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An Efficient Algorithm for Multi-Constrained Optimal Path Selection in QoS Routing
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Abstract An important issue for providing better guarantees of Quality of Service (QoS) to applications is QoS rout-
ing. The task of QoS routing is to determine a feasible path that satisfies a set of constraints while maintaining high u-
tilization of network resources. For the purpose of achieving the latter objective additional optimality requirements
need to be imposed. In general, multi-constrained path selection problem is NP-hard so it cannot be exactly solved in
polynomial time. Accordingly heuristics and approximation algorithms with polynomial or pseudo-polynomial time
complexity are often used to deal with this problem. However, many of these algorithms suffer from either excessive
computational complexity that cannot be used for online network operation or low performance. Moreover, they gen-
erally deal with special cases of the problem (e.g. , two constraints without optimization, one constraint with opti-
mization, etc. ). In this paper, the authors propose a new efficient algorithm (EAMCOP) for the problem. Making
use of efficient pruning policy, the algorithm reduces greatly the size of search space and improves the computational
performance. Although the proposed algorithm has exponential time complexity in the worst case, it can get very
good performance in real networks. The reason is that when the scale of network increases, EAMCOP controls effi-
ciently the size of search space by constraint conditions and prior queue that improves computational efficiency. The

results of simulation show that the algorithm has good performance and can solve effectively multi-constrained opti-

mal path (MCOP) problem.

Keywords QoS routing, Multiple constraints, Optimize, Path selection

1 5|8

HE AMEMREREWERABRS PRI FEHEED
WREARE QoS ERMEEENH . £EXHEREHY I
B — PR EARENREFERWESRKEZNHER.
EFEEM EHA QoS BT RABIRXFEELEH T
—PMEEARTS. B, QS BHCLB N FEWRNE
B, AMEENREI— M6 QoS Bt 7 KA £ R
WRETIFEHRE. EREL.QoS B #H X8 — oy Peafzk
ET/EAIMRT —RTITREME T2 —ARF K4t
REEMAMEEEFHBEERY, NS, QoS BHE—1
EREOEE.EE,FSEREN ARSI AN HELT
BUERE S ERAENMERSEHFEAAFES AR QoS R,
ZTROASEFESHEARNEENER ., IR —FAEH
MM ERREIMTITEE R NP #6 . HWK, #kay S8R
%5 PR O] fE BE A5 3R QoS BB X EAEWR ST N R,
X EEERRAMBRENER.F= B TREH AR
HEEMSRERNEIILE . FHHE KRS /NMEBES
EFFEFREEFORESEEH SR E. MRS AR
BEE QoS B WA ERE S ™ERME. YT #1T QoS
BEh OB ESITAMEREN SR . XHIKETEY
P 4% BT IR (5 B A VL R85 5L 0 B 22 B S Hh I a — #B43 (Hlm
PNND , 5% £ MPLS — &8 3 34 89 B iy bh XSk 4R X #
Bl . MPLS ki OSPF (FF B 5 Bk 12 41 55 ) sk R fiL e Bk

REE R B TER RS X E K& X [8]%) OSPF i
8P R. —RUE PERhaRTERGEFARD .
OURREFE SRR E SO ER; (O HRIER S
BER . IR —FUTHER.EFAXFEEXETE -_IMES
FBHA R FH—TH AT, S E SRR, ¥ SH A
X DR E RTINS

EMBTHE—RERESE D QoS BHAHX X QoS
BT K4S O] nvEAIETT nvERs T TSI
Bl - BB (BEB. 2130, B R AR X KR LB R
SREAF. X TIET R4 B #H 3 B
M mEE R PSS RET RS R AR B HEW AR
WX ERE AR — MR ESRU, RGBS RS
S BIETTMES Y EI, X EE ETERRET I n#
QoS S X RR LB DIEZEN L, FEHA B RIEFELN
MLt — oIS WP R E .

RATA—TREE G=«V, EXkFEF—TREHF kTR
HRAEHME . HP V="_v, v, v RARTENEE . E=
{erser, e | BTRERNES. EEFHRFER v, w]lE
BE —-TH kP EY (v w),i=1,2,,k FTARGEFF
BTk MEREN . FEL MTREBRENBH F..=1,2,
e ,k,ﬁﬁﬁ:ﬂﬂ% G ‘Pﬁ‘]ﬁ&ﬂﬁé P={w,wy, " ,un},F,
(PY=F,(Ce,(wr,w2) s, Cwzywn),y o ye, (wna»wn)) B2 P £
FITHESHHEN. — 1 QoS EHR R=(5,2,81,B;.,
BOH—APEVEs, —THOVR: UKk k-1 MBHRHE

O BEFRMIRHEEARMNERES (69928201) . HHF R FTHIMFEI T VR, TlE BI#R. WL, FWHE-MEFE QoS FE. Bl
Wik RIEYEREVRHT. T BB, kO MR RO SRR R, EER) ELBEATA. Tk v e . RS B MR AR 1L

SEReE.

¢« 53


http://www.cqvip.com

B;,i=1,2-,k-1, T A . £ Z R KAL) EE (MCOP) gk & 3F
FAEMH—T QoS R R=(s+¢,B11 Bz, " B EFER —F
MEFSDNEMH T ENBBHEE F.(P)<B.,i=1,2,,%1
REt Fu(PYRB /N EBK) .

MEN T R4 PR P=1{w,w, -, w ) HB I 2
WX, RIFBHF, ZEETYER. TSN — 14

FREMEWER.
F:(P)=F-‘(C.(w1' Wz), C.‘(WZ, ws)v"', c.(w:.-n w,.))=
¢ Cwys we) dcilwz, w4 4alwi, wid)d (§))

MEXF R P AEMEER P={w, w2, Wi} BB 2
ORKRFORX RIOFKEBEYUF ZAFTMERN. WREETM
HBHH—1THT.

F.(P)=F;(ci(ws w2)» cilwzs w3,
{ciCwyy w2), ciCwzy ws), oy ¢, (Wiay wi)} 2)
F,(P)=F;(c;(w;, w:), c;(wz, wy),-*

{a:(r, w2) iz, ws) ooy cilwny s wn)} 3)

RATIBESS H—A2 9 NP 3 09 % B8 ¥E 2l [0) BE Sk 2 i b
MR E R R, MR RGN 1 REXNSH
ROTIYERY R XA RS T ABrAAN BERER RS,
Z[5) SR ek A B [a) B 22 BE 5 O (m log n) Y Dijkstra i mbd
DR, i R R A BN 1 RBH X A SR T A . TR
AN FEEER I — N BARFRBERFE. ZREEeH—
A Bt (A M 2% BE 5 O (m log n) Y Bis# Dijkstra 3 & b Ll #§
R, ER—HE.ERERTF 1 TS, B4 KW
WA T NP M,

2 —1RT MCoP B BHR YN E

EAMCOP Wi NEW & S HFH#ATTET R. RER
MY RYE(BITFHENET N —IMNEL BT
BRI MR ST, 2 REEHT R A, MAD L 3TH
FRYV RV EARP REESREVRYEHRFRET Y
RYASERR. AT AR EEB M S5, AN
WREEARFUENBABE. FETRY SR VT HELE
HEABREEAMEEARLGHRICEER.

T RYAMAEFRMERESET RY SEOY
T+ . £ EAMCOP Mk AR AR AT HIBE
HOEEEZKDMET REET K. RERB M SEY A&
ERIYVRY K.

#£ EAMCOP W& miL e BA Pl RATLLE s S o il {8
BB cx)=fGO+gGIMERERER . HF ) HNFE T &
Y HExEHMNEERA OV ExT AN IR

R LUK BB () = 21 o DIER RS
K.HGF o YT RER, A0, 3EE X T FTH/LMMESE
Py RAEN .
(HDMAKENULL (P) : ¥R 55 BAS P 825
(2)EMPTY (P) : BN L BBATIR T HE
(DINSERT(,P) AT ERER r OB TR xBA
FUL BT P b AT R LW S TR ERBRB,
WAR R AT S HER SR AYRTE .
(4)DELETEMIN (P) : BUH LSS AT P h ER KRB A
B35 8L IR AL SEBATT P R RUBR, M S EHh R M
e, KIRSER AT HLEwE.
BTHVERERA/MIEREA SR, ERETR
eG4 e

» ¢i (Wi »ws) ) =max

b C.'(wl»-x "wlo)) =min

D000 http://iwww.cqvip.com|

MERATHEHRABE R R Y& P ENR W
KRB, ZF AAREANS BT RY A&,

Pi<C k=1.2,,K 4)

Py=Pu+Pu k=1,2,-,K (5)

Hp PLuERYWT RES PHEMEBOTNES
Bl wi 20, BD

Pu=3wperwiCij) k=1,2,,K (6)
PuB R AHT BRY A vIIBM Y SAXT U NESEE v
By B /ME L BP

Pu=min{Z,perwsili, ) | P is a path in G from v to D}

Q)

EAMCOP Wiy BAEHRINT .
HA: mambmc—w E)YHl—4 QoS #R R=(S. D, C1,Cs,

M ﬁi}i’:flik REOBMREER.
Stepl: ggljﬁgﬁ‘lﬁﬁ“ﬁ' KvHERF AN R DALTERRA
JN
Cost—_D[v]=min{Z¢.nerc,j)|P s a pathin G fromv to D}
Step2: M FATHEI TR vIIREXFIEN TR DAXTINES
B w AR /NE -
Pulv]=min{Z., perwnli, 5) | P is a path in G from v to D}
Step3 . ZERI% G P FWWE QoS R R R
MAKENULL(Q);
INSERT(S,Q);
While (not EMPTY(Q))
visting_node : =DELETEMIN(Q);
If (visting_node= D) then
Output the routing path P and terminate Algorithm;
Else
For (all adjacent nodes of node visting—node which satisfy
(4) ) Compute P of node X ;/ » node X denotes one of ad-
jacent nodes of node visting_node which satisfies (4) » /
INSERT(X,Q)
Step4 report (“QoS request cannot be satisfied”).

3 HMUGERMITR

AT HEHE EAMCOP ¥, fE4 AR EUE N EH
NEMEET R, S THE EAMCOP 5% H-MCOP i
— P YEREHL ™.

3.1 BUUIR

ERULES .S ERERF T NES A HR . FES
FeEp AT MESBEMERN HEMEIEBRNAR 1
FREH4H™. QoS HRMHEFTEMBM T LML=
AR ERT R ZHMARBATETF 3. QS HRFHHE
SHALN = E RN 1 BiRf 2.

A1 BB EREGHGHF

TSR A N | FRRASH | QS ERFHHAEBHIH

w Gy~ CG, )~ C:~[1.60]
uniform[1,20] |uniform[1,100]

w2(i, )~ C.~[10,80]

uniform[1,40]

RUFES AW KAH#T F—ARUTELEHEHR
f R sE b BT, X RISy R 32 B Internet FI4%
FFEA BB PE5 2R NEERLN 7, P A
TN 3. 2.

FBoARBNMEE AN MBI E#HTH EEE
F GT-ITM MR 238 PIX 4 2 T Waxman SR
s N R R

& EAMCOP #1 H-MCOP &9 ¥ fE 4> B BB TR ELEF
EHEBEANNSYA, ERXPANSHAERK, FENEN
R A, R R T B A . FRAIXEHR


http://www.cqvip.com

B S 7 % P BB 1 SE A A MR H B 7E AP RAITEL
A=20, F B} X F 5 — AR heapsize=10, WM FTHE _4
B H heapsize=30,

3.2 HmeER

= H-MCOP
L WREAMCOP

Request success ratio (%)

Average computing time (sec)

1--ISP;2--ARPA ; 3--Mesh; 4--U-1
1 AREZAKINTHRIBER

W1 RESAMERIM ORISR, NP RATTLLE
M % EAMCOP #3% R R th 48 T H-MCOP W i & Y
-t et (8] 258 R K F H-MCOP Mk . X fh#4 % 7E Mesh
MUIATLAMEHRINPRRABENHB. XEEN
EAMCOP MBS HRARA WG K AR THEE
[BIEY /N AT B A Hh 3R T W kA9 kAL .

caH-MCOP
| SWEAMCOP

Request success ratio (%)
]

oy

- =3 H-MCOP

g os| EEEAMCOP rT

E oo} .

.é a.e 5:\9«'

.g : :

g aal ;

8 ox 3

:

g = . 1
< ol T e ail 1.

1--50 45 1 ;2--100 35 &5 3--200 A F &
B2 AEHEIEREINTASEEIEGR

B2 RE LMY MK EH LA RS R, APRITT
LEBMERNEEIMERO IR EFRADEFE,

O 0T "hTfp:”www.cqi iviilim i

EAMCOP ¥t kR F H-MCOP ¥ it . 75 V- ¥ i M i} (]
FE.H-MCOP W ¥4 P i+ WA A S W, R
EAMCOP 83t Wt MR RMB KR X EE N Y W%
B 30 B3 kB, EAMCOP 3 i it 49 s R AR 55 A S X
KRLPTERXBR BEEZHERNTRET BN BEF TR
SR, XHEABEFESIRHET EAMCOP £ —F Bk
MCOP [a) By 3 Wik .

ATHEESTEFORE, EHESEBPXSIAT
FS(Full Search)® &, FS WM EABERENFROBEN K
FHEBRAFERBOOF ST EIRERERS, BRI R QoS
HRBAOBRE BEBE SRR E. BR XMW
REHEBOHMERE. R T EFiiHE Mg
EAMCOP WX R . EFBAPALEAMEREN S
FKHid Wik EAMCOP f9¥fe. P — &N TITEE il
ERTFHRTITERENFRERZE. MH—RMRHF VR
BEeME CETHERRBEMNBREZE. B3I NE 44
FIRHT =¥k 100 F1 200 49 MEVLIE M LAY BRI G5 22, A P fE
BED, HEEN /DTN, TTITR R R RILBER
LR B AWLE R SR Wik FS 4. 7E 8 3 24 heapsize=
208, TR BRI M E R ERES EZB T RN
FS 89K 3 2 ¥ # T 8 € s heapsize =60 8}, LB R i £
BEREIEDLSHEFS BFEAFHETRERS. @ ¢
P RE A ME B UM BB . XFESHB T . EAMCOP
Wk 09 ¥ RE B e T3 K /N heapsize, B 3 heapsize fY3# X,
EAMCOP ¥yt RIREBIHE . HBATRE . BRTE
EEH N EMERE .,

s o Sy aw= ~ud ph oy P - -

T e

80}

—— 78
- =5~ SAMCOPFerFusebin-Fath
— SAMCOP ForOptimui-Pulh

-
o

[y
-
T

1

1

-~
o
e

request success ratio (%)

o
T

10 20 30 40 [ ] 0 70 0 L]

heap-size
M3 7E 100 M AP RERE

R = e
[ R .

48 | T Y UL S -—
! e
- . — SAMCOPFerfosuibin-Puin
qaor - . SAMCOP Fer-Optimut-Path
- i

o
L
I
i
|
{

N

request success ratio (%)
L]

i
!
N -
G 18 20 30 46 60 S0 TG 6O O 180 110 120 130 140 150

heap-size

M4 £ 200 M ABENLRIM A FREERZE

B EIXPEERET-RHIENZSZRELBRER
BENE. ZNEELHRORFAWERRKARRSTRER
ZRE KA B KR T Wk ¥R AR W — 2

N . 55 .


http://www.cqvip.com

HHAHLELS2 2002Vol. 29N0. 12

D000 http://iwww.cqvip.com|

—FhETF Internet IHFEIBHIFI B RIENIIEREE

A Self-Tuning Queue Management Algorithm for Internet Congestion Control
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Abstract

} # 200030)

As an effective method for congestion control, Active Queue Management plays an important role in im-

proving the Internet QoS. In this paper,we first analyze the properties of RED,then design an effective queue manage-
ment algorithm based on gradient descent approach. With the application of this algorithm, routers in IP network ad-
just its packet drop probability according to the queue length in the buffer. The main advantage of this algorithm is
that the queue length can keep stable at a low level in a varity of network environments. Simulations show that this
self-tuning queue management algorithm is efficient,stable and outperforms RED queue management algorithms sig-

nificantly.

Keywords Active queue management,Congestion control , Self-tuning ,Gradient descent
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