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Fish swarm algorithm with Lévy flight and firefly behavior

YIN Hong', DONG Kang-li', PENG Zhen-rui'f, LI Shao-yuan?
(1. School of Mechatronic Engineering, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China;
2. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)
Abstract: Since the artificial fish-swarm algorithm (AFSA) and firefly algorithm (FA) are easily converging to local op-
timum and have low accuracy in the optimization process for solving multi-dimensional and multi-extreme value functions,
an algorithm called Fish swarm algorithm with Lévy flight and firefly behavior (LFFSA) is proposed, which introduces
the migration strategy of firefly algorithm into the two behavior patterns of fish swarm as:the swarming and the preying
behaviors. Furthermore, the Lévy flight is introduced into the search strategy. Besides, nonlinearity visual and step length
based on dynamic parameter are simultaneously considered for limiting the search band. Simulation results demonstrate
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that the LFFSA has a better performance in convergence speed and optimization accuracy.
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LFFSADY ARSI fr. Table 1 Parameter settings
Algorithm: LFFSA AR 24 B
Begin FA, LFA, FFSA, LFFSA Bo 1.0
WA X1, Xoy -+, X b FA, LFA, FFSA, LFFSA ~y 1.0
T R AFSA, FFSA, LFFSA 5 0.618
while (gen < Maxgen)@i%‘(iﬁﬁ TEEACRE TEEE}?) AFSA, FFSA, LFESA Trynumber 5
FA, LFA, AFSA, FFSA, LFFSA  Maxgen 2000

whilet < n
if X, R AT I 5 A T
HRAER 5| FE AT RIS BB X
else MRPELévy flightif 1T W & IF1F2] X;;
end
endwhile
BT CANER
endwhile
1REHAME.
End

5 BUE5 E 925 (Numerical simulation)
5.1 S E (Parameter settings)
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TRRE DL SRS BE, 4 AN B 5 AN IS AT 501K, 15
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)2 4k pR 2, AR 8NN R 2 B NI S/ ME O 2
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PR %, Griewank, Ackley, Rastrigin, Schwefel, Schaffer
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Table 2 Test functions

PR ik RAE FHLVEH
D
Sphere f@) = a2 0 (—100, 100)”
i=1
D
Quartic f@) =Y izt 0 (—1.28,1.28)"
i=1
12, 1 D D
Ackley f(z) = —20exp{—0.2 ) >t — exp[B > cos(2ma;)|}D 4+ 20 + e 0 (—32.768, 32.768)
i=1 i=
D-1
Rosenbrock  f(z) = 100(zip1 — 22)% 4 (1 — x;)? 0 (—2.048,2.048)7
i=1
D
Rastrigin (@) = S {z;? — 10 cos(2mz;) + 10} 0 (-5.12,5.12)"
i=1
D
Schwefel — f(z) = 3 {@; -sin /2 |} 418.9829D (—500, 500)”
i=1
Griewank  f(z) = L f z;2 — ﬁ cos(ZL) +1 0 (=600, 600)”
4D000 i=1 ' i=1 \/7j ’
?
Quadric flx) = 3 (3 z)? 0 (—100, 100)”
i=1 j=1
D—1 sin x?+1+m2—05 b
Schaffer x) = + 0.5 0 —100, 100
/(@) 2:1{(0 001 (2?7 +x3) +1)? } ( )
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FREE R T LFFSA, fEH 42 6 Fi A RN R £ T,
LFFS A3 & 15 56 A i, X AR T Lévy flight
XoF G FE AR 1 K R (FA) RIS AN f B 5
1L(AFS AV 2 2 2 B IR B R IR 22, FEA O A
TE(AFSAVTEXS 22 /NI R B e AL i L 2
BT —BEAFRASH, ARATCIE M i A LA

9T BN E M S AN SRR SR AR T DL RE

% 7 (1 5 2B TR, 3 H T AN R ST
BAT 50 IR J5 i 5 B kAR 45 5L 1 P 9 1H (Aver-
age)~ f ML AE (Best) fix Z {H(Worst) LA S 507K F- It 25
RIPRIEZE (std).

FHER3 A DUE H, X TR AR FIEN S, BAAN
Red AR BB A BT, {H AN 22 B ek A A A 5
FELAFSA T, X WAEHA T 52 K HUE 2 RIS A 35
LFAM FRERIAEE AFE, AR5 IE N 2 A2
Y bR B S0 LEFSARIFFS ALE SO A7 S48 i i
FEHRUR 3, FREENEIE N 2 PPN [R) S R B i SR
HAFBI T B2 . WSS REBULT A ERE, &it
Lévy Flightflt1b [ B35 7= A AR A 45 B bR v 25 3K,
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Table 3 Optimization results comparison
W% WH AFSA std FA std LFA std FFSA std LFFSA std
Worst 3.0132 —2.8714 1.2394 —5.0348 —6.7579
Sphere Best 23664 0.1800 —3.2583 0.1265 —0.3685 0.1633 —5.2378 0.0706 —8.4927 0.0764
Average  2.6668 —3.0491 —0.2966 —5.1322 —7.2977
Worst  —2.3216 —1.9329 —2.7284 —11.1708 —14.1973
Quartic Best —4.1270  0.1703 —2.81797 0.1432 —3.2539 0.1845 —11.3934 0.0633 —15.5835 0.1319
Average —2.8706 —2.2351 —2.9669 —11.2771 —14.7321
Worst 1.3121 —1.7221 1.3116 —3.9602 —6.1479
Ackley Best 1.3043  0.0017 —2.4114 0.1220 13072 0.1412 —4.6671 0.1901 —6.9343 0.1376
Average  1.3093 —2.0912 1.3096 —4.3223 —6.5776
Worst 2.1070 2.1353 1.7794 —2.0341 —1.0585
Rosenbrock Best 1.5691 0.0859 1.0028 0.0966 2.0423 0.1447 —2.4049 0.1297 —3.3997 0.3535
Average  1.9488 1.4338 1.8978 —2.1565 —1.9089
Worst 2.2952 1.8674 2.0840 —2.8394 —4.3733
Rastrigin ~ Best 2.0838 0.0764 1.2025 0.8414 23208 0.1623 —2.9871 0.0470 —5.1245 0.0570
Average 22387 1.4929 22115 —2.9393 —4.6463
Worst 3.8172 3.7886 3.8433 4.0993 4.0993
Schwefel  Best 3.9249  0.0167 3.9097 0.0332 3.9048 02412 4.0993 7.47¢=6 4.0993 4.31e=6
Average  3.8699 3.8532 3.8592 4.0993 4.0993
Worst  —11.6658 —9.6986 —372.32 —9.3449 —8.6653
Quadric Best —14.0222 1.0569 —10.5425 1.3246 —385.01 1.4133 —12.1996 0.8684 —11.9376 1.3237
Average —12.7166 —10.0232 —378.50 —10.9443 —10.0785
Worst 0.9557 0.9557 —1.6162 —~5.3033 —6.2707
Griewank  Best 0.6439 0.1324 04997 02231 —1.9982 0.4066 —5.4446 0.0502 —6.4494 0.0546
Average  0.7349 0.6972 —1.8347 —5.3571 —6.3718
Worst 1.1066 1.1121 1.0936 —6.9543 —5.7639
Schaffer ~ Best 1.0769 0.0083 1.0575 0.0146 0.9972 0.0233 —7.7621 0.2934 —7.2139 0.4900
Average  1.0944 1.0887 1.0053 —7.4185 —6.3114

% 4 LFFSA #yria] £ 4<% 15t
Table 4 Complexity estimation of the LFFSA

LFFSA P 5% IR S 2R
L VN N T A O(N)
2. WA A TR O(N)
3. RHEHATH O(N? + 2% N)
4. BEATH O(Trynumber x N)
5. Lk A HIT 0(1)
6. AT St 0(1)

5.3 LFFSAR[E] & %% & 43 T (Complexity analysis
of LFFSA)

R I 8] &2 4% FE 23 BT (Computational comp-

lexity analysis of LFFSA)

SRR NI AT R0 i {5 FH IS 8] 52 2% FE SR EA T A

B, — RO AT FE AR B EORR i TR) B2 %
JE. RAVEANF T LFFSA R 08 BRI ) 52
APEEE.

5.31

CAN R TR, 7T LISRAF AFS A fR I 8] 52 %
o
O(Maxgen * (3 * N24-Trynumber * N+6 * N)),
[FIFEH, ATSRISFARIR A R N
O(Maxgen * (N% + N)),
LFFSARII A& 2% 5%
O(Maxgen * (N2 + Trynumber * N + 4 % N)).

R RS> B AT DL Y, i) A R S A
TERUREA G, 3R BV IR I [A) B2 2% 5 9O (N 2) 2
Jil, (HFAMLEFS A [¥f 1] 5 B 2241 T AFSA.
5.3.2 AL ] &2 2% ¥ 43 HT(Experimental compl-

exity analysis of LFFSA)

IR B R BRI A S T R, AR
BATRER A IR M ReRE. T % 5ikae
535 B IO B 72 ) AR, X Bk kAT [ R WS
A P2 AR 0 BN AT AT, TR AR T F X % L A T ]
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BT 4E: BI NLévy AightFl7g K AT AR f %

SEISAREHT G, X SIRIZAT I AT G it I 7
. BB S AN 26 5. 271 BT iR, 25 SE X A Rk e
HSERTEBATI R AR S Frs.

£S5 HEFHTHE N

Table 5 Average running time of algorithms

TR E)/s
IRFNEE Ay
AFSA FA LFA FFSA LFFSA
Sphere 1023 747 13.1 18.5 7.53
Quartic 1237  7.73 403 21.1 9.60
Ackley 1087 7.80 152  20.7 8.96
Rosenbrock 11.40 7.67 5.0 20.4 10.27
Rastrigin 1053 7.66 5.5 194 8.03
Schwefel 10.53 743 205 18.7 8.56
Griewank 1233 8.03 223 227 9.23
Quadric 30.8 102 152 385 23.0
Schaffer 16.2 84 155 206 13.5

H ST LAE H, TR KB R I 5L T, FA
TEIZAT I 18] 1 B8 i B A R 94, LFFSATEAR AL 5 5%
AFSABATIRFER 7 B8 o, fOR 1 F SR AT
NAIE AT NP AT B AT AT I R FIFFSA
FEIZAT I A L R LEESA R/ 3%, Ktk o8/ 5
AT R R, R RE R ) A e
AR RER) B B LFATEIZ{TI 8] L H AR E
(2RI, HFEEES. 279 A, HM R AT E. AL
B 19 HLévy flightF A& & H T B3 ok 20 -1

503
g ts

T2 PE (RS FE, 256 AR A A SO0 RS FE 1R AT LU AR,
LFFSAML A8 2, FHAEOAN I ok £ ) A Ak 72 vp
152 (i 0 BT B AN R RIS AT R A TS 1.

6 5 ¥k % M 4> B (Characteristic analysis of

LFFSA)

6.1 B 17 A8 A B 4 i (Behavior pattern
comparison of LFFSA)

X FLFFSA TR RE T &, A [FAT A AT
PR AFHIE]. A T R S REA FAT A e T
LR i o5 IS AT LU, B SR LFFS A AT 5%
BT AN T L3005 B e S I TEH
3, M1 R A AT B AT BN LA R Kl
HIRS SR N HEAT R Bl (Prey); LUK, K BEAT BT N
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Fig. 3 Iterative curves of test functions under different behavior patterns
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Table 6 Calling percent of preying behavior in
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IR £

Sphere

Quartic

Ackley
Rosenbrock
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3999860
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3764880
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99.99
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81.11
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6.2 Z ¥ o #t 4 Hr (Parameter improvement of

LFFSA)
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Fig. 4 Test curves of parameters

6.3 LFFSAT LA % #0418 43 #7 (Optimization
superiority analysis of LFFSA)
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7 45 (Conclusions)
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