Computer Science and Application HHEPLEF 5N, 2022, 12(11), 2619-2632 Hans )0
Published Online November 2022 in Hans. http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2022.1211266

ETHHSHREFEINATEFTEE

B, £ &Y, £ &% 47 2

Yht PHT TG 2EBE, SBAeIT 4 PHT
2R LR, IR WAJRIE

Woks H . 20224F10H25H; FHEM: 20224F11H23H; &4 H: 20224F11 H30H

HE

N LB IE(ABOEA—M B M AT EEAR, # ZNATRRTERNE, NFREER R
HWREAE, WSEEBMH S, R/ TETIHRAES FN TEHEY:(CRABC). 5] SUEM &,
WL RINBRFE T - RIERPRER; E5I9EMBE, TTESRTMERNITN RARE, RIEE
L (B P BRI B A T RIS R RIERE, KRR T BEWSOERE . NIUEFriR CRABCEIER
MR, AT 12 EENR R BT, BCRABCEESABCE Y, NiIIAESE R KABCE E
(CABC), I AFTEH RIS HABCE S (RABC)HEHTELER, SRIGIE 454 7 Fl S0 J5 11 CRABC L HE it
R, FKCRABCHE, RABCHIELSGABCHE, ABC/best/28ikME 5 MMM R E AT LS .
IOEE SRR FriRFICRABCE LT IR FABCE LM R FIERRES

XK ia
AT, 2027, FRA%S

Artificial Bee Colony Algorithm Based on
Refracted Opposition-Based Learning

Mengke Gel, BingWang?!*, lanWang?, Hao He?

1Mudanjiang Normal University, Mudanjiang Heilongjiang
’Harbin University of Commerce, Harbin Heilongjiang

Received: Oct. 25", 2022; accepted: Nov. 23", 2022; published: Nov. 30", 2022

Abstract

Artificial bee colony algorithm (ABC) as a simple and effective computing technology, is widely
used to solve engineering problems, in order to overcome the drawbacks of the algorithm’s weak
local search ability, slow convergence speed, Artificial bee colony algorithm based on refracted
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opposition-based learning (CRABC) was proposed. In the employed bee phase, the candidate
solution of the next iteration is generated according to the current optimal solution. After the
employed bee phase, calculate the refracted opposite solution of the current population, according
to the fitness value, excellent individuals are selected to form the candidate solution of the next
iteration, which greatly improves the convergence speed of the algorithm. To verify the optimization
performance of the proposed algorithm, 12 benchmark functions were utilized to investigate the
algorithm, the CRABC algorithm was compared with ABC algorithm, ABC algorithm with only
differential variation (CABC), and ABC algorithm (RABC) with only refracted opposition-based
learning to verify the improvement effect of the CRABC algorithm after the two strategies. Mean-
while, CRABC algorithm, RABC algorithm, GABC algorithm and ABC/best/2 algorithm are compared
on five benchmark functions. The experimental results show that the proposed CRABC algorithm
can improve the ability to develop and explore of the ABC algorithm.
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1. 5|

REAEE AR KIEG, 515 TR R G v SR BRSRBR T A, AT R 45 5 v ok SRS P B — A i A
R I R, AR R R B TR . 2 SRR R R S A, B B AR R B v s A ™
WK, HAEH TR S g AR MR R R R A L R R T B, B ks, XHRZRA =,
HAX LA E AR R O I B R R A, 1T L2 B Ak BV B G R B )

2005 4 - H 2% # Karaboga [1]15ZU§RFANMAZ 18] ) TRIZZ I 58 BUR AT NI Ja KA H T N TR
% (Artificial Bee Colony, ABC). 54tttk LML, ABC Hikxt BARRE LR L% HER, #
TEfTR, BHISHU>, FINHA RGN R G &, e —Le R 8 EA R MBS, 4
ifi ABC BEAAIEfR I R A 159, WECERE Bk m[2], Bk, ZEATRH T & FAFE D R &
%o I 2] (Opposition-Based Learning, OBL) 5 /& 3 o (1) — /N eidt F B, Tizhooshs #1 Pahnamayan %%
[3] [4] [5]1E4 S I 2 > FH T8t A% 5495 (Genetic Algorithm, GA), #4334k 54 i% (Differential Evolution, DE)
RT3 7% (Particle Swarm Ootimization, PSO)% £ Rl & REL AL HLE:, FFHUSIRIT4EH . T4 17 ABC H
IR IR A W B BR: FH AR 36 5 1) 2 =0 SR TE R R EE[6]

N0 ABC BEMPERE, AR T B T4 5 S n) 5 S N TG RF S0 o 1SR 7E 5] AU B
FUFZE 5370 S 4 R WS AR UG, ZE 51 SUERNY B, 3 el & 7 56 17 %% 2] (Refracted Opposition-
Based Learning, ROBL) 5% [7] [8145 midf 5 sz 1) At o 3 ek S5 o 0 bR 500 4 B0y i Pk e gk AT A, 1)
5 At BT XS LA AT, AR IR B R i A SR s 1) R AT M R A 0

2. NLIEBEENA

£ ABC BLikr, Wiy 5| g, FREEIEAN USRI 3 AR, L opr 5| AU A R B IS 5 o7 MR 1) — 2
HEETERNEE, HENEER ARG — R 51 9WERE[9] [10] [11], ZHIRALE LRI,
R 1B S N fit ROR .
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1) FHEERIMA L. B 4E=S R D, BIEECE SN, BIEMUR I A HESEON limit, #RPE (L) M 2
i NMEIRALE X, ={xil,xiz,m,xij,n-,xiD} .
X, = x™" +rand(0,1)(xr.nax —x'“‘"), i=12,--,5N;j=12,---,D (1)

i 7 i j
o, xR T ANEIRIOE § AR, XTOR X 53 BIRR X B KA M . 5/ B A T
— AR I AT AR, FIATRERIE RN B fit(x ), POARIEQ@) TR, FE,  fit(x ) A LI EE N H AR
ESRALIER

fit(x )=

{1/(1+ (%)) f(x)=20 .

1+abs(f(x)) f(x)<0

2) SIBUER B, BIAUER I “ OUARIE SR R I VR IE N LU, o SRR T IR VR, K I
VB, SRR EPHTAAE R, R4 (3)h I &I EH =R v, .

Vi =% + (% — %) @)

Ho, k=ie{l,2,-, SN}, jREHUEEILEE, je{l2,d}, @ =[01]H R HibLEL, k]
BRI

3) ERBEIERT B . 5] Uil i B R AR R K RS EAL B S IR B I . LR, BRBE MR I A A i 7y =X
SR FF R B R o I8 AR OB AR IR 51 B I BRI, IR SR () 25 U EH AR P (X, ) SR E

P(x) =g ) 4
> fit(x)

PR 1 % 1) B AR R AR S () HEAT AR R, RIFER I ST i 3

4) MISIENT B EA RIS, WREIRET trial YRR BILBIE limit J5, @R EHNE
USRNSSR TR 9 ERRC KU e NI VIE S < PR IR A < e ST E 2 b TR S PR g A 2 € i)
T R A 1 B AR 3 (L) BE LR B

3. U ATSEREX

ABC S A AR ER L [N, ASRE 7870 FI ARG A5 BRI € e AU R T7 s FESRER 2
e R, HARZR 5 M N R R AR [12], IXLEER R T ABC FARI S 2 R, PRILA SCAE 5] AU
BN 8 BEHEAT 250, 3R 13 T 36 S 1 2 2T BN TR B

3.1. REF SR

FER RS, REAEMREYI LGNS 2 R h ™ AL BEH LR CLBERE T, S i 2 =0 S =5 FE Rt AL
PRI, %8R FPE[3]. Rahnamayan 76 SCHR[13] 7 A ER VS RIS FAIE R T & 17 2% > B4l BE ML A= 1)
fE L, Wang [14138 ) 7 — Rk T SUR R 22 31 B SRR3R i 22 70 BEAL SO i PR RE s B JaD S [15]4E 2
2t ABC SEIAI R S i) 7 217 AL M AG s SR S [16]) R 3 T B i o 5] A2 S SR AU I e /v
SE[LTTH B 1) 2 2] SRS R BSGdE SR R Be o Forpr,  Sepan 2 3] AR R E LT

SE LA x e E UAE [a,b] ERISEHG U x R LR xP g LR

x® =a+b-x (5)

FEXL 25 X = (X, X o, Xy oy X | FERE AR n BB T — L, Hox e [ay,b ] W BRI xP 52 X
LIEE
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X" =a +b—x,i=12,--,n (6)

SRz SN R EE AR XA R g, R BRI AR S 5 2R UGEA
3.2. JERYITET IR

JURDE 2R e AL SRR M BUR fRIAE, B RRTE (Hese) ik adi 7 BA AR IESZ Z LRI AU,
AR [T VR4 S8 IR B Ttk Sy 22 =), JF N TSGR RS, A ROt e R R e, ot
AT S A SR8 U A T

E X 3 Je— TN IR AN 5 — MBS, ARHRTT MR A3, T GCERAEAN R A B 158 Ak A
Afwdfr, XAILRMONCHITE . i 1R,

AT 2

Figure 1. The phenomenon of refraction of light

B 1 e ST IR

SERE L PTEH6L, NICERANELAER P A LR S NFICE I FVELMM: 2ot
RN FABA B, TSN T NG A 2O A B RN AU, T AT N A 4T
FABEAE NS A RO RIS K 2R LT A BUR TN, A&7 AR, X NG 5 A
0", FRAJGHIYT ST e

T X4 SEME N TR AT, NS o IESZE S 3T M g IES%AE 0 Uy — [E e BUE n,
PRZA BT 2, RT3, ARFRWT:

n=sina/sin B ()
2 (7) XA R A 2
3.3. #rit R a3 3] SRRg

S 2 SRR ek )y 3, RIS T LR S EA I SR 0, BEE RIS A BRI, S

BOKSIOR BE A AR 72 o HTH S v 27 STHURI [/ 7E S 7 2 =T IR itk b 51 NG9 5 J Bk 4R AR A

I S 2 ST B SR B A 2 B
FE—fEat iy, x i EOFFRORIAAS, FFRRIAA T, x RN [a,b], y MiEL. Jedtk T
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SR SR TR 75 A BSOS 6T, 17 O MR HASDGZL AO, # AO MIKIEN 1,
o 3 SIEHE 1 AR, JEAE A 7 O A REHTHIIG, HiHEA Sy ON, ATHTH M, B OA K
HIT, NEHR A B, B, O NIKH [a,b] M.

S5 BN A ATE X IR X, NI R A SR A RO £ AT TE xR X 7R
X" Ay X (T4 TR 0 AR

A

le

R EE LY )

Ar
Figure 2. Refracted opposition-based learning mechanism

B 2. #rs k=% I

Hi Pl 2 H A 2R B LA SR R T A5

sina =((a+b)/2-x)/l (8)
sinf = x - a+b /Ir 9)
HE X 45w
_ (a+b)/2-x o
n_x'—(aer)/Z I (10)
Ak=1/1", W ERAT1E N
_ (a+b)/2-x
kn= x"—(a+b)/2 (1)

P (L) ATA-3T 4 I 170 2 2T ) o B 4 5K
X'=——4—-= (12)

k=1, n=11, R@A2)ATHNK(5), ROBL A uu_iﬁgﬁiﬁz kv n3RTFENAMEIERE, 10 OBL K
REfF I il SEbr b, B 1 AT, ASPRERAE R AT ER, b2 MG RIS . éu)\%%%
LTI KERS, SO RAE x S BERAA U2 x R AR X o E&ﬁﬁcmnﬂ%ﬂ%ﬁm%éﬁaﬁ, i )
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fnr g T A5

.t +bj a; +bj % i
X = +— (13)
’ 2 2kn kn

Horb, xRN HRTAEER S TN MALESE | AERIME, X RSRISIIIT S S g, a; Alb, FoRER j 4ER i
AMEAN AR, AL AR T RIS 2R A, .

3.4. BTG EERHREFE I A TERER

34.1. ENTRIERKE
Storn A1 Price [18] 3K fif 2 Wiz nl @4 1 DE 53k, E R BB A Pt A it — PP A LB A, A Hm
CEFALE HEN, @k AE R UR . DE ST BT A RIS R, R A SRR
V=X, +F (X, = X,5) (14)

Hr, VEREREWANME, FERERET, X, X, X FORBPLERER =N ME. B REERAF
HIARAR, S [A) A0 AR S P R o By e 77 AR R [R) R
5| AR PR (2)BEAT A7 B ST, AT R AL B — AN IR A T EAE R A e A, Rk By AR
ARIFMEREEES, 20T RBERE . LIRS, AR R MR EREL, KHiksl
AN YT i AR 3 2 0 A AR R T
Vi = X;j +¢’(Xij — Xy )+V/(Xbest,j _ij) (15)
w R [0,L5] HR —ANBEHLEL Xy, j A2 AT FORE TR IF AR5 § AEI{E

3.4.2. &t R e ) FHIREK

BEEEARMEAT, Z02 R REN S 2R, WA IANRERM, KI5 S B
JERATHT S R 2], PR A R BE T S S R A, L 224 AR AT S S el i PR R I A R Tk
ARAEE, BEREFRAR 2 F7E 2% SN MAMA IR R BB AR SN ANMA, 76 LRIEFEE 2 FEER R, mT LB

BhH R R RINERE, i I ml g TR T R
X' =g minj+maxj+minj+maxj _L (16)
M 2 2kn kn

Forb, X, BRI B | MM ARG, min,,max, F 4 AR B | 4E60 T IRATE R,
¢ = rand (0,h) %75 [0, h] M0HI5I A ABENLAL, HELARIT

h,t<T/3
h=1:h, T/3<t<2T/3 (17)
h,,t > 2T/3
b, t RoRHANARRE, T FoREmRSARE. miQ6)T k1, 24 k LR, 8 R E &

RAARA, BrUAAT DA R kAR v S R A SR OB AR, X L kR R S A S A O
B 2 AL tid i, THE AT
eV
k =2e (18)
k Bt FARAG A ] 3 FraR. n FoRrht g, MRIER@) T, SEPRERAS A K, (ERAE16)TIHE n
BESHL n AR BB VR RE P AR A [R50
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PA e moN ], Wl 4 Fos, £XAe) P A EREIAE g, Hlg=1, MR REZ
AHEAR. Tk nHOY LI, MRYE6)7 A I X P BR B AR XTI, U B I AT R A iR
AR X3 2k, n RS8Ry LI, A RIS R i X| BB g X 3R B0z, BBt 47 b+
BB AR AR X I RS E K, AR IR X, AR AR ST, U S H 0T DA Bk R R
L, FX n BEAT B, BRI X . O ERES m ARE .
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Figure 3. Variation curve of parameter k
E 3. S kY Lz

BRI S ) 2 27 AR 3 S R AR AN BRI T S S TR AR FITAE AT A5 2, DR s i in A $e 2l i
g RILRWE, AT B R RI, KA YT B A LR DRUEM R 2 AR A 1, R —
AT R 2 S5 B AR 4 AR RO IS AR ¢ 5, R AR AT S e g P A 0 X3, T
EREHLIL S JE S 2T S AR X, W ENA R AU X TE X, 22 0ENUa. BhE ¢
h HUERE, EIEAPIY, & ERFFEENSRERGES, Bt h BUEBOK, B IEAREIE N, £
SR RIS RN, RS S R, B h BUEAS N, SRITBEALI SN A7 30T AR = 2 4
W25 T UG AT BENE -

X xy
[
X

Figure 4. Two-dimensional space refraction of the reverse learning process
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ER PR, FriH S SR SRS R IR S A h, ke n IEDRAS RIS ORI AR, i B
PR AT S I A D L P AL DR AR T BRI 25 5 B — UGEAX, AR RAERIE 2 FEVE R [RII
SRR R P B I B3A 4 = B e IX 3

3.4.3. FriRE%E

st FIRHEIE N R A ABC BTk 5, 753 CRABC 3R A AR . 5| ARG By BRI 22 49 A% S
IR ARAEIT: 5IUEM BUS BT ST IR 1% 2], %0 h F k BEISARREOT ARk, BEEIEARME I,
SR 12 SR EE AR N, 3R T B ISICE AR R . CRABC B SEEL AR R

Step 1 WERIESH: MBI, BORIERUEEE, BENLAE RVIGHFh R

Step 2 5 4 ARHE SU(I5) 2B I B IR, MR DT8R 28 of B8 i 1) B8 R AT B 4K

Step 3 HRAE(16) A e S I I FHEE, 76 24 BFHRE 15 47 5 I ) PR B0 000 75 (0 AN R 2L B A 5

Step 4 A 0(3) T 51 AT Ak R B P AE 2 5

Step 5 MRAFHC AL M L FEIREE, FR9 R — AN IR, 0S5 AR

Step 6 U5 —NEEPELE R limit P8 R BT AF A28, WIPERFE, DR i 2 (1) 4= 3 &
FF R

Step 7 FIWR A R 2R 40k, Bl RS 1k, IR [E Step 2.

4, L5
4.1. EoEM R

NTIAE CRABC SLiEAE R AR 4 RARAL M BRI S, AR S 4 12 AN It o Bt A 7k, FE vl ik
AEHN 30 4E, % 1 AH THRBRBUNT S, 4R, KT, BUETEE LB RME. B F S RIE N
—78.33236 4b, HAMER N 0, U, M 73 A RIS FRIGR AL, Z0EREL, S, N 2 3RRa] 4 BR%, ASAT 2 R

Table 1. Benchmark functions

=1 BENR R

No Function Type Range Global Optimum
F, Sphere us [-100, 100] 0

F, Schwefel2.22 UN [-10, 10] 0

Fs3 Schwefel2.21 UN [-100, 100] 0

Fs Rosenbrock us [-30, 30] 0

Fs Step us [-100, 100] 0

Fe Quartic us [-1.28, 1.28] 0

F, Himmelblau MS [-5, 5] —78.33236
Fg Rastrigin MS [-5, 12, 5.12] 0

Fo Ackley MN [-32, 32] 0

Fio Griewank MN [-600, 600] 0

S Alpine MS [-10, 10] 0

Fio Weierstrass MN [-0.5, 0.5] 0

42. BERE

KH CRABC Hygtt 12 N UM R ECR iR, JF5 ABC ik UK 2948 748 RIS Y ABC 5
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15(CABC) UM AT 5 S 7] 2% 2] #4285 1) ABC HLVE(RABC)HEAT LLER , RIS UF£7 A P A SR B J5 ¥ RABC
B AR

NTEIER AP, ¥ 4 FEZEHISERE 5. REPHNIRECH 100,000, sARERIKECH
1000, FhHEERIREA 100 (SN =50), ZFPHEIERBIE A limit = 0.6 «dim* SN (dim R/~ &3 4E %), X5 ik
[19] ¥ B —FF, Hr RABC HyL5 CRABC Hikd iz 4ih =1, h,=10", h,=10"°, n=2,

4.3. EWERE

431 BFEBESRSH

BB AT R IR 22, 4 2 45 4 FhENELEM RIFAEE T MALIZAT 30 UG 12 A E: I iR 25 1)
wARAE, P¥ME, T, BEEUR -SRI, R BARRRESER. FIENTT Z7R
SRV (AT SSRGS FEE AN R 1

M 2 HRTPAEH, 0T 12 A 30 4 0 B g JE v W X oK 50 (F ~Fe) A1 22 U6 R HE DI PR B (Fe~F12) B Fy
Fl Fg 4k, RABC Hi%A CRABC HiE M F3ME M T7 2 H80 T- ABC 535, HAE Fio BUSKENR/IME, brifE
ZW/NT ABC 53%. T Fy v Rosenbrock ik, 7EARYERS & Bl pd, m4Ets T AA 24 it m g,
Fr LAY AR B 45 A ZE AR X T Fe, BIR CABC HUAKE Mt e, (Hi& RABC HIiLA
CRABC FEHIT] LUK B FR e ME . 28 ERTIR, £ H AP Fh SRS X & TH SRR Bl A 2, JLHRTE
Fgv Fiov Fro X =ANREERE] 7 HIR R

#3447 CRABC, RABC 53CHR[201H#2H1) GABC (C = 1.5)H LRI SCHR[19]#2 i 1) ABC/best/1
BEAE 5 N IEvEIR B8 $ B AT E%, Sphere, Rastrigin, Ackley, Griewank iX 4 4N R327F 30 4k il
ik, Rosenbrock pR#TE 3 4 ik, 7& Sphere, Griewank, Ackley, Rosenbrock iX 4 /Mpfi%i - CRABC
Bk, JUHE Griewank e ] LA 2 HH 8 A
4.3.2. HEBITRIE 571

ABC BIEBAMNFHARFERS, 171 CABC Hik H21E 51 Ml Bk 74 R 7%, P DLIX M2
BT A Z A% BT RABC 5L M CRANC 53%; 1 RABC 5i%AM1 CRABC 5L 51N 1 i S 44 2
FnE, FERTAETRAEITO o), MRTAR S IT R mfR LLER b, BT DR IS AT I ) BB T R R L,
X552 2 th TSI 30 XTI AT RV, BT IS AT MR, SEIR VP AR 22

Table 2. Comparison of ABC, CABC, RABC and CRABC experimental results
%z 2. ABC, CABC, RABC 5 CRABC LI 45 RELE

No. Algorithm Best Mean SD Worst Time(s)
ABC 2.27e-11 2.60e-10 1.54e-10 6.86e—10 0.4462

F, CABC 1.78e-17 2.06e—16 1.34e-16 5.34e-16 0.4537
RABC 1.68e-33 1.27e-32 1.46e-32 7.79e-32 0.6073

CRABC 1.34e-37 6.97e-37 4.18e-37 6.97e-37 0.6310

ABC 6.32e-07 1.29e-06 3.18e-07 1.89e-06 0.7552

, CABC 1.31e-09 2.65e—-09 7.27e-10 4.04e-09 0.7669
RABC 1.18e-24 6.87e-24 9.64e-24 4.61e-23 1.0908

CRABC 1.40e—26 1.45e-25 3.19e-25 1.763e—24 1.1240

ABC 9.51e-00 1.61e+01 3.38e-00 2.11e+01 0.4845

F, CABC 6.90e-00 1.14e+01 2.28e-00 1.51e+01 0.4896
RABC 1.06e—-18 2.53e—02 1.31e-01 7.18e—01 0.6808

CRABC 4.18e-18 7.87e—03 4.29e—02 2.35e-01 0.6981
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Continued

ABC 4.90e-03 1.52¢-00 1.75¢-00 7.086-00 0.9228

CABC 7.736-04 0.77e-00 1.63e-00 8.58¢-00 0.9208

& RABC 3.32¢-16 2.09e+01 1.28e+01 2 860+01 1.4459
CRABC 9.71e-17 1.43e+01 1.43e+01 2.86e+01 1.4454

ABC 0 0 0 0 0.6308

CABC 0 0 0 0 0.6536

& RABC 0 0 0 0 1.0017
CRABC 0 0 0 0 0.9529

ABC 5.16e-02 9.66e-02 2.06e-02 1.39e-01 1.1588

CABC 2.896-02 6.39-02 1.43¢-02 9.246-02 1.1087

o RABC 7.916-06 5.33e-05 4.496-05 1.70e-04 1.6393
CRABC 1.33¢-06 7.49e-05 5.80e-05 2.32e-04 1.6959

ABC 7833233 -7833233 839314  —78.33233 1.1682

CABC 7833233 -78.33233 4.25¢-14 ~78.33233 1.0862

o RABC 7833233 -78.33233 1.69e-14 7833233 1.4216
CRABC 7833233 -78.33233 1.87e-14 7833233 1.7501

ABC 2.126-10 3.31e-02 1.81e-01 9.95¢-01 1.0795

CABC 3.98¢-13 8.82e-11 3.18¢-10 1.69e-09 1.1049

& RABC 0 6.06-09 2.26e-08 1.18e-07 1,5440
CRABC 0 1.63e-09 8.88e-00 4.87e-08 1.4962

ABC 1.666-06 4.52¢-06 1.606-06 7.506-06 1.0678

CABC 9.396-09 1.760-08 5.966-09 3.95¢-08 1.0404

& RABC 8.88¢-16 1.0le-15 6.49e-16 4.44e-15 15265
CRABC 8.88¢-16 8.88¢-16 0 8.88¢-16 15537

ABC 2.87e-11 9.09¢-09 1.460-08 6.246-08 0.9956

CABC 4.55¢-15 2.726-09 1.11e-08 5.560-08 1.0098

Fio RABC 0 0 0 0 1.3693
CRABC 0 0 0 0 1.4010

ABC 4.90e-05 1.20e-04 9.17e-05 5.05¢-04 0.6.473

CABC 264606 3.31e-05 251e-05 9.506-05 0.6772

Fu RABC 1.13e-19 1.58¢-10 7.27e-10 3.99e-09 0.9935
CRABC 3.64e-26 4.87e-10 1.61e-09 8.19¢-09 0.9954

ABC 2 57e-04 4.22¢-04 9.28¢-05 6.556-04 37.7078

CABC 1.56e-06 6.01e-06 2.40e-06 1.15¢-05 37.9231

P RABC 0 4.68e-11 2.02¢-10 1.06e-09 57.2289
CRABC 0 1.30e-14 7.13¢-14 3.91e-13 56.6982
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Table 3. Comparison of GABC (C = 1.5), ABC/best/1, RABC and CRABC experimental results
%% 3. GABC (C = 1.5), ABC/best/1, RABC 5 CRABC LI 45 REL %

Function GABC(C=1.5) ABC/best/1 RABC CRABC
Mean 4.18e-16 1.57e-27 9.70e-33 1.39e-37
Sphere
sSD 7.26e-17 1.14e-27 6.35e—32 1.67e-37
Mean 1.37e-14 0 4.25e—09 2.12e-09
Rastrigin
SD 2.45e-14 0 3.12e-08 3.26e—09
Mean 3.22e-14 1.26e-13 1.01e-15 8.88e—16
Ackley
SD 3.25e-15 3.48e-14 6.48e—16 0
Mean 2.96e-17 4.23e-11 0 0
Griewank
SD 4.99e-17 2.16e-11 0 0
Mean 2.65e03 9.06e—06 2.12e-04 6.28e—20
Rosenbrock (D = 3)
sSD 2.22e—03 1.41e-05 1.17e-03 1.34e-19
HikHE4 4 3 2 1

4.3.3. HHXSHIHEMIAA

1) 2% h ik B2

FEIEARHI], BAT BRI AR REE S, Bk h Ak BUEROKR, AN RIEEER, ¥n T
o BITEAE SR AE X BRI TT RE s BEAIEACHOHEAT, b AT K UEAS /N, SRR AR IIEAE 37 55 B 1 gt P4 %
2 h Rk HUE AL 85N, TSR R RAE R R R NSRRI, B T R R g

2) S n [

n LERERPH R, WARMAER, EFEPCEEEE S, FILHERIEGEN n H, K
RAEEVEERE . UL F N, SEEUASE ) n A8 5 30 BT sse, BOPHIME. AZE 4 aTBLEH, n B2 BFEL
HEl, TN SSEMERE R, Hik, S%n B 2.

Table 4. The test function value corresponding to the different values of parameter n
= 4. B n A BUERS R 690 R E

ZHn EUE e
0.002 7.51e-14
0.02 2.50e-10
0.2 7.25e-15
2 6.97e-37

4.3.4. HEWH S

k0 UL RSP, 5 AT 4 FREETE 12 A 30 ZEHE kIR B E st 2. K
AT LAE H, RABC HiLM CRABC SHETE R AR AL vl LUR R R ISICE B« 0T Fo iX — RS2
PAUE R %L, RABC EVEM CRABC E L0 LZEARZ] 20 VAR BIRMAE. *T Fyy Fer Fr X =ANEREL
A[LAE 2] RABC HIEM CRABC BEMUSt & 2T BN R, X524 h A%, h AL ARERKX
AL BT AE DR /N VB BEEAT « Foy Faos Fop TEREVCEAUG I SUR BEIRIESE T, R N T S 17
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Figure 5. Convergence curves of each algorithm
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