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Improved artificial bee colony algorithm
based on chaos searching strategy
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control engineering, Liaoning University of engineering and Technology, Huludao 125105, China)

Abstract : The current artificial bee colony algorithm results in the swarm lacking diversity, and the global and local
search abilities and convergence speed are slow. We propose an improved artificial bee colony algorithm based on a
chaotic search strategy. We map the algorithm with the carrier using a chaos decision variable transformation, gen-
erating new neighborhood points, and recruiting bees within a broader search space and from better source loca-
tions, while enhancing swarm diversity. In addition, the investigation of a local honey bee search better solved the
algorithm problem of the local minimum and improved the convergence property of the artificial bee colony algo-
rithm. The most recent six simulation validations of the standard test functions using the proposed artificial bee colo-
ny algorithm, based on the chaotic search strategy, are significantly better than the performance results of the cur-
rent artificial bee colony algorithm.

Keywords : artificial bee colony algorithm ; chaotic search strategy ; carrier mapping; local search nectar; the swarm

diversity ; chaos-decision variable; convergence performance; simulation experiment

N T AL (artificial bee colony algorithm, ABCA) 22— Fp ) H 4% AL 28 W Fi BRAS [R] 43 T

L [F] G BT PR R HE . 1995 4F Seeley B

e B #:2015-4-30. %% H KR B 83 :2015-11-10. UKIER 1A G s e BE AR AT O ) A A ZURE AL S 2005

B MR ARP G VN (51274118) s U THAFE T RS 4 D.Karaboga # 7. T H A 52 U R shE B9 N T 04
YT H (1.2012119)

BAEEE X RIS, E-mail :2965131477@ qq.com. TR AR 7 L Ao JE 2R 1) e AR Tb 52 56 56 E




£ 928 - oo A

@é\r
5

%W H10%

TN TR L — s & S B TR Y
TR SE M, 2006 4 D. Karaboga 55 S f ABC
PR FH I IR ) PR A5 D0 A ) b 22 I 25 )11 5 B
FURPC ATV IFIT T 8 ar i a8 R . 7E S
k[ 1-2]H, Dervis Karaboga %538 i X} Z F #& e 1k
SR E B TL IR, f AR AGR 22 T L
N TSRS R B L HAB R BRI AL S e th 2R
WrBe b BA A e, 2= B AR PERE
N TR A Re AL S 2R, S A B
WAAAE H B BRI 42 R d8 R A8 ) R B Y
P F U 5218 B 2R R IR A LR, 7 R 4
REETFAAED BN R T B IMEL TR, R ) % 3 A
TR AAAE— DX T IZ S LA R R )
B R R B R ZAEE . SAEVERRAR, S5l
AT Jy i R X B, B SRR
N JrFR AR, FE M 23 5 me 4 Rt R BE ), W SIGH i 2%
Z P, (R E SEREREAAR  BARA T s A
FE—SE ()R LU AN . S B 0 AN (] 438y RN A SR s
Hh o A A AEAL P — 28 AL AL IR BN 7R 5 B
AR SO S 2 A ), SCRR[ 6 145G
Markov FP4: J57 R Rl B148 2% 5305 s SOE U], TR BE T
ABC BE B2 2 R SR BT, T4 ) —Fh 8 R %L
R R Y R A8 R AR ke Y B AL A 1) A5 Sk
[ 7153 I BERE R IR 1k | SR R S IR B AT X 3
AR RN N T RE S 0 AT 1 ek Ak, A &0 1
i AR MR ER IR FE M RE AR B TR
i SCHRL 8 ] Fu 4% 1B LUk A AR R B
DRARIAL 138 3 A7 1) B3 1k Jmy B AP Fy 1) AL, 6t %k AN [
FIR) SR P 4 A SR 3 S 22 b S SR AT i
B, 3L H 38 A T B LA Y 0 SR R g AN
[FIIE S 52 2% [R)

N TR RO B 5 B R A R
SR T AR R AR AR AP I HET A T
AR R PR Ty 12 R 22 0 LSS J3E 1) B 1 2
N4 R R SRR WA T AR T i — P8 40 (Y 4B
FRIGH, X ol SIS 8 2% 1) Jeg BR P 2 1 5 B 0
TEZAEVEREAR , 25 20 B AR AL, BT X Rk LAk )
I A T REAFAS A R e A . BT LA $ ) — T R
TR R R 0 e e N T 5k 5l A TR
FA AR 38 A 8y oK TR D A B ) (e S B 0
A7 i LB T PN ™ A J 8 S5 D e 1 4 40
AR B SR R 1) 22 R 4R R A R R
I AEHART B N Rl s 0T AR5 4 Ry e DG it

1 ATHHEE®

N THERFRAAY R S P R v, 8 8 4 IR A (]
f 53 TR 0 Ry R B i LSRRI A e 3 | R 2 e

A BARER , PR R LT I, S0 R P FE AR
Joi B T T M ) S T AU e i e A el T T
IR, B MRS R RIS B — & W] L
BEAT TR 3 Fof 8 ol £ 8 U0 A A B I R B e Al e
JRE, I LA A Bl 22 [ 3o o B e R ) S8 3 T 5
BV 1) 2 R ) e AR S A A 5 DX 2 20 1 31 )
YRR Kk A AT S IR R, RIS, o iy
URCRE A4 22 /0 DR T2 36 TP ) P 122 200 0 BT T I, 2T
AEE T 1922/ AT LU I 3 R A8 RIS, BT AL
B 1) ) 4 B R T R 422 B ) I DB 5 B 2
Toft B4 17 E AR , Bl B DAL B B 22 | [ 20
IR o USSR 52 IR B L R B (T B PR T
SRR AT, 4R B I A DR S R T e A A At
AU (T UG 7E M AF ARk S OB B, AN IR b A
B P B AL A R/ IN TR R 7 AN ] e o 22 18] ) e AL
VB, SR A RELE QBB P A U8 3 i 7 e 2 5 b A o
T ER , BN B R AL

N T S b JR s 0 B AT O R AR, AT 1
SRR A S R R e g e AT N
(UF) , BiAH 55 0 R S R 4T 0 (EF L), JFUR 3 8
REATH(EF2) , S L0 Mg -4k e BE I 9
BATH , R L NS I FHRE AT,

R TR

Sk

Sk

B1 ANT#EREENERRE
Fig.1 The basic principle of artificial swarm algorithm

Bl 1 SE B AR T 3 Al R B E] A 1 3L R S
FRARC O 5 Y T3 N T M R R Y B A 2P R
*F[3»4] .

D) WIS 8, W E BRI N, RE %
N, UiEEWe N, EIRAE N2, BIRAEE D |, 4RI
MR S EUE K, B e 5 B B Limit, SR 8
BHRMEEIC X = [X, X, Xy ], Hh X, e
S(i <N,) &N, A, X(0) fUFA) i R 2 6 Fi
HE, X(n) AR n ACRE BT,

2) X T no=0 W% BEHLAE L N, S ATATE (X,
Xy, Xy)  ERBERL= A AT X, K

X=X, +rand(0,1)(X, -X,) (1)



Fo

A A5 R M AR SRS A O N TR Rk - 929 -

K jBUET {1,2,-+,D} R D 2 fig i) i A~
gyiE . AR ) B IE N A, IR HEA T —
EVE W UG R M FIRE X(0) |, WIAR bR s )
trail (i) = 0, TL SRR 2 I 15 A ] — 2 R 148 R B

3) WEWIRIEACREL iter=0, % T4 n 1R
FWE X (n) FE G ET B 0] B SR S A T4 R
I E R AKH

new_X =X, + oi(X - X) (2)

K jBMET (1,20}, k BUET (1,2,
Nt HE#i ok, j¥N[-1,1] MEENIEL

4) AR Fr A W B 45 D ) B A B e L7
B, SRR Ry ) 1) o RS S T
Tyl aEAR Y R W A e ARSI T 2 Rk )
BPEVRAT , IC BU 7 W O new X, T — R
WA EIFEAFE R X, W6E 2 IRETRIE R,
T (AR AN B IR T, , MR R

P{T(X,,new_X,) =new_X,| =
1, f(new_X,) =f(X,)
0, f(new_X;) <f(X;)

5) YV AR B R TR AT BT B SR I
X = 25 AR I LB 2 i 2 s fEAT
G, AR AR (4) I HEAT & B B SR
RN AL R R e LUl 2 (4) Hhod B
H AT EIE R AR TR R IR R, AR
BEE AR 55 DRy Xof g R S M R 2y

X,
PIT,(X) =X} = Nf( % (4)

)

(3)

X T, FoRBEHLBLS
6) X Lb Z2 A R B R BT PR AL, A2 i L
BRI R (x),0,,0,x,) , d ABUAREEAD
B, [mI At 3 H AT SR SR IS 1V Best_
Fitness
7) TEE A Z A, AN Wt b R A 1] 1 trail (@)
C SR () — R B X [] — 2 R 7 ' 48 R K, 24
trail (i) >Limit G220 (3) B, BRI B IZ &0 38
PRl S U 7 o R R A I, o P L b R
23" H S B RO N A R U | BIOTORE I R
MR AILE WA IR E R
X(n+1)=
X, +rand(0,1)(X, . - X, ), trail(i) = Limit
X,(n),trail(i) < Limit

(5)

8) SR A A5 Lk DN D45 ok AR R A s e

& W BE{H Best_Fitness , 3R B iter =iter+ 1, A0 )
S () %y, 00 ,x,) , WL 2E 3) &,

2 HTRIEE R Ry Wt A TR

"

R N T8 RESE 1 (ABC) S k= £
FEVE WEBGHR BERNG | 5 B AR B B 055 BB, 51 A
TR 2 RS 0 e N T 48 HE59.7% (improved artifi-
cial bee colony algorithm of chaos searching strategy,
CSABCA) , >R IR 2 s 40 A N\ TS 33
SR e ISR (Y 18 R s (8], 7Rk b AL b 7 2R )R
PR DR AR AR S, AT 1 Ao A e i 4 R
fE Ao B L) e P R 3 B I U

TR AR A AR R ARIE (6)

Yurr,a =M ° yn,d<1 - yn,d) (6)
FEAARIRIE RS, SR i i B Ty SRR TS A
WS B4 AR e BB, X (6)H, noe [T,
Nowl ,d e [1,D] | p BIRHCRS AT 280, 4
w =4 B}, Logistic 72 M B 2RIMRE, B
R RE N < AT R W N A B 7 A — A
Dgﬁlzﬁﬂuﬂiyo :[9’0,1 Yoo °°° 1.y, €[0,1],
yo MIERWIG(E , 3BT Logistic 77 B IR 2E4C, 15 2
oy, , o TR AR (6) 77 AR B Ja i dme 10 it Y
BTGB, $ MR A Ty 2ORE TR AR R
TERF AT I R A A £, , b AT A
y,n,d =fi,d + Ri,d(zyn,d -1) (7)
WARIEA B y, , PR TSRSy, Hb
JE VAL i I i) R B I P TR R S, , bl A
R, W XN, Ba, TR AR B Fit-
ness (y', ), [ TSR IR PE 2% A 2 b B dRe il
% B Best_Fitness (y', ,) , & LT Fitness (y',,) ,

YT H AR K2 minf(x) , B A X =
[y 2y o oy ]! TERERE TR I RN 1A
TIERFFEL (CSABC) LB IRANT

1) # IR 1) 04T 0 e KRR T 2k ARk

2) A AR P F1 00 4 e i AE OB (BT AE (0,1)

9 N, NE5 D dEm iy, il 2 (7) B 20k
Vo WL 3] S A 25 (] SRS B P P A DR R g

VBRI Ry, , BebEd A E R R

C

%Q%y// 1[19]'

y"n.d = (1 - T’)y’n,d + nyn,d (8)
Kb g MBS BERE, » WREAX Ny =1 -
K-17 ey
() o H1 H AR R & E

4) i RERAE 2) ~6) AT,
5) 38 3 75 AE B BRI AE Fitness(y', ) , X
TR BEAE K B AT N, 2 A 1) i Ry 2 U A B, X



£ 930 - oo A

N S ¢ H10 &

BLN,/2 AR E W, wad(2) SR sREA &,
N p/2 AR W 70 AT Sl B i 42 R X (7)) - 45080
"4 PR SRS B B2 {H Best_Fitness (y', ) , 47
Best _ Fitness (y”, ;) > Fitness(y', ,) , v',, =
y' g strail (i) = 05 /W ' AR trail (i) =
trail (i) + 1, IF 7H50 ULEE I e A o R B 04 B A58

6) 4 trail (i) > Limit i, 347 7) , 2RJ558 i
SR U < R 7L Ry AT e 0 AT A e A TR T X
TR A, |

7) 30k 2 H AT 1k 7Y A 8 i 4R 0 R
U, BB iter=iter+1 , W2 A5 15 B fig KR Tl 640K
B0 AR FE R Y R FR B R AR, A0 3R (]

#| 2), CSABC HELMFEARER " mE 2,

3

KEREL(T), (8) FHoH M I
S T PR RSO S TR |
trial

B4 trial(1)=0, T trial (i)=
ial (1)+1

[]
T | (R e 1T 7 B el 77 AT B

T e 22 35038 1oL PR 0

= [ B VB B b s

trial

IR LB RE 2 SRR
{1 51 9] 4 AL i
A B S B L o)

TRE VS s ! N
2 Bk 3 e

%%ﬁﬁ%

ST 2 V2R 2 2L IR A | [ i AR e o 24 i
T B o 38 A AT B ﬁﬁﬁﬁ%fﬁ i i AL
[ 7E A B R

(]
O SR Y 1T A R B 1
PRAE, B 4= Ja S A fi
Best_Fitness,v&ii—?%T iterster+l

]
JI38 N7 B PR AU {E Fitness]
Jbs [ i trial () AR
SR I AR [R) — 2 R A0
15 B IR

}

B2 CSABCHiZEimiZE
Fig.2 CSABC algorithm flow chart

3 CSABC £33 &

3.1 kRAEK R

SRy S TE TR A AR R 1) N TR SR 1
fig, £ 6 P FRiEMN K R %L Sphere , Rosenbrock | Ras-
trigrin , Griewank , Ackley H1 Schwefel # 17 ¥k fig
R Sphere JE— AN A BIE AL R B, A 4
JRitBAE, TIN5k SO0 B AN S5 BE ; Rosen-
brock 52 AR o A5 ERLIGE pR K, A7 Ry B AR/ ML, T
IRV 1 W SO BE AT 2% Rastrigrin, Grie-
wank , Ackley Fl Schwefel #B2: 52 4 i JE £k 1 £ 1 bR
B AV Z AL TS R 1 4 R 48 R R
T kR (A IRk e LB RE S 0 6 MR
Y PR AR Tk 2 48 R 8] S i W 1
32 EWHESH

K JH CSABC 5 ABC 2 FhEE7E BYXT L 0y B 52 50

BEATPEREINIA, 75 ABC 5k B2 WG S 4. 1
FEHUAE N, = 100, 2 UE~40CH 50, D = 100, N, =20,

N, =10, N, = 40, ZUEMFR Limit =100, fz K%
FRUEH 2 000; 76 CSABC B kb IR TR S 1945 i
SHp = 4, IRTEWU AR R, R A AR B E X
B 3/10, 0895 28 o = 0.25, HASH 5 ABC
AL, B 3~ 8 & AnifE N T RE R (ABC) 5
AR SCHRE Y ) TR DA R SR Y B N TR
(CSABCA) Xt 6 A~ i I3k p& 25 1) 10 fh it 72 v, 0
FESILXT LR,

xR 1 ARENNR T
Table 1 Standard test functions
PRI Tt pR B ek =X R LU [N
f fix) = X %2 [ - 100,100] £(0,0,--,0) =0
b fHr(x) = i[lOO(xM -x2)" + (2, - 1)7] [ -30,30] L1, 1,--1) =0
/i filx) = 2” (%2 = 10cos (2mx,) +10)  [-5.12,512]  f,(0,0,-+,0) =0
n n X . _

fi fi(x) = M w2 - Hi:lcos(f) +1 [ -600,600] £(0,0,---,0) =0

fs(x) == 20exp( - 0.2 /%Zxﬂ) -
/i [ - 32,32] £:(0,0,-+-,0) = 0

exp(i cos 2mx;) +20 +e

., £,(420.9687,++-) =

f fix) == 2 (xsin(/Tx ) [ - 500,500]

418.9829




%6 A A5 R M AR SRS A O N TR Rk - 931 -

10°
o
Zp
g
e 130 S
B0t ABC
, . 2
054 6 & 10 12 14 16 18 20 1005 4 6 § 10 12 14 16 18 20 "
AR St i
B 3  Sphere oR £ S UXT L #h 2% B 6 Griewank EREIF 3T LL B4k

Fig.3 Sphere of function optimization curve

Fig.6 Griewank of function optimization curve

10°
‘100 p
=
%107
g 10 e
= -
10"t —CSABC
10" 10° T ABC
< o153 2
0 2 4 6 fz&?@% 14 16 18 20 10°0274 6 § 10 12 14 16 18 2610
EARIREL
B 4 Rosenbrock EREIS Xt EL i £k E7 Ackley F e WA L

Fig.4 Rosenbrock of function optimization curve

Fig.7 Ackley of function optimization curve

10° 10
100 @_I‘ —CSABC
= - = --=ABC
g 10 - =10
g 10" E R LT E T
-15 x10? 102 2
05054 6 & 10 12 14 16 18 20 024 6 8§ 10 12 14 16 18 2610

R E
B 5 Rastrigin REF AT LL Lk

Fig.5 Rastrigin of function optimization curve

EAR IR EL
B 8 Schwefel EEF 3T B £

Fig.8 Schwefe of function optimization curve

®2 MURBNKEREE

Table 2 Comparison optimization function test result

BRAL RS [ P22 wARE
Sphere ABC 5.345 16x107" 3.556 71x107" 4.854 61x107"
CSABC 1.23503%107'° 6.123 12x107" 1.929 24x107"
Resenbrock ABC 25.697 894 13.100 12 23.284 59
CSABC 0.541 187 0.556 073 0.330 645
Rastrigein ABC 9.050 27x107° 1.59532x10°* 6.25471x107
CSABC 6.205 41x10°" 1.074 81x107" 0
Criewank ABC 3.716 86x10°° 4.705 65%10° 9.044 17107’
CSABC 2.228 28x107"° 3.826 82x107"° 6.647 05x107"°
ABC 1.509 9x107* 0.789 04x10°* 1.80593x107
Ackley CSABC 1.746 75x107" 4.102 32x107" 2.22045%107"
ABC -19.695 2 0.958 708 -16.1453
Sehnvelel CSABC -34.8402 0.671 552 -34.494 4

W 3 ~ K8 MEREGE, 7T LA W, 7R 4ES
100, BERERLAR N 100 BUTE LT, CSABC B TGi8

FEMSCBICH E T T | W BSORS B 3 2 - 4R 4 Ry e AL 1 77
T, #RI 20 T ABC Bk, BT LU R4 ik 5 B



932 . BOfE AR

N S ¢ %10 %

ARy ER R AE T R e s, Pl ‘ﬁéiﬁﬁ%ﬁm #22,

M 2 aTRIA L6 DI AP, CSABC B3k
AIRR(E, P SARIEZE LT ABC 505, HASC
CSABC S35 M4 SCHk [ 117 A9 ek ik 3335 TABC,
Sk [12] L SFABC, SCk [ 13] g5k
LRABC , #UCHEAT -0 0 12 3 10 40 41 AR S5 3 A7
R B KR R IREL C,,,,, = 40, BRI ok
# Rosenbrock 1 Griewank 435Iz 17 40 WK, %
SRR N 1072 BEAT NS LR, L3R 3

®3 FEBHEANTEHEERUER
Table 3 Different improved artificial colony algorithms op-

timization results

PREL Ak ¥i{E brifE2E ST 24yt i)

IABC 4.958 67x107" 7.668 47x10™"  25.1755

Rosen- SFABC  6.471 200 3.852700  26.6514
brock LRABC 1.359 18x10™" 8.747 17x107 24.1843
CSABC 5.2657x107  6.38326x107° 17.5548

IABC 0 0 31.0128

Grie- SFABC 2.5457x107"° 7.78426x107'° 22.8748

wank LRABC 0 0 27.893 4

CSABC 0 0 18.2354

3R 3 T 2Rl elae N TG B B0 (4% L i mT
53 XK PR L Griewank . IABC . SFABC Fl CSABC
B IR B A A, T % Rosenbrock M 12 pR %%
CSABC S TEIE ARifE2E B V- Y is A7 it |) b 3548
F IABC .SFABC F1 LRABC 59, i gE— 2 563E T
CSABC S3L R dE

5 #ERiE

ARSCF BT X N T IR 005 e i 18 R 18
LA, ZREVEREAR A 5 B AR IR (HAF 15 2 A
AR T — ol 2 TR R R S 1 A N T A
Bk EETIA T IR R i i 2 7 X
R R AR P (L R S 3 00 AL A 1 Y BBV L N 7
A SRS BRI ik 1) i K 8 S, TN BR T 2 Jy 1
AE S MR R R AE ST 5 T IR 2R Bk TR
FRBRAEL, S 1 SE SO B, i 6 R i I I
PREIY X HE 00 551, CSABC 537k B Ui 8 3
P, W SSORS BE e AR I 4 R R BE 1. TR, %) L
T 2RO N TRk, e BAE A SO A A
R

SEH

[1]KARABOGA D, AKAY B. A comparative study of artificial
bee colony algorithm[ J]. Applied Mathematics and Compu-
tation, 2009, 214(1) . 108-132.

[2]KARABOGA D, OZTURK C. A novel clustering approach
artificial bee colony ( ABC) algorithm [ J]. Applied Soft
Computing, 2011, 11(1); 652-657.

[3]ZHU Guopu, KWONG S. Gbest-guided artificial bee colony
algorithm for numerical function optimization [ J]. Applied
Mathematics and Computation, 2010, 217(7) : 3166-3173.

[4]SZETO W Y, WU Yongzhong, HO S C. An artificial bee
colony algorithm for the capacitated vehicle routing problem
[J]. European Journal of Operational Research, 2011, 215
(1): 126-135.

(51248, 2=0F. HATIR I 2w s e o fu sk [ ], %
M5, 2010, 25(12) ; 1913-1916.

LUO Jun, LI Yan. Artificial bee colony algorithm with chaot-

ic-search strategy [ J ]. Control and Decision, 2010, 25
(12) . 1913-1916.
(61T &, kS, N THHELMISMtaI[T]. 4

5@k, 2013, 28(10) ;
NING Aiping,

1554-1558.

ZHANG Xueying. Convergence analysis of ar-

tificial bee colony algorithm [ J]. Control and Decision,
2013, 28(10) ; 1554-1558.

[71EWK. F=T R i e N DR RE ], AL
BEHIESE , 2014, 31(4) : 1024-1026.

WANG Bing. Improved artificial bee colony algorithm based
on local best solution[ J]. Application Research of Comput-
ers, 2014, 31(4) . 1024-1026.

[8 ML, KR, K TR G SR 1 3& N2y~ 1 IF 47k 1
AL 1], 5 h3E, 2013, 28(7) : 1087-1093.
WU Daqing, ZHENG Jianguo. Improved parallel particle
swarm optimization algorithm with hybrid strategy and self-a-
daptive learning[ J]. Control and Decision, 2013, 28 (7).
1087-1093.

(9145 /NEk, ORREE, 201, & HiniR iR 7L Bk
[J]. {54, 2012, 33(1): 24-30, 37.

XU Xiaobo, ZHENG Kangfeng, LI Dan, et al. New chaos-
particle swarm optimization algorithm[ J]. Journal on Com-
munications, 2012, 33(1) . 24-30, 37.

CIOJEIFH, TRAF, /8. AIERL Tent IR AN T 14
WL T). BRI B 5%, 2014, 31(11): 1502-
15009.

KUANG Fangjun, XU Weihong, JIN Zhong. Artificial bee
colony algorithm based on self-adaptive tent chaos search

[J]. Control Theory & Applications, 2014, 31 (11):



%5 6 14 ZIGEE A R T R A B O N TRk - 933 -

1502-1509.

(1] B, S m e [ 1], AL L 5kt 2011,
32(11): 3869-3872.

WANG Hui. Improved artificial bee colony algorithm [ J 7.
Computer Engineering and Design, 2011, 32(11) . 3869-
3872.

[12] EHE, —Fhiir L2 K i N TeREEE ()] iR
£, 2011, 37(22): 139-142.

WANG Hui. Artificial bee colony algorithm with sharing
factor[ J]. Computer Engineering, 2011, 37 (22). 139-
142.

CI3TXU=FH, 5K, AU 5T )R S 2R 0 L TR 5 0k
[J]. 50K, 2014, 29(1) : 123-128.

LIU Sanyang, ZHANG Ping, ZHU Mingmin. Artificial bee
colony algorithm based on local search[ J]. Control and De-
cision, 2014, 29(1) . 123-128.

(14]5288h, T . 2T 380 50 SUDH 7 11 i 8 50 05 1) ol ot
[J]. #otZeik, 2015, 36(2) : 23-26.

PENG Hong, DING Yucheng. Improved bats algorithm op-
timization based on genetic hybrid genes[ J]. Laser Jour-
nal, 2015, 36(2) : 23-26.

[ 15]GAO Weifeng, LIU Sanyang. A modified artificial bee colo-
ny algorithm [ J ]. Computers & Operations Research,
2012, 39(3) . 687-697.

[16] OMKAR S N, SENTHILNATH J, RAHUL K, et al. Arti-
ficial bee colony (ABC) for multi-objective design optimi-

zation of composite structures [ J]. Applied Soft Compu-
ting, 2011, 11(1) . 489-499.

[ 17]KARABOGA D, AKAY B. Artificial bee colony ( ABC) al-
gorithm on training artificial neural networks [ C ]//Pro-

ceedings of IEEE 15th Signal Processing and Communica-
tions Applications. Eskisehir: IEEE, 2007, 1-4.

[ 18] KARABOGA N. A new design method based on artificial
bee colony algorithm for digital TIR filters[ J]. Journal of
the Franklin Institute, 2009, 346(4) . 328-3438.

[19] Exmst, 225, RE. B TRMZ BirstE 8k

MARGEARALT]. B RGeS #H, 2011, 39
(22): 16-22.
WANG Ruiqi, LI Ke, ZHANG Chenghui. Optimization al-
location of microgrid capacity based on chaotic multi-objec-
tive genetic algorithm [ J]. Power System Protection and
Control, 2011, 39(22) . 16-22.

(20 i, WA, —FOSURPRE 22 o M RE SR [ )] il 3e
5Ri, 2011, 28(2) ; 266-272.

BAO Li, ZENG Jianchao. A bi-group differential artificial
bee colony algorithm [ J]. Control Theory & Applications,
2011, 28(2): 266-272.

EEEAT:

Wete, 4, 1963 4FA: Hfz, it
FEWFFETT 0] R JZ BT S U LS
FE R R B ik S, S
INER QSRR H 2 W, FRe A2
BHB TR & 0 H & — I, &
Fra S HAB RO H 10 A0, i@ i
B TTAIAAC S E R RHIF R 2 100, SRR AR 10 X000, &
FAEARIRIC 20 T

XIFI 58 5B 1988 4 A= i+ WF 5%
A, FEWFSE T A A RE A 5 12
%ﬁ‘o




