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Improved Firefly Algorithm Based on Heuristic Information

CUI Jia-+rui LI Qing  YANG Liuyi  WANG Heng  ZHANG Bo—syu

( School of Automation and Electrical Engineering University of Science and Technology Beijing Beijing 100083 China)

Abstract: Firefly Algorithm ( FA) is an optimization algorithm based on swarm intelligence which mimics the
social behavior of fireflies based on the flashing and attraction characteristics of fireflies. With the aim to address
the disadvantages of the firefly algorithm of slow convergence speed and ease of falling into the local optimum in the
later period of the evolution process the firefly algorithm is improved herein. Two kinds of heuristic information are
proposed into the algorithm to guide the convergence of the algorithm. The first one takes the current global best as
the heuristic information referencing the “global optimal ” idea in particle swarm optimization therefore an
algorithm called FAGO ( Firefly Algorithm based on Global Optimization) is formed. The second one is called
FABE ( Firefly Algorithm based on Bayesian Estimation) using the optimal moving direction calculated by Bayesian
estimation as heuristic information. The improved algorithms in this study are applied to numerical simulations of
several classical test functions and compared with traditional FA and some other’s research are carried out. The
simulation results show that the proposed algorithms can well accelerate the convergence speed and improve the
convergence accuracy.
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Tab.1 Test Functions
Sphere £i() :‘:ile ~100 100 00" 0
Schaff _ sl on) 0.5, 100 100 00 0
Penatier fz(’“)_(1+o.001(xf+x§))2+ - -
Griewank S3( %) :ﬁlgl( x;) 2 —l_]/jlcus( j/ci) +1 -600 600 oo " 0
Rosenbrock £, ( ) =‘:z'l 100( %, —2) 2 +(x; —1) 2 ~100 100 11 0
3.1 Sphere 2
Sphere o
. . 2
2 Sphere

Tab.2 Test results of different algorithms used on Sphere function

FA
LFA
HEFA
FAGO
FABE

2.253 %1077 1.09 x10~"2 0. 002 7.03x107° 1.594
1.692 x10°% 9.72 x1077 0.265 1.63 x10 3 3.281
1.524x107°% 5.10x107" 7.91 x10™* 6.25x107° 5.271
1.192x107° 3.15x107'® 1.74x107* 1.35x107° 3.385
3.793x107° 7.43x10°5 4.51x10°* 9.24 x10°¢ 2.930

3.28 x107?
6.95x107?
4.21x1073
6.23 x107?

1.21 x10 73
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Tab.3 Test results of different algorithms used on Schaffer function

FA  4.535x1077 5.25x107’ 0.416 2.57 x10 72 1.613 3.45 %1073
LFA  3.44x107'° 2.35x10"°% 0.351 0.15 2.822 1.27 x10 73
HEFA 1.477x107% 4.32 x10~% 0.248 7.24x107° 5.381 4.23x10 73
FAGO 8.39x10°" 3.75x107%" 1.73x107° 3.27x107° 2. 649 2.27x1073

FABE 4.33x107" 2.94x107% 1.64x107° 1.35x107° 3.036 5.23 x1073
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Tab.4 Test results of different algorithms used on Griewank function
FA 0.260 3.57x107* 42.29 3.765 1.727 5.38 x1073
LFA  2.859x107° 2.26x1073 8. 69 0.791 3.270 6.25 x10 73
HEFA 3.424 x10°* 8.21x10°8 13.25 3.271 6. 105 5.98 x10 73
FAGO 2.366 x10 % 6.23 x10~° 2.43 7.37 x10°* 2.616 6.28 x10 73
FABE 1.073x107° 1.36x10°% 1.30x10°* 2.43x107° 3.518 4.26 x10 73
Griewank_min 2) FABE LFA
FAGO FABE
0 §
FABE FAGO
~14
F) — i
= -2 '—HEFA
e —FAGO
% 3] — FABE .
-4 LW 3) FABE LFA FAGO
51 l HEFA.
0 25 50 75 100 125 150 175 200 4 FA
generation
(a) Bl HEFA.FAGO
- Griewank_mean FABE HEFA °
60 3.4 Rosenbrock
501 Rosenbrock
£ 40
g
% 30 o 5 5
20+ . 5
10+
o 1) Rosenbrock
0 25 50 75 100 125 150 175 200 FABE HEFA FAGO LFA
generation .
(b) F¥fE ’
2) FABE FAGO
4 Griewank FABE
Fig.4 Optimal value and average value of the FAGO:
Griewank function
3) Griewank
4 HEFA FABE LFA FAGO
1) 5 FA
Griewank 5 FAGO.FABE

FAGO FABE



LFA.HEFA FA

98 24
5 Rosenbrock
Tab.5 Test results of different algorithms used on Rosenbrock function
FA  8.913x10°* 2.24x107° 119. 82 38.33 1. 405 3.44 %1073
LFA  3.651 x107¢ 1.68 x10~¢ 197. 45 53.16 2.984 2.45 %1073
HEFA 4.321 x1077 8.01x107'  508.4 43.28 5.281 2.35x107°
FAGO 7.138x107°* 2.23x107'  19.680 29.04 2.365  3.68x10°°
FABE 2.318 x10°7 5.23 x10 "1 5.281 16. 18 3.091 5.27 x107?
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