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Volume(in®) 8187.71 7981.7 7980.9 7987.9 8126.6 7989.6 7907.17
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0.307 199 422 155
5 19,20,21,22
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1 1.8
2 0.563
3 0.111
4 0.111
5 1.62
6 0.563
7 0.111
8 0.111
9 0.602
10 0.442
11 0.111
12 0.111
13 0.196
14 0.563
15 0.307
16 0.602
Welisg;er?:(lb) 392.4
Average(lb) 4é'52 i2
Volume 3920.
(in%) 4

ACO

1.99
0.442
0.111
0.111
1.266
0.563
0.111
0.111
0.442
0.563
0.111
0.111
0.196
0.563
0.442

0.563

389.8

393.9

3890.
8
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0.196
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0.391

0.563
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9
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0.111
0.111
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0.602

389.8

395.3

3890.
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GA
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0.111
1.266
0.563
0.111
0.111
0.602
0.602
0.111
0.111
0.196
0.563
0.391

0.442

391.3

403.6

3910.
3

Wu Li kaven kaveh

[37] [38] [32] [39]

0.196 4.49 1.8 1.99

0.602 1457  0.442 0.442
0.307 0.111 0.141 0.111
0.766  0.111 0.111 0.111
0.391 2.62 1.228 0.994
0.391 1.13 0.563 0.563
0.141 0.196 0.111 0.111
0.111 0.111 0.111 0.111

1.8 1266  0.563 0.563
0.602 1457  0.563 0.563
0.141 0.111 0.111 0.111
0.307 0.111 0.25 0.111
1563 0.442 0.196 0.196
0.766 1457  0.563 0.563
0.141 1.228 0.442 0.442
0.111 1.457  0.563 0.766
4272 9418 3934 393.05
4970.2 94;0. 3920. 39:;0.0
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GA

0.1
0.954
0.1
0.1
3.565
0.347
0.1
3.565
0.1
4.805
0.347
1.333
4.805
1.081
6.572
1.333
0.347
8.525
0.1
10.85
0.954
0.347
10.85
0.954
13.33
1.333
8.525
10.85
14.29

29137.4 < 27829.8 279414 27779.9 28074.3

Average(lb) 31828.7

Volume(in®)

102959

ACO

0.1
0.954
0.1
0.1
2.142
0.347
0.347
3.131
0.347
4.805
0.539
0.1
5.952
0.347
6.572
0.954
0.347
8.525
0.1
9.3
1.174
1.081
iS850
0.954
13.33
2.142
3.565
8.525
17.17

29559.9

98338.3 98732.8 98162.2 99202.4

HS

0.347
0.954
0.1
0.1
2.142
0.347
0.347
3.813
0.1
4.805
0.44
0.1
5.952
0.44
7.192
0.954
0.44
8.525
0.1
9.3
1.081
0.954
13.33
0.539
13.33
2.142
3.813
8.525
17.17

29751.7

CSS

0.1
0.954
0.347

0.1
2.142
0.347

0.1
3.131

0.1
4.805
0.539
0.347
5.952

0.1
6.572
0.954
0.539
8.525

0.1

9.3
1.174
0.954
13.33
0.539
13.33
2.142
3.813
8.525
17.17

29644.1 30515

V&Y

MSM  Togan
GA  et.al[40]
0.1 0.347

0.954 1.081

0.347 0.1
0.1 0.1
2.697 2.142

0.347 0.347
0.1 0.1

3.131 3.565
0.1 0.347

4.805 4.805

0.539 0.44
0.1 0.44
5.952 5.952
0.1 0.347
6.572 6.572
0.44 0.954
0.954 0.347
8.525 8.525
0.1 0.1
8.525 9.3
0.954 0.954
0.347 1.764
10.85 13.33
0.1 0.347
14.29 13.33
0.954 2.142
7.192 4.805
13.33 9.3
13.33 17.17

28544.1
100862

P9)
SOl
0.1
1.081
0.347
0.1
2.142
0.347
0.1
3.131
0.1
4.805
0.44
0.1
5.952
0.1
6.572
0.539
0.44
8.525
0.1
9.3
0.954
0.539
10.85
0.44
13.33
1.333
7.192
10.85
14.29

27233.8

28388.3

96232.6
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(69,595 (ol alun Yoo (sl 55 (s Ll (sukiy 09,5 (1A-0) Jpuir

o5 Laclogled  og) laclojled  og,F Laclogled  og,F  Laclesled
1 1.4 26 47,51 51 104,112 76 157,169
2 2.3 27 48,50 52 105,111 77 158,168
3 5,17 28 49 53 106,110 78 159,167
4 6,16 29 O 5682' 61 54 107,109 79 160,166
5 7,15 0 5960 55 108 80 161,165
6 8 14 31 64,76 56 115,118 81 162,164
7 9,13 32 65,75 57 116,117 82 163
8§ 10,12 33 66,74 58 119,131 83 11% ', i
9 11 34 67,73 59 120,130 84 173,174

18,25, 56,
10 631334 1;81 35 68,72 60 121,129 85 178,190

170 . 177

1 0B % 69,71 61 122,128 86 179,189
12 21,22 37 70 62 123,127 87 180,188
13 26,38 38 77,80 63 124,126 88 181,187
14 27,37 39 78,79 64 125 89 182,186
15 28,36 40 81,93 65 11:;3; ’, ot 90 183,185
16 29,35 M 82,9 66 135,136 01 184
17 30,34 42 83,91 67 140,152 92 191,194
18 31,33 43 84,90 68 141,151 93 192,193
19 32 4 85,89 69 142,150 94 195,200
20 39,42 45 86,88 70 143,149 95 196,199
21 40,41 46 87 71 144,148 9% 197,198
22 43,55 a7 95”19060"99 72 145,147
23 44,54 48 97,98 73 146
24 45,53 49 102,114 74 153,156
25 46,52 50 103,113 75 154,155
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GA

3.565
1.764
3.131
1.488
0.1
1.488
1.333
1.081
2.697
0.1
0.539
0.1
3.565
0.44
2.697
2.697
1.488
1.174
4.805
1.333
0.1
1.764
2.8
0.1
9.3
0.1
1.764
1.488
0.1
0.1
3.813
0.347
5.952

ACO

0.954
1.174
2.697
2.8
1.174
1.333
0.539
0.1
1.764
0.539
0.539
1.174
5.952
0.539
3.813
1.764
0.347
1.488
5.952
1.764
0.1
1.174
3.565
1.081
9’3
1.174
0.347
4.805
0.539
1.488
2.697
1.174
6.572

HS

1.488
2.142
1.764
3.813
0.44
1.764
0.1
2.142
1.333
0.1
0.44
0.539
4.805
0.539
3.131
2.142
1.174
0.347
3.131
1.488
0.539
1.174
3.565
0.1
8.525
0.954
1.488
1.174
0.347
0.954
3.131
0.954
3.813

CSS

1.764
1.081
3.131
3.131
0.539
2.8
1.174
1.488
0.954
0.1
0.954
1.333
3.813
1.081
3.813
2.142
0.954
1.081
2.8
1.764
0.954
1.174
4.805
0.954
8.525
0.539
0.954
2.142
0.539
0.347
2.8
1.764
il

MSM  Thierauf

GA
1.764
2.8
3.565
3.813
0.44
2.697
0.1
0.44
3.565
0.347
0.1
0.539
3.131
0.44
2.8
3.813
0.1
0.44
3.565
3.565
0.1

et.al[42]

ov9)

&S lembiany
1.174



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

7.192
3.565
0.539
2.697
1.764
1.488
3.131
2.697
0.1
7.192
0.1
1.333
1.081
0.539
0.44
6.572
0.1
3.565
14.29
3.813
0.1
3.565
1.174
1.488
2.697
2.8
1.174
113:33
1.333
2.142
1.488
0.347
0.1
3.565
0.347
3.813
19.18
1.174

6.572
1.333
1.081
3.813
1.174
0.1
1.764
3.565
1.333
13.33
0.44
2.142
3.131
0.1
0.347
3.565
1.174
3.565
13.33
1.764
0.44
6.572
0.44
0.1
2.697
1.488
1.488
17.17
0.539
1.081
2.142
0.1
1.081
3.131
0.954
1.333
19.18
1.081

5.952
1.488
0.347
2.697
1.333
0.347
1.488
2.142
0.44
14.29
0.347
0.347
2.142
0.347
0.539
3.565
0.44
3.131
14.29
1174
0.347
2.142
1.488
0.539
1.081
2.697
0.347
19.18
0.347
1.488
2.697
0.44
1.488
3.565
0.539
1.764
17.17
2.142

7.192
1.081
1.333
2.697
1.174
1.488
1.488
3.813
0.347
14.29
0.539
2.142
1.488
0.1
0.44
2.142
0.539
3.813
10.85
1.488
1.174
2.142
1.174
0.1
1.174
1.764
0.1
23.68
1.174
0.539
2.697
0.347
0.539
2.142
0.1
2.142
19.18
0.44

4.805
3.565
0.44
4.805
2.8
0.954
0.954
2.697
0.1
9.3
0.347
3.565
0.954
0.347
0.1
3.565
1.174
6.572
19.18
1.488
0.539
2.142
1.333
0.1
1.488
1.174
0.1
17.17
0.44
0.954
0.347
0.44
0.347
3.565
0.1
3.813
19.18
1.333

8.525
2.142
0.347
1.174
1.174
0.539
2.142
2.8
0.1
10.85
0.954
1.081
1.764
0.347
0.1
3.131
0.539
2.8
14.29
0.954
0.44
3.565
1.081
0.539
1.081
2.142
0.1
14.29
0.539
1.174
2.142
0.347
0.347
2.142
0.347
3.131
17.17
1.333



72 0.1 1.488 0.1 0954 0539 @ - 0.44

73 3.813 4.805 3.565 1.764 1081 2.697
74 3.813 0.44 1.488 2.142 1174 1.174
75 0.1 0.347 0.44 1.174 01 0.44
76 0.44 1.488 1.081 1.333 1081 1.174
77 2.697 1.488 2.697 2.697 09%4 - 2.8

78 0.1 0.44 1.174 0.954 044 0.347
79 17.17 19.18 19.18 28.08 23.68 - 19.18
80 1.764 0.539 1.333 0.539 1338 - 0.954
81 0.44 0.954 2.142 1.333 1.764 1.174
82 5.952 6.572 1.764 0.44 1174 2.142
83 0.1 1.174 0.347 0.1 0539 - 0.44
84 0.1 0.347 0.954 1.488 1338 - 0.44
85 2.697 1.764 1.764 1.174 3565 - 1.488
86 0.1 1.174 0.347 0.44 0347 = - 0.44
87 4.805 1.333 2.142 2.8 1.081 2.697
88 23.68 17.17 19.18 23.68 23.68 - 23.68
89 0.44 0.44 2.697 1.764 0954 . 1.333
90 2.697 0.347 1.081 1.488 1.081 1.488
91 1.333 7.192 1.488 2.8 1488 - 2.8

92 1.174 2.8 1.174 1.488 1.764 - 1.174
93 0.1 1.764 0.44 0.44 044 0.954
94 3.131 3.131 2.8 2.142 1333 - 2.697
95 28.08 23.68 28.08 23.68 28.08 - 28.08
96 3.565 5.952 3.565 2.697 28 3.565

Best

Weight(Ib) 299029 29250.1 28279.8 28984.1 29386.5 29641 27745.6

Average(lb) 32294.6 30024.56 29351.42 29907.65 30955.39 _ 28701.18

Volume(in®) 105664 103357.1 999285 102417.4 103839.3 104730  98041.1
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2.68
2.68
2.96
4.43
2.68
4.43
6.49
6.16
7.08
10.6
10.6
2.68
6.16
10.6
4.68
2.68
28.2
5.26
10.6
10.6
17.1
5.87
10.6
20.8
25.3
7.65
9.13
115
5.87
5.87
224
10.6

Sas AFY b 3 e b s (YV-0) Jou=

ACO

7.68
4.68
4.44
5.26
7.61
6.49
6.16
8.85
7.34
7.08
5.26
3.83
10
5.87
3.83
4.44
12.6
5.54
7.08
5.26
13.3
7.34
8.84
117
24.1
15.8
4.43
8.25
7.68
8.79
17.9
7.34

HS

4.41
2.96
4.74
5.26
3.55
5.54
5.87
5.26
5.87
8.25
4.43
2.68
6.49
5.26
4.99
2.68
9.13
5.87
5.26
3.55
14.7
5.87
8.25
10.3
17.1
10.3
7.61
7.08
7.08
6.49
29.4
5.87

CSS

2.68
2.68
4.74
4.43
4.44
4.43
4.43
3.55
5.87
10.3
7.08
4.44
7.34
5.54
7.61
2.68
9.13
4.68
7.68
7.65
9.71
7.34
9.12
10.3
17.9
10.3
10
9.71
9.12
7.08
17.6
7.65

Yo

MSM
GA

441
2.96
3.55
4.43
4.44
5.26
5.87
4.43
11.5
7.34
10.6
3.55
24.7
5.87
4.44
355
10.6
4.43
10.6
2.68
17.1
7.08
7.34
17.9
20.1
10.6
10
8.79
6.16
6.16
25.3
10.6

Erbatur
et.al[44]

6.49
2.68
2.68
4.43
2.68
5.54
4.68
6.49
14.7
7.08
4.43
2.68
6.49
4.43
4.68
2.68
8.25
4.43
4.43
2.68
10.3
5.87
9.13
11.8
17.1
9.71
4.43
7.65
7.08
6.49
20
7.08

Hasac
et.al[45]

2.68
2.68
2.68
4.43
2.68
4.43
4.43
2.68
5.87
7.08
4.43
2.68
5.87
4.43
3.83
2.68
8.25
4.43
4.43
2.68
10.3
5.87
7.34
103
14.4
9.13
4.43
7.08
7.69
6.16
25.6
5.87

ov9)
SO ldiny

2.68
2.68
2.68
4.43
2.68
4.43
4.43
2.68
7.08
7.08
4.43
2.68
7.08
4.43
4.43
2.68
8.25
4.43
4.43
2.68
10.3
5.87
7.08
11.2
14.4
9.13
5.87
7.08
7.08
6.49
17.6
7.08



33 12.6 5.26 6.49 4.43 13.5 4.43 5.87 5.54

34 5.87 4.43 5.26 4.43 10.6 4.43 4.43 4.43
35 3.55 3.83 2.68 4.74 2.68 2.68 2.68 3.55
36 2.68 3.83 3.84 3.55 3.55 2.68 2.68 2.68
37 311 26.5 32 29.4 31.2 30.6 29.1 29.1
38 7.08 7.65 7.34 7.08 7.34 7.08 7.08 7.08
39 5.26 7.34 5.26 4.43 4.43 4.43 4.43 4.68
40 5.87 9.12 5.87 5.87 5.87 5.87 5.87 5.87
41 2.68 2.68 3.55 4.74 2.68 2.68 2.68 3.55
42 2.96 3.83 3.84 3.55 4.43 3.83 2.68 2.68
43 39.9 35.3 41.6 35.9 38.2 39.9 38.5 38.5
44 10.6 10.6 9.13 10.6 10.6 9.13 9.13 9.13
45 6.16 7.65 5.87 9.13 5.87 4.43 4.43 5.54
46 10.6 9.13 7.34 9.13 8.84 7.08 7.08 7.08
47 4.68 5.87 3.83 5.87 10.6 5.26 3.83 3.83
48 3.83 7.34 4.74 4.99 2.68 5.87 2.68 2.96
49 42.7 43.2 46.7 42.9 42.1 42.7 42.7 42.7
50 115 9.13 9.13 9.71 115 9.13 9.13 9.13
51 10.6 10 7.65 11.5 8.25 5.87 8.25 8.25
52 10.6 11.7 9.13 9.13 10 9.13 7.08 8.25
53 211 28.2 22.4 211 211 17.9 17.6 19.1
54 31.2 224 19.1 32.9 25.9 14.1 20.1 18.3
55 48.8 53.7 39.9 47.7 49.1 35.3 38.8 42.7
56 17.1 20.1 9.13 19.1 115 9.13 10.3 9.13
57 23.2 17.9 23.2 17.6 19.1 29.4 23.2 19.1
58 7.08 9.13 8.85 12.6 5.87 9.71 7.08 7.08
59 9.13 15.6 9.13 11.8 24.8 9.71 10.3 15.6
V\/(eILg)ht 489f98. 468;356. 415333. 449f35. 477323. 394321 379660  386712.9
V(()i|rl113r)ne 17312054. 165.77719 147%247. 15893758. 1683778. 139%595. 134%350. 1367286.9

sbml sle b 5l wsslerio Ghe) 2l 5l ol dnte ik 955 (o0 csalin a5 5k ples
Al g0 F ceslin [FF] oz pe g gl oz S g,y enliz 51 S 2 Lansgi oad

L sgae AFY b2 Gln lo dnte aslp G125l ol 2] Ken loges (10-0) JS& 50

YoV



2l ey oad ad 3 5 4 sl by, 9 o3leiion Ghg, sl 0z s et el il ool

R PRV O AR [E TSN E

— Seij i

= o0 gledat winyeSll
T 90 et i s9R
e TP ST
= o S e

T e by

3
¥
2
g
3
$
o
i
g
L

S3astFY b 33 slp b Jhgy plw bawgd (2l aduge gy (VO-0) JS&

b slad S5 sle Jlo jo goliiny (hsy w0o (o0 L bjlogas (pl a5 j5b les
i Ceow 4 sl azgi BB ol Ken Sy by ools S5 gt 5 (BolS 9550 (srmlie jsb )
(V) oy oyl pliz plo 4 Cad (65 s o), Ked ey (V) 032 iled o0 &S5 > dige
25 oo (Polaie iy asldl o 5 3l 5 o0 (S e 4 65 05 K0 sy bl o
30 8l op iz Sy a8l aams (o el (pglhae 925 ) (IS et 55 (F) 5 () 2l
S5l (oo ainge o Slgz 8L saio )0 (V) o i A Cad (s (2l Ken ey b

VoA






doddio V-7

o el ael LG cpl 5l Jols slas jgliws g lo 5l gl aads Lo 4 Jad cpl o

23,5 (oo gy ey ol 3o gy asll Caz (STl ol ol Al L (rizren 09
S NS la o oSl 5 e o jshaie dim semmae ool Wl el L cpl 5l Gos
B 90 leizrl (S oSl (g sba by 5 il b (ol 5 la ojle (b 4
0 Jol> 1 zde (el Ly cpl jo adl oo jlo b OIS (sominzg Sge )l (soxin

=LyY-#

abas 4 oy IS sla ooy oSl p (e oj9kate win Gomine (solpiing by, )

Glas b Blas 10 Sygo cpoy b oo ol alisde LB oS0 Sy s araS

S9d (o0 J> (69995 B Lo o sl plo bawgs (ol dige S JSie S5 (b

A (g yiwd 5 D 5 95 G SOl o wam o i lo o oS g0 LY
yok alides gla g, b >l slad Koo o jle 4y .l ool ool 3 digy slo Ols>
O VI g2 B00,5 oo s alinss (ol 9 9257 (o0 51,8 gt 3 )90 (5590 9 iadige
g aas e a pls 1o () IS sla 0 )5Sl (e o) 9kaie dim (geius g,

led o8 > llae digy Coonw @

Y.



(V) oymiz )0 4SS Ojgo o Sl oul oolaiul ol )5 asu g, 5l asl LG ol o
Tk e (V) o5z 5o asle (oo (Bl gom bl sl Jos 12 50 p95909,5 e
sl b G (F) 5 (7)) nliz 59 00,5 (o0 0253 SIS0 2 )0 4z 50 &5 > 5l Jol>
T &S 005 o Sl (] 05 p0 038 L alatls 5 Jge )l aladl> o Lol
ol a9 ois Ol s hgttiws LB (sla ST 5l el s 4 cawlin slo

28,5 ol

5 s el o Splee 4y olSin j0 052 ;a5 Jol> o b G e Jli]
dais pliz 0,5l Sgy o dalo 05> calinl Gl Zb L s )b ol S

led (oo Jlosh adins o8 j5bo 4 55 1) (@l )F 4SS pspde uizen 5 0SS

s> e o iz ple @ 2k sl ik Jil g &yl aidy plln o
e Sbml 65 clio slo g5k 5 098 (oo plnl (55 Rl 5l o e (2l Kes e3gaoe

=

S8 )8

2 5 508 maldl o bl oS 5 g il plim 0 ggite sl w65 Sl

23,5 (oo wollae digy 4l oS

S8l 1,8 la vy oSl (e 0ygkaie dix e soleiing (g, S, w4 L
4o r@.)ﬁi” 6)1.5 )|)§ NOVOREPLINE VRS HIP T Giwu, L wly& sl Comes Sl 3

235 (o0 SySolr 09l oo (e dige

AR R



Ololpiuiay Y-#
sle o ,s8 (e 0j9kate Wiz (Gemiuz hg) wlul g b3 awaie 9 $idne oL age )

@l 1,8

0 b a5 LIS sla 00,88l » e o slate wim (gemies by, 5l eslaiul Y

..... 9)15L43L§L®0)L~49Lmub‘l.®d)j).ucJﬁéLﬁMiﬁkoﬁuyQWLQOJLM

T or 9 2l sla oy b plix o ead a8 515 4 sla oSl 51O 0 oS 5 Y

Lo o] 5l alols> la
9 Glo s8] (e 0yglaie wiz (gt Ghgy (oliwd ;o Oy2les addy 3L owyp F
At o b
(S ool s dipeS Al @ LS Cuz plim 0 o 00,681 51 SO e 4l sgge S 65 54 0
Ngy o o el cpl J36 g o)l S semiaa by, p0 Ky g K, sl gl ow)n £
Angy slo b CokS 5 2l Ken
(1,8 o 120,9801 5 (e o glate dim (Gemiua by, b adus Wiz il Sl J> Y
Age S Oloz 4 5w oliiwd Sy g glad jials cya ol )5 ol 5l eolaiul A

OBz )50 glaizl g (Fge)le oz (g y0 e sz sloan ] o5 dilal A

1Y



ch =



Jol ol 7 o sridlal " b ojlw g5lw dits Gl " OTAY) 55 Is,e5 5 LT aSian]) ]

Aeien ¢ Moo g9 ,8 oKl

[2] Vanderplaats, G.N.(1984) “Numerical Optimization Techniques For Engineering
Design With Applications”, Mcgraw-Hill. New York.

[3] Yang, X.S. (2008) “Nature-Inspired Metaheuristic Algorithms”. Luniver Press

[4] Christensen, P. W and Klarbring. A.(2009)” An Introduction to Structural
Optimization” Springer, pp 5

[5] Khorsand, A, R., Akbarzadeh-T, M, R,(2007)” Multi-Objective Meta Level Soft
Computing-Based Evolutionary Structural Design” , Journal Of The Franklin Institute,
pp 595-612

[6] Hassani B. And Hinton E.(1999)“Homogenization And Structural Topology
Optimization”. Springer.

[71 F.Glover, M. Laguna. (1997) “Tabu Search”, Kluwer Academic Publishers,
Dordrecht

[8] Blum, C., Roli, A. (2003) “Metaheuristics in combinatorial optimization: Overview
and conceptual comparison. ACM Comput. Surv. 35,pp 268-308

cpgs ol T oyl g Sy b mi el 6l aoade " LOIYAR) L Lo e[l
Ol ¢ adoail wgdl oS %

N Py 50 eS8l ol Ghigel ML OYAR) L ey 5 e ola)l) -]
o9 391 31 solisiwl Ly Lol 15 b a6 558 allu, « OYAS) L, 5 6, STV
Olpl Caro g ple slKails ¢ liee 0aSlails " ag w6 > ($09) § S

6o o5le S3elsss 5 adaiie phaw b ange” i) ol IS asl GLL AYAY o el [VY]
o o5ily (g lere g ylpee saSiaile LSy 0,88l (g sle b, 5l eolaul b b S

9,000

A%


http://www.google.com/search?tbo=p&tbm=bks&q=bibliogroup:%22McGraw-Hill+series+in+mechanical+engineering%22&source=gbs_metadata_r&cad=8

Jil 2l oS 30 sl 0l (g3l A 9 St i 391" LV YAY) o Lo sl [V Y]
ol enle ol Lezs!

[14] Rajeev S. And Krishnamoorthy C. S.(1992) “Discrete Optimization Of Structures

Using Genetic Algorithms”, ASCE, Journal Of Structural Engineering. 118, 5, Pp.

1233-1250.

[15] Goldberg D. E. .(1989) “Genetic Algorithm in Search, Optimization and

Machine Learning”. Addison-Wesley Publishing Co.

[16] Kaveh A. and Kalatjari V.(2002) “Genetic Algorithm for Discrete-Sizing Optimal

Design of Trusses Using the Force Method”, International Journal of Numerical

Methods in Engineering. 55, pp 55-72.

[17] Haupt R. L. And Haupt E.(2004) “Practical Genetic Algorithms”. Second

Edition, John Wiley And Sons, New York.
L ooy olfzsls @l ylecsl ¢ gl ol " g5l 1,9 gl o o531 " . (VYAA) .o >l [VA]

Olden

[19] Dorigo, M., Stutzle, T. (2004). “Ant Colony Optimization”. Mit Press, Cambridge
[20] Dorigo, M., Blum, C. (2005) “Ant Colony Optimization Theory: A Survey”. Theor.
Comput. Sci. 344,Pp 243-278

[21] Cordon,O. Herrera,F. Stutzle, T.(2002) “A Review On The Ant Colony
Optimization Metaheuristic: Basis, Models And New Trends”. Journal Of Mathware
And Soft Computing.9, pp. 141-175.

[22] Dorigo, M. Gambardella, L.M. “Ant Colony System: A Cooperative Learning
Approach To The Traveling Salesman Problem”.IEEE Transactions On Evolutionary
Computation.1,Pp 53-66

[23] Bonabeau, E., Dorigo, M., Theraulaz, G. (1999) “Swarm Intelligence: From
Natural To Artificial Systems”. Oxford University Press, Oxford

A Y]


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Dorigo,%20M..QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Dorigo,%20M..QT.&newsearch=partialPref
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4235
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4235

[24] LeeK.S.,Geem,Z.W., (2005) “A New Meta-Heuristic Algorithm For Continuous
Engineering Opti- Mization: Harmony Search Theory And Practice”. Comput. Methods
Appl. Mech. Engrg, 194, Pp 3902-3933.

[25] Z.W. Geem, J.H. Kim, G.V. Loganathan, (2001) “A New Heuristic Optimization
Algorithm: Harmony Search”, Simulation, 76, pp 60-68.

b a5l ool Uy mlyb g e 3 " il ol S anl nbl A TAR o o) Keal [Y5]

NUPT SOv-) 9 pJ.C oli.i’..]b U‘J..o& 00 "Q‘"‘S;EA)LQ

[27] Halliday, D., Resnick, R., Walker, J. (2008) Fundamentals of Physics, 8th edn.
Wiley, New York

[28] Kaveh A, Talatahari S. (2010) “A Novel Heuristic Optimization Method: Charged
System Search,Acta Mechanica” DOI: 10.1007/S00707-009-0270-4.

[29] Kaveh A, Talatahari S. (2010) “Charged System Search For Optimum Grillage
System Design Using The LRFD-AISC Code”. Journal Of Constructional Steel
Research 66, pp767_771

[30] Coello, C.A.C. (2002) “Theoretical And Numerical Constraint-Handling
Techniques Used With Evolutionary Algorithms: A Survey Of The State Of The Art”.
Comput. Methods Appl. Mech. Eng. 191(11-12),pp 1245-1287

[31] Kaveh, A., Talatahari, S.: (2009) “A Particle Swarm Ant Colony Optimization For
Truss Structures With Discrete Variables”. J. Constr.Steel Res. 65(8-9), 1558-1568

[32] Kaveh, A., Talatahari, S. (2009) “Particle Swarm Optimizer, Ant Colony Strategy
And Harmony Search Scheme Hybridized For Optimizationof Truss Structures”.
Comput. Struct. 87(5-6),pp. 267-283

[33]Goldberg D. E. And Samtani M. P.(1986). “Engineering Optimization Via Genetic
Algorithm”. ASCE, Proceedings Of The Ninth Conference On Electronic
Computations, pp 471-482

ol " 6o¥gd s Hleisle g1yl g b " (ITAY) e o plexsle Lo &l ie [YF]

r’)LQ%

Y1



S S G gl ol

[36] Lee. K.S, Geem .ZW, Lee.S.H, Bae.K.W., (2005) “The Harmony Search
Heuristic  Algorithm  For Discrete  Structural — Optimization”.  Engineering
Optimization,37,7, Pp 663-684.

[37] Wu,SJ., Chow,PT., (1995), “Steady-State Genetic Algorithms For Discrete
Optimization Of Trusses,”. Computers And Structures, 56(6), Pp. 979-91.

[38] Li, L.J. Huang, Z.B. Liu, F., (2009), “A Heuristic Particle Swarm Optimization
Method For Truss Structures With Discrete Variables,”. Computers And Structures, 87,
Pp. 435-443.

[39] Kaveh A,. Talatahari S. (2010), “A Charged System Search With A Fly To
Boundary Method For Discrete Optimum Designe Of Truss Structures,”. Asian Journal
Of Civil Engineering (Building And Housing) , 11, NO. 3

[40] Togan,V.Daloglu, T. A.(2008),“An Improved Genetic Algorithm With Initial
Population Strategy And Self-Adaptive Member Grouping". Computers And Structures,
86, Pp.1204-1218.

[41] Coello, C.A. Christiansen, A.D. (2000) , “Multiobjective Optimization Of Trusses
Using Genetic Algorithms,”. Computers And Structures, 75, Pp. 647-660.

[42] Thierauf, G. Cai, J. (1998), “Parallelization of the Evolution Strategy for Discrete
Structural Optimization Problems,”. Computer-Aided Civil and Infrastructure
Engineering, 13, pp. 23-30.

[43]AISC-ASD (American Institute Of Steel Construction-Allowablestress Design).
Manual Of Steel Construction-Allowable Stress Design;1989.

[44]Erbatur, F., Hasanc, Ebi O., Tu,  Tu " Ncu _I, Kilic H. (2000) , “Optimal Design
Of Planar And Space Structures With Genetic Algorithms,”. Comput Struct,75,Pp,209-
224,

[45] Hasanc, Ebi O, Erbatur F,. (2002) , “ On Efficient Use Of Simulated Annealing In

Complex Structural Optimization Problems. ,” Acta Mech;157,Pp.27-50.

1y



Abstract:

Most of the optimization algorithms that are based on numerical linear and
nonlinear programming methods, require the derivative information of the
objective function and use those information for searching the range of
solution in the approximately near the starting point. Because of that,
there are limitations in usage of these algorithms for optimization problem
in natural world. If there is more than one local optimum in the problem,
the final result may depend on the value of starting point, and the obtained
optimal solution may not necessarily be the global optimum. Therefore, in
recent decades, application of metaheuristic algorithms for optimization has
been attracted researcher’s attention.

Because there is no need for heavy mathematical calculation, and having
capability of reaching to the global optimal point, or at least near of that,
these innovative searching methods, which are based on natural processes,
are used to solve various kinds of problems.

Due to the significance role of optimization problems in engineering
sciences use of metaheuristic algorithms for the solution of them, this
thesis, by utilizing innovative algorithm methods, such as Genetic
Algorithms (GA), Ant Colony Optimization (ACO), Harmony Search (HS)
and Charge System Search (CSS), simultaneously proposed a innovative
method for optimization of cross section of truss structures. By the way, the
designing space of problem are investigated properly and the desired
optimum solution are approximately achievable. However, by designing
many different examples, the result from other algorithms and this
proposed way, which is called multi-search method based on metheuristic
algorithms, have been analyzed and the applicability of this method also
demonstrated.

Keywords:

Optimization,Truss  Structure, Genetic  Algorithms, Ant Colony
Optimization Harmony Search, Charge System Search, Multi Search
Method Based On Metheuristic Algorithms.



