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Construction of the optimal Latin hypercube designs
using the iterated local search algorithm

Tanongsak Bootwongl, Jaratsri Rungrattanaubol2 and Anamai Na-udom’
Naresuan University, 99 Moo 9 T. Tapoh A. Mueang Phitsanulok 65000, Thailand

Abstract

Computer simulated experiments have been extensively used to investigate the relationship
between input variables and output response in various fields, including natural science and applied
sciences such as engineering and petrochemicals. In the context of computer simulated experiments, an
experimental design plays a very important role in the success of the simulation. The design consists of d
input variables and n experimental runs. Hence the design is referred to as a dimension of experiment (n x
d) in which a dimension of the design is large, and the number of all possible experimental designs
increases exponentially (n!)d. Therefore the optimal design is usually obtained by using a search algorithm
along with the pre-specified optimality criteria. This paper applies the iterated local search algorithm (ILS)
along with ¢p optimality criteria to construct the optimal Latin hypercube design (LHD). The results
indicate that ILS is able to effectively construct the optimal Latin hypercube design for any dimension of
the problem under study.
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¢, optimality criterion
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procedure [terated Local Search
sy = GeneratelnitialSolution
s* = LocalSearch(sy)
repeat
s' = Perturbation(s”. history)
s = LocalSearch(s")
s* = AcceptanceCriterion(s*, s*', history)
until termination condition met
end

SUT 4 saienea ILS [18]
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wlingnIzUIUNNT LocalSearch

Tag min Aerszogisszninagaiitesiian lng
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Lﬁaﬁﬂmmmswizwmagﬂam (Euclidean distance)
YBINUNITNAADIILLAIN

0 0.7905 1.1180 1.3693 0.7905

0 0 0.7905 1.0606 0.8602

d(x)=|0 0 0 1.6201 1.0606
0 0 0 0 1.3693
0 0 0 0 0

mﬂﬁ?uﬁﬁmmwﬁﬁwLmﬂwzazﬁwﬁaaﬁqm (Minimal
distance) w93 dx) a1n&uA"3s (1) laavindu 0.7905
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Xq ifr=i,j orh=l
Yo =%, 1fr=j andh=I

X, ifr=i andh=I

Fudlovenennuagld saileudsgun 5

fori=1..,n
forj=1..,n
Step L:ifi= jand {i, j} {(X) =, then:
for(=1..,d

Step 2:let Y be the resulting LHD
after the local move involving
points x; and x; and component ( ;
Step 3:if Y is better than X, thenset X =Y.
endfor
endfor
endfor
Step 4:Repeat the loops if there has been at least an
improvement, otherwise STOP

JUN 5 saiieuuananalnnisadusiiumi
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‘ Auans 4,(X7)
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‘ MaxRepeat =1

‘ X' = Perturbation (X’)
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‘ X" = Localsearch (X)
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Auans 4,(X7)

Maxrepeat=Maxrepeat+1

Maxrepeat=1

Maxrepeat <3
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(COE) 53w319 X Uz X; Tutunoud 3 (Step 3) 98

VINITUNUNADAUU Xy, py 728 Xy @1MTUNNAN
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(Acceptance criterion) feazeeusumivianzaslng
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Step 1:randomly select two different point x; and x;
suchthati< jandj-i>2

Step 2:Randomly choose a component ¢

Step 3:Replace the component X, by X,
vt=i,i+l,..,j-1

and replace x;, by x;,

JUN 7 sWaiienven 1 saquIu UM UiuMLs
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d |2 |3 |4 |5 |6 |7 |8 9 10
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d. Average
nxd Time
Min Max Mean SD
(sec.)
X2 4.2735 6.7144 5.6256 0.9116 0.2020

19x3 4.9454 8.4495 6.2843 1.0749 4.5870

33x4 6.3432 8.4127 6.7608 0.6165 0.4360

51x5 6.3532 7.2385 6.6553 0.2475 1.3580

T3x6 6.4588 7.4146 6.7107 0.2560 2.8470

99x7 6.4958 | 6.7035 | 6.5918 | 0.0750 6.6067

129x8 6.5155 | 6.7202 | 6.5661 | 0.0625 10.0840
163x9 6.5653 | 6.6420 | 6.6139 | 0.0286 12.0720
201x10 6.5981 | 6.6278 | 6.6184 | 0.0116 31.9920
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