2015 4 1 A
B36% H1H

Journal of Zhengzhou University ( Engineering Science)

O K AR (% W) Jan. 2015

Vol.36 No. 1

XEHS 1671 -6833(2015)01 - 0020 - 04

—HKBEETHARME BT WER R

B, #alal,

(FBIN R =2 B A TR B, T KRN 450001)

W OE: MUABEAEAPETNSIANEARET AR TRBESTHNY REFAGBELE &
AAERAEERAFHET IR ERLYREALP AL ALY REAFAE, BELSALERAXLR
R T AT B FER BB E SRR Ik, KR S 1) 29 R A AL P AL A xR e ] R S S ik AT
A2 R, R B R AR BB ok R MRV IRGE T AT AR itk Bk e SE A M e ) M

KEEWR: E 4T RMA BB KB &
doi:10.3969/j. issn. 1671 - 6833.2015.01. 005

FESES: TPI8 XHPREARD: A

0 3l

ISR Bk e — R SR T 20 A 24 )l o 1A
I8 2R SRS AR A 22 ) 8 £ 2 58 4 - H b 10 B AR 1Y
DAk 77 ekt I B A SR AT R A, R S I )
I B 0] 45— 2R 80 B HOOC Ak IR R 1 AR A T
IR A T 3 R R AR T A ) A
Y00 7™ ks B S Ve BT, X H bR eR RRCC i BT P 22
SRUTUDR e, FT LK A B A SR B 0k 8
TR A i 2 (8] B 2 BTG AR TR) B, ST 4F ke L A
TS R I S IF 5 K £ R A X G 2 R Bk
H AR IGFATAL R A 72 e O G O Ak 1) i
XiF 24 VR A5 A — M 118 A5 2 2 ORI 45 2K 29 JR AR BIF Y
AR /b 2 2 A 5 T B3 A 3 o 2R 1 B AR R
T T T DLSK fig 29 oA Ak Tn) Y % 2k B ORE B
T 3 Ao 0o e o 0 3 R K ) e AR R A, 3R 15
12 HE LR i B9 B3 4R B 0 A, 10 22 AR
| @RS
Ly A )8 — e AT AR A F .
minf( X). (1)
g,(x)<0,i=1,2,-,q;
s.t.lh(x)=0,j=qg+1,g+2,---,m; (2)

il

<X, <u,t=1,2,-- n.

AP X = (X, X, -, X)) eR" Dy n il &/ N

75 B #9:2014 - 09 - 18 ;81T H #§:2014 - 11 - 20

FEOLAL PR 5 g, by o 29 SR BRI 24 SRARG AL 1) A Y
S Tt e -4 8 R 1 A 24 R AR R SR A s o R (D
BB/ AR R X R T LY pREEA(X ).

2 ESEWNEEE

(1) WA A A e A 10 8 2% 2 0 i % o
R HEARYRB K, m 205 B L 43 7 75 6 B0 X
RN A B A S TR L B B
XXX, X)) MBUENEE N [a,b] = {[a,,
byl lay,b,1,,La,,b, 1t 55 i HAG8EH] 46 07
BHRXG) = (X, X, X, X)) o

Xj'::a/.+(bj—aj) «rand(1). (3)
TR W W i A A7 X N A R R R
Ty (i) =exp( —f(X,)). (4)

(2) )RR, A W 58 i — R R e,
B o A7 — I A 2 2 A AR B 09 B 4G A, SRS
HEWWAES AT —R8 R P2 —E WA
AN A B [ 1% Ak 0 . H B RS M RSN AP K )
by
exp(r) )
P(ib) ={exp(T(b))’”éb; (5)
0,else.

X, +A(X, =X),P(i,b) <P,;
o <P

X, +rand( =1,1) - L(1) ,else.

EEWHE - HEARPAEERIIA (61075071) 5 W H H T T ARP A2 ¥ D0 H (144413008 ) 5 X8 M 117 7

R % BT H (131PPTGG409 - 5)

BEER REET (1974 - ) 3 W R RN M K2 B B2, 1 L, 228 A i 2 b ML AR A5 4 3 BT 5T, E-mail.:

zpcheng@ zzu. edu. cn.



%13

$E B R, S — Tl IR 3 5 s 1) 2 SR Ak T A SRR 5k 21

0.9 - exp((k/K) =2 - In(1/2)) ,k<(K/2);
0 :{0. 225 + exp((k/K) = 2 - In(2) ,else.
(7)
K r=T(b) -T(i);A =1/k AR JmERH LK
SR E R Y ERREG P, e Rk T,
B R R AR B pR R R P, B K
8, B AE AL I X (i) (i=1,2,-,m,i#b)
) B AL R I B X (b)) B RE I 52 DU M R £
KX+ A (X, - X)), ap sk 300, A h
Py BUB/INME, 0 25 LA KR P K X, +
rand( - 1,1) « L(i), 385w 0 KEFE W BENLYE,
HEMREY™ K &R W) i 25 8], 16 A0 0 8 e &
M Py U KA.
(3) Jm i & L — % 1E 25 v 3R 2 & AL A nY
g 2k 5 A — A /NGRS N AT R AR A R LA R
REFR B T 0 . A 152 W OORT # 2  ff X (w) HAF
BN T(uw) , B0l AR R 0 (5 B &R 0k
JEE 0 i L RO A 0 45 S R 5 B R, W) O A A
R R AL 5 S ) A R B RO B A . R
(I

X(u),T(u T(b);
x(6) :{Xib)) elie) T (8)
_ X(b) +w + step,rand(1) <0.5;
X(u) _{X(b) —w - step,else. (9)
k

w=w,, = (w,, —w,

.) e (10)

Kt cstep MJRFIE R PG K ;0 BRI E
R B A 26 A U i pR B, B 225 A YR RO
Tk /0N, 5 FE 7 32 A0 5 9 25 Kk & A48 /N LU il e 4
KRBV EORG A At 2P, A w20 0 S 2D K
SRR IR, HAE — G R (1,1, 4) F1(0. 2,
0.8) %

(4) 15 2 W B Wi 58 il — IR 4 Jm) 8 R fn
SR R G B X AR B R AT B, 3R A
wmr.

T(i) = (1 -p)T(i) +AT(i). (11)

p=0.1-exp((k/K) - In(9)).  (12)
AT =exp( =f(X,))sp ATEERRERR
B p W R AR pR B, AR, p L
BE/IMETT LA = 18 R i BEAL M A2 R R e T,
Bifi %5 48 R W AT, WORE 2 ok A 5 0 i 1 e 2R
A X B B D A8 R B B AL PR SIGE B
B2, W4 K p W EUE , 34 5 A5 B0 1 R vl LA
K F| I H 5.

3 EINEBELEAREN

pi(X) = Zg,-(X). (13)
gi(X) z(h,-(X))z,i=1,2,-'-,p_ (14)
0, gi(X)$0;
gi+p(X) ={ s i=1,2,-,m.
(g:(X))", g,(X) >0.

(15)
F(X,M,) = f(X) +Mk21g£(X). (16)
Horp 20 (14) L (15) 43 51 Ry 45 SRR 55 20 2 o 5%
P, 2 (16) 3R Hr A i (38 N B s B, L =p + m,
M, >0 HIESTH . M ARG IR, 202
A—1i(l<i<l) i g,(X) >0, AT p(X) >0.
H 2950 5% 14 Bl il SR 45 88 D7 35, p (X)) (B Al 25
KEEM B — @, F(X,M) =f(X) +
Mp (X)) Al B A, 48 51 A 3 B Jg 3 AR B T X T
LIRS B IN I AR ez, 2« W R AR %
PRIy, g, (X) =0 (i=1,2,-,1),p(X) =0,3X
AR M B EZ K, 84 F(X,M) =f(X), BIE
il BRSO Tt H B RS K fifk TG 5
3.2 BEMNETRHE
TR SRR PR HL 7 VR T 1R, B T o R S BT
1533072 B ABRAFAE B — A 2B AR5 A
TR B T 5 R e KL A e B /N I R
AT R AR ) BE AN BB R ) iF A A] AT Sl
2] BRI SL B AN FTAT A - 5 3k Bk K A& 37 0 3
R, S BEARE L M R AR T g Pz )
X BURARTT A T s D A S Y eR R M 3 A
PRECANT .

p(X) = 3 S(X0 [h(x) [+

> M (X)max{0,g,(X)}. (17)
S.(X) = — \h,(MX)\ ,
X h () [+ 3 max[0,,(X) |
P= 1,2, (18)
M (X) = max{O,gj(X)}
X h () [+ X max{0,g,(X) |
j=12,- m. (19)
H) 36 35 07 £ bR B

G(X) =f(X) +C(X)p(X). (20)



22 TR R A R (TSR )

2015 4F

L A |
C(X) =1+ () (21)

TESTH 7 S, (X) MM, (X) B 29 51 R 5L
hy (X) Rl g, (X) B AR AE T ARk, RIVAR T R 7~ 25 B
SR R A HE AT Al P N 9 R X BB S B AE i
LSRR LR B4 T R A SR, 0 o B /N
(4 B 4 T /I B A8, o T BE R R Ik YR

4 BEKRBISR

4445 b S SR OO S VA A F 3 R A 5 R R
U5 SR 3% 2 2 8] 2 R A4 TR A HARE R AN T

(1) AR LA T AL e R A 0 UK K
BH m WS e B REFSUETR w,, M
w05, JE R BN ) W) 80 A0 1K step 4578 B BV
i, 42 2 (3) 0 46 A WA £ 2

()R PG (17) ~ (21) K 29 5 AL 7] L 5%
Ak TE L SR IR L, 44 36t 3 7 2 R

(3) AR (4) 55 4% 005 WLy 75 o7 B8 3 IO )
R R S I R, A O R R R I
LX)

() MRPE(5) ~ (7) % W W47 2 R &R,
A% 0 A

(5) e L i it 4% X (8) ~ (10) BEAT Joy 8 48
B, ST i A A A A

(6) FT A7 15 WA 58 WA AR 38 ) #2 0(11) |
(12) AT AR B BT, I DR A7 214 i o (10 A

(7) AR ISR 04 f A0 Ak s 2 ZEoR sl 2 2238 3
Fe R AR UK, W3 2 AR5 T, 75 DU % ) 20 R 2
ks .

5 HEXBERBIELERSNT

238 1 JUAN T Bk o I X oR 2R ) MATLAB
B AT R O EL S
f(x) =100 (x> —27)° + (1 —x,)%  (22)
RGN R +x§>0,xf +x,=20,x, e[ -0.5,
0.5]f1 »,<1.0. EFHIAILAE N " = (0.5,
0.25),IKHIAG f(x") =0.25
FH T pR R ) b T, SR R
fifk 122 R ER 0 B /N, D) 0 IR 2 3 A A ot T RS R
Bl TR G, OB SR R~ f(xy ) FRORE
(0 75 =X, 33X R 0 1% e ) R e 24 A6 O A R 4 A
S E I b, X T T K SR [ S O
A HC R JE A 3 A R S RO A ORE R
MATLAB %453 51l 2 A 5K A SR F R4 1 0 i >

Hom =100, fie KA E K =1 000. i Hij [ E
S8 py=0.2,p=0.8,m =100, it J5 [ & N i
BEZBLRKREHZHE TR IR w,, =1.2
Ml w,, =0.6, 5% R KB LK step =0. 1 -
rand (1). 730 5li@ A7 %A R Iy 30 U0, SR A5 0 Wl fx
PR TRVACRN 323 R TR VAR FL (W S EIEL A A/
By e ameE 1 ~3 pros. 205 348 0k
I 1) SR A 1) A, IBCHE vh B A0 A | AR A i DG A T
B 25 il L ARAS B 2 il UCORORITE 3 1 S B i L F
Ty ) ) R i 22 AR R 1.

Bl BYUNSVSHEE

Fig.1 Initial location of ants
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Fig.2 Final location of ants
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Fig.3 The optimal function values of

chang trends with the iteration
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Ant Colony Algorithm for Solving Continuous Space Constrained

Optimization Problems

JIAO Liu-cheng, SHAO Chuang-chuang, CHENG Zhi-ping

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. With ideas of ant colony algorithm and penalty function, an ant colony algorithm, which can solve

continuous space constrained optimization problems, was proposed. We adopted the penalty function method of

adjusting its value of adaptively to transform the constrained optimization problems into unconstrained optimiza-

tion problems, and then combined with the continuous domain ant colony algorithm of adjusting its global selec-

tion factor and the value of the pheromone evaporation factor adaptively to solve the continuous space constrained

optimization problems. And through programming solution of one benchmarking function, we compared the re-

sults with those of using fixed parameters ant colony algorithm, it was verified with correctness and effectiveness.

Key words: continuous space; constrained optimization; ant colony algorithm; penalty function method



