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Abstract: Binary ant-colony algorithm has good performance in the function optimization problem. However, this al-
gorithm is easy to be trapped into the local optimization region and can not get all the solutions of the multi-modal function.
An improved binary ant-colony algorithm based on congestion control strategy and multi-population is proposed to over-
come these disadvantages. The congestion control strategy and the multi-populations method are respectively introduced
to improve the global optimization ability and its multi-modal optimization ability. Tests with various functions (includ-
ing single-modal and multi-modal functions) demonstrate that the improved algorithm has good global search ability and

ensures a better effect to the multi-objective problems.
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4.3 % PR s B Y SE I (Procedure of multi-
population ant colony algorithm)

2 MORFISCRE SRV K SEIL AT el T i ) O ARG o
procedure MPACO

InitializeOriginalPopulation Ag; // £ B ¥ 4h Fh
HEA,
InitializeInfStack; /2 AL T A5 B F
while (termination condition not met) do
OriginalPopulationSearch Ag; /T}#E Ay A7 bl
PHEZR
InfStackCreateSeed; //4E 1075 fift A5 B H bl
Ty
while(Sub-PopulationAmount<Nmax and
SeedAmount>0) do

InitializeSub-Population; /£ i1 Fh #
Sub-Population Amount++; /5 5 T A £
Seed Amount——; /S HT P14k
end-while
while (any Sub-Population hasn’t worked) do
Sub-PopulationSearch A;; //-F Fi A 04T
W=
end-while
while(any Sub-Population hasn’t checked) do
if (termination condition of Sub-Population
A; met) then
DeleteSub-Population A;; /84 SFF 4 4
L AFH T RIHEA,;
end-if
end-while
end-while
OutputInfStack; /% H YT iR 5 526 b i
end-procedure
RERFS R0 75 1 O A0
procedure OriginalPopulationSearch
for i=1to Ny do
s «—randomsearch; /A1 %R 7= A fift s
if (qualification of s* was accredited) then
add s* into InitializeInfStack; /¥ s*fE AL
FfiA B
end-if
end-for
end-procedure
TR R R D AR
procedure Sub-PopulationSearch
fori=1to N; do
s" «PheromonesearchwithCongestionControl;
IR (D) Ko 2) itk (1045 28 SHEmes A et s
if (qualification of s* was accredited) then
add s* into InitializeInfStack; //¥s* & AL
oy R EPENES
end-if
if f(s7); f(scurrentbest) then
sewmenbest o gic /g 35 % X Bt 1
ﬁ]#scurrentbest
end-if
end-for
if f(scurrentbest)< f(sgbest) then
gebest _ geurrentbest . // 357 25 A F AR fift g&best
end-if
foreach (i,7)€ L do
Titry < (1 = p)Tigeys MG BB RAER
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Tiry <= MaxX(Ti(r), Tmin): //PRE(H HFR TR
end- foreach
if Ty <t < ¢T) do
foreach (i,7) € scurrentbest 4o
Titr) < Titry + PAT; A IR BT
BE
Tiry < MIN(Ti(r), Tmax)s //PESF B R LR
end- foreach
else
foreach (i,7)€ s8"** do
Ti(r) < Ti(r) + pAT; 11524 R T8
5%
Tiry = MIN(Ti(r), Tmax); /FEF B F LR
end- foreach
end-if
end-procedure

5 £ 545 L (Experiment and results)
AT S8 I R 48k | SCRR[11].

5.1 3 & i Rosenbrock(Rosenbrock function))

F =100 - (27 + 22)® + (1 — 21)% Hthe, €
(—2.048,2.048), i € {0, 1}.

7600 3R L T 9 28 0 2 M ORE o U
E(MPBACOCO) 1 2 H br 3K fi# g 71 2 117, A 0 ZEXY
BACOCCH) # A 11 55 fig 7 3E47 13X, Rosenbrock Bf
A AR ME— RN S (1, 1D)=0. HBAR
TSR /IMEL I e A B AR 1) R B, R HE A 1,
M LLEAT 4% R pl Mk

A sz G o >R HIBACOCCHBinary ant colony
algorithm(BACO)PI 847 %} th. H AP BACOCCK: [ #.
FHRE, dIANMA BN, =200, B2 K IEARET=300, 2%4C
ZHc,1=0.2, c,=0.8, p=0.01, Jit & EL f510=3; BACO
W N, =200, f K IEAET=300, RS 55X
FR (317 A8 B AH ). o 0 B, 1 — 33k 4 ) I 32 4 30.
SEEG S5 R WLAR .

SEEGIE W], BACOCCH It 75 It 42 Jai fe At oK it ik
7.

%1 Rosenbrock & #3tEb 5236045 R

Table 1 Results of Rosenbrock function’s opposite experiment
BACOCC BACO
S50UARE:
z1 T2 f(x1,22) x1 x2 f(x1,22)
UFEE S 1.000000 1.000000 8.7603e-17 0.999998 0.999997 4.4580e-10
wmZEGE 0.999999 0.999998 1.6015e-12  0.997678 0.995222 7.3267e-06
Sl gk 500454 JRte 50U A4 B

5.2 ] X p& #(Six-hump camel back function
(Six- hump camel back function function))

F=(4-21-234+21/3) 23 + 21 22+
(—4+4-23) 3,

,E:Ele (S [—3,3},1‘2 S [—2,2].

Z R B N A AR B b R
(z1,72) = (—0.0898,0.7126)F1(0.0898, —0.7126),
2 JRi i /IME A —1.0316.

AR B o % FIMPBACOCC 5 BACOIH) HE 4T Rt
Lt L FMPBACOCC 1 & B} #F A 14 5L Np=400, T
FHBEAN AN, =200, P s K AR A i 1T =300,
TP S R (H Th=60, 151841 c1=0.2, c2=0.8, FX
R Bno=2, Bl 7 BIET,=5, p=0.01, Wi & L fil6=3,
F R R LR Nmax=5, W2 fi# £ Nexp=2, MP-
BACOCCIH) &5 R4 A1 Ay 1 HE A4 8 B, 4 B Ak
K Pielete=0.25. BACOH I8 £ N7 =200, 5 KIEAR
=300, LR Z 55 SCERI3]H B AH [F]. R N

By 19 —BEHIAD I N30, LI 47 R WAR2.

% 2 Six-hump camel back function %%
* b K gE R
Table 2 Results of six-hump camel back
function’s opposite experiment

SOUR LG X b4 B MPBACOCC BACO
% 3] A F AR AR B IR EL 50 9
A 2 B AR AR B B o 17
£(=0.0898, 0.7126)=—1.0316
A48 22 3 e FR AR AR R B o 4

£(0.0898, -0.7126)=—1.0316

S IE B, MPBACOCC | L[] i 48 22 51 £2 14
BRI IR 22 S e A A8, T BACO IR X A1 453 Yk BT i
RPN Z A AL

5.3 3 p& i Shubert(Shubert function))

5 5
F =% icos[(i+ 1)y +1] > icos[(i + 1)xa + 1],
i=1 i=1
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Mz, € [-10,10],i € {0,1}.

Z R bR A 7604 JR) 0 B /Mg, Herh18 AN
4 JRif N, HAE K-186.73.

AR K 71 K FIMPBACOCC 5 BACO 3 4T %o}
tt. FLHFMPBACOCC 13 & BEREAN A %1 Np=400, T
FIREANARIN, =200, PO fs R A i o 3T =300,
T B RERY 5% B (HT5=60, 1%/ 2 $c1=0.2, c=0.8,
WKk IS BE B§n0=0.5, Fh ¥ B {HT,=5, p=0.01, i &
b 10=3, {5 B & i L B Nipax=20, 1 22 f#
$ Nexp=18, MPBACOCCI) &5 W 4% 1 24 1 T 1k
45 5B BBOME 2R Paclete=0.25.  BACO™ 15 1
FN1=200, i KiEMRET=300, L RS H5H XL
BR[3TH W A TR A 50 e, 10— 130 4 4 0 1
4930. SEEG 45 LR 3.

# 3 Shubert s F AT LRI 4E R

Table 3 Comparison of Shubert function’s

opposite experiments

SO T2 ()% b 4h o

MPBACOCC BACO

R BN AR 18 I AR I IR 2L 49 0
R BN A B AR 0 B KA 18 7
1R B R B AR I B /NS 17 3

SCEGAIE B, MPBACOCCH A BACOFT A £
H b i) R A RE ).

6 /Ng5(Summary)

A SO SE S | N eI, e T
EAE R T, YR T R, 20 A
TEER) R PG [N T R AR
TR REA B 2 Hbs A BRRE ). 7RIk 2
fih b, $2H T 2R h A K0 aURE .
VLA T IR R TR i A A A, TR A A
BT o WO [ A 1R B B bR R AR R BR 1, AR
S22 B b ) AL B RE . S 45 B AT 7 Bk ]
T, 78 3R AR RV R HSORN 22 068 bR T [n) SBR 12% 509:

HRATAR AT IR L.
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