, 1998, 12(6): 64 — 79.

[7] Warburton A. Approximation of Pareto optima in multiple-
objective, shortest path problems. Operations Research, 1987,
35(1): 70 = 179.

[8] Hassin R. Approximation schemes for the restricted shortest path
problems. Mathematics Operations Research, 1992, 17(1):
136 — 142.

[9] Yuan.X. Heuristic algorithms for multiconstrained quality-of-
service routing. IEEE/IACM Trans. on the Networking, 2002,
10(2): 244 — 256.

[10] Cheng S, Nahrstedt K. On finding multi-constrained paths [A].
[EEE ICC’98[C], Atlanta, GA, 1998: 874 — 879.

[11] Jaffe J. Algorithms for finding paths with multiple constraints.
Networks, 1984, (14): 95 — 116.

[12] Neve H, Mieghem P. A multiple quality of service routing
algorithm for PNNI.[A] Proceedings IEEE ATM Workshop|[C],
May 26-29, Fairfax, VA, 1998: 324 — 328.

[13] Korkmaz T, Krunz M. An efficient algorithm for finding a path

| subject to two additive constraints {J]. Computer Communications

Journal, 2002, 25(3); 225 — 238.

B S B, 197144, Mg, EEBFRT AR QoS .
WDM LM% 5,

ZRE: 5, 193244, ik, HAERM, PEIERR L,
FEARGTFMARHEMHER A, IP M2E. WDM JEMLE
™

E A B, 1971 4, @4, 8lEER, FEHRAMA IP MK

A, WDM ML,



