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Abstract: The unevenly distributed traffic of Internet may lead to congestion and underutilization of network
resources. Current methods of routing adjustment for load balancing often get a new path with excessively long
length that can exacerbate the quality of service. This paper presents a new flow routing adjustment algorithm
named LCBA (length-constrained most balanced algorithm), which can decrease the maximal bandwidth utilization
rate of network with delay guaranteed. The experiment based on Abilene2 network topology and traffic data shows
that LCBA can mitigate the congestion of backbone network effectively and the maximal bandwidth utilization rate
can drease nearly 50% at most. This paper also evaluates the algorithm with an emulation method. Compared with
current methods, the new algorithm can satisfy the demand of not only the length of key flow’s path but also the
maximal bandwidth utilization rate. Moreover, the theoretical analysis proves that the computational complexity of
LCBA is O(N2logN), which is better than that of a majority of methods nowaday.

Key words: network management; load balancing; quality of service; routing adjustment; max-min
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3.2 EEiik
g B e B ERA IR T TN LCBA L.
LCBA SiLHik:
1.0 kR 98 R R 2N BUE AT 6 B G I B HEY R 1, W X I PR B o R FH 2R 40 0
Up o Uy, JEFPTT KO GRBERR 1y, IH%E%#wﬁwﬂlsmK

2. Z7'=1,7=K
3. G'=G \{L;f }
4. P'=dijkstra(G’,s,t)
5. if Dp<T_
6. PRI I SR 1K 8 1, SR R
7. P'=dijkstra(G,s,t)
8. if Dp>T_
9. Tofi AR
o - {z* + 21
2
11. G'=G\L,
12. P’=dijkstra(G’,s,t)
13. if Dp<T_
14. ifi-Z2 =1
15. Pl A2 T K (¥ 8 A, SV 4 R
16. else
17. Z'=i
18. else
19. if Z-i=1
20, a6\t |
21. P’=dijkstra(G’,s,t)
22. Pl A2 T K (¥ s A, SV 4 R
23. else
24, Z =i
25. goto 10

LCBA S I I 08t 708 75 oy S50 (R I ARER AT Ty B A {8, i 2543 1) LCBP 1) 388 (¥ T 47
33 ERENH
HEAS LCBA BVAM B 53 43 WA N T AR v SR — 2D (M VR A
1) 0BT BE R s 98 R R AR HE Y AR SCAE T E R IA A e e 0 HE P SR DO HE Y U TR B AR
O(NlogN).
2) b A TR B A IR IR AR I R R B0 R B AR N ogN, T 3l A8 BT R b B 9k 11 B
O(N?). Rk, X — B I Sk 24 1% 5 O(N?logN).
L5 LTIk LCBA 530 SR [0 5 2% 4 O(N?logN).
SCHR[O]H KSP ik 53 24 1% - O(KN?logN), i i T+ LCBA $13k. SCHR[10]H 1 7 15 4% % 8 O(MN(1/e+
loglogM)), H1F-— 175 1t 1 2% r e it 5K 1715 505, DR H % B 2 FE IS T LCBA YA IA) 52 2% B . SCHR[13] 11
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4 FWHE

AL IR IT 550 LCBA A MIRICR 5 4.1 T4 LCBA S3%x) Abilene2 M 2 (W&l 1 Jit7R) h il &
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4.1 Abilene2#{E{HE

B2 4 T R, FRAN T TC VA AR LS 28 P B IE LCBA VA KA 25 P, (H A2 00 AT AT Jok %o B 5 ) 48 004 1A A 40U 3R
AL IR 280 R A (1 SI2 B e H S5 [ Abilene2 199 £6% 20 Syt kR I HCHE 1 0 2% 11 4

Bl 12 Abilene2 M 444 #h, B H 3L 12 AN 8, A TR E K 11 AN, L Atlanta 117 847 P AN 4.
% T Atlanta 55 Indianapolis 22 [ i A [i) B % 4 ﬁjj 2.5G b, Bl o o 42 S 1 4 B8 32 010G Texas K HHLR W
Zhang 2% N\ P2 (e R K (R 5T T4 o 38 SR 42 netflow 05 3100 LA AN BT 14 7 VE 3K 45 T Abilene2 M %% 6 4
18 B R

FATRN T _F T (O 30 40 A A S SE B B0 UE LCBA S KA . 32 R R T PR, AR SCAS R 1 H A s 3 45
N T SRR T /N SE 56 AR V0 A AR A SR 1 55 i, AT A T B L UL R 5 R 1 S0 45 B 5 I ok T i Y
Kl 10 PR AN A I L2 1.

Table 1 Data description of Abilene2
F 1 Abilene2 ¥k

Dataset Time Number of nodes  Number of links  Interval (m)
Abilene2-1 Apr. 9th, 2004~Apr. 21st, 2004 12 30 5
Abilene2-11  May 22nd, 2004~May 28th, 2004 12 30 5
Abilene2-111  June 26th, 2004~July 2nd, 2004 12 30 5
Abilene2-1V  July 31st, 2004~Aug. 6th, 2004 12 30 5
Abilene2-V __ Sept. 4th, 2004~Sept. 10th, 2004 12 30 5

SCHG I RN < S SRR 1 T I PR U SR 0 e R v R R B B ) ) P R e
Tl F 190 et T 0 25 1R B ) A ol R A OR: AR AU ) % v 1% e AR B 41 5 AR P R el SCRR[22] 7 1 i
I B e R 01k B 23 i, DR FRAT T LA 5 b 1 Ay i el 8 o P S A I ] A7 L AR i, NS B 23 Bl ) 2
B Y- 22 9 AR R e i () B 22 R e 2 B () BT AT I 1Y s T BR U PP A B K IR IS 4% K e —
PR AL LCBA ST 4 21 HoAd ik A% 1

T A R S T R 1 SR 1) PR B3k — o R 2 5 S LI

S 58 MU, VE 5T LCBA SEI20T 199 2% di Kty 58 A < ik 167 L A3

B 3~ 7 Dy S 36 5 R R AR R ST T IN 8] A5, PR B 2B AR AR SR AT LCBA S35 Jig I 2% s Kl 9 A1
YRR 5 AR LCBA SN 104 2% 5 Aty 5 M) H 22 1) EU AR

FEW SR DL B4 BOE O0 R, T B AR I BEREAT 1 R, AT LCBA B335 R RERE S Kl 6 A1) ) = BRI
10%-£L 23 5 /b AL, 2 199 2% 4711 28 ELS™ T I (1] 41, P 3 RS AR A O 500~750 ) — By T]), LCBA S5 1 ZE 4R 0
(10 5035 R AR W S, dpe KT 96 1 4 fie 22 W] DL IR 50%.

= e

b 3
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52 : Coomerd 52 2ot
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0 s [ 2

S 04 -2 ’Er ] 04 Bg a.l

& I
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Number of 5 min Number of 5 min
Fig.3 Experimental result of Abilene2 | Fig.4 Experimental result of Abilene2 11
Kl 3 Abilene2 525 45 J-I Kl 4 Abilene2 52545 -1
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Fig.5 Experimental result of Abilene2 111 Fig.6 Experimental result of Abilene2 IV
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Fig.7 Experimental result of Abilene2 V
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