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A firefly algorithm with chaotic diversity control
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Abstract: To overcome the disadvantage of premature convergence in the firefly algorithm, a firefly
algorithm based on chaos diversity control (CDFA) was proposed. Applying chaotic mapping. CDFA
achieved an initial firefly population that is high quality and uniformly distributed; it then disturbed some
individuals with low fitness values by chaotic mapping in the process of the search so as to keep the group’s
activity and reduce the possibility of falling into local optimum; meanwhile, in order to increase the
diversity of the population, the proposed algorithm used the physical reflection theory to control the
position of the firefly outside the borders. Experimental results of bench mark functions show that CDFA
can effectively improve the ability of the global search and local exploitation and has a better optimization
precision and convergence rate than the basic FA.

Key words: swarm intelligence; firefly algorithm; chaos; chaos disturbance; diversity

I 5 B #.2014-03-21; & Bl H #§.:2014-04-15

E&TIH . HKARRF RS (61375121.61075049) . ZRUA = AL A SRR 058 T 8 00 H (KJ2014A277) , 75 % 17 2 1] 2 46 56 V4 2 Bt )™= 2
WFEAETUH (2012LWAOL7) 848 i 1 A AR BR W98 50 H (KJ2010B469) %5 ).

TEE A AR GEIREH) . &, 1977 A i+ /R 2042, WFo8 5 1) 8 BB T3 LB 42 4. E-mail ; hlxu@ wxc. edu. cn



— bR % AF MR 09 AR K R H ik 613

%7 #
0 5|35

i ok BB (firefly algorithm, FA) 2 3% H 8 #f
KF2%%H Yang #£ 2008 4FH2 H A9 — B E S 8 1 1L
FLUUFA BR IR 2 A AR b ok HGE B
A5 B AT X R AR AT 09 i3 A i AR Tk 8. i T
FA B A S5 & 50 0] 8 S 400 VB T IR T A B A
KON BV 2 B R AR N S, an 2R
BT B AR G 4 R0 AR Ak BEE i 4T R )
RN Y A 1R N2 5 2 RN K A L R Y I LN
B RN AR IR R T Rtk RE . HE
WAFAEAG T B S 0 DR A 1 S5 Bl

H A E N A2 5 xF FA Bk a8 K202 ik —
o7 W2 KB D = R NS = O ) R 0 e 2
CAMBH T EFEE L KRS
b % 2R AR AL 0 SCERD Y A i FA BBk
5t AL SO R R R ORE L 25 iR
ARG X B 45 A R R R A AN TR
FETE e B Lt m TR R MERe. B TR
S22 FHTR 0 B O 1h 55032 i 2 1), 1) FH IR il 722 o L
A3 I BRI AR A M Y A SR AT R
BRI T — ol 3 TR T B e Y Bl S R A ok
1% (CDPFA) iz Fl 3z 77 WSk 1R il 0] 46 Ak 2 K 4]
TR A B I A B 3k AR AR 1) R b S 0 Y 3
KA A —E TR L TR AR P
TR B UG BE RN R i o B A R TR A A 5E
AR AR S 5 38 R FH 18 5 09 748 S 7 R R B 6 O g
JIR K55« A5 0 0 3B A A R B AR
TC PR R 3] 4 Jy e A0 . DRI b, i 34 5t b A 1 22
P R 1 B 3k 3% R ) ol G A PR S 67 3 e L
DX 358 P[] sF i o o A Mo ) KG EE L (LA 0 — 2 5

BT BRI A SCHRE T — AR I 2 4 R
WA = ok A Ak B3 (a firefly algorithm with
chaotic diversity control, CDFA) . ] F Vi i ik G+ 4=
BIE Y 43 AT B E CRP) IR R AR S E R A R
W B ARAE T A A, B — BB AN 3% 2 2 IR
{ELVSE A LS ) S B B A D S i A ) X 322 % oK
Wz AT e S Bl (6] s 7 s A 2 AT Y
WK B T B SR X R 2 R R AT TR
il o DA ol B30 48 R 1Y) 22 P R ik o Jmy 3 o U 11 3
IR RE ) R R 5.

1 BERFENHEZEHSH
FA B — iR AERE AR L o ) T 2 Jk it g

KGR B K H 2 (R AE B R 5| BT R R R
25 (] R I P 8 ok ) S B bR eR R S
I AH R 5 B K HUHR DR AZ 21 408 3T 7 K HL R
Bk A 51 A Bl o7 B AR A H K A Ak
MRS Y AR T KL IR 4B S S BEVLES 5. 2 ok
Z ) B R B WG 5 A R R Ak R T B LR T Ak 2o
o @) Qo N1 A W B R S (N el (1 RN R AN
M. = kb @ 55 kB Z R Rk 5] B TRk
NN

B = Be )
AL RARNIR, BINIE RS r=0 4RO 5] 1. vy RN
[ - I el |51 N B SR i S 1LY BN ER =
=R/l

ri — H Xi — X H 2 = (2)
A AT DLAR 498 552 B () 50 feEFH OHG Al B . & s 1E A X
O B W W3R
G IR VA i /AW
ait = ai Bl — D) + el (3)

Ao, o ROR K A 1 B ZI AL E  BCal—
) RN HSE R HE KL XA ok B BRG] et BR
A7 Hrp ¢ €[0,1] R e 2K el ¢
IR 22 il B e 38 A1 B8 BE L P 1
2 BREERANBARUEZE

RS SR A e TR R G iy — Fh O &
i GRS A TE T 4R 2B R b IR
D0 A B 125 14 5 A S AR 2 4 TR Yok A e DAY Y 2 ) g S
2 gt 23 18], SR A R G 22 5 LA 3l D P B AL K
T B R 5 HE AT 48 28, AT T DA st A A0 580 1 B
AR R R A2 Sk U R (1 Logistic J7 F2 7=
A IR 4

Zot = uZ,(1—Z);3 n=0,1,2,+; 0 a1
D

KA, u€ 0,471, u=4 B A5 2R TCRE.
2.1 REMBLHERTE

BEHL™ A4z — A D 4ET & 20 =[ 215 21255
2.a)s 2,0 € L0, 1] M 2 AR TR M ACH) 46 )
AT IR AR AR 2 ()R A B B 25 TR DA e S5 3
DA B 1Y & A BUE 25 1) 31550 B A eR U X HAE
HEATHEF R IR N AN BAF (AR AR R W0 i R
2.2 REHMEKEE

T B 1k A S 3 R T 2 R AN T S



614 T EAFHERKFFR

F 44 %

JE ARG R I e 510 %6 38 40 ok EAT IR VP 3, A
Jns R A R BE ) P R B B AR

Z,= (1 —Z + s 0 << a<<1 (5
A, 27 g T UG A i S 20 [0, 1 )05 i By TR
] 65 Z, AR R RS TR 1) 5 Z3 R RO 3k 3h
JE T IR TR ] & s o SR BN AR L, b AR UER
m B LA R R E

(k* 1 } m

aZI*IT (6)

7 R AR I A R 2 IBOE N AR 44 A1
(9 20 %0 BB SR BEAT IR BE VL 3 B 4 3l )5 7 AR Y
BT AL B FIE B i Y 80 26 8 43 H B 2H A A U
AR EA T —fe 18 K.
2.3 EXWEREEIRH SRR

FIA 2. 2 95 S0 X i Kk RBEAT IR DAL 3. i
BEDLYE AL S 42, 2 B 2 Rl o, — 2 T RE Hh 3
ZRENE R e R B 2 T BRI I SO
A B AN WSS, TR RRE H B MR 2 R AR A
JCE P A B Jr i e . O 1 B Ak K RO i S
[ 95 Fil 2Z Ah o B A SCHR K 22 5% BR A 150 41 4 2 ok
BIR il 75 120 5 L R S BRI Z R PR B L L ST A
SCHR 21 ] 20 52 4 B S 58 00 4 A 25 i) A/ 1 7 A it
S5 3t 1o figp 2 ) P 349 58 b A 1) 22 R A

LB AT EH T .
I;d(t) —
lbjd + T[l/b,’d - J’I;,l(t)] . lb,‘d - a < f;d(t) < kb;d

2 (D + v (t+ 1D by << 2 (D) < uby
wiyy — a2 () — uby s uby < 2u(t) < by + a
Wy +rduy—Wy]slby—a> xu(D)
orxu () > uby +a (7
L 0 B ub g AR 23 ()55 0 AR U o 4R/ B
BRANT BR . W ARALO 1 ALY BELEL s o 2 3
2.4 HiZRmE
CDFA B3 i i B 4t s F
Step 1 ¥l b & S5 B RS B B KA
T o e RIEAREL T 555 MR 2.1 755 A9 TR 1ol SR %
7 A B D[] 8 T Tk ) e A R A 5
Step 2 FI Wk AU 1 2 75 1k 3] fe R AU L
BCZR TE N TE AT A DU R SRR N Nl R
LA L
Step 3 15 HAReR & AR B AR R ECT 532
KA A B RIS
Step 4 JIr A K B AL 5

@ g Hoa Jo i, 548 T B 5 Y kR AR e
KO R BN Z A AR

@ H 3 I A BRI AR A v A e H B R X
JE dr 2D 35308 K A A X W | B AR 4 AR X 5
J& v K BRI B 07 1) .l 203D SR AL

Step 5 MR 58 B0 K HUHER ARG 2. 2 TR
TP 20 A m F =X (5) X 3 B 20 0 i ok Ao ' ik
(ERIEALIE/ NI

Step 6
EREE R

Step 7 Bk%| Step 2;

Step 8 FLIEZEW Hi th 45

3 HEXBEEZERSH

3.1 EHRBERE

WS HREWT . 8K BRI m=30, g =
1.0,7 =1.0,a=0. 2, T =2 000, B 1L Y 3 K L
1435 IO (L BRI 50 B Sy 00 3K o, R A eREIOI ST 35 4T 50
W WOV B9 B LA W ABLAE by LA S I 4 50CR 30.
3.2 KBEHERXLESH

R T UEAS SCR R A AR TR R L 43 0 S A
2 PR BURN 22 1525 pR BRCHE A7 X6 T SE 8, Py 6
PR EE A SCk[22]. M 1~6 AT £ -f« Btk
M. 3 1 fEk 2 43 40 0 1 S [m) B30 7 A B8 ek 4K
f1 -fs Benchmark 7] i fr 15 i S FEEH . S 22 {EH. P
(B - Y (E A bR 1 22 25

Kl 1~3 g5 ith T HBS R AL f1-3 iz IR TR
HER PR £, I 1 ~2 Fros, b TR £ A
1o PRER, A SCAR A R L R 3 A A0 A L TR T A
BYAREA fy PRARL, AT K U A CDPFA T F%
g AR SCRE L RE R IR A A R L T R
B X o i T AE TR VG A B 09 [8) i SR T S
PRS0 B SO IG N T R RE 2 AR R T
% B 4 JRy 1 R OR R T K fE .

M 4~6 AT UL, X T2 RBEERE £ -fo, A
SR T At 0 ok A S5 P, 4 Jmy 45 R R O B A
FHABBE L. N 2 W51, FA il CDPFA 7EAb# &
A 22 FL 25 PR VRSUIT o Bc DICFilf AF0 e 22 M 25 AR K, U i
SRR B RO MR RRAR 22, AR SO 22 A/, B %
SRR A AR AE S X R BT A SO R ] T IR T Y R
ML R FR TGP 2 1 3 7 AP RE R 2 AR AR b 3
RO A% [n) R R 08 7 ik 2 ) 30 1B PN R A 7 388 11 R A 4
FA TRk R R R LA Y RE T A 4

o ok AL E L s (D 7 2



%78 — bR % AR MR 0 R K R H ik 615

200
0 = =
l.
= 200 o~ ]
=2 ———FA
;fu CDPFA [
= 400 —.—-- CDFA |1 .
N
N
~
—600 N, .
_800 L i L
0 500 1000 1500 2000
AL

B 1 304 [, Wk

Fig. 1 Convergence results of 30-demension [,

30
———FA
CDPFA
20 —.—.- CDFA
= 10 :
=]
g - — — —
S0 .
-10 b=y
20 s L s
0 500 1000 1500 2000

AR CH
3 304 £ WSk

Fig. 3 Convergence results of 30-demension f;

———FA
CDPFA

K
&
= 2 E
h A
0 1 E
) X L i
0 500 1000 1500 2000

AR
5 30 % f, Wrsgehsk

Fig. 5 Convergence results of 30-demension f5

20 1
=]
= —10b 4
\.
l-.
20} ‘_'___h______.__ T
=30 i i I
0 500 1000 1500 2000
AR

B2 304 /, ek

Fig. 2 Convergence results of 30-demension |,

———TFA
CDPFA

Logiifi W

—15t -
-20 : - -
500 1000 1500 2000
AT

4 304 f, Wsphsk

Fig. 4 Convergence results of 30-demension f,

N ———FA
shos CDPFA
N ———
N CDFA
ah B —
=
1=l 1
-:'—5% 3 -i__l J
E: L
- "1_.—-_,___‘
2 D 4
1
] L -
0 1 i 1
0 500 1000 1500 2000
AR EL

6 30 % f, Wrsg sk

Fig. 6 Convergence results of 30-demension |



616 PEAFHERKF LR % 44 %
F1 MK EE f-f
Tab.1 Benchmark Functions [, -/
7] B Z Ei 44 W
fi =1084F + > = Tablet 30 [—100,100]
i=2
fr= 2 (> ap? Quadric 30 [—100,100]
i=1 j=1
fy = 2 [100Cai1 — a2+ (o — D2 Rosenbrock 30 [—50,50]
i=1
fi= ﬁz (a? = [[eosCCa/ D +1 Griewank 30 [— 600,600
i=1 i=1
fs = D) (a? —10cos(2mxy) +10) Ranstrigin 30 [—5.12.5.12]
i=1
n 1
fs = >, (a4 22 X [sin(50 X (a2 + 22D 41.0] Schaffer f7 30 [—2.408,2.408]

i=1

% 2 CDFA 1 H f & 3£ 7 Benchmark i5) 5% _+ 44 BE X tb

Tab. 2 Performance comparison between CPFA and other algorithms in benchmark function

BRI £ Rk Fe/MHE SRIIOE(EN ¥ {E Iy % AMH
FA 5.3e—21 1.2e—19 1.1le—18 8.2e¢—19 5.7e—17
CPSO 1.44—11 1. 83e—10 1. 6e—10 1.29e¢e—11 3.12e—09
Tablet
CDPFA 1.5e—12 1.9e—10 1. 7e—10 1.3e—11 2.8e—10
CDFA 2.2e—26 2.5e—24 3.9e—24 4. 7e—24 1.6e—23
FA 0.752 70.43 1. 2e+2 1. let2 4. 9e+02
. CPSO 8. 1le—05 3.32e—03 4.0le—04 1.9e—03 9.9e—03
Qudric
CDPFA 7.8e—04 3.5e—03 3.8e—03 2.0e—03 1.1e—02
CDFA 4.5e—11 6.6e—10 1.3e—09 1.4e—09 7.5e—09
FA 4.923 78.32 93.71 1. 5e+02 1. le+03
CPSO 8.9e—02 21.56 31. 89 31.78 1. 68e+02
Rosenbrock
CDPFA 9.2e—02 21.74 32.12 32.18 1.7e+02
CDFA 2.3e—03 8.322 12. 28 17. 19 78.56
FA 6.8e—11 1.98e—02 2.7e—02 2.8e—02 0.108
. CPSO 4.46—12 1.79¢e—02 2.48e—02 3.28e—02 0.152
Griwank
CDPFA 4.52—12 1.8e—02 2.5e—02 3.3e—02 0. 157
CDFA 0 8.6e—03 1.3e—02 1. 6e—02 6.7¢e—02
FA 31. 27 56.71 56.03 12.28 81. 39
o CPSO 7.19¢—09 7.12e—08 0. 189 0. 485 2.045
Rastrigrin
CDPFA 7.18e—09 6.9e—07 0.201 0.498 2.062
CDFA 0 4.0e—12 0.582 1. 087 3. 990
FA 2.38e+02 2.87e+02 2.87e+02 31.12 3.5e+02
CPSO 80. 98 1.51le+02 1.29e+02 30. 79 2.29e+02
Schaffer
CDPFA 81. 86 1. 48e+02 1. 3e+02 31.21 2.3e+02
CDFA 0 0.2981 1. 5397 2.2716 9.1503
H T AR SR AL R I ks
4 zZ5 e

BT 5 IR R S (CPSO) B 38, 45 - I
R 2R f REOM fo pR O R AT LR
CDPFA #1 CPSO 53E B A b FA B2 148 RIERE,
Uh R PR TR T AR SR N T FA BL B BELE B
BRI RER B — AR iy 48 R, A
SCE R CPSO BA #0H  f A 3.

Bt Xk HE AR K Rk B A AR R R LA
Dy V5t S5 TR L 1 T — TR 0 2 A P ) R 114
BT FHR DE R S0 B9 BEDLYE ik b3 1 7
A B 5] o3 A B WD 6 A s A AR R B b SRk H B
it B8 A T TR S IS, S B Y 78 0 SR T TR



%78

— bR % AR MR 0 R K R H ik 617

YU . 5 i 7 007 B SR P b A S i B s
T fifp 22 18] 22 A0 % 7 K HL B o] fige 25 [, A7 250
Fi T RPRER) 22 BT, T 5 S AR K U A B
BEE X HE M 6 ol i v 00 3 o 5 7 L2 5 L S 0 2
AW REAR G b f 45 R 1O 2 A L B AT R
U AU SCE BE RS . T — 2B BT S N B R B
I B A 2k 9 SE B TR )L A

% % 3 ik (References)

[ 1] Yang X S. Nature-Inspired Metaheuristic Algorithms
[M]. UK: Luniver Press, 2008.

[2] Yang X S.
optimization[ C]// Proceedings of the 5th International

Firefly algorithms for multimodal

Conference on Stochastic Algorithms: Foundations and
Applications. Sapporo, Japan: Springer, 2009: 169-178.

[ 3 ] Senthilnath J, Omkar S N, Mani V. Clustering using
firefly algorithm: Performance study[J]. Swarm and
Evolutionary Computation, 2011, 1(3): 164-171.

[4] Horng M H, Jiang T W. The codebook design of
image vector quantization based on the firefly algorithm
[C]// Proceedings of the 2nd International Conference
on Computational Collective Intelligence: Technologies
and  Applications.  Kaohsiung, Taiwan, China:
Springer, 2010; 438-447.

[ 5] Horng M H. Vector quantization using the firefly
algorithm for image compression[ ]J]. Expert Systems
with Applications, 2012, 39(1): 1 078-1 091.

[ 6 ] Honig U. A firefly algorithm-based approach for
scheduling task graphs in homogenous systems[ C]J//
Proceedings of the International Conference on
Informatics. Anaheim, USA: ACTA Press, 2010:
256-263.

[7]Jati G K, Suyanto.
algorithm for travelling salesman problem [ CJ//

Evolutionary discrete firefly

Proceedings of the 2nd International Conference on
Adaptive and
Austria: Springer, 2011, 6943: 393-403.

[ 8 ] Basu B, Mahanti G K. Firefly and artificial bees colony

algorithm for synthesis of scanned and broadside linear

Intelligent  Systems.  Klagenfurt,

array antenna [ J |. Progress in Electromagnetics
Research B, 2011, 32: 169-190.

[ 9 ] Chatterjee A, Mahanti G K, Chatterjee A. Design of a
fully digital controlled reconfigurable switched beam
concentric ring array antenna using firefly and particle
swarm optimization algorithm [ J ]. Progress in
Electromagnetics Research B, 2012, 36: 113-131.

[10] Farahani S M, Nasiri B, Meybodi M R. A multiswarm

based firefly algorithm in dynamic environments[ C]//

Proceedings of the 3rd International Conference on
Signal Processing Systems. Yantai, China: IEEE
Press, 2011: 68-72.

[11] Abshouri A A, Meybodi M R, Bakhtiary A. New
firefly algorithm based on multi swarm and learning
automata in dynamic environments [ C] // Proceedings
of the 3rd International Conference on Signal
Processing Systems. Yantai, China: IEEE Press,
2011, 73-77.

[12] Zhang Y D, Wu L N. A novel method for rigid image

algorithm [ ] .
International Journal of Research and Reviews in Soft
and Intelligent Computing, 2012, 2(2): 141-146.

[13] Luthra J, Pal S K. A hybrid firefly algorithm using

genetic

registration based on firefly

operators for the cryptanalysis of a

monoalphabetic substitution cipher [ C]// World

Congress on  Information and Communication
Technologies. Mumbai, India: IEEE Press, 2011:
202-206.

[14] Fister Jr I, Yang X S, Fister I, et al. Memetic firefly
algorithm for combinatorial optimization [ C J//
Proceedings of the 5th International Conference on
Bioinspired Methods  and  their
Applications. Ljubljana, Slovenia: IEEE Press, 2012
75-86.

[15] Aruchamy R,

performance study on hybrid swarm model for micro

Optimization

Vasantha K D. A comparative

array data [ J]. International Journal of Computer
Applications, 2011, 30(6): 10-14.

[16] Abdullah A, Deris S, Mohamad M S, et al. A new
hybrid firefly algorithm for complex and nonlinear
problem [ C ]// 9th International Conference on
Distributed Computing and Artificial Intelligence.
Springer, 2012 673-680.

C17] a2, 0 3, B % . 3k IR W 300 1 2 25 7 2
JH LT ALV, 2013, 33(3): 796-799.
[18] Lu H J, Zhang H M, Ma L. H. A new optimization
algorithm based on chaos [ J]. Zhejiang University

Science A, 2006, 7(4): 539-542.

[19] Tavazoei M S, Haer] M. An optimization algorithm
based on chaotic behavior and fractal nature [ ] ].
Journal of Computational and Applied Mathematics,
2007, 206(2): 1 070-1 081.

[20] Choi C, Lee ] J. Chaotic local serch algorithm[]].
Artificial Life and Robotics, 1998, 2(1). 41-47,

[21] 4RI 4 £ 8 XIDeR . 55, —Fh 5 T 2 BE M w1 R 7
BRI M B R4, 2013, 37(1): 17-21.

[22] Mk, KT . £ 5. — B ek 09 1 38 0 346 5% fok:
BRI ST 0], B4R, 2005, 16(12) : 2 036-
2 044.



