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1t for each ch in chromosomes

2 if (!chisConnected())

3 chMakeConnected(); // add intermediate nodes
4 endif

5 ch.CalcTotalCost();

6 endfor

7  chromosomes.sort(); // ascending order of cost
8 for each ch in chromosomes

9 ch.fitness(2¥™); // r: rank, N: population
10 endfor
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Steinb1 82 82 82 0.0 0.0

Steinb2 83 83 83 0.0 0.0

Steinb3 138 138 138 0.0 0.0

Steinb4 59 59 59 0.0 0.0

Steinb$§ 61 61 61 0.0 0.0

Steinb6 122 122 126 3.3 3.3

Steinb7 111 111 111 0.0 0.0

Steinb8 104 104 104 0.0 0.0

Steinb9 220 220 220 0.0 0.0

Steinb10 86 86 86 0.0 0.0
Steinbi 1 88 88 88 0.0 0.0
Steinbl1 2 174 ~174 181 4.0 4.0
Steinb13 165 168 165 0.0 -1.8
Steinb14 235 235 235 0.0 0.0
Steinb1 § 318 318 321 0.9 0.9
Steinb16 127 127 127 0.0 0.0
Steinb17 131 131 131 0.0 0.0
Steinb18 218 218 225 3.2 3.2
Steinc1 85 85 85 0.0 0.0

Steinc2 144 144 144 0.0 0.0

Steinc3 754 754 769 2.0 2.0

Steincq 1079 1081 1112 3.1 29

Steinch 1579 1579 1622 2.7 2.7

Steinc6 55 55 55 0.0 0.0

Steinc? 102 102 102 0.0 0.0

Steinc8 509 512 536 5.3 4.7

Steincd 707 714 769 8.8 7.7

Steinc1Q 1093 1098 1180 8.0 7.8
Steinc11 32 32 32 0.0 0.0
Steinci 2 46 46 46 0.0 0.0
Steinc13 258 263 275 6.6 4.6
Steinc14 323 327 349 8.0 6.7
Steinc15 556 558 605 8.8 8.4
Steinc16 11 1 12 9.1 9.1
Steincl? 18 18 18 0.0 0.0
Steinc18 113 121 129 14.2 6.6
Steinc19 146 155 170 16.4 9.7
Steinc20 267 267 300 12.4 12.4
avg 3.1 2.5

362

=2F H10H H1& (2003.5

HE FIA=F A A¢ dnEF S OR-FHolE
gee zEele]}] EA HEsto APt 4y
A3 HEd 38AM oA FAAM 5% 2= 21
Mo AN HA HE ZolURt. AA A
of disled A& HF 31%< o7t Uk =
& 71&E M H¥eol F& Felad duE
SPH-I¢} vl 43 FF 25% Aol& YTl Al
¢t ¢uYEL BE dA qAME FPAIRe] 4
23 28 29T vl A, FF HA9 3
o ZHAANL AL &= FAA77] AF 47
AP o o)t

oy 2

#3724

[1] Kosiur. D., IP Multicasting, Wiley, 1998.

[2] Huitema. C., Routing in the Internet, Prentice
Hall, 1995,

[3] S. Ramanathan, Multicast Tree Generation in
Networks with Asymmetric Links, IEE/ACM
Transactions on Networking, Vol. 4, No. 4, Au
gust 1996

{4] A. Kapsalis, V. J. Rayward-Smith, G. D. Smit
h, Solving the Graphical Steiner Tree Problem
Using Genetic Algorithms,” Journal of the Ope
rational Research Society, Vol. 4, No. 4, pp. 3
97-406, 1993.

{5] H. Esbensen. Computing near-~optimal solution
s to the Steiner problem in a graph using a g
enetic algorithm. Networks, 26:173-185, 1995.

[6] David E. Goldberg, Genetic Algorithms in Sear
ch, Optimization & Machine Learning, Addison
Wesley, 1989.

[71 J. Xu, S. Y. Chiu, and F. Glover, “Probabilistic
tabu search for telecommunications network de
sign”, Telecommun Syst 6, pp.117-125, 1996

[8] H. Takahashi and A. Matsuyama. “An approxi
mate solution for the Steiner problem in graph
s”, Math. Japonica, 24, pp.573-577, 1980.

[9] Pawel Winter, J. MacGregor Smith,”Path~Dista
nce Heuristics for the Steiner Problem in Undi
rected Networks,”Algorithmica, Vol. 7, pp. 309
-327, 1992

{10] http://www.ms.ic.ac.uk/info.html



