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Abstract: Artificial bee colony(ABC) algorithm is a stochastic optimization algorithm based on the particular intelligent
behavior of honeybee swarms. In order to improve the performance of artificial bee colony(ABC) algorithm, a novel bi-
group differential artificial bee colony algorithm(BDABC) which is combined with differential evolution(DE) algorithm
is proposed. In this algorithm, an initialization strategy based on the opposition-based learning is applied to diversify the
initial individuals in the search space. All individuals are randomly divided into two populations, and the evolutions of
two sub-groups are simultaneously performed with different optimization strategies. The interactive learning strategy is
introduced to accelerate the convergence speed. Experimental results on six benchmark functions show that the BDABC
algorithm not only effectively avoids the premature convergence, but also significantly improves the global optimization

ability and the convergence speed.
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1 5|5 (Introduction)

T BE A AL & 7% (swarm intelligence algorithm,
STA)JE T R BN B AR FE A1 A A AT Dy T Ay 3 1
BEALOCAL S5, QisCRESREVE L ORERE SRV . N DA g
B N TIERESRSE. AR i o KA AE Tk 5
BURE: L A8 FURE 7 L 428 R A5 RHIF STk 1 4 Jm 1
A i) AL TR R g AR, DRI R BRI TN 51K

N i g 50 (artificial bee colony, ABC)J2: Hi
Karaboga J-20054F 4 H 1 — i Bk T~ s i R e 4
1T HIBENLILA SV, B AT, 8 TABCH LR S
N IR AL T 0 B, (H i T s =400 5T
S VTR VR R0 A, BRI 2 1 A 3 B G
. ABCHLVE TR Ty 0 8 FH i v e B0 S (e A AL
o) J 2~ L AE N T A 2 o 4 )1 560 9 i o
T WAL HLae A A2 RO, AR e i p 10

WeAE H H3: 2009—11—10; & ek H #5: 2010—03—22.

S T REAIIR AR U T R4 A R
BARABCHIEAEVT Z A4k 1)l #R R I AL T
ORI EE(PSO) 224> HEAV(DE) & B0y A P e 341, i
1 T ER R AT K B Re 1. AH 2 i Tk oy K
I3 5 SIS 1) 5% W), A ARV A Rl Wi S5 () I,
TT RN S5 38 foe U e B S R Nk, o T
LR ABCHL I T RE 7« IRl S5 JE + v iR B
PSR B, VR 22 2 0 LR AT T k. SinghltH4R
T P A e S /N 2B OB ) A N T e B AR
S A2 T R A BN DR T
% 813 1 K ABCHL VL 2 B i o ik, $ T Fb
3 A 2 A Ak e A TS R AR, 3 L
FETSP Il 8 () SR AR 1y e QS op N T M e A 9
SRR I T8 43 AT IS A A A SICTEE R 1 K e v A
B, 51N T SCA ST 1 X2 k40 5 1 F 2L A A %
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13 Dy e B9 N TR SV, O il e ZHOR A R
G T —MoBr 7k AR SR T M
(K] ABC IR — XU 72 73 W A 55925 (bi-group differ-
ential artificial bee colony algorithm, BDABC). # A\ T.
W S VR(ABC) Y 72 73 #E A6 55 7% (differential evolu-
tion, DE)E 5, KA OURFHESS A, PUAORERRSZ HEL, £E
T8 2 1R I fige P AR 2 TA) REAT A5 SR A, AT 7 4E 45
FhRE 22 FEPE ) (R I nage dE A #2. A T A ] e
R REBI 5] oy A AR A8 R s a), K T 56T B in) 2 2]
) SR SRATT UG, AT B i PR AR 1) Jo
2 N T RESRVE A 22 43 AL (ABC al-
gorithm and DE algorithm)
2.1 AN TR 5 (ABC algorithm)
ABCH L, N T 32 %l DU 398 70 4
518 (employed bees) i ffi 1 (onlookers) Fl i £
(scouts). ABCHLVEAE K AFILAL i) JUIS, £ 405 i 47

FEM A2 S LR LR, 5 B4 R LAk v
min 0 = f(X)s.t. X € S C R", W) ) @5 {1 B4 nf
AT RS N — N W IRALE, A YR IR TS
TRk In) S8R A o 10 AR, 8 AN 2L (S N)
S | A B R B G 1 AN B AR SCHdYE I X =
(T, Tig, -+, Tiq) € SRBRFE AW AL E.
5, ABCHVEE B A S NAMECEWIUR) 1) 46 Ff
B, AMEX (0= 1,2, SN) & —AdYEn 1) &
SR, BN P R & IR A TR A 2R, PRI L
HO(C = 1,2,--- ,MCN). 545085 50 AH MY 1)
TPPIR() AT — IR ARSI R, ARG i « Duak” 1k
PEACWE, 0 J48 R 2 1 B W IR (R 10 16 2 B0 Ol Y.
BOPLT LAY, WA B ) & iifr EACF IH &)
AL E, 5 WICRHEF IH B I EAAL. BT 151 4
e 58 B 2R 2 J, BRI SRIE X A S bR =
(P45 S o DR PR 45 B AL IR 25 IR B e, PR Bt e AR s 143
S B M R R R IR, fEE B M EYE,
Bl PR IR 2 O, B A e T B YR S, AT —
IRABISAR R, HH IR BB . ABCHLYL &1 it i
I ST R, e AR R B AU

5 | & g R R B A A A (D REAT B 547 5 SEOBT,

Vij = Tij + 1ij(Tij — Tij), (1)

Hrp: ke {1,2,---,SN}, j € {1,2,--- . d}, X
AN BHR E BEA L B, (EERANRESE T (ki B4k
g/l\ﬁﬁ), Ti; € [—1, 1]5‘:*4\&5*}1;&, E}};"%Ul‘”é\giﬁ
A T L, BE A 19 R e U, AR Y 38
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56 5| AT IR RE SR BRI W WU ML 28 %, IR A
A it 8 K /N Sk B B A Er R . i Al

ST N AR 2, SRR P I T S
P, = fit,/3" fit, )
=1

FLrb £t 2 S MR (PSR BEAE, SN 2RS4
TEABCH L, A — M EHI ZH “limit” |, '€
FH e e 53 38 A At 4 TE T i o Bl R e A it 0 42
S limitI KA 5 2 )5 A 13 B 2, 38 B I A fE B
N RSB A, TR A XA B B TR, 5 XA R
FENT I P 15 | 400 0 A1, % A Oy o7 ¢ g, B T T8 57 1)
ik e, Hy € {1,2,--- ,d}, 2wt i ol 5 b 18 ik
QBN A —ASBr R A ;.
x) =2 +rand(0,1) (22, — 2 .). 3)

2.2 ZEH i HEEE(DE algorithm)

7553 HEAR 9] (differential evolution, DE)$ %k /&
Rainer StornflIKenneth Price J-19954 I [] £ Hi (1 —
Pl SR F S0 % ot G i A0 3% 2 A3 () b i AT BE AL AR R
AR A, BAT R o 2 S5 BT
AR L AEREADER A, A S N PAS
fEIWILEFIRE, FAMRX, = (%‘1,%‘2, e ',%’D)(i =
1,2,--+  NP)&— MDY 5. St #4232
AR5 AT AR R ERAE AL .

1) A2 R¥AE: (EDESF L, MR AL e AN A R A=
T AN, A5 2 FIOAR[F DEAS 5 5 160 L
A 5377 3 fi DE/rand/1/bin fIDE/best/1/bin 4 i, 7& 5
AR

Vij = X1+ Fx (20 — 3 5), 4)

Vij = Thestj + F * (L1 — Tra ), (5)
FET: o (6) 2 R B A P 0 0 0 ) B
i#r #ry £ 1y € [I,NP], F € (0,1)h%)K
DAL 7=, FH -9 il 2 S ) 2 1) 4 TRORRE B8 . A AR SC ke
FDE/best/1/bin% 57 /5 2.

2) AT XAERAE: 42 I RS, AR A5 2 i
[ A A, 5 SRS P, 2 TR EAT A8 SCERARE, A2 1
M,

v;.j, rand(0,1) <CR or j=rand(1, D),
= { Zij, HiAth.
(6)
Hrf: CRe 0, 1A% X2, rand (0, 1) 40,112/
S50 A5 I BENLEL, rand (1, D)AE[1,D]12 18] ) —A>
BE LA AL, X A8 XA BLR IFw,; h 2 D — AN i
EE%%%@I\:-
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2.3 ABCHIDEAH I AE 3 #T(Correlation analysis
of ABC and DE)

ABCH L AIDER VLA i 5 | NBE AR AT
A PR PR A B AR, AR 2 AEABCEE AR S
BRAEXT BRI R BN B, 7 AT AN ARG R T 5
AR Z2 R PE; T AEDES VL A8 S VRl T o
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3 XUFhBE 22 43 W B 55 15 (Bi-group differential

artificial bee colony algorithm)
1T ABCHMIDES % A Fr A A ) 5 sUAN R e s

TAUATIAE SIS B R R AN BT EAAS SCAE X P A

SRR PR REAT 23 Hr A SR b, Al R AR A R

Py T —FRXURN R 7 7 i HE 5775 (BDABC), 32 %
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BENLASAZEL R, AT A T OREF RN 22 FEPE, HAT

Beom 4 R R BE 775 M0 55— 41K T DE/best/1/bin 5

s, AT HER I 3(S), 28 M AR = AT s LA A

G152, R AR R RE B om, WS Bk T 3 A e el

A2 S RIS A, PSP AT AL, AT ORAIE T 7 4R

R FRE 22 R A [0 I R S5 R L S JE, A 5032

TEA BRI THSE AR R B 42 R,

3.1 BT m) A ) B4 ] i 4k (Population ini-
tialization based on the opposition-based learn-
ing)

KA ABCH I (WU e A4 L BEAL ™ 1), 1K R

T AN DRAE T L M AR R E A 150 2] b 7 A 1 A

), AE—ERERE S BRAIEVE SRR, hy T8

WG T B A S AT RE 2 KL, S e R =

[B], A% SCR B T 1) 2% > IR AR AR AR 0T o

BEALAZ BRATAR A, SR 5 BRI AR 7 AL AR NS Y

S To i, o i 0 X P AR BEAT HE Ik %, JEIE N L

DEFRI AT R WIRR TR, KA B T SR BRI S

L5 AL B0 B R 5

3.2 BDABCH % 5K W& i) 4 € (The confirmation
to selection strategy of ABC algorithm)

FEBDABCHEVE v, BBt e 6 5 £ 1) U 14 328 ¢ 5

W5 SR FE A b ST 10 3, TR Ay i b 2 2o 3 DL

AL PRI ARG B DAy 28 6 (b v, T EL X 38 (B 1 972

WA LR, I T EE S T8 A Ao BRI ), 7
— B FESE L AT DLk Ao Sk R SO s i I B T R
4.
3.3 DEY XS E )% FE(Parameter selection of
DE)

3.3.1 Hi&E M4 i8UA T (Self-adaptive zoom factor)

TEDES L A8 TECR 5~ B 1468 ) 22 e 1) o5t 1) 4
TBORE BE. 6 B AR A AR R B2 b5 vy 5 3 A ik R 1)
Z FEPEFVSCSIOE B . 5 S ADER V48 T - F—
I e (E, FHUE S ANES, FRIE 0 2 FE PR B8
TEFE R FEUBORAE I, P 2 ek s R Sl B
B, Ry, AR SR E IS Y. 48 TR -, HUE Y
TE[0, 112 18], R0 1S A0 Y. B T — Sl
WSk T JR A E U AR I, FAELE 24 35 K, 39 DA A4 2 1
PR T 2T AT OB P A oy U, FE IS M, $2
TSSO . I N A TR A =R

1, fitnessyorst = fitnesspest,
fitnessy.opst — fitness;

F=41- : (7
ﬁtnessworst - ﬁtneSSbcst
o,
HoAr: fitness; % 78 24 [0 550 AN AN 4R 1 & N A,

fitnessyorst #¢ 78 24 B BiHE o5 22 1 3E N A,
fitnessyese &7 24 B AT PSR A0 1 &E N AH.
332 HIEMN R X % %(Self—adaptive crossover
probability)

TEIEAMDESR i, A2 XM FC R— 0,112
[ Py o] 7 SR CRBOK, WA A T Jm #8484 22 A
HSOE AR C RN, WA R TR RO ) 2 14
AR REES. CRIGHRETE —EMAEK, X
FIR[ 19738 ik T X e 250 1) K 1 H0O(E B 400 S 56, 7
5 C RIF f5 AL BUE Y6 [ 4[0.4, 0.9]. ik, A SCK
T 3R A OB, 4 SV 0 B4R H ok
A M C RIGAE, 1C RBEH 1E P AREL W 38 0z
WK, X EVEAE Y Re b A R A R AR ), 1M
15 Ja WA B 1) R i R Ae 0. BaE N A MR A
AUF:

CR(t) + 0.4, ®)

" 2.MCN
o 3R 8 M arE MRS, MO N IR 5 KA AR
$. M1<t < MONI, CRAE(0.4, 0.9 A8 4k,
3.4 AL H 2~ (Interactive learning)

h T AR R SR L, AR SR P A A A R (R
B — 2 AR AT A8 B2 2, il OB S B GR
Tl PR A) A8 B2 ) L, B ML GARS, Lt
B ANBEAA (1) B DU AR, FH AT 1 S AN AR 1) e
DT AR AN PR 4 g — AN AR 1) e 2 00 N A A AR
TXA T st AT 2 Ta] R A AT R 3 i 4 AR &R g
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W SITH B 2 AT R JE, DN IT A 2R 3R Fh ol 22 FE P11
[i) By bR i S B, i vy SV ST A SR B L AR
PERE. S G HE WK/, PRER IS A2 8 W
), oy B N B S5 DR R DUAN R T PR B A4 A A 2 ]
(RS HL 2% 2] Oh T S ) R 4 A A b B A AR
TR, T8 sk A S BT B AR R 0 LSRG, A
T GHUE B I AE[40, 6012 7] 24 B, KGR U G
WK R HOIT AR SR IR IX S (1) e BLAT — e A Pk 1.

A8 B2 S HRAE 2D SRR (LASK AR B /M 0] 74
f1):

1) 43 9 & H P9 BB 1) B /)N & 3 {H Fitness1 il
Fitness2;

2) 11 B Fitness1 <Fitness2, I FH o 1 18] £ 7N i
AR A A AR 2 1) 5 R I A A A A DU i
2117 g /NI WARLA AR AP 11 B R0 AR A

3) A H ARSI, ARS8 T — R AE.

3.5 BDABCHLHFE(The main steps of BDABC)

R 3

Step 1 f2& [ ) 27 > 55 0& 1] 4R A Pl A 1) i
zi(i =1, n); WHEEA e, K1ENAR, FFxF Lk
17141,

Step 2 W& 17 95 A2 AC B2 ) 45 A, Wi a2
AT AE HARAE.

Step 3 7 AL VI AP R R4 D) AR5
FOCAL SRS = A A, JF Hoh S IS A

Step 4 W1 FLHT MR 4 35 N AR U T, WU
Hoa;, T WPREH 2, AZ

WA Q)T S o AH OGP

Step 6 733l £ 1 FIRE Lk PR BE 5 4 TP ke
FEEWIR ), AL PRI AL SR ™ A g, v
T A

Step 7 1 FFT AR 10 3E N SEAE L T, WU S
Hea;, T WIREH 2, AL

Step 8  FIWT e 5 A7 R A AR, a0 RAFAE, W
AR 22 BRI A= — AP iR A B

Step 9 KIS N BT AR

Step 10 H W 71573l a2 1 PR 2 1 558, Tt 2
it B o A 2R, A5 R [P Step 2.

4 PFHEEK 5 45 R 5 P (The experiment of
simulation and the analysis of results)
4.1 S S H¥ E (The Setting of experimental pa-
rameters)

N T B AR LA b 3 At B AT RO K s i B R
fe, K A SCHE R BDABCH L S B AR ABCH AT
TR SER . 7R FLSE I A Sk R T 6N A B
H 200 S MR bR B 4 Sk B SRS B AR
DM ZA RN R ER)PIRE. RIFIH T
X IR BR K R S U YO R 8 4 Jry s A i
Horp, fr~ ford A B, 2RI
PEXE B2, L IPATYERE, f3~ fo e BARMAEL

HMEHR B 42 R S U AH, DRI mT S 36 S0 1) 4 SR 4
RN TEREATIE S I AW RETT . 78 8] IRIE AR REL T,
A S 0 U o Fe A B 22 0L T S (AT

Step S 4 BITE TR BERARMBRICAFE T I BORA BRI F VS,
A1 AR MK & S
Table 1  Six benchmark functions
PRIEL Ji R WEYEE  Hee R
Sphere fi(z) = fj z? [—100, 100] 0
=1
Quartic fa(z) = i iz} + random]0, 1) [—1.28, 1.28] 0
i=1
Schwefel Problem 2.26 Fa@) = = 3 (2 sin(y/Jza]) [—500,500] —418.9829n
i=1
Rastrigin fa(z) = fj [22 — 10 cos(2mx;) + 10] [—5.12,5.12] 0
i=1
Ackley f5(x)=—20exp(—0.2 % 3 I%)—exp(% Zn: cos(2mx;)+20+e) [-32,32] 0
i=1 i=1
- — SN2 T eos( R _
Griewank fo(x) 4000 1; x5 4];[1 cos( \/;) +1 [—600, 600] 0

FESZIG R, PR RVE 8 5 (colony size)ts)
A 100, b 5| B 1R AN H5(ne ) FH R 6 1 > 24
(n0)3 H50; fEIIANESN = ne = n, =50, Wik
BRI B0 1) 4 KD 4 51 EUSOAT100, AH Y. F B K 3% AR
R EMCON %Y 5 2000815000; fEABCH, limit=

SN-D, 7EBDABCH VA, 1imit=50, P 4>F FiHE
AMEELSY RS0, IR SN = ne = no =25,
R H 22 B HG =50, 5 REAS AR B8 5085 5
BN AT30 K LM, & e B A [l 4
U I AR 5 22 H S PSRN 7 22 1) B A D
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R, TR P HRSAA L RE, B 1~647 R
PR B SO I ~F- 12y 3 AR P 3R AL L R 1 2k (1004 )

HE A R it 2 ). P R R AR R R s R PR AR
2, YPARRR TSI TG A

E 2 O MK A 0GB 4k R AR (504%)

Table 2 Comparison of experimental results of six benchmark functions(50 dimensions)

JiZE

KAE

/M

6.691496E — 011
6.233437E—024
1.062128E—012
1.300959E—033

2.869498E—010
3.454583E—-023
5.008864E—012
5.119839E—-033

1.025880E — 011
4.096191E—025
1.102194E—-014
1.880861E—034

1.368055E—001
3.462654E—002
3.520698E—001
5.214447E—-002

1.133232E4-000
1.917625E—-001
3.164215E4-000
4.017494E—001

4.898284E—001
6.800217E—002
1.853860E+-000
1.822192E—-001

1.043607E4-002
3.613201E+001
1.855057E+4-002
1.512783E+-002

—2.020742E+004
—2.083071E4-004
—4.081883E+004
—4.130610E+004

—2.064856E+004
—2.094914E+004
—4.142370E+004
—4.189829E+004

1.168673E—005
8.427937E-015
1.544835E—-012
2.837024E—-016

5.964192E—005
4.618528E—014
6.243006E—012
1.443290E—-015

2.070522E—011
0.000000E+-000
1.088019E—-014
0.000000E+-000

1.891135E—-007
1.580259E—012
6.536969E—010
9.451118E—-014

8.994045E—-007
7.777TTTI8E—012
4.569487E—009
5.870859E—-013

1.233645E—007
6.794565E—013
2.118687E—009
2.353673E—013

BRI Y Hk ESTIE]
50 ABC  7.431086E — 011
BDABC 4.477788E—024
f1 Sphere
100 ABC 5.353588E—013
BDABC 1.255630E—033
50 ABC 7.701566E—001
) BDABC 1.226310E—001
f2 Quartic
100 ABC 2.476103E4-000
BDABC 2.500413E—-001
50 ABC  —2.046301E+004
f3 Schwefel BDABC —2.093728E-+004
Problem 2.26 100 ABC  —4.112410E4-004
BDABC —4.160215E+004
50 ABC 3.043434E—006
BDABC 3.197442E—-015
fa Rastrigin
100 ABC 9.305371E—-013
BDABC 1.369275E—-016
50 ABC 4.688896E—007
BDABC 3.264174E—012
f5 Ackley
100 ABC 3.097513E—009
BDABC 3.408829E—-013
50 ABC 3.002776E—010
) BDABC 3.700743E—018
fe Griewank
100 ABC 8.171797E—-013
BDABC 7.216450E—017

1.539993E—-009
2.026981E—-017
1.280251E—-012
1.261999E—-016

8.453016E—009
1.110223E-016
4.397926E—012
4.440892E—-016

5.714318E—-013
0.000000E+4-000
5.551115E-015
0.000000E+4-000

4.2 SZE 45 B 5 BT(The analysis of experimental
results)

1) HHER2FIRE, 2] %0, XFF 52 2% (1) SR s iR 4L
Sphere, ABCHVA I Sicid B2 5012, 1TTBDABCH. %
(7 0 S35 B 5 B T ABCAEE, JL T4k 1k i R 11
WS B 0 M. X PR 2R bR Quartic, PP 5
FEAEEAL 5L W Slcid BE AR PR, (R 7R BE Ak 5 S
SN W G ek 18, (HBDABCHE AR A T-ABCHL V2,
HBDABCI A& ML LF T ABCHIZ.

2) % P& pf HiSchwefel Problem 2.26[1] Bt
8 35 H 4[500,500], 4 4E %t 2500, & 75 A
(420.9687,- - -,420.9687)kb Hy 14 # it i B 1H
—20949.145, 1% bR FP) S AR AL T4 = 25 () ¥ 34
GO AT, 23T 1, BDABCH 7% 1) HE A
2 TABCH L. HILnT LUE i, BDABCH 7%
X T AR T 48 R A [ I 2 s UL, B R

U (R K B A

3) Z 1A PR A Rastrigin, Ackley, Griewank &
A ARG A R e Ak 1), 3= 2 St i 5 vk
(f14s SR8 R T fE, M E4~61T LI H, BDABCH I
(VAT SICTHE P AR 340 v T ABCH V. T iX 26 bRy
EH 5 VR, AR 2 2 B N JR) 0 s A0 T 48 2R
{57, (HBDABCH. VLT 2 21 8)) A& 4, A HLS
AJRE B R R L, B T R ISR . XS
T-Ackley R £, JLT- 2 1 366 ok (1) e S 280 g A A, 6F
TRastriginf £, W SR BN . Bk W,
BDABCH i H AT R I 14 Jmy 38 22 11 5 R B 1)
PRI

ik B F 43 T AT %, BDABCLE JE ARKABCHE L
SR BE RIS SIOH B 3 AR 8 3 i3, Lk
e W AL T HEAABCH L, I H B A 4E 5034 i,
BDABCHRRKF T U (A R R A g k.
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Fig. 1 The progress curve of Sphere Function

i — ABC
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1)
g 1
1072 | | 1
0 500 1000 1500 2000

(R
4 2 Quartic FunctionigEfbid 72 il £
Fig. 2 The progress curve of Quartic Function
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¥ 3 Schwefel Problem 2.2633E {4 i 7 1 £k
Fig. 3 The progress curve of Schwefel Problem 2.26

I(]ﬁ 1 1 T
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1075 1 I | o s 4
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AERR AL
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Fig. 4 The progress curve of Rastrigin Function
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Fig. 6 The progress curve of Griewank Function
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