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Abstract:  This paper integrates traffic engineering (TE) in network planning (network improvement) to build high
performance networks, which achieve traffic’s multi-constrained quality of service (QoS). It is a NP complete
problem that cannot be efficiently solved by traditional network improvement with extending equipments’ capability.
A new network improvement algorithm based on TE is proposed. A heuristic algorithm of graph’s connectivity
augmentation is presented to satisfy the topological constraint, a static routing algorithm based on multi-QoS
requirements is adopted to satisfy TE constraints, and a genetic algorithm is used to globally search the network
with minimum improvement cost and with its capacity of rational allocation. With the simulation analysis, while
achieving network’s multi-constraint, rebuilding networks by the new network improvement algorithm is only a
traffic balancing, but not a local blocking of the existing high performance networks.

Key words:  quality of service; network planning; network improvement; traffic engineering; genetic algorithm;

reliability

H B BATIEEARALATREIARN(MERE)AMEFRRLEFAET S QoSE R ZHAEML I RIE4L
W % g B AR &Y B R AR VA 2R R 69 NPC FIAR T A A sk LB K TAE TAEGIHE MLt Jik
FoARR MG ERY L RBEXNFEWIELIN YR ILT 2 QoS #hR¥ b Bk AT LAY R LR AL
ERRA R T RIS T RN NE BT B B AR R, Z RN WA H A% 4 R R
i, B W % 5 B 4 B 38 f A5 A By AN R A B3 P SRSB4 T R,

KR BE AT MAHX NGt As T FALE TER

hEESES: TP393 SCRRFRIZAD: A

* Supported by the National Research Foundation for the Doctoral Program of Higher Education of China under Grant
N0.20030056007 ([ X £ & #6 1 L ni k<)

EE G 979 —), 95,3 Ha A5 BN 18 2, 32 B S8 Uy v 534 199 (& oh ST0L IR 20 I AL A6 e vt ¥ ie 5 R g, TE 4k
TAE B INEIHE (1940 —), 55, 20052, 18 78 G0, S BT 9 U o ) 5 A5 I A4 Bk e 5 R GG sR R R (1978 —), 50 1 4, =
TERF SRS 3 A5 A U TR, QoS A PINaK (1973 —), 53, 1t o, 32 TEWF ST AN O vl S5 £ 19 DAk e vk B4l 5 Bk

© e

http:/ www. jos. org. cn




¥ F:QoS AR F P a9 FT A WM LBt Fk 1353

1l 258 3 SLI) ) 4% ST A HE T I AT D0 28 P 4 b £ 1) 5 St TEAT e, LB R 296 v 7 A2 8 11 A2 45 AR 7% o SR il A
e RN UE A &2 R

Bl TSR ATL I 26 8 FH AN BT 2, D9 288 ANAN B T2 )R 7 10 A (best-effort) (0 2040 44 i, T FL I S 52 I oy 20k i v
B R AR S 7 (W1 TPphone) BB EIB (U1 0 48 2 130) 55 22 TN 55 S A LA 190 246 05 X A3 W2 D 56 4 %
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3.3 MgEBY TRARXE %

Tt A 45 1 e AR T 4% s 4 R R T T e, 5 A X % 4 A 7 ARV R IR g AT 3 e R b AR
I Menger 5 FHUC) 50 3ok 038 — A V] o AT 26 A A S5 3 050 2 DD 0 e 325 S T AR B 2% B e it 32 0 R A S A
AU B UL SRV T B ) 8 % R T 2 TR PR B S B2, AT FH 16 I SR I 16 I Do 28 0 A W] S A0 R R A IR A

(1) A4 3 A JSE AN AL 20 R R4 UNCON IR UNCON=N;

(2) 1'% d(x)e UNCON, & UNCON={x|xeN,d(x)<d(G),d(x;)<=d(x;+1),i=0,1,...,n};

(3) WWKIERE xo 5 xe {UNCON-xo,N-UNCON}, H. % d(x¢)>=d(G),UNCON=UNCON-x,.

FIWr UNCON=@245 1 M4 58 5 15 ), 3R 171 (2) 4k S5 ARG Fh.
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BEAERR o B I0HRAE.

EX 3. K% H b R B ) v Lo S @ 1 41 M 40 23 J A )1 s BAS (] e i, I B L b 038 IR BV E R A
FE A 1.

18 LLSE Boolean 28J5 Quantitative R JHEAT B A2 IE AL B S8 2T Boolean KJEYE( Cstry(D):V
estr(l)e Cstry(D) R 2 2 3(4), W75 52 55 1% 1,24 Boolean 2 1t {8 4 #4216 £ H Fr 2R B3 1T Quantitative 28 &
PR A I B A0 D0 45 40, S0k ] AR AN Rk 25 S8 B ) g e 2 F AR R 30 0 2 52 Dijkstra SEVE IR HEAC D B
R

(1) F Cstro(l)i T Cstro(ly), ERHEM jRBI(FEH Cstrg(l), Rn5ER 115 i A~ Quantitative 288 1 1H);

(2) #5 Cstro(l) thT Cstro(l), EFE4EH kIR

(3) # Cstro(lp)i 5 Cstro(l); FH5E, ME LLEL T — AN JEYEE Cstro(ly)in.

SEVETE SE T SR T Y 55 T DUASE H PR iy 5 I ) B3k A WA T P 450 5 0 G 8 2 o 8 v P A e B, HLC ) A
FE38 0 O(e). St e Ay I 44 v 10y i i 4. L I D 0305 1) 5 A 49 < Dijkstra SVE TR 24 B D O(n™)!. B0k Dijkstra
FETH R AR 2 H bw o Bovh B Pk 2 SRR S e R VR T R D) O() I BUE VL LT B R R
0(C),C 4 Quantitative 25 & P41 70 5 A HG I e #E Dijkstra VLR 8 E h O(Cn?).
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