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An improved selection strategy of firework algorithm

YU Dong-hua*, GUO Mao-zu*?31, LIU Xiao-yan', LIU Guo-jun*

(1. School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China; 2. School
of Electrical and Information Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044,
China; 3. Beijing Key Laboratory of Intelligent Processing for Building Big Data, Beijing 100044, China)

Abstract: The selection strategy is an import step of the fireworks algorithm (FWA), which directly affects the convergence
efficiency, the convergence accuracy, the sensitivity to the initial value and the ability to jump out of the local optimal.
Therefore, an improved selection strategy of the firework algorithm (ISSFWA) is proposed, which establishes the concept
of spark peak and exploration spark. The improved selection strategy is proposed which selects peak sparks and selects
the exploration spark as the next generation of fireworks. The peak sparks take into account the fitness values and relative
position of sparks, which ensures that the global optimal spark and the local optimal spark in the neighborhood of the peak
spark are selected. At the same time, it avoids duplication of sparks with similar search ability and keeps the firework with
strong global exploration ability. And the exploration spark based on the largest distance enhances the ability of global
exploration. In the 10 repetition test of standard and increased position deviation test function, the ISSFWA is superior
to the PSO, GA, FWA in terms of the best fitness, and superior to the PSO, FWA in terms of average fitness, but slightly
inferior to the GA. This result shows that the ISSFWA can enhance the ability of finding the optimal solution, reduce the
sensitivity to the initial value, and improve the search efficiency.

Keywords: swarm intelligence; optimization; firework algorithm; selection strategy; peak spark
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number of optimal 0,0 2,8 7,7 12,4

R R R A\ =

2 45, 15 GA V- 2238 B de LA B 8 4, ik 1. il T 1~ &1 6 P 4 55 il 45 SCHA ), P bR AE

ISSFWA. 7 & vk #2 52 Y J7 [, FWA 5 ISSFWA 11 77
72 3R W, WA R WD A6 AL TN BUER, S 3 10 T Bk

e P, R GAfE iR L 7 T P RER 22, (H B A L
SRR EVE. SR L, PSO TGk e R L H L 2T 1

TN AR 7 T R RE Y f 72 GA AR 45 16 8L {8 U7 THI
P BEBLLS s SO 1A SRS FR MR A E 05 ISSFWA £E e 8
{77 Tk RE S5 f, P 24038 B FEAR U7 T 95 1 GAL B T
FWA.

ISSFWA AMYAE S8 28 fi D03 L JEE A A 1y
T FRE B H DL %4, AE MRS B2 BB B A L 95 A4 i
ISSFWA i 3] fie YU I 325 A K- S DU MR 138 2 B i

B s ). o iR 2k segk ., a2k st k2
R FWA.ISSFWA.PSO. GA.

75 B 1 FT 7 Ackley W bR 2501 A R A B i # 1)
1, ISSFWA i it 26 I [ EU At 3 Fh 7 vE bR,
JCNFWA, B T B 1(c) W BRI DLIs T %, 28 5 30
g TR KR 2 mE R IE TR e B TR
5E, HE FWA T 558 /b (1 AR Hi T 8 218808 S
N FEAE; B 1(b) 5 B 1(c) H I FWAPSO 5 GA i1 48 F
e A5 (7], USC SR 1) e AR A 423k . AT Utk ISSFWA
AT S 3] B T O A P P BT L Ath 3 b vk, HBE
B . B2 & Griewank 32 28 5 ) GA . FWA .

43 )

_________________ 22
20 S ) 20 t\r—-___'_______:_':
|
—_ | —_ —~
210! 215 2
< | < <
L
\
0 o} L
0 100 200 300 400 500 0 200 400 600 0 100 200 300 400 500
iteration iteration iteration
(a) shift0 (b) shiftl (c) shift2
| ----Fwa ISSFWA ===== PSO —-— GA |
E1 Ackley xR E-RMIETLE R E EiTZ%



394

£35%
150 === 200 o= .
60"'|_.I o Tl
S 150
~ 40 e 100 _
2 2 2100
< = 5 <
L R \\\.
0 T 0 = (e T
0 200 400 600 0 200 400 600 0 200 400 600
iteration iteration iteration
(a) shift0 (b) shiftl (c) shift2
2 Griewank ERR 8- HUHRTE 1E R & B Lk
[ e —— : L —
2 ) 6 R
k=) S 4 k=)
z ot = z
S < 2 ~ )
3 L
) S —— o= 0 S———
0 200 400 600 0 200 400 600 0 200 400 600
iteration iteration iteration
(a) shift0 (b) shiftl (c) shift2
3 Rastrigin IS ORB-SMERE R E Bk
4
£ o 2
® 2 = =
< .] SN <
o ko 0 hQT‘u ----------
0 200 400 600 0 200 400 600 0 200 400 600
iteration iteration iteration
(a) shift0 (b) shift1 (c) shift2
4 Rosenbrock XX # - s LB TEIE R FE {E 4%
3
2 2
5 5 2 2
Ol Ol =
S~ S~ ~ 1
0
0 200 400 600 0 200 400 600 0 200 400 600
iteration iteration iteration
(a) shift0 (b) shift1 (c) shift2
5 Schwefel AR E- R ARG R E (ErhZk
6 8T
] T
2 I
= S 4 S 6
O = =z ¢
< < 2 =,
{\-L--_---.----_----_-; 0 & ———————————— ) ==
0 200 400 600 0 200 400 600 0 200 400 600
iteration iteration iteration
(a) shift0 (b) shift1 (c) shift2

6 Sphere IE R B - L IRTE & R E {ERhZ%
ISSFWA — 2 il £k JE % 231, ¥4 T PSO. & 2(a) L2 B FAE, XK ISSFWA . FWA. GA #5 i [ 5%
FWA 5 ISSFWA J1F & &, B 5 T GA; I’ 2(b) 1 3 RARZENT, SR )5 1E B L AR B I 347 JR 30 48 R fE IR A
2235 S Bad R BE, 7E 10 2 100 AR Bt I FEH, ISSFWA HL FWA . GA B B 3230 S A0 i



%28

A F BRIk 395

2(c) ' FWA B e e, 1B 2 #1 4 ISSFWA £l GA ik,
Ut B FWA B 56 4630 JR) 30 s L 40 AR 8k H, T GA AT
ISSFWA 3K T S AL fi.

B3~ K65 1R 2 (AR L 34 — 3K
10, NI Ge A A3 87 P55 A 3 3 95 K, S 3ok 108 A
AR BRI, A% 5 2 1 B ARG I P (8 B B e Fa . B
PSO 4k, BT A 51 ) S 86 3 A F A 200 JGEAR BA A 1
58
5 4 ®

AR SC B SR AL B P R SR, ST T
WEAE K AEFNIR R K AEME &, F H TR N — 1 2¢0%
EKACFIRZR KA — 782 R — X N iR ik 4%
SR E 6 ANFRUE b 38 IS B RS 11 A BR B ) s
B0 &5 2R B ISSFWA TE -3 B A0 3d B B 7 TR T
FWA. PSO. GA =M J7 V%, 781 3503& B FE A 7 Ak 1
FWA F PSO, {H 2§95 T GA; 1E 18 & F i i Ao e
77 1, ISSFWA {1 T- FWA 1 PSO; [7] I}, ISSFWA it
U BRI R R AR = T FWA PSO. GA. [A i, J
T 3k 1 4% 5 W (1) ISSFWA 7] DA R4 M 32 T 48 55
LT IR RE 7, FRAR XS WIME BB, 4 RF &5
R, SRTH R R AR,
S £ 3 fk (References)

[1] TanY,ZhuY C. Fireworks algorithm for optimization[C].
International Conference on Advances in Swarm
Intelligence. Beijing, 2010: 355-364.

[2] EEEEENESIE M. bt Bl R, 2015: 13,
(Tan Y. Fireworks algorithm introduction[M]. Beijing:
Science Press, 2015: 13.)

[3] Pholdee N, Bureerat S. Comparative performance
of meta-heuristic algorithms for mass minimisation
of trusses with dynamic constraints[J]. Advances in
Engineering Software, 2014, 75: 1-13.

[4] Janecek A, Tan Y. Iterative improvement of the
multiplicative update NMF algorithm using nature-

optimization[C]. The 7th
Conference on Natural Computation. Shanghai, 2011:
1668-1672.

[5] Gao H Y, Diao M. Clutural firework algorithm and
its application for digital filters design[J]. International
Journal of Modeling Identification & Control, 2011,
14(4): 324-331.

[6] KJA Lo, BT B WA S I RE TR
B3] 4501 5 PR, 2016, 31(10): 1853-1859.

(Zhu Q B, Wang Z Y, Huang M. Fireworks algorithm with
gravitational search operator[J]. Control and Decision,
2016, 31(10): 1853-1859.)

(7] EE Tk, R, S KT EGH SR A

IR RERS Bh VR PR R AR LR (D). FE ]S R 3R, 2019,

inspired International

34(2): 335-343.

(Zhang W, Ma Y, Zhao H D, et al. Obstacle avoidance
path planning of intelligent mobile based on improved
fireworks-ant colony hybrid algorithm[J]. Control and
Decision, 2019, 34(2): 335-343.)

(8] XU™J5, WREE, 7c A%, &5 BT oo WA Sk m

Wt 125 T, 28 YR VAL VR P 0], 3 S e, 2019, 34(4):
751-758.
(Liu Y H, Ma J, Zuo D W, et al. Mixed-model
sequencing of stochastic assembly line based on improved
fireworks algorithm[J]. Control and Decision, 2119,
34(4): 751-758.)

[9] Zheng Y J, Xu X L, Ling H F, et al. A hybrid
fireworks optimization method with differential evolution
operators[J]. Neurocomputing, 2015, 148: 75-82.

[10] Yu C, Tan Y. Fireworks algorithm with covariance
mutation[C]. IEEE Congress on
Computation. Sendai, 2015: 1250-1256.

[11] Zheng S Q, Janecek A, Li J Z. Dynamic search in
firworks algorithm[C]. IEEE Congress on Evolutionary
Compution. Beijing, 2014: 3222-3229.

[12] J7Hi-F, M4k, el & BA%EINFHIshE
HRMIEEVE D). WHEHR Y 5 R, 2017, 1103):
491-501.

(Fang L P, Wang J W, Qiu J F, et al. Dynamic search
fireworks algorithm with learning factor[J]. Journal of

Evolutionary

Frontiers of Computer Science and Technology, 2017,
11(3): 491-501.)

[13] Zheng S Q, Li J Z, Janecek A, et al. A cooperative
framework for fireworks algorithm[J]. IEEE-ACM
Transactions on  Computational
Bioinformatics, 2017, 14(1): 27-41.

[14] Zheng S Q, Janecek A, Tan Y. Enhanced fireworks
algorithm[C]. IEEE Congress on
Computation. Cancun, 2013: 2069-2077.

[15] X4, 5%, ARMZR, 5. KM N-Z 5K R
Memetic Ml 1€ 5 7% [J]. % 1 5 Y36, 2018, 33(10):
1757-1766.

(Liu A, Feng X Y, Deng X D, et al. A memetic fireworks
algorithm for solving /N-vehicle exploration problem[J].
Control and Decision, 2018, 33(10): 1757-1766.)

[16] Rodriguez A, Laio A. Clustering by fast search and find of

density peaks[J]. Science, 2014, 344(6191): 1492-1496.

fEEEN

RAME(1988—), 53, A4, WEHLE =2 AEE R
221 5, E-mail: donghuayu@hit.edu.cn;

A (1966—), B, 2%, {14 TN, NHELEE] .
HEYIME B 9L, B-mail: guomaozu@bucea.edu.cn;

XIFEHE (1963 —), L, MIBFFL 5, 14, NFEME B
ZEHF 9L, E-mail: liuxiaoyan@hit.edu.cn;

XIEZE (1979-), 55, @I, 181, NN ) i E
WAL ZEHF 78, E-mail: hitliu@hit.edu.cn.

Biology and

Evolutionary

TR FEH)



