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Binary ant colony algorithm with controllable search bias

HU Gang, XIONG Wei-qing, ZHANG Xiang, YUAN Jun-liang

(Institute of Electronic Commerce, Ningbo University, Ningbo Zhejiang 315211, China)

Abstract: Ant colony algorithm explores the solution space according to the bias produced by pheromone trail. How-
ever, most of the existing improvements concentrate in raising the population diversity, instead of controlling the search
bias. On the basis of the controllable search bias and by the update pattern of the current pheromone, we determine for
any given iteration the lower bound of the probability of no further improvement in solution up to the convergence. Using
the relation between the number of visitors and the ant population, and considering the population diversity, we develop a
binary ant colony algorithm with controllable search bias. In the test of function optimization and the application to the 0-1
multiple knapsack problem, the algorithm exhibits a good search ability and a high convergence speed.
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1 5|E (Introduction)

FEZRT e (swarm intelligence) & — FlAH X 5887 1 sk
R T A0 1) v, e TN B R B A B P # s AT
R AT . 52 WOREAE S8 £ i 7 b S B 3 A B 7 H
WU ) d5 A X — B W JH R, M. Dorigod th
T H TR AR 47 7 W) @ (traveling salesman problem,
TSP) I & 55 (ant system, AS)M, J5 >k S 4848 b
HHISCREDR K (ant colony optimization, ACO)?!¥) It i3
RITiE. WA S B W) T SR A 52 v 3 i
P [ R0 BN () 2 i) 0 25 21 25 0 A0 Tn) . i A SR A
WEIE R R, fEIES E A2 1T 2 N H.
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DAk Il A B B pL A ). 5 FR AR SRR AR L, B
SR U SLE R Ry SR B R, (B A AE 5
B S S AR ) ik R A R MCadE, SCHRI4148 T 4 28
25 I SRS, ATAS oIS RA R Be A T ORI .

e HHT: 2009—12—01; W& ook H 33 2010—11—15.

ISCRE BV DA R At — S i A S E A P R R
A A 4% PR RS 38 22 ff 7] (search bias)BEAT#8 2, — H.
SREE = AR A R A 2R M ), DU 2R sk AR B N JR) B
B . T 2 HIXS SR I S AT AR DA R AR 1R 2 K
YRR FFE T, DA S 2R A [n) JEAT 4. A SOl I
X 2 A Ee A Aw B 3 Ry S oA, A5 H MMEEAR
BRSO A R IR GE X4 FIMEZ T ). 78
PSR -, HEUT ) S s R 1 0% R AE N 5
) A, FE S e mrRh B 2 AR AR, Wk T
AT AR 2R g ) (1) TGOV
2 WCHE R AL SR B BE A HE 4E(The basic

framework of ACO algorithm)

TIOR8 g e ) 0 B, AR
IR A n 4 B A), AEAS 5T b AT LSRR S SR AR A
{4 1) 8 (combinatorial optimization, CO), f F-iX
i) ] U 1 e A :

E X AP HIA A A ] AP =

FEG TR H - WL F AR R R B0 H (Y1080364); T U T A SR BFA R4 % W35 H (Y 1100052).
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(S, 02, f)kse X. Hor: St UAE— 4145 BRI 25 1T
A FIATAT RS 1], 020k vk AR B 2 1Al (R 2
WAAIIELS, [ S — R — A HERRE. U4k
R T AR S e i AR AR QI AL £ BN
fifts*.

ATAT AR 1A SR8 SN s 8 5En > B B vk S A
Xi(i=1,2,---,n), K X;15&E XIEHD; = {c],
2, AP, b g SR AR B L S R A i
WMEX, = cl(i=1,2,--- ,n), Y& T 1T fiks,
SEP K BT IR S n] 4T it s AR A

WRLA R GRS R, TN ] DL
T M EY s SR AT A, R PR — N TE L )
PRAK 1) AR 35 T kg 249 SRARA, ) RS TRY . nt FRA 7 A
nATHEs* € S, A3 f(s*) < f(s), Vs € S, MIFRs* A
SRR, BT ARSI e ST C S.
SRAGAAL ) B0 A2 S A R — AN B A A

LE WURE S, X — AN Y B Al X — A
5B Er, I s B R I A5 &k i fs 18 5t
T, WSCRE SV TP A A UM 98 2 A 3 A 4> A,
PARG 3 —ANFTAT AR, WS Rl O 2848 R B 4 1
JIT A BT A8 3 A, 38 R A R SR o X, PR B, 0
WO HL ! IR P (] |ST)E XA

(7)) [n(c))? j

NGB
cheo(SP)
s o (ST Jg X BB AR ST 5, AL LIRS AF Q2 PR 5
T e 58 A5 B X T HUAEL PR s () ot gt 4 it
ftic] 1 e R a5 s o, B2 AR I 2 KO Rl
SR B8 AERRUGEA R, B R U5 B &
HEAT ST

7 (t+1) = (1—p)r (t) + g(s), )
o phEREH, i = 1,2, ,n, j = 1,2,
D], 0 < g(s) < +o0,g: S — RY. 4L T A4
PRI R AL XIVs, 8" € S, s £ 8, #1 f(s) < f(8)
WFg(s) = g(s).
3 ®&AKIBAMHIBEE T BR(The proba-
bility floor of finding no better solution)

A TR L, B e LA e

EX 2 HHERA AR EBE 52 0
I eSS T RS W

EX 3 ﬁﬂ%nj = Tomin» T = Tmax(i = 1,2,
o, 1< k<D, j=1,2,--,|Di|HE # 7),
FRE: B2 s

EX 4 WRA B A AL N(), Hs, €
S, Hf(s1) < f(3(t)), Frsi AAREALAE.

EX S5 MEBHAREIF S, A KRB

P87 = ea(S7), (1)

il ¥ e /RS, FR R AR R B, 65 A LPB(¢).

TE NN 53 B v, 4 20 e e 5 B, AR R A
WS IWICER7). AT 25 ENEEE T, o
& A O 1) E P

EH 1B WY >t + tofOIFE, £ R A il
SEREWEHIRT, AVYE, §) ¢ s 1) = T, HH
NS IR B A R AU s AR, BA

= [lnTmin — lnTmaXW' 3)
In(1—p)

I 1 WRARK B A BARAR I 3(t), thEE—
BN () KL, WIS > + ¢ AU, 1F
A BMAEBRZEHITAT, 3(6,5), 7F > T,
Tij = Tmin(i = 1’27"' y T, 1 <] < |D1|7k = 1?27
,|Di|,k #j),ﬂtl > 1.

IE FELH AR, i 5() =5(t+1), WIV(4, 5) € 5(t),

77+ 1) < max{Tuin, (1 — p)Timax }-
[, A57EL + 14K, 1ﬁ,§)§ﬁ§(t) = 5(t+t1), )
sz(f + tl) < maX{Tmina (1 - p)tleax}-

te S A1 — )" Tnax < T ARELL PTEL
?E?}Eﬂ%"ﬁh - ’V(ln 7-min_ln Tmax)/(ln(l_p))w ﬁn
PR, 5 f(3(t +¢)) < £(3(2)), Hrhs(t +¢)
Mt + AP 2 A AU, Wt + AT
4h, BE BRI R, TUAt > [(In Tie —
In ey )/ In(1 — p)]. IFEE.

SIE 2 WRARES AN S(t), EAH—IK
2 5(t) MARE. RS RINEEREEH AT,
t + t AR VR B, e > 8.

iE SRRSO TR ED (6, k), 7F = T, HLE
V(Za])’ Tij = 7-min(i = 1a2a"' , 1y 1 < k < |Dz|y
j = 1,2, cee ,‘Di‘, k? # j), JH:tC = maX{tl, tm},
Hort AAEAFTF = oo ARKL ARAE 512D, PTOA

te>t.  UEHE
EE 2 WUATASUS AR S RIGERTE
B,
LBP(t) =
n Fo Iy —InTmax
g min N R e el RO
H <_’i1;[1 TI?]in (’Di’_1>’r§iax] ,( )

/H;EP: S<: = {S € S|f($) 2 f(é)},z = 1’27"' , 1y
J=1,2,--+ ,|Di|, AT RF T, m A H.
ik A A, R A AR RE T, 4
A il s TR Ay
" pion < T
P= 11 P@)s") = I 5

i=1 |D; (Tik)a
=1

k



4 8 ) VS TT PRI R 0 ) — TR 1073
y N HgEL, 5182, 13
T n T
Ps> min > min 5 e
D= Mt @ b= A5
> (7)° i=i
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A A S 152111 = (D —Dra

(i=1,2,---,n, 1 = 1,2, |S_|), - A AT H (11)
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4 ] AR A 1A I U BEVA BT (The

design of binary ant colony algorithm with

controllable search bias)

HR 4 € B2 0] LAAG Y, AT BB % T
B 5] | S LA T Pl T 1 . | S|
K, TS 2R SR A 0 R 2 vy M ISCHR R BOK, 4R
B AAAR IR ZE AR, 0 T — ), AR T 24
B AR S () KA, |S< | AR, Topin 1 Tian 1R BEEL
A AR SCHR191, 170 i 5 1 1 2 o B BRI
T .

HEAEACOM, 15 B Z A, Rl & fE
SV ER U 22 AR ORIy, s AR e R Ad 2 AH R P DA, )
TAARC A B AR 53 B AE, A SCA B 0] LLFEAIK
ook b e, DU B8 A8 Jl B =5 (R, Al Al
(eSS Ty

FEAE I fa1 A0 1 = 18 19 2 BT ep Can 1 BT ),
BEASG mo; 5INTT T, o€ {0,1}. o FEREAUT
SR EO, 78 N T s ey A 1R i R v, Ao, R
it WIS ) ST I 25 xio; RO AR R e 8

R (12)(13) s
o h(v},m) 7)1
T h(vj,m) - Ti(t) + (1 - h( ;m)) - T)(t)’
Pf:1—Pj, WA g < ws,
(12)
po_ h(v},m) - 7)(t)
7 h(vf,m) - 0(7f)+(1—h( vf,m)) -7/ (t)’

1 _ 0
Pj—l—Pj,ﬁu%@wg.

N-1 2 1

o) [

1 I R 3k ) 4
Fig. 1 Simplified binary network

KA2)(A3)H, pj, p?ﬁ%ﬂ%%ﬁvﬁi?‘ﬁ@
AT EORIER, m oy S WA, 77 (1) h 45
oy A r M6E R, h(v], m) =1 — wyv] /m\ r E
{0,1}. ¢ 4 (0,1) Z A — D BEFLEL 0 < wy < 2,
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0 < wy < 1wy, wy AWADSHL, HAEHZFEHIE R
P 1)

R HARGR

Step 1 ¥tk S4L;

Step 2 WIS X (12)(13) A e el 1 Asf— A 46
FURIAR S, AR N B U5 1) 0 1

Step 3 fRIIVEN 515 B R EH M

Step 4 {5 5 Z P HUH LA ANV 1) S %

Step 5 HIKTE A5 R EIA G5 AL SAT, Wi LR,
ANl L U5 42 Step2;

Step 6 i 4R
5 AR 6B A b

(Analysis of binary ant colony algorithm

with controllable search bias)

HAEXR A3 R AR XA T
h(vj,m)-7}(t)

B = Lm0+ A hel )@
(h(wh,m) ) (6)+ (1= h(ol, m))r2(0)] P =
h(vi,m)7}(t) <
le h(vjl-, m) 7']-1
i (14)

1-P!  1—h(vj,m) )"
MWHP) =1~ P}, rdfy
P h(v;,m) T

5o Mym) 1
Py 1—h(vj,m) 7}

N r N WUy 5
Feh(vi,m) = |1 - m] [, 7 €{0,1 AT
1
wlvj
p} 1 - 71
I —_ (15)
i - wiv; T
ARl w2 (13)43
0
wlvj
PO 11— 70
e e (16)
j 1— |1 B U)l’Uj Tj
AR AT

FER(v],m) = |1 — wyv] /m| o8 E W E207 7R,
Al LUE 3):

D) e, <1, BIRAR(v], m) B o] R85 K
Bk, B Ah(v], m) A AIIT AR k. w, BT,
h(vf, m)FE IR R. W R w, = 1, h(v], m)LL
L/mFEREN, Fwy = 0, BAR(V], m)=1.

2) Wkw > 1, BEHw 0] K Tm. —H
wy v KFm, h(v], m) WNIT o] I H IR £, 42k
KT or B — B R B [RIRE, AR B oy R
5E, wi K, h(vf, m) R,

K2 (o], m)IIE (m = 80)
Fig. 2 Figure of (v}, m), where m = 80

WCRE I AR 5572 MBS (model-based search)!!0 4.
E—Rh. FEMBSH LT, B 1 fE S AL R
B Py s, T WORE DL A R 2R A5 7R (1) 32 A1 s 2
Jefs B 78 Ok T, AR g R X
& 15, T H—N 45 mo, A AN > & A5: ORI fir
PAr 5570 () LE AR S A3 0 0 B DR AR SC AT
WRRERE I A 3FE I 7>, vhr?, 1)),

D) 7i=Tl.

TEIRXFE B R} /01, ME(14)(15)% N

1
wy vl
P! - —
i m
PO wyvt an
J 1_‘1_ J
0
w09
po - —
A m
pr = wil (18)
J 1_‘1_ J

TERIGRI, v} =0, 09 =0, WRA6)HE L P! /P =
oo, P} =1, P} = 0. #HEAEP} = P} = 0.5, %70
fin(v},m) = |1 —w;yvj/m| = 0.5, Blw,v; = 0.5m
Hwyv; = 1.5m. fFwy = 1, H Ho) = 0.5mit],
AHP = P! =05 Mi—HAv] = 0.5m, Wit
WY o, EFE AR > B M ISR L IR B, X
WRRA, Hw, = 1, G PR > S X
FEE RO IR £, 2 R 8/, TEPEAR 43 BT
KEZ, Hw, = O, 7Kz & FE A 7 B,
wy = 2, WA G5 miv, PR3 5 AH 110 B M 50
R KB ). ol A B, 3C(16) 2 ST 1) ik 4%
i oy BEAEL. [RVER, T DL H SC7) B0 7] T3 4 A
73 A0, wa fR RN R IS IS e 17 -1 5K (16)
K2 IEFEAR AR, & A N7 R 2 1)
TEFEAR Y HAHO.

2) 7‘}>>7‘Q T1<<T]Q.

J7 g

KPR AR LA, 57150, Mzl /700

ja
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WS R PR Z N 1) (1) — ORI 1075

AN ERCR R, BRI T5(14), 2K, A fE
fiP! = P} = 0.5, W2 i, & tr~r) XA o0
T2 RIE R RAL. X TR315), P} = PR
PRI ool 0224k, 32 Ul 4% U r ) mer DIl L B
DRI REAR > A0, ez, W) <70, DL E R
L.

FH b THT R 0 AT g 0, &5 o, il 43 BEAA IR B, A
B} g sE, T HAR 2 B Mw, t €,
Y7 R O B AROR B v O, WU 1) ik
FEMRE o> TLAEO; o, W SE 1) I il 2 AL
S, FEHIER P AT P NO— 1801 — 042 (L [ &,
117 2 w42 T S0 i 1) T 2 AL, 3B 20, PRI,
MRACFE R REE AL —AEIL, A, w 56
FAH AT EE, o P2 I 410 1 X R

BRI BB A e T R &R
R PE A= R T, AR A T S e, DRIk SR i
Sk, B S S 2R R AR T, T8 R
1t PRAUE T ) (exploit), X ARIUE T T & (explore).

6 TR R i 1) B 0 WURE S VA I A
F£ 43 MT(Analysis of complexity of binary
ant colony algorithm with controllable search
bias)

6.1 5L I 8] 2 2% BE 43 Hr(Analysis of time
complexity)

AE S s HH I R P I ) 52 % ) ki, U R
Fe AT A0 BRI it 2%, Al S S AT RO i
%, AESRRIBv R v, i T s PR A B 2% 2
2, R SR A I 18] R O B R A (R 9K 3 B LR
BB TR N FEABRAE, R AL FE AT R A R
PR REE X AT 1) 53 e i 12,

Bk SRR AN E ok Tk 4 R,
RKNIEINRECN N, Cy, Cy, Cs, Cy 3 4L a4
SRR AT 3B A S i LI ) S

XFJStepl, BN AT nANGS 1 AN S S A A
fifp A, RS RS R R BRI, 75 EE2n K45
VE. BRI BEABAT 1A U7 ) BEAR, O 2E2n K 14
BIHAME. n&l s Z 8w, w IR T2 C, -nik,
LA AR T L UK, W Step LIF I 1) 52 4% 5 Ay 2n +
2n + Cy-n = O(n). Step2™1, m I FF S n A
45 1i, 5 ZCymeniR, WU B I8 N Cymen =
O(m-n). Step3th, X HEAT VU O3 IARAE, m
AT EECy-m IR AE. VS B3 BB R ol 2 AL
URAE, SOLIN RN R 2R O (m). Stepat, X n>4h
R RAE RE B, AR 45 fA P2 B A,
7 20k, V7 A S FERAE2nK, B tStepd LI
B S4B K20 + 2n = O(n). StepSHIWi5 2 & 45

LA K Step6iin th 25 RIS RIS 2% FE I O(1).
Step2~Step5 i B L8 1L NARAE IR, Fr LAHEAN vk
IR S 24 2 O (n) + Ne-O(men) + N.-O(m) +
Ne-O(n) + N-O(1). PRI A ) 52 2% B K
T =O(N.-m-n). (19)

A SCEAAN G AR A 1) B R 4
KA2)A3)EH T — iR Al T Z RS Hw,, wy
DLAAH N7 ] B A, H9 03 Ne-mendKdgAf. 2) iy
LT iy A 5, 5 A N R AR 3 A 1) U )
FNL, BN T Ne-m-ni i AE. 3) S WL, i
LEC - nUARAE. 4) Vi 0T HE %, 52N 2n Ak,
PR, A SCEVE EAREE N T — SRS AR, {H R AR
[ IREAT N O(N-m-n).

6.2 5LVE I A A 52 A% BE 43 HT(Analysis of space
complexity)

ESE BRI ey, 305U SERAT I TR T o5 A Y
A7 5070 8 SR S 0 s T S s e 12,

SRV ) B A 2 S B T TR D RE: 1) 1) AR
R, 2) SEEUER D RE R B B i Al R AR S
SR P 2 AR A A5 B R DL LT ) 4, IS A4
K AR A () S An. B4 R SRR =
Howy, wa, W5 BALEE W20, N TN REDS, &
Be P AR, 7 S0 S (R e nem. Tk A 52
A S T I 1) 52 2% B2 1) s SO AR, Ja o nf A%
FLBINERE BT, AT 1A U S R 1) A TR 52
[EHh

S =0(n) + O(m-n). (20)

A SR T G In2n A 75 18] R A i V7 1) 4=,
I B ZE2n A7 23 A A7 TS Hlwy , wo, FIT LA A
HFE T an 1At 1, HO(n) + 4n = O(n), #isb
I A (R 224 JE 2 O (n), BT LA RAR 2R 18] 52 4% B2 IR
KRAZ.

7 SEK 5 45 B (Experiment and results )
7.1  ZFE (Settings of parameters)

AN E ) CE X wy, we Il 5, AR 22
ESRSR AN RN

& AT AFAE U PR O[] 7 P A P i AR R ) R A
[ AN R L B, AR SRS B w,, wo 1
B AMRIE DL 1) T R ) DL 2) R
HII B )RR

BRI 4y T PR AN [], A SO 4 1) e i 45 L 1)
Jiik, BRI 3 W85 2 W AR, 45— Ak
AT TSI A81. 503156 BL2), A SCE H P RRANR] £ 7525,
LI 2%

1) P R A 1) 1) 22O wy, we — L2,
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0.5. HEBST Al A, wi i/, PERIPY ANO— 181 —07%
IR BE RS, wy = 0, wo = 0.5, 59278 % 4l
U, BEE R R B ad 2 (0 AR5 — o)
AR, A BT DLRRARIE ™ A R, T A Y
AR i, P32, T EAAEw, BEN 2, W] DR AR
A Bk B 5 K, DU 0 B A 2 1) AR R
i i [R) IS EE T TRLRE A8 A, Rfwo B2290.5, 4 5X(12)
(13 B & MR, AE X BOR w, e 202 th T
h(vy, m)IF BRI, 25 K (v],m) = | cos(wiv]/m)l,
LM Iy BRI 6 A A AR BRI, (Hawy AN ELRER, A5 )
A RFRIEE 8

2) BUHLIAE S HORk. eI 0GE %
I PEAR HLE S 0E O ok Hi IS 8] 48 91 2D (0 1) 8L 45 i,
(] = 1,2, te ,n)EGZ%%&WQiﬂjﬂwzj. 7'\7 T1TI—EE(12)
(L3)H7 A i 111, g I HBCERE /N RO, AEL Eby 3R 22 RE 1
306 BEE, wy HHUE AN ER D, S5 2L S SE 5
450, wi 0.6~ 1LOBH:. X T w, FIUH, 15 78R

[, o, = LKA MRS CL, CF b Hid R
S, Aoy = ORI AT AE At OO, 3L3E B g 44
{HICH CO. 094 CO P B BE g KT [ - CO A
by, Hrbae(0, 1) 5, o 51| OOl 43 e,
OLiTIE ML A
e
09 = (> ui)/169), 1)
=1
Horpyy = f(af), mi{ad} € 60, f(-) IR AL B,
AR A 4. IR,
10}

0; = (; vi)/16;1. (22)

T S ws; N
oL
NN T)
7.2 B B AL 4L A @ (Function optimization prob-
lem)

AT i e 0 LB S, 14 H T AR
TS HB B SE. 24HT, KZHER T Bk ) R
T ST H A R 5 PR KA Dl PRI AR VEE, AR ST
WA Sh. A X0 7 V2 i i Akt W BR T
T EETT AN E G Rt v 5 DAL D DR el ke 1 22

R3],

ij (23)

F1 ARFTE e ik
Table 1 The compared algorithms

RS 518 Hik ElNE

ACOR Yik[13]  CIAC  3CHk[16]
ACORSES  Ciik[14]  API  CiR[17]
MACO HR[15]  CACO  3CRR[18]

FH T B ML 1) 2 B0 7 B84 H br e 2007
PR AL, DRI 5 A S R T . 382, R3G H
TSR BRI, S 5 G N T
R A 1) (1) 7. 22 R3IP VP IR B34 T is
TS50 G WP Y48, A5 HLAEI

If =[] <eif +es
b ORI, 1 = &0 = 1074

k2 SFIEPTE T MR EL

Table 2 Average numbers of function evaluations

PR AUV ACOR CIAC API CACO

Ry 416 820 11480 9840 6806

Rs 2376 2487 39792 — —
SM 683 781 49984 10153 21868
GP 110 392 23424 — —
B> 136 559 11968 — —

ES 738 772 — — —
DJ 142 392 — — —

R 3 BHEPTE 0T MR

Table 3 Average numbers of function evaluation

TR b8 £ Hyk BRI IREL
MACO 0 3600
Ry ACORSES 0 2174
AR 0 1012
MACO -10 3750
fao1  ACORSES -10 2167
AR —10 992

MACO — —
fro2 ACORSES —837.9658 1176

Ay —837.9658 1198
MACO -2 235
fnos  ACORSES -2 1610
VN = 7S -2 512
MACO 1 36000
faoa  ACORSES 1 1576
VN = 7S 1 1232
MACO — _
faj ACORSES 0 4850
AR 0 488

F2P, AR SO VEAE BT AT DR oR B R I A T
JoAR S, SRR i B BRI IR 2
FAEE U2 — AER3H, AR SCHIETE fo I
()2 DL 25 T ACORSES, LA f05 13N FMACO, i
U2 Ab, Al T HAL S VL, R T A SR R
P DL B
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WS R PR Z N 1) (1) — ORI 1077

I 3 A8 b R AR IEAC AL, AR BRI H o b A
{6, 45t T ASCHIRAE NN R Z R, LR AN R 2 5L
Wi (1 AR B ATL A B AT -1 1 2 Al 70 PO RS,
FRERECN10°. A2 B I e 5 1 Vi KU
T UL &, BEALIAE 2 BORE A R PR 1S DA Bl S50
JSE LS PRT 1 8 2 A i) ) 2 ARG, (R BEHLAh R
SEIGE R R Z X M AT # R,  ZEUAT B
K I e bR B, 3 PEAS 3.
10° -
107 e — W BEHUFEI 2 E0RE
10 - (o, @ TR ) 9 S RO
10°¢ - :
108 F
(i o
1012
1071
1071 -
10714 -

H e i

HARIKH
Bl 3 ASCEE PR S B Pk BE L AR

Fig. 3 Comparison between two different parameter settings

7.3 %4017 B (Multiple knapsack problem)

% 15 £ 7] @ (Multiple knapsack problem, MKP) /&
2 ML A Sk RS, 2 i8] R R R R AR AR
33 AV all], Va[2], - - - ,Valn]n AP Fdh 5
MAZIm AT A, HER 30 8C[1, C2), - -,
C[m]; B L BEAEA R AL AR S AN R 1,
PRLHE A7 A DL AR R
Voii1 Vois ...
Vos1 Voggo ...

VOl,n

VOQ’n

VO = .2

VOm’l VOm’Q . Vom,n
Hrh Vo, ;37555 W)l e Nivs 15 BLINE BT o 1T 0 44
B, Vo, ; = 087 5P A SRV S 5 1. fEfR
UEREAN TS A T it B AR R R AN I % 0 R A5 AR
IR T, R T A1 B SE f K AL

max E Z xi’j-Va[j],

i=1j=1
( m
vje{lv 27 e ,’I’l}, Z J,‘ngl,
=1
st VzG{l, 2, s ,m}, Z "ITZ]VOZ’]]<C[7/],
.. =1
Vie{l,2,--- ,m}, Vje{l,2,--- ,n},
. VOZ'J' — l’i)j > —1,

(25)

Ei\qjxiyje{O, 1}, X5 = 1%%]%%%%]\2%%@9
@i ;W B RELRE X R Ay I i P i

7.3.1  ZHE A0 B S H E (Parameters settings

in multiple knapsack problem problem)
X2 T A I A U, R IR T R BN
(U B TEAH G, W b U (B K, At 1 o By, S AR
WA — Ui ) 7. SCHERIILTF 48 42006 144
5 A v R R R TR OB B IR AU O,
R UL, T8 T S A A, LT AR T
/RN R €6 N S S il SR K (N[5 RPN NI AN
RV alg] ) Vo E RS HRCE KK
it PSR 502 v (0 30 LR 2 2 B I
1T B SR
> A )AB(x)
Nu(A,B) = 5 (26)

n )

;A(mi)VB(xi)

o A(a;) RIB () 9 MR A, BIFTTR, A, VA5
FRIUNUE A,

itVao,; = Valj]/Voi;, Vaoy;(j =1, --n) %
HYIE, Ny =Nw(Vaos ;, Vao, ;), 458 Lws;,
b

0.5, Vao; ; = Vao, j,
Waij = ¢ 0.5:Nwiijy, Vao,; < Vao,;, (27)
1 = 0.5Nw (i), Vaoi; > Vao,,
Hi=1,--- m,j =1, n, XFTARFHMA
AL B AN AR By U 5 BEH LRI S 200 — 5L,
PLUF 4w, = 0.75.
7.3.2 £ H M M@ LK 45 B (Results of multiple
knapsack problem)

AN SC 2 15 A i P SR PR I K3 200K A heep:
/lelib.zib.de/pub/Packages/mp-testdata/ip/sac94-suite/
index.html_Fig 2 () 28 i il 4R.

WREHE 1 pb4.

PR BB m = 2,0 = 20. Y1k
EBSE
Va = (7074, 5587, 5500, 3450, 367, 4235, 9262,

6155, 32240, 1600, 4500, 6570, 7010, 16020,
8000, 2568, 2365, 4350, 4975, 29400, 7471,
3840, 3575, 1125, 1790, 2450, 540, 445, 220).

WMV o = [By Bs)", HHOEKRA VI
A.

B, = (25,17,20,22,15, 10, 50, 10, 150, 0, 0, 0, 40,
60,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),

B, =(0,0,0,0,0,2,5,6,40,2,6,10,13, 30,15, 5,
5,10,15,91,24, 15,15, 5,10, 15, 10, 10, 10).
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HHAEBNC = (153, 154)T. 4R QoHiES
HHFFw, = [w?' w?2]T, Hr:

w? = (0.18,0.85,0.82,0.68,0.12,0.88,0.73,
0.92,0.76,0,0,0,0.71,0.81,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0),

w* = (0,0,0,0,0,0.89,0.88,0.78,0.72,0.72,
0.70,0.65,0.58,0.57, 0.57, 0.56, 0.52,
0.48,0.36,0.36,0.34,0.28, 0.26,
0.25,0.20,0.18,0.06, 0.05, 0.02).

SEIG EE R WIRAFTR.

A 4 pbaag 4R
Table 4 Results of pb4

Camiim  mim  ME Tk WP
95168 136567 136567 0 772.8

Forp M RAERE X R

Y 111100000000010
~\000001111111101

10110100000000
RV 458 2= i 170 0 2 Bk, 45 R RS o

00000000000000>

3

A5 pbd-FHAR K lha ABIGE R
Table 5 Results of pb4 of balanced search bias

CamiLm  mIUw  E Tk PR
95168 136567 136561 1649 896

TRHHE 2 weing2.
R A A m = 2, n = 28, WA AN (E AR
(ySE
Va = (1898,440, 22507, 270, 14148, 3100, 4650,
30800, 615,4975, 1160, 4225, 510, 11880,
479, 440,490, 330, 110, 560, 24355, 2885,
11748, 4550, 750, 3720, 1950, 10500).
R FEV o = [By Bs]T, HHOERRA RVFIK
A
B, = (45,0,85, 150, 65, 95,30, 0, 170, 0, 40, 25, 20,
0,0,25,0,0,25,0,165,0,85,0,0,0,0,100),
B, = (30,20,125,5,80,25,5,73,12,15,15, 40, 5,
10,10,12, 10,9, 0,20, 60, 40, 50, 36, 49,
40,19, 150).

BHEBNC = (500,500)T, Z B Hi Frw, =

[w21 ’11)22]T, _:g\:;:';,

w*' = (0.44,0,0.91,0.02,0.89,0.34, 0.84, 0,
0.04,0,0.3,0.86,0.26,0,0,0.18,0,0, 0.05,
0,0.84,0,0.83,0,0,0,0,0.77),

w** = (0.17,0.06,0.49, 0.15,0.48, 0.34, 0.90,
0.78,0.14,0.72,0.21,0.29, 0.28,0.92,0.13,
0.10,0.13,0.10, 0.00, 0.08,0.77, 0.20, 0.61,
0.34,0.04,0.25,0.28,0.19).

SR 45 R WO TR

% 6 weing2#) 4R
Table 6 Results of weing2

CansmiLm  miim 9 Tk WK
130883 164045 164045 0 1770.4

Forp MR X Wk

(101011100001 00
~\01010001111011

01001000000001
10110111111110)°

SR P 1 15 3 A0 17 1) 2 B0, LS R R TP

7IN.
& 7 weing2 F#748 & 1 & A HI A4 R

Table 7 Results of weing2 of balanced search bias

Cam i  mIbw  E Tk P
130883 164045 164020 20 17904

WREHE 3 weishO1.
I B m = 5, n = 30. Y1 B (a4
B Ay
Va = ( 360,83,59,130,431,67, 230, 52, 93, 125,
670,892, 600, 38,48, 147, 78,256, 63, 17, 120,
164,432, 35,92, 110, 22, 42, 50, 323).
BRI Vo = [B, By, Bs By, Bs]", 0
TIRANBRIBN.

B, = (7,0,30,22,80,94, 11,81, 70, 64, 59, 18, 0,
36,3,8,15,42,9,0,42,47, 52, 32, 26, 48,
55,6,29,84),

B, = (8,66,98,50,0,30,0,88, 15,37, 26,72, 61,
57,17,27,83,3,9,66,97,42,2,44, 71,11,
25,74, 90, 20),

By = (3,74, 88,50,55,19,0,6,30,62,17, 81, 25,



ERE

WS R PR Z N 1) (1) — ORI

1079

46,67,28,36,8,1,52,19, 37,27, 62, 39, 84,
16,14,21,5),

B, = (21,40,0,6,82,91, 43,30, 62,91, 10, 41, 12,
4,80,77,98,50,78,35,7,1,96,67,85, 4,
23,38,2,57),

Bs = (94, 86,80,92,31,17,65,51, 46, 66, 44, 3,
26,0, 39,20, 11,6, 55,70,11, 75,82, 35, 47,
99,5,14, 23, 38).

HARBIAC = (400,500, 500, 600, 600),

Wy = [w21 w22 w23 w24 w25]T7

w*' = (0.92,0,0.12,0.37,0.34,0.04, 0.81, 0.04,
0.08,0.12,0.65,0.92,0,0.07,0.75,0.78, 0.33,
0.38,0.44,0,0.18,0.22,0.52,0.07,0.22, 0.14,
0.03,0.44,0.11,0.24),

w** = (0.80,0.04,0.02,0.07,0,0.06,0,0.02,0.17,
0.09,0.65,0.35,0.27,0.02, 0.08,0.15,0.03,
0.90,0.20,0.01, 0.03,0.11,0.96, 0.02, 0.04,
0.28,0.02,0.02, 0.02,0.45),

\

R FH V-5 95 22 0 1) 1R 2 H0B0:, FE&5 R An3k9
P,

.9 WeishO1-F #7148 & &) S4Bk 09 45 R
Table 9 Results of WeishO1 of balanced search bias

Cambim  wiim | iE IR
4554 5829 5829 0 353.8

H 22 5 B0, 1) 80 1 S 56 3R B, AR SO IR SR A
g 38 3 0 B L W A AR SR, LR AR
Py B p k.

8 45 i%E (Conclusion)

AT, B 615 8] T ACOSIEAE B A A
SVE T B 7 3R LPB(t). T XTLPB(¢) 11 23 4T,
PRI ECE 1 A N ol s S A= A7 N1
kR T T InWURE SR B A T ELBR A T AT
Zo ) (R VA HESE.

W EEIMFEMGFEEELT S AFE LR
(1 3 A 2 T 3 R AL SR R AR AR S AL 15 1)
L E SR A AR, PRI U7 ) Y

001000000000001
000100000100100
100010011010010
010001000000000
000001101001000

w? = (0.95,0.04,0.03,0.10,0.31,0.14, 0, 0.34,
0.12,0.08,0.84,0.43,0.73,0.03, 0.03, 0.20,
0.08,0.80,0.90, 0.01,0.25,0.17, 0.60, 0.02,
0.09,0.05,0.05, 0.12,0.09,0.90),

w** = (0.52,0.06,0,0.62,0.16,0.02,0.16, 0.05,
0.05,0.04,0.88,0.62,0.84,0.29, 0.02, 0.06,
0.02,0.16,0.02,0.01,0.52,0.95, 0.14, 0.02,
0.03,0.70,0.03,0.03,0.67,0.17),

w* = (0.31,0.08,0.06,0.11,0.77,0.69, 0.28,
0.08,0.16,0.15,0.79,0.99, 0.86, 0, 0.10,
0.57,0.56,0.93,0.09,0.02,0.71,0.17, 0.42,
0.08,0.16,0.09, 0.35,0.24,0.17,0.63).

S 45 AR FTR.

%8 WeishO1#945 %
Table 8 Results of Weish01

Camtiig it WE ik VHIREL
4554 182.7

5829 5829 0

Forp =AM AR X R

010001001000100 )
101000110000000
000110000100001
0000000000110160
010000001000000

WK H 5 A b 2 )48 2 O ) IR AR A, 2 S B
(). AR SCERAIL T AE PRI R F00 i 1) PR 250 2 8w,
wo INIBE TV, BA RS & 22 71560 in) i, 258451 15t W 7
CLAN “ A fm ) ™ R DL~ SR A 7%, SEge &5
RIREW T HIL R A PERE. 1 H & h(v], m)JR
AR TR (0], m) = [1 — (wi-v] /m)|, B4 )
(RIANTR, W LA B Eh (o), m) i Hh A2 4k, BARE Y AN
[F) S oA 100
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sk ASC TR B3R B8 #(Appendix Test problems in this paper)

F 10 ARIFT R 690K F 2K
Table 10 Test problems in this paper

URENEERAG A R A A
Rosenbrock(Ry,) f(Z) =100(z? — 20)® + (1 — x1)?, #e[—5,10]", n=2,5 f(1,1,---,1)=0
Goldstein and Price(GP),  f(&)=[1 + (z1 + 22 + 1)*(19 — 14x1 + 32} — 1429 + 62129 + 323)]: F0.-1) =3
zel2,2" [30 + (221 4 3x2)?(18 — 3221 + 1227 + 48x9 — 36z 20 + 2723)) ’
n
Sphere Model(SM) f(@ =3 x?, ze[-3,7", n=6 £(0,0,---,0)=0
=1

Bohachevsky 2(Bs)  f(Z) = 27 + 223 — 0.3 cos(3mx1) — 0.4 cos(4mzs) + 0.7, F€[—100,100]"  £(0,0) =0

Easom(ES) F(Z) = — cos(z1) cos(az)e™ (@™ =(@2=m) " zc1_100,100]™ flm,m) =1
De Jong(DJ) (@) = 2% + 23 + 2%, #€[-100,100]" £(0,0,0) =1
fnot f(@) = x1/(1 + |w2]), Z€[-10,10]" f(=10,0) = —10
fno2, Z€[-500, 500", - n . - n f(420.9687™) =
r)=) ._;—x-sin z;|)Z€[—500, 500
o F(@) = Sy~ - sin(/ ) 7el-500, 500) flzoor
Sno3 f(®) = 2% + 23 — cos(18z1) — cos(18z), Te[—2,2]" £(0,0) = -2
Food, T€[—5,5]" £(@) = 05E+T3-25)") | gind (4 — 310) + 0.5(221 + a2 — 10)2 £3,4) =1
e F A
WO (1982—), B, m-LWEs A, H TS 5 ) Sk AR B fig; E-mail: xiongweiging@nbu.edu.cn;
E-mail: hugangdj@tom.com; gk B (1984—), U, WS A, H RIS T 10 IR R4

BT (1966—), U5, BfZ, FHTis a0 B ARG N RER  (1982—), B, A5, HETOHTT A AR5



