BT RS ML http: //gxkx. ijournal. cn/gxkxyxb/ch

EEMmESANEEENRESHUEE"

BmORVRENT ,EE&
(JEXFHEIMNE L TFREEFKR,.)®&ET  530004)

E A KR BERAT AR X TR0 i o A MO S S SO AR L 5 T R RR RS RS B . A
W FEAE 5 K HUS T 5 A S 50 R P 4 ey e D BB A 3 A S 400 ) S B 45 2% DA P By i oK R e AT 5408 5 IR A
TG O 5 S 0 o A 5 K OB A9 15 B S B A T s B R R e LA PR E AT v ST D B LA T e
14 22 R S AT sl S ol T B A Jr o i DL A o e 3 e 6 1 DL %y i e 0 4 R 008 2% B0k R AT UK O 5 H A 3
Fol B33 b AR~ FHE B0 12 L i 8 A 8 A USRS AT 0 L S L 85 R R W IR B B ik 1 B AR PR R AR T A 3
PRI o 5N B 0 T o K H P RE AT SRR T, s DD S A A

REEW . B BRIRERL A ACRENE BRE S

hE 4 %S . TP301. 6 X ERERIRAD : A NXEHE.1002-7378(2019)02-0140-07

0 2| Luckasik %" F 2009 4 Xt FA Bk, 98 % Bk 10 %
BAEATIRET  ot J5 i FA 25 T R4S B L (H SR iR

R4l TR A e B oK s — R SR e AR N AN, LT A R T I T IR MBS 1 sh A
B Wk 7 B VLYY (Particle swarm optimiza- it wg k AL AL B B (CDPFA) , % 5 k38 H 7 5 il
tion, PSO) i i B 4DL 55 1 1 36 2 o B2 3 4K -0 5 W SR W] 6 A 3E k How) ih o & S T B B SRR
B (Bat algorithm, BA) 2 1 i B 477 b 48 75 0y 8 HE— AR TR SR BE R OR A B . AL
AT Y Oy AR T s 3 K ALY (Firefly algo- SEL R T AR S B — BRI T E A R 8 A8
rithm, FA) 38 b 82 400 3 & HUAe e B i 1 SR gl itk A7 AR 9k HU B o K ek B R L A I SR
SR KRRz s T Rk (), ) A PR A 7 K SRR 2 () A e S B T AR B A
AU A ] A TR N TR, wE K R RE AR S — RO TS . Gandomi S5 B 244 TR il i B A A8 17
B R e O A O A0 B3k R R B Ji) g e, R AR FHEN T 32 B b, 1) R o 3 0 0 3 g i 5|
BEAEE X T W) 46 % 53 A i A8 Pk L S 199 0 Sk e B BB R S8 y #6471 e JF 12 AR R Y
18 5 T3 R ORI R A AR S e p L i e A TRIE RS HEAT T 05 E I E . SAR R K AL i,
A OG 2 3 0 K BV W HEAT T 2 B ek, 28 328 WO 1 7 oK SRR LA O R 1 A R S I

il

* ] T B SR 3 A U H (2015GXNSFAAL39296) % B .

[ A]

BOARQMA).F AL AR FENERFETERMA R

[« @BEEH]

AERAI73—) . F . W+ 47, FFNEE M AT LK E-mail: 22gmail2002@163. com,

L5 8 A X1

DOI:10. 13657/j. cnki. gxkxyxb. 20190515, 008

AR R B A B TR OR Y R R K AR AR B R[] T W R S B ), 2019.35(2) 1 140-146.

WEN T,ZHAO Z G,MO H M. The hybrid bat and firefly algorithm with collaborative optimization []]. Journal of Guangxi Academy of Sciences.
2019,35(2) :140-146.



AR FERZR,2019 £,35 %, 5% 2 #1 Journal of Guangxi Academy of Sciences,2019,Vol. 35 No. 2

B A AR O R 1R DK Y A U R SR
%3 PSO 1Y Ja 48 R BE J1 3k 5 PSO B AR 8 /)
fi . FRBIDEE A5 B — il s R A A 1 T 4
RN R ) 5 7 H Kk U R S RE Y
LA & M Tk . K Uk BRI 2 1 e 7
5 AR S TR SV R L L i DA R AT 2K Uk
(LAl L 51EE T S 858 R R B B 2 K RORH R AT
DE T T i 5 5 05 AT 5 1 Jmy T4 R BB ) IX A
A3 0F 4 JRy e I A 1A B AT R AT R 20 1) JR 4 R 5 IR
54 S 88 o AR R0 2 K HRURPREAE SO AR P (R B A
iR 0 5 Fo i % SRy A AL HE AT v T DL Bl LA S T e A
M2 REE . RSk D T K RS E AN B A7 AR N
TR o3 A AR S I SOE BE G | 5 TSR
R ISR AN B2 AR A BB L R T 32 s 7 i ke TR
o7 ) R s N A R 0, A A R o AR AR
R JEE DAy 33K 6 4538, 1) B S IO T A S S

1 #MBERFZE

1.1 REEHEE

g % 2 AL A0 W U T R 0% o R b R
e LA WY B AR B 4 4 A — R ORE R RE BT
PEN L R A )R R 22 5ok I RS B 2 I G 22
S AR S Y 0 B R B sh R AL AT & K e
A 38 Ak AS W 0 3% AR TSR B W A

Wi s DL B o B AL AT OF RO R AR Q N
Tt A REY . bR e A E T A (D~ (D
o R A A £ 3 8 LA B v R AT R

Q =Quin + (Qux — Quin B> )
v§:U;+(X;717XGbCS|)Qi’ (2)
X =X""+v, (3

o, Q, 25« AW AT R, Qo M Qi 7
S AR I S B A B BR AR BR s B2 [0, 1] EIRA
B o) o A W BEAL I 5 o) Aol 4255 0 > Wi R 7E
¢ FZ0A e — 1 W 2B L o X e 2 30 ST T AT Bl 1 12
R B B A% b 45 2R R 1) W S PR BT TR B L X A
X' oy RS © A YRR AE ¢ B 2R e — 1 20 T AR Y
(A

Xt T SR AR R 23 0 5 A UL i i AR 92 R Bt ML T
A 1% DU Al — I ) i e DA T A5 380 SR B A

Xiow = Xpew H€ X A", 4
Horpe L1, 10— DEEHLE R, A" 2 W29 BT
AT B 88 ) SF- 227 0

BEAh R BE AL FBK A S 3R, bt 2k AR 2

BEE BEAMRSMANKRIERARBSRALER

A7 TR L b B e R R Jb b ) B T A 25
Al=a XA, (5)
ri=r; X [1—exp(—yt)] ., (6)

Horr o F1y BUFEC A T 0<<a <1 FI0<<y .24

t >0 f
Al —> 0. > 1Y, 7

Al SRR ¢ FE ¢ W20 A R EE ) Rl G o) 2 W

E ¢ FER GG B 20 R0 ¢ B2 % A ik

1.2 BAHEXE
KRS Yang™ 78 2008 4E48 i, fl 4 23

[i) 4% AR BCRE L, I ot a7 ok L 2s i 5 ] kO

55 1Y 5 K U RE RO HEAT 0. TE AOGES MR KR

] & G5 1 i ok RS B 1 ok B b, S8 A B Ak AR

T % B AR 7 B, B oe i P o A
HE K AR R S B
I=1I,e ", (¥

Hodr, 1, R s s KR A & =0 Ab) 5

A2 5 H bR R BUE A5 B B bR R BUE s, A B

SERER sy FRom B W R B R R A S B A R R

FA) 84 10 R 7 A\ 1 O AL 32 T U 553 JOT A 8 Y 5 T

W R B AR B R VTR O R e, ROR KR

i 5 2R E.
w7 K R AH B | B B
B =Boe 7, )

Hrr, g, #an RG] B, B IRA Gr=r, =0 4By

Wl B,

PR A

1
X! =X""+pLXt — X! Jra(rana,’—?)]a

(10)
Hoh X0 5 X5 FRoR .5 WAEEK AU ¢ B2 07
a HHE KT rand R0, 1] F R M 5] 43 15 1 Bl
BLEL,
1.3 BAEHE
R A5 2 X R 07 TR 28 20 (10D R, 24 L
2 HL I B T I 2 E— 2B BT B AR
R K SR A TE JR) S S5 O AT A a4 R A A A
AR SO A K BRI JR A B R AT B K o B Tk
Hh S U A A HIL I S 1) S AR A ) ke A T
o [ B X 2 30 A R AT e 0 2l L 38 n Ah R Y 2 R
P AR FRE Y Jm 38 98 2R BE 7 B iR, O s 4 ik bR B
A Jm st . FRATTHE P D 53 i E — S Y SRR R



BT RS ML http: //gxkx. ijournal. cn/gxkxyxb/ch

h e i ok BUTR G 55 5 (Hybrid bat and firefly algo-
rithm, HBAFA),

TG IR Ak W 0w AR X FE A R & 0 A A
X e B HEAT R 00 72 A2 BB K Bar X, B Y
550 DS X, K BBk R o, AN T AR B B AL A L
8k e, D)X 42 SR e A A X e HEAT RO B 77 2R
— A AR I AFAE BaeX W, A1 BarX (38
NEEEAEAR T X, HHm BE A, KT BE BL AR B e B
WA BarX Bl X, o Hmish iy 20 F

BatX = Xgpee X (N, + 1) as r;, <
rand , an
Hrp Xy 2R EAAK N, D 2R HE R
0,77 222 1 Wm0 A eR B, ) 250 7 A Wi 8 A K
AR v rand JEAEL0. 1] 1 AR ¥ 2] 23 A5 f9 B
PLEK .

X, = BatX as f(BatX) < f(X)&&A, >
rand , 12)
Hop X, AR R E LA, ARG K
rand 5=TEL0, 1] F IR I 2) 53 A B BEDLEL .

Wi 30 oL TE X e T R ST K 0RA 5 7 A Ry S
fift BarX ok 52 3 Ja AR B A4 2R I 388 0 32 W R A4
EE ) Bl J32 R HC AN B ) I 45 Dfe SRR AR o [ Pl a7 ok
HEE AT 2R R A R S HOK RS TR R
RS E KN TR K U R 22 R R T Bk
SR PR A R BE ) RS 1 K R AR R R R B
ARl ok R B Tk
1.4 HBAFA &2

il Bk HBAFA BAR AT, T i 45 it HBAFA
BIE TR AL AL IR

HBAFA B RINTE .

Step 1 IR AL AH & 2 B, BEALAE A0 W 185 o 4
IR AR QD AR BatX

Step 2 #7 & AR HOK B35 B 5E IEL, % Step
3. A WS AT

Step 3 FIWT S0 Bk vl -, 2 75 /N T Rl HLEL
rand /N A B Bat X , 75 W %% Step 4;

Step 4 & f(BatX) << f(X)&&A, >rand ,
D P 2 2 (120 85 5 A AR i ol s 44, T L
il 22 5O FC6) 23 3] BE B o B2 A ik o o A5 U
¥ Step 53

Step 5 AT R H 5 ok Hu 2 [a] iy R i g
FARELR 51 BE B SR J5 A FH 23 X (10) T 4% e duAs 14
R AE

Step 6 FIWr M 1k BN 28 1k 55 A (— iy 38 2 i
IR A UB B 15 B BE N D) L 45 I8 B 2 1k 2R )
IEARZL AL B Fe ) Step 2.

2 HERE5HW

2.1 iR #
P 6 A 0 I R B0k K 30 IR B B A
RO, MR B 1 s .
®1 MKEH
Table 1 Test function

Fun Name  Fun Range Best

Sphere  f,(z) = > X? [—100,100] 0
i=1

n

Fola) = 2 [100Cx,, —

Rosenbrock = [—10,10] 0
2D+ (e, —D?
L
fila) = 400021}2 -
Griewank ., =1 [—600,600] 0
.
Hcos*j-ﬁ-l
-
Rastrigin 7 ¢ = ,.:El(‘r - [—5.12,5.12] o0
10cos(2xx ;) 4+ 10)
[s(x) =
Ackley  —20xe t [—32,32] 0
L3 concene,)
e 7! +20+e
[elx) =

sin” \/x] + x5 —0.5
[1+0.001(x} + 257"
0.5

Schaffer’s F6 [—100,100] 0

2.2 ZWHREMSHIZE

B EEE R4 8 Windows 7,CPU i Inter
E5-1620v3, 4 3. 5 Ghz, W17 16 GB. Matlab2016a.
BEE B BE K /N Popsize ¥4 40, F MK E & E N
10" (—5) e KB A E R 1 000 Ik, HBAFA
Wi & A, =1, /N E & A, =0; &K ki
e = 1o BANIKIE 7 =058 KK HF o=
0. 2; MU BZ B y=1. BAWIBEREBEEN A, =
Loi/NE I AL, =0 KMKMIE r.. =18/ kb
fH 7 =0,a Fl y B 0.9, SPSO K. FHsh# B K
MR E N REE 0%, #HAKRBEELELERKEF
a=0.2, WA y=1.
2.3 YasEa

Shy R AV A SR PR 3R T S 36 25 SR A s L FRATT R 3R 1
I R AT 30 YRk 7 A S L O il Sk B A R



AR FERZR,2019 £,35 %, 5% 2 #1 Journal of Guangxi Academy of Sciences,2019,Vol. 35 No. 2

TRAE R EAC S W15 r 45 21 19 52 56 B0 . 7E 30 RS2
i vp BIr A5 B B B 22 {H Worst., Sz P8 {H Best. ¥ {H
Avg DL B brifEfm 2 Std W3k 2 fiR .

F2 MXBRBIWEEER

Table 2 Comparison of test function experiments

Fun Dim Alg Best Worst Avg Std

i 30  HBAFA 0 0 0 0
BA 3.716E+3  1.668E+4 1.054E+4 3.182E+3
FA 5.126E+4  7.700E+4 6.539 E4+4 6.295E+3
SPSO  3.442E+0  4.343E+1  2.160E+1 1.015E+1

S 30 HBAFA 3.232E—5 2.871E+1 2.488E+1 9.923E+0
BA 2.614E+7 1.332E+9 5.877E+8 2.877E+S8
FA  1.408E+10 3.814E+10 2.909E-+10 5.692E+9
SPSO  6.566E+3 6.744E+5 4.705E+4  1.200E+5

fs 30  HBAFA 0 0 0 0
BA 1.869E+0 4.736E+0 3.611E4+0 0.683E-+0
FA 1.455E+1  2.099E+1 1.763E+1 1.681E-+0
SPSO  0.353E4+0  0.840E-+0 0.587E+0 0.129E+40

[y 30  HBAFA 0 0 0 0
BA 1.417E+4  2.239E+4  1.936E+4 2. 047E+3
FA 4.900E+4  7.670E+4  6.402E+4  6.274E+3
SPSO  1.844E+2 4.662E+2 3.321E+2  6.983E+1

fs 30 HBAFA 8.882E—16 8.882E—16 8.882E—16 0
BA 2.000E+1  2.000E+1 2.000E+1 3.906E—4
FA 2.150E+1  2.150E+1 2.136E+1 0.077E+0
SPSO  6.022E4+0 2.047E+1 1.883E+1 4.147E+40

S 2 HBAFA 0 0 0 0
BA 0.010E+0  0.466E+0 0.234E+0 0.140E+0
FA 0.010E+0 0.415E4+0 0.172E+0 0.120E+0
SPSO 0 0.010E+0  0.003E4+0  0.004E-+0
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Abstract; The improved firefly algorithm has defects such as dependence on the initial solution distribution,
slow convergence in the later stage, easy stagnation, early maturity and low accuracy. This algorithm intro-
duces the bat population to do a more detailed local search near the global optimum to help the firefly popula-
tion to optimize. In the process of optimization, the information interaction between the bat population and
the firefly population is enhanced, and the optimization is coordinated. Finally, Gaussian perturbation is ap-
plied to the global optimum individuals to increase the diversity of the population and avoid the population
falling into the local optimum solution. The algorithm was tested by using six benchmark functions and com-
pared with the other three algorithms (standard particle swarm algorithm, bat algorithm, firefly algorithm).
The results show the overall performance of this hybrid algorithm is better than the other three algorithms.
The introduction of the bat population has greatly improved the performance of firefly, and the improvement
is effective.

Key words: function optimization, bat algorithm, firefly algorithm, collaborative optimization
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