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Abstract: This paper presents a hybrid self-adaptive orthogonal genetic algorithm (HSOGA) based on orthogonal
experimental design method for solving global optimization problems. In HSOGA, the orthogonal experimental
design method is utilized to design crossover operator, and as a result, a self-adaptive orthogonal crossover operator
is proposed. The self-adaptive orthogonal crossover operator self-adaptively adjusts the number of orthogonal
array’s factors and the location for dividing the parents into several sub-vectors according to the similarity of the
two parents, in order to produce a small but representative set of points as the potential offspring. In addition, in
HSOGA the self-adaptive orthogonal crossover operator is also adopted to generate an initial population that is
scattered uniformly over the feasible solution space in order to maintain the diversity. Moreover, a local search
scheme is incorporated into HSOGA in the purpose of enhancing the local search ability and speeding up the
convergence of HSOGA. HSOGA is tested with fourteen benchmark functions. The experimental results suggest
that HSOGA is generic and effective.
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FsQ_l @3)
L Lm(Q).

Step 1.  Select the smallest J fulfilling (Q’ —1)/(Q -D>F

Step2. If (Q'-1)/(Q-1)=F then F'=Felse F'=(Q’-1)/(Q-1)

Step 3. Construct the basic columns as follows:
for k=1to J do

%;i;1+t

for i=1to Q’ do

i-1

J-1

j=

a =

mod Q;

end for
end for
Step 4. Construct the non-basic columns as follows:
for k=2 to J do
= Q(; 1__11 +1;
for s=1to j—1do

fort=1to Q-1do
8. (s1yq-1+t = (& xt+a;) mod Q;

j

end for
end for

end for
Step 5. Increment a;; by one forall 1<i<Mandl1< j<F’

Step 6. Delete the last F'—F columns of L, (QF) to get Ly(QF) where M=Q’
[3,5]
(self-adaptive orthogonal crossover, SOC). sOC

soc ,
HSOGA).

1

(hybrid self-adaptive orthogonal genetic algorithm,

2.1
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Fig.1 Distribution of the offspring generated by using orthogonal array to
arrange the crossover operation of the parent chromosome
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(HSOGA), ,
HSOGA , SoC HSOGA
HGA, f1,fe,f;  HSOGA HGA
HSOGA , n=200,Q,=N-1,Q=2,5=5,P.=0.6,P,=0.1,5=0.05,
200 000; HSOGA ,HGA Q,% , HSOGA
, 50 , (best), (median) (worst)
(M-best) (St.dev). 3 HSOGA HGA

Table 1 Comparison of three algorithms (OGA/QE!,LEA®! and HSOGA)
on 14 benchmark functions

1 3 (OGA/QP! LEAE HSOGA) 14
. : Algorithm
Function/ optimal Status OGAIQ LEA HSOGA
M-num-fun 302 116 287 365 101 151
F1/-12 569.5 M-best -12569.4537  —12569.454 2 ~12 569.486 6
St.dev 6.447x107 4.831x107* 3.168x10°°
M-num-fun 224 710 223803 8 420
F,/0 M-best 0 2.103x107%8 0
St.dev 0 3.0359x10°%8 0
M-num-fun 105 926 112 421 8 420
1510 M-best 3.274x107%¢ 4.440x107% 0
St.dev 3.001x107Y 3.989x107Y 0
M-num-fun 130 498 134 000 8420
/0 M-best 6.104x107%° 0 0
St.dev 2.513x107Y 0 0
g M-num-fun 134 556 132 642 98 745
(5) M-best 6.019x10°° 2.482x10°° 2.0808x1071*
St.dev 1.159x10°° 2.276x10°° 1.2544x107%°
M-num-fun 134 143 130 213 105518
16/0 M-best 1.869x107 1.734x10™ 4.1316x107°
St.dev 2.615x107° 1.205x107* 3.0987x107°
M-num-fun 302773 289 863 236 867
f,/-99.619 M-best -92.83 -93.01 -98.0987
St.dev 0.02626 0.02314 0.27125
M-num-fun 245 930 243 895 161 147
fg/—78.33236 M-best —78.3000296 —78.310 —78.332331
St.dev 6.288x10°° 6.127x10°° 2.356x107"
M-num-fun 167 863 168 910 167 374
fo/0 M-best 0.7520 0.5609 5.941x107°
St.dev 0.1140 0.1078 4.0216x107*
M-num-fun 112 559 110 674 8 240
f10/0 M-best 0 4.727x107% 0
St.dev 0 6.218x107Y 0
M-num-fun 112 652 111 093 8 240
11/0 M-best 6.301x10°° 5.136x10°° 0
St.dev 4.069x107* 4.432x107 0
M-num-fun 112 612 110 031 8 240
f1210 M-best 0 4.247x107%° 0
St.dev 0 4.236x107%° 0
M-num-fun 112 576 110 604 8 240
f15/0 M-best 0 6.783x107% 0
St.dev 0 5.429x107* 0
M-num-fun 112 893 111 105 8 240
f1410 M-best 0 2.683x107%¢ 0
St.dev 0 6.257x107" 0
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Table 2 The optimal solution x* of f; found by HSOGA
2 HSOGA f; X*

Xx* =(2.202905547653280,1.570796214486428,1.284991573407600,1.923058388896578,1.720469806895425,1.570796348243437,
1.454414249822540,1.756086529133708,1.655717410008324,1.570796326414277,1.497728801123797,1.696616301332517,
1.630075723629949,1.570796327164349,1.517546144807838,1.666065026898027,1.616328712211932,1.570796788345188,
1.528907225843681,1.647456357417006,1.607757297131768,1.570796326390791,1.536272526517082,1.634931506943574,
1.601901830669802,1.570796270305114,1.541435141842966,1.625925976137474,1.597647948096007,1.570796299378235,
1.545254595484606,1.619138222286553,1.594417596438591,1.570796379934915,1.548194567190928,1.526546902649965,
1.591881034428863,1.570796313343089,1.550527822715220,1.609586107340208,1.589836453853538,1.570796327219784,
1.552424882718390,1.606098595613659,1.588153300004406,1.570796326128234,1.553996272464775,1.537723975503683,
1.586743574514364,1.570796413824375,1.555320400458290,1.540293110285201,1.585545197006467,1.570796327374178,
1.556451164688094,1.598599762777015,1.584515257093225,1.570795754967596,1.557427799413277,1.596761313060471,
1.583619196955086,1.570796326921408,1.558279959922572,1.546058142407977,1.534119410225983,1.570796305000000,
1.559030026953491,1.593727644730032,1.536269493892730,1.570795943255299,1.603638560303743,1.592463298428713,
1.538181406064810,1.570796326907612,1.560289298990284,1.591328444080860,1.580962812901610,1.570796259054305,
1.560822996552620,1.590309524812736,1.580462784142368,1.570794483397516,1.561305093133228,1.589386150344377,
1.580009236001596,1.570796317098385,1.561742730786400,1.588545120286697,1.579595952974376,1.570796319851633,
1.562141789372054,1.587778362586528,1.579218838519324,1.570796322547901,1.562507164309846,1.587073730676870,

1.578872386011957,1.570796365608036,1.562842930466590,1.586429358220735),

f7 (x*)=-99.618006161436

Table 3 Comparison of two algorithms (HSOGA and HGA) on functions f;, fg, and f;

3 (HSOGA HGA) f1,f6,f7
Function/optimal  Method Best Median Worst M-best St.dev
£1/-12569.5 HSOGA -12569.4866 -12569.4866 -12569.4866 —12569.4866 2.2461x10™°
L ) HGA -12569.4866 —12569.4865 —12569.43807 —12569.4844 0.1497
0 HSOGA  5.6376x10°  2.40987x10°  7.6835x10™° 2.9735x10°  2.5046x10°
6 HGA 6.9033x10°  4.7731x107° 0.0012 1.4032x10™*  2.7621x10°*
£1-99.619 HSOGA -98.6215 —-98.046 3 97.8611 -98.012 5 0.3226
i : HGA -91.458 1 -90.463 1 -89.418 1 -90.474 6 0.416 3
3 , ,HSOGA fi
HGA ; fs,f7,HSOGA 5 HGA . ,
HSOGA HGA ,SOC HSOGA
4
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