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Dual search mode artificial bee colony algorithm based on exploration-
exploitation tradeoff and its application

WANG Ying-cong, LI Bo, SUN Jun-wei, WANG Yan-feng'
(School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: The artificial bee colony algorithm has the advantages of a simple structure and easy implementation.
However, due to its strong exploration ability and weak exploitation capability, it also suffers from drawbacks such as
low solution accuracy and slow convergence speed. To solve these problems, this paper proposes a dual search mode
artificial bee colony algorithm based on exploration-exploitation tradeoff, which includes three core modules:
exploration-exploitation control, exploration-exploitation execution, and exploration-exploitation reinforcement. In the
control stage, we design an exploration-exploitation indicator based on the population’s evolutionary dynamics, which
initially emphasizes exploration and gradually shifts towards exploitation. In the execution stage, we design search
equations guided by differential solution information, with a focus on the implementation points of exploration and
exploitation. In the enhancement stage, the onlooker bees are instructed to select high-quality food sources for further
search, using criteria such as diversity ranking and fitness ranking. Numerical experiments are conducted on traditional
test functions and CEC2013 test functions. The results demonstrate that compared with eight high-level artificial bee
colony algorithms proposed in recent years, the proposed algorithm exhibits strong competitiveness in terms of solution
quality and convergence speed. Finally, the proposed algorithm is applied to optimize the risk prediction model for
esophageal cancer, yielding satisfactory results.

Keywords: artificial bee colony algorithm; exploration-exploitation tradeoff; function optimization; esophageal

cancer prediction
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PRI v=0.1 v =0.3 v =0.5 v=0.7 v=0.9 y=1.1 vy=1.5 =2 v =25
; Mean  5.97e-116  3.20e-111  1.27e-107  5.89¢-104  2.25e-101  6.21e-99  5.09¢-94  4.24e-89  2.66e-87
1
Std 1.22e-115  7.23e-111  4.65e-107  1.55¢-103  5.07e-101  1.51e-98  1.59¢-93  2.04e-88  5.11e-87
; Mean  7.63e-113  3.43e-108  1.20e-103  6.80e-101 1.80e-97 2.88e-95  7.12e-91  5.0le-87  5.86e-84
2 Std 1.6le-112  9.94e-108  2.74e-103  1.18¢-100  5.46e-97 5.03e-95 1.69¢-90  1.52¢-86  2.38¢-83
; Mean  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
7
Std 0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
s Mean  7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66 7.18e-66  7.18¢-66  7.18e-66  7.18e-66
® Std 3.22¢-81 3.22¢-81 3.22¢-81 3.22e-81 3.22¢-81 3.22e-81  3.22e-81  3.22e-81  3.22¢-81
; Mean  6.23e-03 5.25¢-03 3.12¢-03 2.71e-03 9.03e-04  0.00e+00  0.00e+00  0.00e+00  0.00e+00
13
Std 1.02e-02 7.91e-03 7.80e-03 5.50e-03 3.57¢-03  0.00e+00  0.00e+00  0.00e+00  0.00e+00
; Mean  7.90e+00  3.95¢+00  3.95¢+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
" Std 3.00e+01  2.16e+00  2.16e+01  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
; Mean  1.54e-33 1.50e-33 1.50e-33 1.50e-33 1.50e-33 1.50e-33 1.50e-33  1.50e-33  1.50e-33
17
Std 2.25e-34 0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
; Mean  3.44e-15 1.51e-15 8.79¢-16 4.02¢-16 3.26e-16 1.63e-16  3.98¢-16  3.42e-16  7.07¢-16
18
Std 2.26e-15 1.84e-15 1.07e-15 9.10e-16 6.23e-16  4.35e-16  9.14e-16  1.14e-15  1.8le-15
Fz2 D=30MEEAELRGNNE LA ER
Guittarie: (DL TREE S ABC GABC NABC REABC BENABC KFABC NSABC RNSABC DSMABC
Mean/std +/=/- 18/2/2 16/4/2 9/9/3 9/9/4 11/9/2 12/8/2 12/8/2 11/8/3 -/ = /-
Friedman test ~Mean ranking 8.11 6.51 5.07 4.95 3.93 4.36 4.35 4.57 3.08
Rt 203.5 187 150 143 172 168 169 161 -
Wilcoxon test R™ 49.5 66 103 110 81 85 84 92 —
p-value 2.00E-03  4.00e-03 1.0le-01 2.49¢-01  1.00e-03  9.00e-03  8.00e-03  3.00e-02 -
=3 D =100 &R EEEGMNAE LRSLIRER
TR Ko 4 ABC GABC  NABC REABC BENABC KFABC NSABC RNSABC DSMABC
Mean/std +/=/- 20/1/1 18/2/2 12/4/6 13/4/5 15/4/3 15/3/4 17/3/2 13/4/5 Sy ——
Friedman test Mean ranking 8.43 6.89 491 4.22 4.09 4.13 5.30 432 2.79
Rt 213.5 202.5 150 150 182 172 188 169 —
Wilcoxon test R~ 39.5 50.5 103 103 71 81 65 84 —
p-value 1.00e-03  2.00e-03  3.81e-01 3.81e-01  9.00e-03  4.80e-02  7.00e-03  6.40e-02 —
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KPP B MaxFEs = 5 000D. T A B sriafr
30k, MIIME ShnitE 22 JE 2 Hoke 56 AT Sk B2 3 4

3.2

J7 T Je FFRT b, 25 sk 2, R 3 F1E 4 F .

24 T & L AE R 4E BN 30 I (1) 0 B
18 L, LG 5= T T S R0 A 22 1 0 = 0T Ll b 2
T AE 3 BOK 56 1) &5 6 o6) Eb. 78 BEAT R BT X ER I,
“=" 43527~ DSMABC 5032 1 45 54l
T BT AT A, g Bk R
. ME 2T LAE H, DSMABC /£ 17 N 8 B3k 3 T
BT IS5 T AE T 2 SN R A BRI IA 2] T
S ) FKF. 325, DSMABC 73 SI7E 18.16.9.9.
11, 12, 12, 11 4% BT ABC. GABC. NABC.

« ”» 113 2”
+ J—



512

* R %40 %

REABC. BENABC. KFABC. NSABC I RNSABC,
MATE2~ AN B2 T IR A T iR X
tb & R B A g1 = X, K H Friedman A1 Wilcoxon P
i AE 2 $0G 56 77 V. Friedman 46 56 DA F 3 HE 44 19 07
40 R R AR 1 e, I 44 BB /N 3R B Bk M
. 22 2 B I 45 R R B, DSMABC {E T ik
HE 4 55 —. Wilcoxon £ % DSMABC 5 HAth 5% & %5

FAAE R 22 5, B MK ¥ BN 0.05, K 36 45 SR LA
“Rt”“R=7 Ml “p-value” ML H. Hrp: “RT”
R DSMABC TEAL 34 s 4 LRI, “R-7 ARRTE
F SR B IR 3R 2 (A6 56 45 B % B, DSMABC
TEFTA T LeAB LR AT Sk “RT” KT “R™7
H “p-value” ¥J/NT-0.05, T R EE B ER T
X b5

10* 10 10°
-\tgsv\—..,e“ﬁ L= + 3 e
Faorp e | 210 1““*3:;;;: : 210 [
g TRy, S0t it S10° t L\\
- 10’50 L \“v,,%**&ﬁ + i S Y +— AR “a
7] Bavw @0 -40 | 7] -10 | L LB
2 R 2 10 - 2 10 .:‘\N\
-100 N N -60 N N -15 ! L9
10 0 50 100 150 10 0 50 100 150 10 0 50 100 150
FES/10° FES/10’ FES/10°
ABC ~ GABC  —~ NABC ABC GABC - NABC ABC GABC - NABC
REABC — BENABC — KFABC REABC — BENABC — KFABC REABC — BENABC — KFABC
- NSABC - RNSABC - DSMABC - NSABC - RNSABC - DSMABC - NSABC - RNSABC - DSMABC
(a) f(D=30) (b) f(D=30) (c) f1.(D=30)
, 10% 10° -
10 e
E 2 100} g 10° N )
—_— -40 | —_— —_— B \
5 10 g S 00 |
- - - 20 | - aw
210"t g 10 - 210" A\ '
o . o S © Y Ypeae "
-120 I I I - 60 I I I -15 B BTV 1 - >
10 0 150 300 450 10 0 150 300 450 10 0 50 100 150
FES/10° FES/10° FES/10°
ABC GABC - NABC ABC GABC - NABC ABC GABC - NABC
REABC - BENABC — KFABC REABC —~ BENABC — KFABC REABC - BENABC — KFABC
- NSABC RNSABC DSMABC - NSABC RNSABC —+ DSMABC - NSABC RNSABC DSMABC

(d) £i(D=100)

(e) f(D=100)

(H) f.(D=100)

4 FRBEEE 3 MRMEHEG NI R BE S S

RIS IELE R A GE B 100 B
R F o6 bR 2 A1 3R 3 0] BLR B, BR B 4E 30
1 %5100 LAJ5, X DSMABC 5 HoAth 550355 10 1 e X e
S AN K. TE i 5t &% b T, DSMABC & /b 7E 12
AN BRI T X BB, T B £ 1 6 AN R
BB RIA Bt b L. X T DSMABC 4 U £
e A ) oR i, HAE RE A1 0L N Rt & DL B
IK . 7E &5 4 5 B T, Friedman 46 56 i BT A 5532
1 HE 7 45 5 5 DSMABC < BENABC < KFABC <
REABC < RNSABC < NABC < NSABC < GABC <
ABC, Bl DSMABC () % 44 4 52 HF 4 5 —. Wilcoxon
K56 i, DSMABC X b 8 MRUE TG “RT” KT
“R™7,H “p-value” ¥J/NT0.05, B DSMABC 5iX
SE TV AF IR B 35 22 7, Bl DSMABC 1L TR S8 5 v,

N T EDULHE R AR SO IS SRR B, K 4 2
H T B EIRAE A RED = 301D = 100 KU
ST 22 (I il o R BOPE AN B, R A H FRAED.
BT RE, DGEE £y fs A fo = AN RS T3

Ath R 43 ok R, AR AR B SRR 25 SR B 4 W) W,
X AR 2K AL (1) 93 28 5, DSMABC #4 B A 547 1)
WSt e, BARTT &, 0T T B % f, A1 f5, DSMABC £
B s PR R e S R R e ) AL BIORS . A A
Ui, DSMABC 7E 4 [7] bR ZUFAN IR BT REFR 258 47 1
fit, B DSMABC $& 21| — 52 ¥ B 1A P 75 22 1) eR 4L
PR IR B . W T BRI fr0, 84 B0 ABC IR AE
D = 30042 T # it 5 (A 0, REABC. BENABC.
RNSABC I DSMABC UI7E D = 100 B #6317 # it
i RAE 0, {7 /2 DSMABC Ft 75 22 1] o £500F tr o0 808
b BIISCSSGHR i bR (P H Bl o P Al b el 32
BIR0).
3.3 S5HMhBuHEABCEEER 2 MR E LELR

9T 33— DSMABC (1% B¢, 7£ CEC2013
MARERE B AR Ssss, B mE4EfE D = 30/ D
100, % HE SO E F L 3T 51RO B 17 1S
ek RNk 4. R SAME S PR,

A FbR #E 22 K- 7E 30 4E -, DSMABC £ 8

b3
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AR AR B T B r A A, R 4r AE 19, 184 15,
16+ 18, 14, 12, 16 R% T ABC. GABC.
NABC. REABC. BENABC. KFABC. NSABC flI
RNSABC. 7£ 100 4k, DSMABC 7E 13 4™ ok % _F £ 5]
T aE R, R AE 23 4N iR 2B AR T ABC #TGABC,
75 204N B % 48 T BENABC M1 KFABC, 75 18 1 Ef %
4 F NABC. REABC f1RNSABC, 7£ 151~ ef % I
T NSABC. %} T- DSMABC 7 X453 f; £ 45 5L 1) B
B, HAE IR/ 1E L T IR IAL T EAKF

MGE A58 K B+ 1 Friedman K6 56 45 5 7] %0, XF

THRE D = 30f1 D = 100, DSMABC 1E 9 M #.i%
H 3 Sl HE 4 58 = RN 5 ., 3R B DSMABC S35 1) 52 4
M58 B A BRI 5w 5+ /7. B Wilcoxon 6 46 25 S AT %01,
T HEED = 30/ D 100, DSMABC 5 ABC.
GABC.REABC.BENABC LT 3R1G 1 “ RT” ¥R
T “R~7, H “p-value” ¥/ T-0.05, 7% B DSMABC &
FZT X 4PRE. RT3 & 4 #0555, DSMABC £
XFEEIS T fS “p-value” $5°K7-0.05, 3] DSMABC 5
NABC. KFABC. NSABC filRNSABC ¥ f & 3 1t 2
5, BDEE T REAE 2.

#£4 D =30RRBEEECEC2013MiRE FHISSIHER

SRR (oLt S ABC GABC NABC REABC BENABC KFABC NSABC RNSABC DSMABC
Mean/std +/=/- 22/0/6 21/0/7 16/0/12 19/0/9 21/1/6 16/0/12  13/0/15 18/0/10 —/ —/—
Friedman test ~Mean ranking 6.77 10.27 4.41 5.61 4.71 3.87 3.19 4.98 432
Rt 297.5 305.5 216 275 282 222 189 262.5 —
Wilcoxon test R~ 108.5 100.5 190 131 124 184 218 143.5 —
p-value 1.10e-02  9.00e-03  7.41e-01 4.00e-02  1.60e-02  5.87¢-02  6.89¢-01 1.31e-01 —
&5 D =1008F8E XA CEC2013MiRK £ ERYSLIE R
BN S Trge 45 ABC GABC  NABC REABC BENABC KFABC NSABC RNSABC DSMABC
Mean/std +/=/- 23/0/5 24/0/4 18/1/9 19/1/8 21/0/7 20/0/8 15/0/13 1909 —/—/—
Friedman test ~Mean ranking 6.96 7.30 4.43 5.63 5.15 3.86 3.13 4.89 3.66
Rt 319 334 265 298 307 276 190 275 -
Wilcoxon test R~ 87 72 141 108 99 130 216 131 —
p-value 5.00e-03  2.00e-03 1.36e-01 2.20e-02  1.20e-02  7.90e-02 7.55e-01  8.40e-01 —
to” 107 10°
10° 20
g % g 10 3
= 100 PN = Is =
> s Ny > 10 >
o 107 3 SR - -
i 107"} R e S 210" 2
° %é &f o~ | Ra) O
lofls N N 5 1 " 1 1 1
0 50 100 150 10 0 50 100 150 10 0 50 100 150
FES/10° FES/10° FES/10°
— ABC GABC —= NABC ABC GABC -+ NABC ABC GABC -+ NABC
REABC —— BENABC —— KFABC REABC —=— BENABC —+ KFABC REABC —— BENABC —+ KFABC
——NSABC RNSABC —+ DSMABC —— NSABC RNSABC -+ DSMABC —— NSABC RNSABC -+ DSMABC
(a) F((D=30) (b) Fi(D=30) (¢) Fi,(D=30)
10" 10* 10
2 10° 2 10%° 2
ER| § 107 RSt
- 1077 ~ 10" -
2 100t 2 10" s
0 e} e}
10" . . . 10° . . . 10° . . .
0 150 300 450 0 150 300 450 0 150 300 450
FES/10° FES/10° FES/10°
— ABC GABC —= NABC ABC GABC -+ NABC ABC GABC -+ NABC
REABC —— BENABC —— KFABC REABC —=— BENABC —+ KFABC REABC —=— BENABC —+— KFABC
——NSABC RNSABC -+ DSMABC —— NSABC RNSABC -+ DSMABC —— NSABC RNSABC - DSMABC
(d) F,(D=100) () F,(D=100) (f) F,,(D=100)

Bl 5 ETAERE3IMEEM CEC2013 M5 B H AU aarhL:
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KIS 221 7 BT A B E 3 AR R o 8 b ik
Sk 28, 7T LLE 1 DSMABC F 8 44 Ui S g 45 4
X T e3Py, DSMABC TE B BA i PR Uic Sk 21 5 o
B 3L 6T R 8 Fs, DSMABC £E Ji #3075 B A — 5 ik
SKBE J7; % T B % Fy3, DSMABC 75 34 AN i # vh #8 %6
I H B R R SR
4 BRI X T

N T 36 AIE DSMABC 595 7 52 B 1) & () A4k
RO, 33k — 200 FE R £ 7 A PR T 0 A% Y
(AR Ak B 5 R R OB A AR R S ) AL
(support vector machine, SVM) & 7. £ & Ji K AL
TR SR 5 F1) FH DSMABC 5325 SVM #E4T S ¢
SR, I 5 Al i ABC B3R 47 5T L.

4.1 DSMABC-SVM Fii;j4&#Y

FITFH B 1 B RE AR B AN K 248 S 3L i e
B v I 5K L s =, A 60 51 £ e KR R 60 451
EH N BN FEARE S 230354 & A U B, @i i
FH AR 1 J5RE B FH X 4% R O B R 1, 7 O HE 81
CERIEAR BN, 155 5 i R B 22 5 T SVM
F1 B 5 8 R0 AU, T AR 2R b I, AR 7 g 3 B2 Y
RT BTN S H LS H g, Hob: MR 3 &
FRIE, g P TR UG RRAE 7 ) B 28] i 248 4R AE 23 8] 1) 4
it AT F B e g, F FI DSMABC $92
BATSHG. TE BRI FE H, SVMAR R A\
N 81/ B AR B, i O BB BOE R, H b oR 2L
NTRIHER R,

TP + TN

max f(e,9) = NN )

o TP 2R 7R 52 BR v s EL T 4 2 BB I RE AR A
2, FP 387 S s oA 1E 3 17 Tl 72 R8O PR AR N4 FN
TR SR SRR T TR A 1E S (R AR AN, TN R
SRR Ay T H T AR 2 T R AR AN 2L
4.2 LWHERSHH

N T F A DSMABC-SVM i il A5 24 (1) 4: fig, #¢
H 5 ABCPl, GABC®!, NABCP4, REABCP,
BENABCP®, KFABC?’, NSABCP! filRNSABC??I
S5 3P REARAL B SVM B R HEAT X B, Iy k2
BB S EATOREF— 2 R 8Os RV IR MaxFEs
WA 10 000. 5K 738 50 UE 347 S 56, RIS 2
EEBEALEE 73 i 10 4, B U e 9 A 9 i 268580, 1
BRAE DR B, B T e R, B2 97 12 I 0 4 ek i
20 PSR L RE S L By r BOEE SR R OR VTN T
ROR. U R E AN

Sensitivity = TP/(TP + FN),
ARRAE RN B P dERf 70 2R B E IRE ). 5 ek
R AW

Specificity = TN/(TN + FP),
ARRAE R I H N R 22 8 IR AR REST. Py
70 AT VAT AR (1 AE A PR AT R ) B 7, 456 3 e B L
FEN IR A SR BRI R,

Fy = 2TP/(2TP + FP + FN).

69 Pl AT + 9T &2 B IE 5 53
T 45 5. 5] LLE H, DSMABC-SVM ) il 45 %
TEFT A 2 HE 44 55— 7R #ER % J7 TH, DSMABC-
SVMIA 2| T 88.33 %, Ll 44 28 — HINSABC-SVM Al
ABC-SVM 7 5l & 51 7 7.07 % A1 15.21 %. 75 8
J7 1, DSMABC-SVM & 3| T 85.60 %, LbHE 44 58 — (1)
NSABC-SVM Fll ABC-SVM 73 il # & 7 10.21 % £l
15.57 %. 7E F§ 5 1 75 10, DSMABC-SVM ik #| |
94.23 %, tb HE %4 28 — () RNSABC-SVM #l ABC-
SVM 73 5l $2 155 1 1.54 % F16.49 %. 7 Fy 43 505 1,
DSMABC-SVM i£ % T 87.53%, tb HE % % — 1)
NSABC-SVM F1 ABC-SVM 4 5l #& /& T 10.43 % F1
17.57%. 7 1 it — 2 L & 18 i A e Ve, 18] 6 2 il
[ T oA T b R S T = = S R S s
FRUPAT 48 b5, W KB S/ IME AL BRI 4y
KK 5475 TH B, DSMABC SE7E K0 15 i T 13
e T HoAth ABC B35, 3 I H BT 0 F000 A s 12k

T 6 9FHABC-SVM FUMFE R B 1 3F bk 2 %

1 IERR U et I
ABC-SVM 76.67 74.07 88.49 74.45
GABC-SVM 72.50 71.61 87.15 69.91
NABC-SVM 78.33 73.43 90.93 74.19
REABC-SVM 80.00 74.52 91.90 78.06

BENABC-SVM 78.33 72.91 90.48 75.91

KFABC-SVM 75.83 76.63 86.81 73.75

NSABC-SVM 82.50 77.67 92.14 79.26

RNSABC-SVM 79.17 75.89 92.80 77.77

DSMABC-SVM 88.33 85.60 94,23 87.53
5 & @

X R R AT SRR 5 X
T JEAE LA D R R, ABC AN — A
2 R Re AL S5, B BRI R R e, (3
TERBESIARX 58, AP BIRR 5T RIA L,
P2t — Pl ik Bk DSMABC, AR 8 Fft 3 V8 40 042 12
THRR AR, A5 SR AT IO R 2R, i el — &,
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(a) {ﬁﬁﬁﬂ
120
100
=X
sodugug)ygt
Eowlm G |
=] ! L L |
(3] | L L
B ! T
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40F o
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(c) FritE

Bl 6 9% ABC-SVM HEE!AIF5M

Ja R R TR, 45T AR Z AR SR, DSMABC iy
W T B T BEALAR AN AR 5] T R R R, I
T B e B BOE I 2 R T A BRI AR IR R U
AL F I RAR W, DSMABC A I§H#E ¥ i1 1 3T 55
S AN AR ] 2 A 2 7 AR, IR IR BE 4 B it
AR B HE 7 3% £ 5 A0 TSR 76 50 A 13 (04K B 4
AT HUE SR, AR T R AR S HOR 50 RS S0
3N 7 TS B8 SR R, JF 5 8 Rl AR k42 ) v K
¥ ABC HyEHEAT X L, 45 2R % B DSMABC B A 8
M 5a 5 7. B, 766 B A KRS TN e 1 3k —
HIGIE T DSMABC (145 Rt

J& B 5T TAE AT B BAN J7 1R —
0K DSMABC H T+ 3K figf 5 22 S B4k i) i, 4n B
G E ) R e R R S B I S R E ABCH
HEZE T 2R oA 7 2SR SR8, T B R B
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