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Structural Optimization Using Tabu Search in Discrete Design Space

Kwon-Hee Lee and Won-Sik Joo
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Abstract

Structural optimization has been carried out in continuous or discrete design space. Methods for continuous
design have been well developed though they are finding the local optima. On the contrary, the existing methods for
discrete design are extremely expensive in computational cost or not robust. In this research, an algorithm using tabu
search is developed for the discrete structural designs. The tabu list and the neighbor function of the Tabu concepts are
introduced to the algorithm. It defines the number of steps, the maximum number for random searches and the stop
criteria. A tabu search is known as the heuristic approach while genetic algorithm and simulated annealing algorithm
are attributed to the stochastic approach. It is shown that an algorithm using the tabu search with random moves has
an advantage of discrete design. Furthermore, the suggested method finds the reliable optimum for the discrete design
problems. The existing tabu search methods are reviewed. Subsequently, the suggested method is explained. The
mathematical problems and structural design problems are investigated to show the validity of the proposed method.
The results of the structural designs are compared with those from a genetic algorithm and an orthogonal array design.
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Set iteration counter k=0. T={}.

Select an initial x eX. Let x*=x. l

k=k+1. Select ske S(x)-T.
sk(x)=OPTIMUM(s(x) : s e S(x)-T).
x=sk(x).

Update T.

l " Stop. I<—4

Fig. 1 Simple tabu search
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Define the objective function in the box P.
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Define H as Eq. (10). Set an initial values to x .
Begin with T empty. Set the counter k=0.
»le

_ 1

Define a set of the neighbors of x, N{(x.hi).
Generate a feasible random move for each k=k+1.
active neighbor N(x, h) where h eH-T.

@p

Yes
B StopA_]
4

Add the step h to T. Set k=0. x=y,

Satisfy the termination criteria?

No

Update T empty. T={ }. J
T

Fig. 2 Tabu search with random moves

a2t Hu 7h Alg R gy e dAAE y 9
gHarghol g x o 9 degtrg Fe Ao
Rt dAlgol wRgeR TRAAH wE b
dol EAgry. aln nabdel i AAES
229 gMe FEL oy wEC =3 7
AAWE g &ag, 4aae 98 nF
A7l ik

2.3 Dhingra o] ¥1g|g™

Dhingra 5& Hu 7} A¢te Wy g 722 B

A& ‘v‘]"]’ E]"T“u M2 Fig. .
NA Npwe & AA RIFIAFo] gt A ggholot.
Hu 7b A& wa 713 2 Aol 2 o] 5
A AsE HAEGY x,e 7 AAHHHY x, ol &
Fate dF@rd 2 Fved: o 0§ 2A9

AAR x, 2 ABEE 240]1:} o] AL ERY
Mol ZHAG ] WAE AL PolF= AL
sk, gelm mfe) ElRuido] 23 Qe A9
7% (aspiration criteria)2 < n e Foll TFA AL
7| ES BHAlGol 23y FL2 ME

2]

3] de
H ozt 2 £ Aoe ¥ ot HExAL

7d J

FAE F e Hi—r z

of F4sn YA xan
£l g gok ada b A 4]
ze odd $rANE FH/E wEE mol
it

H

3. EFREMES 0|83 o] AtM M QD2

mo
ro
nin



ERR g o] 88 o] FHATRAMY FEE HHEA 801

For each variable(i=1,...,n), calculate the steps
for continuous variables Hi. Hi=[hil, j=1.....1.
For each variable, Ti={ }.
Initialize the cycle counter ic=0 and the variable
‘|_counter iv=0.

Ealculate f(xo) for the initial design xo. Let xc=xo.

+
Randomly select a variable pe[1,...,n}".
Set iv=iv+1. Define N{xc, H'p) where H'p= Hp-To.
Check the aspiration criteria.

|

s
Randomly generate a candidate design xpi.
I=1...., m where mer.

Calculate f{xp). Select the one with lowest f.
xpo=min f(xp). 1=1,....m.(m<r)

Calculate df=f(xpo)—f(xa) where xg means the
current optimum.

Yes

{ Xg=Xpo. Xe=Xpo. |

[Update the tabu and aspiration lists for variable p.

Yes
{ Stop. ]

Fig. 3 Tabu search suggested by Dhingra
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Guess an initial design. xo. Let x¢=xo.
Calcutate f(xo), Let xo=xo.

v
Make the step vectors, for each variable(i=t.....n).
H=[H1, Hz, ..., Hn]".
Initialize the cycle counter ic=1 and the variable
counter iv=1,

»

[Initialize the tabu list Tv={}. H'v=Hw=Tw. K=0. |

={
i~
v+
,
No

Calculate the lower and the upper bounds for
each step of iv—th variable.

For active steps. randomly generate the
candidate designs x by changing xv for each

step. If it is a discrete value. substitute a random| | {The
value into the nearest discrete value. step :
v inactive.
: K=0
[Calculate f(x), I1=1.....r._xo=min {(x). }=1...1. |

[Xc=xa.

t—ic=ic+1. iv=1. 1

Fig. 6 Tabu search algorithm for a discrete design
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Table 1

BRYAS o148 NUAT LN T2

Local optima of function #1

No. (x1,%2) Function value
i 0.0898, -0.7126 -1.0300
2 -0.0898, 0.7126 -1.0300
3 1.7036, -0.7960 -0.2154
4 -1.7036, 0.7960 -0.2154
5 1.6071, 0.5687 2.1042
6 -1.6071, -0.5687 2.1042

Table 2 Tabu search results of function #1
Initial value | No. of iterations | (x,*, x,*) f(x*)
X1.X3 (nO. of

evaluations)

-3.0,-2.0 5(211) -0.0894, 0.7166 | -1.032
-3.0,2.0 5(157) -0.0967, 0.7056 | -1.031
3.0,-2.0 521D -0.0894, 0.7166 | -1.032
3.0,2.0 4(157) -0.0966, 0.7056 | -1.031
0.0, 0.0 4(164) -0.1004,0.7120 -1.031
a 600 -0.0898,0.7127 | -1.032
i 630 -0.0898,0.7126 | -1.032

a) By Hu D) By Machdo

Table 3  Local optima of function #2

No. (x1,%2) Function value
1 0.0,-1.0 3.0
2 -0.6,-0.4 30.0
3 1.8,0.2 84.0
4 1.2,0.8 840.0

Table 4 Tabu search results of function #2
Initial value | No. of iterations | (x,*, x,*) f(x*)
Xj,X2 (no. of

evaluations)

2.0,2.0 11(290) -0.00374,-1.0007 | 3.003
-2.02.0 99(3442) 0.00989,-0.99203 | 3.035
2.0,-2.0 99(3442) 0.00989,-0.99203 [ 3.035
2.0,2.0 428(15221) -0.00112,-1.0010 | 3.000
0.0,0.0 104(3634) 0.00448,-0.99482 | 3.012
2 38775 -0.09956, -1.0 3.000
a) By Machdo

IO S S

Fig. 7 Contour of function #1
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Fig. 8 Contour of function #2
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find design variables A;, A, A;
to minimize mass
lojsoy (=123
subject to _ gisplacement of node 4 sn,,
y —displacement of node 4sv,,
6.452x107°m”* s A, 6.452x107>m’ (i =13)
candidate values 4, , A, , A, €{5,10,15,20,25,30,35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100}x(6.4516x10")m?

(23)

A7 o, out i FA FEee IHF HES
e uyvg & x y BFY HEEHoIG. 27]1A
of g FEFAN € 2 AFHE Table 5 o] EA
stk FRAAEA N distd, FHZA AT ¢
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Fig. 11 3} Zo] 10 3 E&fx 72E9 ddH
S AARsE EAod. EAAE @AATE)
68.9GPa, ¥o}5H](v) 033, BE(p) 2770 kg/m® &
Agag 3, B4 FAse ggn 20

find design variables A,

to minimize mass

subject to -172.4MPa < 0O,

candidate values

A; (x10° m) € {60, 970, 1940, 3230, 4000, 4650,

5420, 6450, 7290, 8130} (i=12,---,10)

initial values : [A1,A,, ..., Aj]=[7290, 7290, 7290, 4650,
4650, 4650, 4650, 4650, 4650, 4650] (x10°° m?)

e2))
< 172.4MPa

SR

794

Py=177.81kN
Pp=133.36kN
P3=88.906kN

£ - 68.90Cpo
p=276Bkg/m?

Fig.9 Three-bar truss

Table 5 Results of three-bar truss design

Initial Optimum No. of
x(6.4516x10")m> %(6.4516x10*)m” evaluations
A1 Az A3 A| A2 A3

S0 |50 50 110 5 5 227

5 5 5 10 5 5 208

100 | 100 | 100 | 10 5 5 227

8000
6000
W) 4000
2000 |- -
]
1 51 101 151 201
No. of evaluations
120 @
W(x)

No. of iterations

®)
Fig. 10 Variations of characteristic
function(three-bar truss)

o] AA EAE 10" o Yol ] HE
gojop st zAHHI FA AT, oA
< olgdd #FANATE FAAA F A
Table 6 < AN WY, AAWIRE AFHOER
o] 4% WY, FALnYFOL o] &7 HE 77
Hl@E Zojrh oW fHRLmeEFY A& F
2ED (Dol F#5H] ok



EHER S o] 83 oM AT DN F2EY HHAA 805

44800 N 44800 N

Fig.11 Ten-bar truss

Table 6 Results of ten-bar truss design

o

I

H
¢ <section view>
Fig. 12 Electrical vehicle frames

Table 7 Results of space frame design

D.v. Ly Genetic Tab
(x10"°m?) iteration Algorithm bu
Ay 5420 5420 5420

A, 970 970 970
A,y 5420 970 5420
Ay 3230 5420 1940

As 4650 4650 970

Ay 970 60 970
Ay 4000 970 4000
Ag 4000 4650 4000
Ag 4650 4650 3230
A 970 60 1940
Mass (kg) %68 | 8130 | o
No. of evaluations 532 5369 646
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Fig. 12 ¢ Zo] AM7|AFate] Anola Ty g
A1 A LFAEFS 22T AHAA Ao
o HAWsRE F2EY B Ay 3
W FAL 4, 0, 15, ty, t5, , 22 6 N2 AR
o A @Rl B o B = QA 1A
9. AdsE A8 A5 e 2o

find design variables ty, t,, ts, t,, ts, t,
to minimize mass
subject to 1st natural frequency
candidate values
t;(x10°m) € {4.2,4.5,4.7,5.0,5.2, 5.5,
5.7,6.0,6.2,6.5,6.7, 7.0}
ta, t3, ta, ts, te (x10°m) € {3.2, 3.5, 3.7, 4.0,
4.2,45,4.7,5.0,5.2,5.5,5.7, 6.0}
initial values : [t;, 1, t3, ty, ts, t,]=[6.7, 5.7, 5.7, 5.7,
5.7,5.7] (x10”°m)

fi229Hz (25)

D.V. Lis Genetic Tabu
(x10°°m) iteration Algorithm
t 5.0 5.2 5.0
t, 4.2 3.7 4.0
ts 3.2 4.7 3.5
ty 3.7 3.2 3.5
ts 4.0 3.5 3.2
te 4.5 5.2 3.5
Mass (kg) 171.78 171.68 169.9
No. of evaluations 418 2901 451
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