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The Differential Evolution (DE), which is the population-based optimization technique, is one of the global
optimizers for the continuous design variables such as the Particle Swarm Optimization (PSO). In the
traditional DE, due to the mutation in the algorithm, the rounding-off and truncating are often employed to
handle the discrete and integer variables. In this paper, the Discrete Differential Evolution (DDE) to handle
the discrete or integer design variables is proposed. In the proposed DDE, the mutation is considered as
the exchange possibility between two particles. By considering the mutation as the exchange possibility, it
is easy and possible to handle the discrete and integer variables. In addition, the initialization of the
population are also introduced in the proposed DE. It is possible to escape from local minimum by
introducing the initialization of the population. The algorithm of the proposed DDE is very simple, and can
be easily extend to the Mixed-Discrete Nonlinear Problems (MDNLPs). The proposed DDE can be
applied to a variety of discrete and integer optimization problems. The validity is examined through typical
benchmark problems.
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Discrete Design Variables
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3. Discrete Differential Evolution
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Table 1 Comparison of the results on the gear train problem

(26)

Sandgren ® | Loh ® | Zhang Wwu® | Lin® | Guo®” | Proposed DDE
X 18 19 30 19 19 16 16
X5 22 16 15 16 16 19 19
X3 45 42 52 43 49 43 43
X4 60 50 60 49 43 49 49
obj. 5.70E-06] 2.33E-07| 2.36E-09] 2.70E-12] 2.70E-12| 2.70E-12 2.70E-12
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Table 3 Assignment of laboratory

Lab.1 Lab.2 Lab.3
student1 1 2 3
student2 3 1 2
student3 2 1 3
student4 3 2 1
student5 3 1 2
student6 2 1 3
student? 1 3 2
student8 3 1 2
Capacity 3 2 3

ZoLE, FAEOHFLEORMMPRNERD X DI,
FHREMRE~FIVIRLI ZLE2E2D. ZoLE, &
Box, {0y (i=1,2,--.8, j=1,23) #EAL, FED

Table 2 Comparison of the results on the pressure vessel

Sandgren ¥ | Zhang ®© wu®” Lin @ Guo @” Proposed Method He ©” Kitayama "®
x 1 (R[inch]) 47.0000 N/A 58.1978 N/A 58.2900 45.3368 42.0980 42.3710
x 5 (L [inch]) 117.7010 N/A 44.2930 N/A 43.7000 140.2539 176.6360 173.4170
x 3 ( Ts[inch] ) 1.1250 N/A 1.1250 N/A 1.1250 0.8750 0.8125 0.8125
x 4 (Th[inch] ) 0.6250 N/A 0.6250 N/A 0.6250 0.5000 0.4375 0.4375
g1 (x) -0.1937 N/A -0.0016 N/A 0.0000 0.0000 0.0000 0.0000
g:(x) -0.2826 N/A -0.1117 N/A -0.0689 -0.1350 -0.0820 -0.0760
g3 (x) -0.5096 N/A -0.8154 N/A -0.8179 -0.4156 -0.2640 -0.2770
g4(x) 0.0542 N/A -0.0021 N/A -0.0001 0.0000 0.0000 0.0000
Objective[$] 8129.8000 7197.9000 7207.7748 7197.7000 7198.3058 6318.9492 6059.7143 6029.8740
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5. ®8

ARG SCCIE, E g Z B B oD fc i i A SR o D e
KPR FIEDO—D>THHDEICOWT, BEBAEHMER
FORAEEGEMEEZR S Z LN TX HDDEXRE
L7z, DERMERN 2 FIETHDE NI ZE2HE 2,
DDEIZE I 2 BEHA R OEY # i, DPSOA B EC
U, ZERERfERZRBAM ORIy OBk L B
TLT, BERAEREEZEENICH FIETHD. £
7=, DEN HIBEBOYCTEETR L2z, JHpTik
WE~Ka 2 &V BERERRT H7-oic, —HER

LHADBINR LI E, RRAONEEZ AT HZ L
T, RPITABR IR R~ O T A RS D HIE A I AL
7o, ZARRRREBAFIEOREDO — 2R, RELDOS
RPEOHeRF EEFETHD V) HEEE 2, 2
DEIBRFEFIENRFEO—D>THDHEEZ T
5. KX TRELZDDED T )L =2 U X L OFH%IL,
DEOT7 NI X LERIBICEET S Z L7, HEIC
BERA AW 2D L VI RIZh D, TOTDIRAER
FHEME LA ICH ) 2N TEXD.

BHBIC, RFREZZITTHICHY, BRMEZEAE
(bR RT) , WHilskkEERE (FERT) , Wl
O (RREKRE) 261k, @Yk IBsE2 0w
Wio., ZoOHREEY, EART.

f+ &

A TS L7-DDEZ FRoEICE M L2k R &
PURIZR. SRS O D 003 3CHR (31) D7 kIS
0, ERBERBEEAEER L, B Row L R~
LTS, £z, WERKZ20, RRIERE %50
LTV, UTFOTXTORBEIZKH LT, 20T
LR, TR TORITICE W TR R AE RS 5
NTHEY, EZ0-1FHHEMEICH L THHEMATETH
5. RFmSCTHEE L7-DDEIX, HEHAECIRAEEGH
EECH L, BARMBEDO —>THDLLEZ T
5.

(P1) 3Cifik (32) & v 51 H.
f(x)=7x7 +6x7 +8x] —6x,x, +4x,Xx,
—-15.8x, —93.2x, — 63x, + 500 — min
g, (x)=142x, +172x, +118x, -1992<0
2,(x)=98x, +114x, +44x,-1162<0
g2;(x)=40x, +72x, +34x, -703<0
0<x,x,,x;,<10
X, X,,x; 1int
x, =273, f(x;)=69

(P2) 3Cifik (33) & v 51 H.
f(x)=100(x, —x{)* +(1-x,)> = min
—0.55<x,x,<4.95

x,,x, D] FF130. 55.
x, =(1.65,2.75)", f(x;)=0.498125

(P3) 3Cifik (34) & v 51 H.
f(x)=-9x} +10x,x, — 50x, +8x, + 460 — min
g,(x)=x,—(0.2768x7 —0.235x, +3.718) < 0
2,(x)=x,+0.019x; —0.446x>
+3.98x, —15.854<0
0<x,x,<10

X, X, :Int



X, =53, f(x,)=159

(P4) 3Tk (35) L v B8] H.

f(x)=x]+x} - min

g (x)=1/x,+1/x,-2<0

x, €10.3,0.7,0.8,1.2,1.5,1.8}
x, €{0.4,0.8,1.1,1.4,1.6}
x,=(0.8,14), f(x;,)=2.6

(P5) 3CHk (36) L v B8] H.

S(x)=-5x,-10x, —13x; —4x,

—3x; —11x, —13x, = min
g,(x)=2x, +5x, +18x, +3x,
+2x5+5x,+10x, -21<0

x, e{0,1} j=1,2,---,7

x,; =(0,1,0,0,0,1,1)", f(x;)=-34

(P6) Tk (36) L v Bl H.

f(x)=-5x,—2x, —6x; —3x, —8x5 — min
g1(x)=8x; —3x, =9x; +4x, +2x5+2<0
2,(x)=6x; +4x, +3x; +2x4 +5x5-10<0
xje{O,l} j=1,2,---,5

x, =(0,0,1,1,L1)", f(x;)=-17

(P7) Tk (37) L v BIH.

J() = =1 +(x, =2)” + (x5 =3)> +(x, = 1)’
+ (x5 —2)> +(xs —1)* = In(x; +1) — min
g(X)=x; +x) +x34+x4 +X5+x, 550
gz(x):x12+x22+x§+x§—5.5so
gi(x)=x+x,-12<0
g1(x)=x,+x5-1.8<0
2s(X)=x34+x,-2.5<0
ge(xX)=x+x,-1.2<0
g7(x)=x3 +x2 —1.64<0
Ze(x)=x3 +x2 -425<0
Zo(X)=x; +x2 —4.64<0

0<x, <3 i=1,2,3 (continuous)

x,€{0,1} j=4,5 (integer)

X; =(0.2,0.8,1.908,1,1,0,1)" ,  f(x;)=4.5796

(P8) SCHK(38) L v rIH.

f(x)=2x+x, +\/5x3 — min

V3x, +1.932x,

-1<0
1.5xx, +x/§x2x3 +1.319x,x;

g (x)=

0.634x, +2.828x, :
1.5xx, + \/§x2x3 +1.319x,x;

1<0

g,(x)=

0.5x, —2x,

-1<0
1.5xx, + \/5)62)63 +1.319x,x,

g;(x)=

0.5x, —2x,
1.5x,x, +x/§x2x3 +1.319x,x,

g(x)=- -1<0
x€{0.1,0.2,0.3,0.5,0.8,1.0,1.2}
x; =(1.2,0.5,0.1)", f(x;)=3.0414
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