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Function Name Expression Ranges Solution
1. gsaudines in2(.[x2 + x2
sin +x,)—0.5
f,(x) =05+ X 22) - —10<x <10 f1(0)=0
(Schaffer) (14 0.001(x; + x5))




47

AN947 4.1 (5in)

LAAIATNARFUN N ADAANEATANARDL

Function Name Expression Ranges Solution
2. alad n

L) =) X —100< x, < =
Sohere) 09 =2_X 100< % <100 f,(0)=0

3. lsifuusen

n—1
f,00 =) 100(x,, —x) + (% -1 _oos8<x <2048 f,(0)=0
(Rosenbrock) i=1 I

4. NTUNA

n X_Z n X
f,(x)= — — | |cos|—+|+1 - <x < =
Griowani) 4(%) Ei:1 2000 ]} [ \ﬁJ 600<x <600 f,(0)=0

5. 914F3AUE n

3 f00="5( —10cos(27x)+10) _512<x <512 fg(0)=0
(Rastrigin) -1

u: K. Watcharasitthiwat , "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,

Sept. 2009.
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Optimum) Mqﬁqﬁ%uwhﬁu@ufj'lmwhﬁfsLLﬂﬁ‘LLﬁi@fzrﬁTqmmmmﬁ”umuiéiﬁﬂ"]
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(Continuous Variable) taglsauils (x) JAaUEARAEALATEIqADL 92U [-100,100]

AmFuAmauNiinzaNngaiaLFuaesisrduidAwntuauT e A Fulshansam
ANTENAL X = (X, Xy, Xq) X, %) = 0,0,0,0,0  duifudnsuzassiulonauauasuay
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(n) Surface plot (1) Contour lines

u: K. Watcharasitthiwat |, "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,
Sept. 2009.
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(n) Surface plot (1) Contour lines

fn1: K. Watcharasitthiwat , "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,

Sept. 2009.
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(n) Surface plot (1) Contour lines

11: K. Watcharasitthiwat , "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,

Sept. 2009.
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(n) Surface plot (1) Contour lines

u: K. Watcharasitthiwat , "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,
Sept. 2009.
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(n) Surface plot (1) Contour lines

u: K. Watcharasitthiwat , "Reliability optimization of topology communication network design using
an improved ant colony optimization," Computers & Electrical Engineering, vol. 35, pp. 730-747,

Sept. 2009.
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AMIAANAATNUININAZAL LAA AN NN 4.3-4.7

AN919N 4.2

LARIANNI IR IFAINNIINAAR LYNT B NNALATATR UGN ITH

ACO CGA
Parameter Value Parameter Value
Number of Ant (&) 5 Population size 50
Pheromone of the trail (a ) 1 Crossover rate 10%
heuristic information rate () 0.95 Mutation rate 10%
Evaporation rate (p) 0.05 Maximum lteration 1000
Maximum lteration 1000 Maximum Time (sec.) 60
Maximum Time (sec.) 60 Number of seek 30
Number of seek 30
W’W?’]\‘]‘ﬁl 4.3

o acdaa ad o rall '8
LARAIAN ﬁl'ﬂ‘]_l“ll@\i"lﬁ'lﬁﬁ;!\iﬂﬁ]LLZQ:Z’Jﬁwuﬁqﬂ??Nﬁl@ﬂﬂﬂﬂﬂ]%%i@ﬂﬁ—wfﬂi

Average % get

Methods Worst Average  Min. SD CPU time  optimum
(sec.) solution
CGA 2.71E-05  5.78E-06 0 4.52E-06 28.88 60

ACO 0* 0* 0* 0* 1.35 100




AN 4.4

o as ad o ral/ =)
WAANANMALURII RN ALATI TR UGN TN IR A Tua e d

Average % get
Methods Max. Average Min. SD CPU time optimum
(sec.) solution
CGA 0* 0* 0* 0* 2.62 100
ACO 0* 0* 0* 0* 0.34 100

AN9NT 4.5

LAPIAABLITBNTD ENNALALA B UgNITNIRIRaTTulsduLs0A

Average % get

Methods Max. Average  Min. SD CPU time  optimum
(sec.) solution
CGA 5.53E-03  2.43E-04 0* 2.70E-04 49.23 37
ACO 0* 0* 0* 0 2.23 100
A1379% 4.6

o ac aal o rnI/ a &
LAANIAN l?]@‘]_lﬂ.l‘ﬂflfJﬁQ\‘]ﬁJﬁ LL@mﬁWMﬁ;ﬂﬁN“ﬂ“ﬂ\‘lW\‘]WHuﬂﬁ‘LLQ\‘iﬂ

Average % get
Methods Max. Average  Min. SD CPU time  optimum
(sec.) solution
CGA 6.50E-01  4.92E-03 0* 7.45E-02 56.20 10

ACO 2.93E-05 3.81E-06 0* 4.35E-06 5.68 86
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AN9NTN 4.7
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Average % get
Methods Max. Average Min. SD CPU time optimum
(sec.) solution
CGA  6.21E-01 7.41E-02 0* 6.24E-02 58.66 3
ACO  2.15E-05 3.13E-06 0* 2.86E-06 8.44 70
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04519 1A LA UNINLAASTUNIARYIN 2. 19197 2.1 LATANTINN 6.2 ANNAGL

240 go ©G1=50

6 — 4
I Gg =545 160

f11: L. L. Garver, "Transmission network estimation using linear programming," IEEE Trans. Power

App. Syst., vol. PAS-89, pp. 1688-1697, Sept.-Oct. 1970.
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AN9197 4.8

LAAIAINIINHIARN LARINN1INARD L LRI NN ALATITAUGNITHIBITZLL 6 118

Method
Parameter Value
ACO1 ACO2 ACO3 ACO4 ACO5 ACO6 CGA
Number of Ant (@) 5 10 15 20 25 30 -
Pheromone of the trail () 1 1 1 1 1 1 -
Heuristic information rate ( ) 0.95 0.95 0.95 0.95 0.95 0.95 -
Evaporation rate ( p ) 0.1 0.1 0.1 0.1 0.1 0.1 -
Population size - - - - - - 20
Crossover rate - - - - - - 10%
Mutation rate - - - - - - 10%
Maximum lteration 200 200 200 200 200 200 200
Maximum Time (sec.) 60 60 60 60 60 60 60
Number of seek 30 30 30 30 30 30 30
ﬁ]’]i’]\iﬁl 4.9
LAPNNANINAABLIABENNALALATRUGNITHTBITLLL 6 174
Results Method

ACO1 ACO2 ACO3 ACO4 ACO5 ACO6 CGA
Best cost (x10° US$) 200 200 200 200 200 200 200
Average cost (x1 0’ US$) 206.47 200 20547 204.73 202.40 201 227.87
Worst cost (x1 0’ US$) 282 200 282 282 272 230 368
Standard deviation 21.25 0 20.80 16.46  13.15 5.48 41.27
Average CPU time (sec.) 12.68 7.70 21.57 29.06 27.54 30.73  46.69
% Get optimum solution 100 90.33 90 96.67 96.67  63.33
Line addition for the best

n.=4n,.=1,n, . =2

result
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38 G,=276

! 2 I + 1
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10 88
I 259

G]o =656

s X. Wang and J. McDonald, "Modern Power System Planning," McGraw-Hill International (UK)
Limited, 1994.
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Prn: X Wang and J. McDonald, "Modern Power System Planning," McGraw-Hill International (UK)
Limited, 1994.
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AN919% 4.10 Iasinaanssruunagal linn1a 18 Tansunulunisnagdeaadadulng

Q

FINNINNAWINALY 40,375 x10° paaas uazatadaduludnnansnin luninaasaianue

140983A0 N, = 1,0, = 1,0, =1, Mgy =2, Mg =1, N =1, Nag =1, Moo = 2, Nogre

1-11

=1, Ny = 2 WAZ N, = 1 WARNAINING 4,12

AN91997 4.10

LAAIAINIINHIAEST IAAINN1INARE LRI BNNALAYATRUGNIINTBNTZ UL 18 114

Method

Parameter Value

ACO1 ACO2 ACO3 ACO4 ACO5 ACO6 CGA

Number of Ant (&) 5 10 15 20 25 30 -
Pheromone of the trail (&) 1 1 1 1 1 1 -

Heuristic information rate ()  0.95 0.95 0.95 0.95 0.95 0.95 -

Evaporation rate ( 0 ) 0.1 0.1 0.1 0.1 0.1 0.1 -

Population size - - - - - - 100
Crossover rate - - - - - - 30%
Mutation rate - - - - - - 10%
Maximum Iteration 500 500 500 500 500 500 500
Maximum Time (sec.) 180 180 180 180 180 180 180
Number of seek 30 30 30 30 30 30 30

AINNINARAUNLNENTNUNLaue TWAnainusaliudmilandndanugnes
MlusugunIntesAIneukaslszAnaninlunisAuniAineuAeuandlumngen 4.11
WAZNING 4.13 LAASANHIUENNIGENMNANABLIIBIBENNATLAEAUGNITN AINNITWNLIFN
AU L U9 AUINAI BB BERNARAYINAL 15 sauduABRlgNITNE AN 44

dl =3 1 ad = I aal o :l/ a K % o
99U TAUTUINTBHINAANINITRUGNITHULLALANDN 29 $RUYBINITAUNIAIABLILATAN
dl I~ o ° dl o % [ ?z// adad
N 4.14 WAAINALFELNEUANHUZNIINIEANUVBIAIMBLTNTENNET7] 11 30 ATI 2099575
HONALAZIERUGNITNULLALAN  annInwanaliiudin1snszatAnau1esianie
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Method
Results
ACO1  ACO2  ACO3 ACO4 ACO5  ACO6 CGA
Best cost (x10° US$) 40,375 40,375 40,375 40,375 40,375 40,375 40,375
Average cost (x10° US$)  41,037.5 40,765 40,675 40,731.7 40,615 40,475 41,037.5
Worst cost (x10° US$) 45,175 43,575 43,88 43,575 43,575 41,375 45175
Standard deviation 1,5612.93 897.55 870.34  892.67  707.40 30513 1,245.52
Average CPU time (sec.)  61.38 56.08  75.49 66.47 84.23 73.1 120.86
% Get optimum solution 73.33 80 86.67 83.33 86.67 90 70
Line addition for the best na=1n=1n_,=1 n_,=2,n,=1n_.,=1n.4="1
result Ng 40 = 2, Mgy = 1, Nig17 = 2, Mz4e = 1
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Investent Cost (10 3 USs$)
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Method
Parameter Value
ACO1 ACO2 ACO3 AC0O4 ACO5 ACO6 CGA
Number of Ant (&) 5 10 20 25 30 -
Pheromone of the trail () 1 1 1 1 1 -
Heuristic informationrate (#) 095 0.95 095 095 095 0.95 -
Evaporation rate (0 ) 0.1 0.1 0.1 0.1 0.1 0.1 -
Population size - - - - - 200
Crossover rate - - - - - 30%
Mutation rate - - - - - 20%
Maximum lteration 1000 1000 1000 1000 1000 1000 1000
Maximum Time (sec.) 300 300 300 300 300 300 300
Number of seek 30 30 30 30 30 30 30
ﬁl’]ﬁ"N‘l?i 413
LAPNNANINAABLIAD NHNAUAIDRUGNITHIDITLLIL 46 114
Results Method
ACO1 ACO2 ACO3 ACO4 ACO5 ACO6 CGA
Best cost (x10° US$) 154,420 154,420 154,420 154,420 154,420 154,420 154,420
Average cost (x10° US$) 159,346 156,913 156,359 156,176 155979 159,346 188,259
Worst cost (x10° US$) 350,311 229,229 212,613 207,123 201,213 200,560 42,20
Standard deviation 35,764 13,658 10,624 9,622 8,543 1,493 78,815
Average CPU time (sec.) 97 158 203.69 275 305 401 496
% Get optimum solution 70 73 76 80 83 86 60
Line addition for the best Nos o6 = 21 Migos = 14 Nog 0y = 2, Moy 0e = 2, Nyg g = 3
result n =1,n =2,n =1,n =2,n 1
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tem From To f; ltem  From To f;

1 1 2 1.910 25 14 18 193.517
2 1 7 -1.910 26 14 22 33.668
3 2 3 0 27 14 26 -6.101
4 2 4 0 28 15 16 0

5 2 5 -441.190 29 16 17 806.417
6 3 46 0 30 16 28 0

7 4 5 -143.848 31 16 32 0

8 4 9  -156.8562 32 16 46 559.583
9 4 11 0 33 17 19 1806.417
10* 5 6  -890.580 34 17 32 0

11 5 8 121.706 35 18 19 -196.366
12 5 9 -54.164 36 18 20 199.744
13 5 11 0.000 37 19 21 1050.810
14* 6 46  -890.580 38" 19 25 954.288
15 7 8 -1.910 39 19 32 645.955
16 8 13 47.596 40 19 46 -268.002
17 9 10 0 41* 20 21 -1050.810
18 9 14 -211.016 42 20 23 211.290
19 10 46 0 43 21 25 0

20 1 46 0 44 22 26 -48.232
21 12 14 -511.900 45 23 24 -246.810
22 13 18 -190.139  46* 24 25  -954.288
23 13 20 51.936 47 24 33 153.041
24 14 15 0 48 24 34 76.236
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Item From  To f; Item  From To f;
49 25 32 0 65 34 35 221.178
50 26 27 443.767 66 35 38 5.178
51* 26 29  -730.000 67 36 37 127.711
52 27 29 0 68 37 39 -59.355
53 27 36  217.811 69 37 40 251.144
54 27 38  279.956 70 37 42 147.922
55* 28 30  730.000 71 38 42 69.134
56 28 31 0 72 39 42 161.645
57 28 41 0 73 40 41 0.000
58 28 43 0 74 40 42 -10.956
59* 29 30 -730.000 75 40 45 0
60* 31 32 310.000 76 41 43 0
61 31 41 0 7 42 43 -1405.955
62 32 41 0 78 42 44 165.800
63 32 43 1405955 79 44 45 -86.700
64 33 34 -76.059
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