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Abstract : A hybrid evolutionary agorithm based on orthogona experimental design is developed to deal with the
mixed-integer programming problems. This hybrid evolutionary algorithm contains the heuristic mutation operator ,
the crossover operator as which the orthogonal experimental design serves, and the migration operator to keep the
population’ s diversty. Numerical results show that, compared with other available agorithms, the proposed
algorithm can converge at optimal solutions of al test problems with higher speed, and it has a smaller number of
function evaluations and yields more accurate optimal function val ues.
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1 (1.2] B4 NP-
min f(x,y), ,
s.t. g(x,y) €£0,i 1 ={1,2, ,K}, : ( )
L1 £ x < Ui, L2 £y < Uz, )
x R,y Z". (1) A
X N Y m : 2
2.1
Lo = (1,15, 1%, U = (u,&, ,u); :
Lo = (11,18, %), U2 = (&,8, ,u). (x,y) = (xa,%, ,Xo,y1,¥2, ,¥ym)
1 x R,y Z", , (1)
g(x,y) £0,i I,L1 £ x < U:1,L2 £y < U2, R,y Z,i=1,2, ,n,j=1,2, ,m
(x,y) : M (M ).
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1 2 , Ln(2%1). :N
Stepl: o = diag@: 02, 0O.) B = diagB., N-1 : n+m= N- 1,
B>, Bm), i, @.B1B2, B La(2¥9); n+m< N
(0,1 -1, Ln (2™ .
Step2: [5], [6]
X = L1 + (U1 - Li)a,
y = INT[L2 + (U2 - L2)B], © Pe
INT[ a] a a=(x,y) @=(X,y), n
( ). +m . , ¢
Step3: (x,y) G
: G = (XY + (1l - Y1),
Step4: M INT[Y' T2 + y (l2 - T2)1); (9)
G = (X (- Y1) + XY,
2.2 INT[Y'(lo - &) + Y T]).  (10)
(1) S PR Y n m Y
T2 n m
F(x,y) = f(x,y) +@_Zmax{0,gi(x,y)}, 19,4
i G & 2 n+m
(4) & 1 1,4 2
C] 2 2
2.3 Ln (2™, Li (
(x,y)° [ i) 1, j 1
= (X", y"). : Pm 1 1
(x,y)' = (xX,y). Ly 2, j
I (x,y)°- (x,y' Il 2£:,81 =10, (5 2 2. N
: ( )
(x,y)™ = (x",y"). (6)
[7,8].
{xm:x+(z(-xb))\,I (7)
y" = INTLY + (y" - yOX]1, ,
A X n m [7] . F i
(0,1) i=1,2, ,N. j
(5, k Eix ,
(x,y° (x,9°, (6) N
Ex = iz Fdi, k=1,2,
{xm: X'+ (xX° - xXHOA + (xP - xH, i=1,2, ,n+m (11)
y" = INTLY + (v - yOX + (" - yOK], i : j k, d=1;
(8) d = 0. (1) Ei <
AU on X K m Ep2 j 1 2, i
[0,1] 1 , 2. Ei = Ep,
2.4 1 2
2.5
[4]
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(x,y)",  pm , :
(0,1) r 5) Stepd 2) 4 Mnm M.
< Pm (x,y)° xP ,
yi, X; Step5:
yo 1)
e wy ys < L i AN
XP = ui - I (12) Step5  3) ; , Step5  4).
X' +p1(u -y, 3) , (12)
P1 Vi [0.1] i {1,2, (13) , .
i {1,2, ,m}. 4) Steps5  2) 3) M, M i
— )Y+ INT[P2 (17 - Y?)],Y2<%b__|§': '
Y, = ui - i Step6: . M
y + INT[P2 (U - y) 1, ,
(13) Step7: .
P2 Y2 [0.1] , Step3.
X' YT
X'yl ( HEA)
(x,y)"
2.6 [3,4].
1
M min f(x,y) = 2x + v,
, s.t.1.25- ¥*-y<0,x+y-1.6<0,
2.7 0<x<1.6,y {0,1.
NUG, (x,y) = (0.5,1), 2.
' 2
3 min f(x,y) =2x + X - Y,
Stepl: . M, Pm s.t. x1 - 2exp(- x2) =0,
Pc, Pmi , o, - X1+t x +y<0,
NU G. 0.5<x1 1.4,y {0,1}.
Step2: 1 (x1,x2,y) = (1.375,0.375,1) ,
Step3: 2.124.
1) (x,y)°". 3
2) Pm min f(x,y) =
(x, 9" - 0.7y +5(xi - 0.5)% +0.8,
3) (5 , 6 (1 s.t. - exp(x - 0.2 - x2 €0,
: : (6) (8 xt - 1.2y-0.2<0, xx +1.1y+1 <0,
, . - 2.22554 < x; £- 1,
4) Sep3 2) 3IM Mo 0.2<x <1,y {0,1}.
, (x1,%2,y) = (0.94194, - 2.1,1),
Step4 : 1.07654.
1) Ln(2%1). 4
2) , Pe min f(x,y1,y2,v1,w) =
N 7.5y1 + 5.5y, + 7vi + 6v2 + 5x,
, St. pm+y: =1, zn + z =10,
3) , z = 0.9[1- exp(- 0.5wn) Ixt,
4) 22 =0.8[1- exp(- 0.4v) | %z,
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X1 + X2

= X, zy1 + 2y, = 10, i < 101,

v < 10y2, x1 £ 20y1, x2 < 20y2,

X1,X2,21,22,vi,v2 20, y1,y2
(x,y1,y2,v1,w) = (13.362272, 1,
99. 245209.

0, 3.514237, 0) ,

{0,1}.

s. t.

a +t ayxs+ ayixe - axixs - 92 <0,

&® + ayXs tayiy: + axi - 110 <0,

& +aoXaXs tauyixi +azxixe - 25 <0,
27 < x1,% ,xs <45, y¢  {78,79, ,102},

5 y>  {33,34, ,45}.
min f(x,y) = X2 , Y2 ,(x,xs,y1) = (27, 27,
(yi- D2+ (y2-1D%+(ys-17%- 78) , 32217.4. a,a, a

IN(L+ys) +(x - 12+ [3].
(x2 - 2% + (xs - 32, : M = 30,
s.t. pm = 0.3, p. = 0.8, Pri
Vi+ty+tys+Xe+x+x-5<0, =0.2, NUG = 100, O =
i+ xi+x +x-55<0, 10000. [5] ,
yi+xi-1.2<0,y:+x-1.8<0, La(2%) ,La(2%) ;L8 (2) ,Ls(2°) ,Ls(2").
ys+ xs-25<0,ys+x-12<0, 0 10
Yo+ -1.64<0,y3+x5-425<0, (10
Vi + x5 -4.64<0, x1,%X,%x =20, ), CPU
yi,y2,ys,ys  {0,1}. - HEA 1
(X1 ,%2 ,Xa,y1,Y2,y3,ya) = (0.2, HEA [3] 5
1.280624,1.954483, 1, 0, 0, 1), (2 5 ) [4] MIHDE( 2 6
3.557463. ) : 2 . H#F
6 ,C%
min f(x,y) = 1 , HEA
- 5.357854xf - 0.835689y: xs - ,
37.29329y: + 40792.141, 2 , (M +A) -ES,
1 HEA
CPU
ad % /s #F
1 2 (0.5,1) 100 0.0470 780
2 2.124472 (1.374826, 0.374820, 1) 100 0.0766 1612
3 1.076543 (0.941937, - 2.1,1) 100 0.5017 5250
4 99. 239101 (13.427941, 1, 0, 3.514116, 0) 90 0.9249 8175
5 3.557464 (0.2, 1.280623, 1.954482,1,0,0, 1) 80 1.1970 9008
6 32217.43 (27, *,27, 78, 39) 100 0.3922 2580
*:  [27,45]
2 HEA [1,2]
GA-Pen GA-Deb (1 +A)-ES M-SIMPSA M-SIMPSA-Pen  MIHDE (N, = 3) HEA
#F d % #F ad % #F d % #F d % #F d % #F d % #F d %
1 6787 100 6191 100 1518 100 607 929 16282 100 13104 100 780 100
2 13939 100 15298 100 2255 100 10582 83 14440 100 29166 100 1612 100
3 107046 90 110233 90 1749 100 b 0 38042 100 28455 100 5250 100
4 22489 100 23730 80 b 0 14738 100 42295 100 60950 100 8175 90
5 102778 60 34410 90 6710 100 22309 602 63751 972 12375 100 9008 80
6 37167 100 35255 100 2536 100 27410 87 33956 95 938 100 2580 100




23

1102
M-SIMPSA MIHDE ,HEA
5
( References)
[1] , )
[J1. , 2002, 17
(3) : 310-314.

(Meng ZQ, HuQ Y, Yang X Q. A method of non
linear penalty function for solving integer programming

and mixed integer programming [J]. Control and
Decision, 2002, 17(3) : 310-314.)
[2] , -
[J3]. , 2006, 8(6) : 49-53.

(Xiao J, Zhang Z H. An agorithm for solving the
global optimization of nonlinear integer programming
[J]. J of Shijiazhuang University , 2006, 8(6) : 49-53.)

[3] Lino Costa, Pedro Oliveira. Evolutionary agorithms
approach to the solution of mixed integer non-linear
programming problems[J]. Computers and Chemical
Engineering, 2001, 25(2) : 257-266.

[4] Lin Y C, Hwang K S. A mixed-coding scheme of
evolutionary algorithms to solve mixed-integer nonlinear
programming problems[J]. Computers and Mathematics
with Applications, 2004 , 47(8) : 1295-1307.

[5] , [M].

, 2001.

(Fang K T, Ma C X. Orthogonal and uniform

experimental design [ M ].

2001.)

Leung Y W, Wang Y. An orthogona genetic agorithm

Bejing: Science Press,

[6

—_—

with quantization for global numerical optimization[J].
IEEE Transon Evolutionary Computation, 2001 , 5(1) :
41-53.

[7] HOS Y, ShulL S, ChenJ H. Intelligent evolutionary
algorithms for large parameter optimization problems
[J]. IEEE Transon Evolutionary Computation, 2004 , 8
(6) : 522-540.

[8] TsaJ T, Liu T K, ChouJ H. Hybrid taguchi-genetic
agorithm for global numerical optimization[J]. |EEE
Transon Evolutionary Computation, 2004, 8(4) : 365
377.

[9] Zhang Q, Leung Y W. Anorthogona genetic algorithm
for multimedia multicast routing[J]. IEEE Trans on
Evolutionary Computation, 1999, 3(1) : 53-62.

[10] Li H, Jiao Y C, Zhang L, et a. Genetic agorithm

based on the orthogona desgn for multidimensiona

Proc of 2nd Int Conf on

Advances in Natural Computation. Birlin: Springer-

Verlag, 2006, 1: 696-705.

knapsack problems[ C].

( 1097 )

[7

—

Kennedy J, Eberhart R. Particle swarm optimization
[C]. IEEE Int Conf on Neural Networks. Perth, 1995:
1942-1948.
[8] , .
Job- shop [J]1. , 2005, 20(2) : 137-141.
(XiaWJ, Wu ZM. Hybrid particle swarm optimization
approach for multi-objective flexible job-shop scheduling
problems[J] , Control and Decison, 2005, 20 (2) : 137-
141.)
(9] , , ,
[3]. , 2006 ,
12(6) : 911-917.
(PengC Y, GAOL, Shao X Y, et a. Cenera particle

swarm optimization algorithm for job-shop scheduling
problem [J]. Computer Integrated Manufacturing
Systems, 2006, 12(6) : 911-917) .

[10] Fatih Tasgetiren M, YurnrChia Liang, Mehmet Sevkli,
et al. A particle swarm optimization algorithm for
makespan and total flowtime minimization in the
permutation flowshop sequencing problem [ J].
European J of Operational Research, 2007, 177 (3) :
1930-1947.

[11] Jearr Marie Proth. Scheduling: New trendsin industria
environment[J]. Annual Reviewsin Control , 2007, 31
(1) : 157-166.



