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ABSTRACT

Most engineering optimization are based on numerical linear and nonlinear programming methods that
require substantial gradient information and usually seek to improve the solution in the neighborhood of
a starting point. These algorithm, however, reveal a limited approach to complicated real-world
optimization problems. If there is more than one local optimum in the problem, the result may depend
on the selection of an initial point, and the obtained optimal solution may not necessarily be the global
optimum. This paper describes a new harmony search(HS) meta-heuristic algorithm-based approach for
structural size optimization problems with continuous design variables. This recently developed HS
algorithm is conceptualized using the musical process of searching for a perfect state of harmony. It
uses a stochastic random search instead of a gradient search so that derivative information is
unnecessary. Two classical space truss optimization problems are presented to demonstrate the
effectiveness and robustness of the HS algorithm. The results indicate that the proposed approach is a
powerful search and optimization technique that may yield better solutions to structural engineering
problems than those obtained using current algorithms.
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Al A s F o] &HUT. FAA EneES THF A|EFE GnYdFS o8¢ FREY HAH} ¥
W 7|1&9 34 we AdS AA SEn AT 1k B3 F2EY] HHFEA A E A3
B} E9AQ 2A7)84d ¢uddol 2FHa o

3hE, s RUE FEIve o4 AdE =YAA NE3ld Harmony Search Heuristic Algorithm
(o8}, HSHA)[1]ol &2 7 LE]%U’/} HSHAE &odA9 st2us HA 9 sjdee Za, A7tedd o
= HAggolN 2RA e A gk e hddA AEEden Y& AVEEE du
g&3 vus2d HSHAE %-\’Eﬁ\} F8A 2ol 87T, g K3 TXEY HAS A B
A o]8& & ok z8lm HSHAE ¥F9 271248 873te AAx g4 T 2e HSHA% =Y
W22 7]o-&(Harmony Memory Considering Rate)3 ¥ 2] Z74 &(Pitch Adjusting Rate)2 dAalz 3 &
EE4 99 g S Age.
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A3l FAE FA HSHAY 43y 9 MdE 2sst SAo, 2719 & dAEY~
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2. Harmony search heuristic algorithm
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2(1)9) HZHEA 2o 2F5H+e HSHAS viAdsg= 1AM A4, 1 wj/ldss oo
Zo] Aeojdrt
*  HMS(Harmony Memory Size): HMol A af#lej9] &
*  HMCR(Harmony Memory Considering Rate): st2UH 2g 7]o&
*  PAR(Pitch Adjusting Rate): I3 A&
o ZFE71E A g%
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=
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22, HSHAE 0l8% &% x5t of
HSHAS] #AAstatg 2 /fdolslE HallA g4 A3 ZAlo glo] EEAQ &+ Six—Hump Camelback
g8 ol gstd HHg 4F dehdth

4(6)9] JEPR Six-Hump Camelback &% 6742] A& 219t 270¢] AHHAR), S =(-0.089840.71266),
" =(0.08984,-0.71266)7} olol St B4 f7(x)=-1.03162852 o]FolA glon A9 s34 AHdnaZ
S AHEEE o HAGE At upe) Po] x|z Mg AA &t U FEEH dd gAYy
HSHAE 83 <& o2 WS AH83te 38 Hel & Zrohdlich. HSHAT A 2)(6)9 FHel ¥
5 1,3 2,9 QARG s -100~100 22 HA}Ren, AX 3 HEe] 5 HMS= 10, tRUW e 7]
o] & HMCR- 0.8, 3% 23§ PAR= 0452 77} AA3Hh(1DA). £ 1o} vebdlE vis} 2o, HMS A A€
el U e S Joz HES RE 27| F4H3}L, olAS XYY s FAA2DA). HEE
SEUHE, £=(3183866)& H&ET Hishgo] 371x o o8 FEHoz HEAUQRL AY A FR). 3
46.75% (085%0.55=04675)%) 82U el22] 7] &(HMCR) 2 38.25% (0.85x0.45-0.3825)9] 9% ZAE(PAR)el 93 A
Zat3, YA 15% (1-085=0.15)¢] 852 dY AZIEHA). E 19 FUFE) Jebd vie} 2o] 9|9 2oz
Aol A2e 3RU(3183 8666)9) THTFZHE 22454670122 o] e HMel E s, 7|29 (-95, 3.333)2
HMeo 22 sj&EchaeA). BA44(50, 100, 10008) F71el mal stydeige A9H =gk 248 50,
HFA o2 4870H 0 HAH gt olF #AME gt -1.03162858 F=en, oldy Mg &, x,=0.08084, T,
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# 1. HS ¢uel&¢ 01438 Six-Hump Camelback function®] 43} %t

P i

0,400 169.95

0.80558

228704.72

1 3.183 . 169.95

2 -6.600 5.083 26274.83] 3183 8666° 22454.67°) 0.80558
3 6.667 7.433 37334.24]  -6.600 5.083 26274.83]  0.80558
4 6.767 8.317 46694.7,  6.6667 7.433 37334.24] 0.81676
5 -7.583 5.567 60352.77 6.767 8.317 46694.7| -0.88333
6 7.767 4.700 67662.4|  -7.583 5.567 60352.77| -0.88333
7 8.250 2.750 95865.2 7.767 4.700 67662.4 3.074
8 -8.300 8.533 120137.09 8.250 2.750 95865.2 3.183
9 -9.017| -8.050 182180|  -8.300 8.533 120137.09 3.183
10 -9.500 -9.017] -8.050 182180 3.183

1 | 031672] 0.40000] -0.2838402 0.09] -0.71143] -1.0316159| 0.08984" -1.0316285"
2 | 023333] 032581 -0.2439473] 0.09028| -0.71143] -1.0316149 0.09] -0.71269] -1.0316234
3 | 0.26504| 032581 -0.1951466| 0.08863| -0.71143] -1.0316119 009 -071277] -1.0316283
4 | 023333] 028628 -0.1561579] 0.09081] -0.71143] -1.0316114] 0.09013] -0.71269| -1.0316281
5 | 035011] 0.30594]  0.0128968 0.09] -0.71446]  -1.031602| 0.08951| -0.71269]  -1.031628
6 | 026504 022232]  0.238899] 0.09028| -0.71446] -1.0316019] 0.08951] -0.71277, -1.0316279
7 | 035011 0.28268 0581726 0.09081| -0.71446 -1.0316 008951 -0.71279] -1.0316278
8 | 031833 0.25029] 0.0705802 0.09] -0.71062] -1.0315942] 0.09028! -0.71269] -1.0316277
9 | 035011] 0.23078]  0.1768801] 008863 -0.71446] -1.3015939] 0.0898 -0.713] -1.0316275
0 | 054693 0.28268]  0.5600001] 0.09028! -0.71062{ -1.0315928 009  -0713] -1.0316274
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BA JAEH2 AREZLE 01 Ib/ind, @AASE 10,000 ksiol®, E3 F2o] vhehd vl o] 2749) &%
S z27A02 3y, x9 yZof diate dA ol AAEAE 827 F, (DA, (2Ar~As (3As~Ag, (D)Ap~Ay,
(5)Ar~An, B)AL~Ar (DAg~An L BAz~Ax2E oA Y, mets dHdsfE 87folc).
o] Ef|2 A H3A HellE 2AME 4558 AR SHE AgxAozdn, +0359 o U A
k2L HAAstgon o] WAt RE Hate HAd gt RE HAo] HA guHFL 00linelt}
g3 HSHAS ¥4 2 HMS=20, HMCR=08 2 PAR=032% dAsgon BAd5:E 15000802 445}
Ak 5% YA E 2o B 7 AGz2AL wig o R 150008 F4F dojA grle] A g HS
due]Ze HAHs el (0047, 2022, 295, 001, 0.014, 0683, 1.657, 266309, oo W&ot HAH Fge
54.38belth. #4oE HSHAS HAAZE T3 71&A7Y HH e vmete Jelgith. HSHAE 28
9d Ao fasA 4 hedtden, 71EY 83 dueFE ol HHHAEY € GATY dF
47 v £ e 4o
3 2A9 524

1 A 35.092 40.0
2 As~As 11590 400
3 Ag~Ag 17.305 400
4 Ap~Ay 36.092 400
5 Ap~An 35.092 40.0
6 Au~Ar 6.759 . 400
7 Ais~Agy 6.959 40.0
8 Axn~Ax 11.082 40.0

£ 4. 25%A dAEH S HA 4y g v

1 A 0.010 0010 | 0166 0.010 0.010 0.010 0.010 ]1.986 0.047
2 A~As| 1964 198 | 2017 1988 2.007 1.988 2022 12.961 2.022
3 As~Ag| 3033 29% | 30% 2.991 2.963 2.991 2938 10.010 29950
4 |Aw~Au] 0010 0010 | 0087 0.010 0.010 0.010 0010 }0.010 0.010
5 |Ap—~A; 0010 0010 | 0097 0.010 0.010 0.010 0.010 0.806 0.014
6  |Au~Anr 0670 0684 | 0675 0.688 0.684 0.684 0670 |1.680 0.688
7 |Aw~Ay| 1680 1667 | 1636 1678 1677 1.677 1675 |2.530 1.657
8 1Ap~Ax| 2670 2662 | 2669 2.627 2.663 2.663 2697 |545.66 | 2663
F %(b) 54522 | 54517 | 54847 | 54549 | 54536 | 54516 | 54532 | 54503 | 544.38

32. 7284 A Ex

2939) %A JAED 2 AEFF} G AFI) 24201 Ib/in®, 10,000 ksiol ™, E59) trebdiupe o)
he) S5e 202 a8, xFF yEol datel P dFolth HARLAE 16222 YrolAn, w
A dEEFE 167001tk 7254 JAE 2] xo vl dE 45 F AR AR 25 ksiol, F
A9 4o Ao WeE 1025 ing ZHAME ¢ doh BY ZE B9 HavdAL 001 in’2 Aok
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# 5 A9 888H

17 50, 50 -500 00| 00 -50
mambering s 18 00l 00/ 00 00/ 00 -50
19 00l 00 0o 0o 00 -50

20 00l 00 0o 0ol 00 -50

¥ ()eelin X Nm
¥ 3 27A 4A Eda

#H, HSHAY ¥4 &, HMS=20, HMCR=08 ¥ PAR=0.32.& AA3%on, g5 2000002 A A3t
At T2RA QAEH20] Rate 7} AGzAL HEoR 00008 FAF dojH 1678 HAMF i@
HSHA9 #As ¥Wel+= (1.963, 0481, 0.010, 0.011, 1.233, 0506, 0.011, 0.012, 0538, 0533, 0.010, 0.167, 0.161,
0.542,0487, 0.561)°1™, old] g3t HH FFS 36433 Ibot}. HE6olE HSHAS HAXghs T3 7|&d+
o HAghg vlwate Yetdth HSHAE ol §-38ke] dojl HHFTFL2 7|& 584 ¢ndS& o 88 Uy
B FAALLAEE ol & WHED ¥ F2 &S YehilTh @9, Simple Genetic Algorithms ©]8&
Y 276We xR F 37240 bl HAFTHFEE EN2r, HSHAE |83 342 Simple Genetic
Algorithmell Al 853 37240 b9} F3F& 1,076W 9] F2384 T 583k o9 22 A2 & dAFolA
=3¢ HSHA® Ol 39 gzl Aristsd dueEd GART A3 dugFelzhes AMd e v
Wi gloh

E 6. 727A A Efizd Y Ang v

A ~Aq 2.7%5 : 2141

1 .
2 As~Ap 0510 0510 0.481
3 A~Ag 0.010 0.054 0.010
4 An~Ag 0.010 ) 0.010 0.011
5 Ag~Az 1.370 1.489 1.233
6 An~Axp 0507 0.551 0.506
7 Azi~Ay 0.010 0.057 0.011
8 Ap~As 0.010 0.013- ‘ 0.012
9 Ay~Ayg 0.481 0.565 0.538
10 Ay~Ag 0.508 0527 0533
11 Ap~As . 0010 0.010 0.010
12 Asz~Asy 0.643 0.066 0.167
13 Ass~Asg 0.215 0.174 0.161
14 Asn~As 0.518 0.425 0.542
15 Asi~ Az ' 0.419 0.437 0478
16 An~An 0.504 0.641 0.551
% #&(b) 37650 37240 364.33
TN FEY 5 - 2776 19878
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4. 4 8

20 7%e HSHAE 99 2Ug 359te 398 ANde 29AA skl 7129 A1%&
g guelZs Wadnd HSHAE 9o o3 240 8790, G 439 7229 343 249
BT 47 o8¢ 4 9tk B¢ HSHAE W49 271208 a7ehe A= B3 2 suuzg 7)
S &(HMCR), 3 Z4F(PARIS QN2 # GBEH IY BAWES A8 88, YEAA A7l
g 2u2 $94 2RYZY B9 9A D) RRAAE Delstol A2 AT HEHAT, ¥ o
7<) HSHAE HMCR, PARE Moz EAss 2E 464 A28 diug 4zdd

B ApdMe 4719 HSHAE EUE ¢ YAE A9 o HAshH S Adstdtt. HSHAS Edz &
Ao Qe 2~ HH3t EAd AE rheatden, 1 JXAAE o FE dnFg o8
25 R4 2 42 18 ZE(Simple Genetic Algorithm)$ ©]-43 A MAYNS S IS5 Axw
Fatgtth o] 22 }“2 HSHA7} 7129 €28 &8 o] 43 728 HAshdyro a03S vehd,
Aol At HSHAE o] 43 HAs e Ad&HFE P Egjs F2EY A3 ZA|d T 3
AEA gov, FZ %9] Egzo|9e] TZ2E, oJAFY A3} Tox LolstA HErtssittn G
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