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Firefly algorithm based on self-learning for multi-peak optimization
problem
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Science and Technology, Wuhan 430074, China)

Abstract: The firefly algorithm is prone to fall into local optimality when dealing with multi-peak optimization
problems. To solve this problem, this paper proposes a firefly algorithm based on self-learning. According to the fitness,
the particles are divided into self-learning particles and ordinary particles. The self-learning particles randomly select a
particle from the population and randomly select a dimension to generate three candidate solutions by using three
learning strategies, and the best solution among itself and the candidate solutions is obtained. Ordinary particles
simultaneously choose two particles superior to themselves to learn. Self-learning particles can not only maintain the
algorithm’s exploration of multiple extremum spaces, but also improve the algorithm’s optimization accuracy. Guided
by the mixed information of two particles, ordinary particles make the algorithm jump out of the local optimal. In
addition, the elimination mechanism is used to make the algorithm abandon the maintenance of low-quality extremum
space, so as to improve the development of high-quality extremum space. Experimental results show that the proposed
algorithm has high performance in multi-peak optimization problems.

Keywords: firefly algorithm; multi-peak optimization problems; self-learning; two-sample learning; elimination
mechanism; local optimal
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The porposed SLFA

1: initialize a population of fireflies randomly

2: calculate the fitness values of each firefly

3:FEs = N(N is firefly population)

4: while (FEs < MAX_FEs)

5:  sort the particles and divide them into two
parts

6: fori=1toN

7: if ¢ is a self-learning particle

8 move firefly i according to = (8)

9 FEs=FEs+1

10: else

11: move firefly 4 according to = (9)

12: FEs =FEs+1

13: end if

14: end for

15: end while
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I I FREEAL B, R A B A % SR 7, 3
R, W] LLE W, PR IR A 4 N, B A TR
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E T YRR ML A R, AR 12 WK, G — 25
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(g) SLFAB8th generation
B3 MmHEEEmndiERR
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(h) SLFA12th generation

99.415 x 10713,

A 3R 43 B AT 40, SLEA 76 4 H 22 W 4 Ak i 7231 A
[V RE IS 21 7 S0V BT FH SR 1) TIURA AR TR AR AL
ReR b, [FIRE RIS AR 50 T, FA FIVFAS BN 50 x 20
20 = 20 000 {X. SLEA FITEAL XA 50x (12x3+8) =
2200 K, fiK T FA, (H H AR AL 45 B T FA, Bk 1
2 ) HEmE I A
4 HIEHE
41 SFAREMHEALR

i E— 2Nk B, 4EE D = 30
K461, % SLFA 5 FA2I, WSSFAUS-11 . MFAUTI
RaFA!'8], ApFAI"") DLFA!'!l AILVEFA!' 34T LE 5.

SLFA 12405 b —5 — 3, &% LU 1) Ho A
SRS HINL S % SR — 8 AT H A, 5 RaFA
ApFA. DLFA. LVFA [ 5250 15 8, 3 B A4k %A
B KA B MAX_FEs= 5 x 10°, % Jk dUFf e %
BN = 20, FHIEIBIT 30K, FIEE REFHE S br
HEZE IR 2 fios.



% 81 R EF me SERE e g 285w KRk 1977
Fz2 OMEAE RMMKEH ERRAIESER
FA WSSFA VSSFA MFA RaFA ApFA DLFA LVFA SLFA
mean 6.67e+04  6.34e+04  5.84e+04 1.56e-05 5.36e-184 2.02e-44  0.00e+00  7.65e-204  1.02e-155
fi std 1.83e+04  491e+04  1.17e+04 2.31e-05 6.82¢-184 2.85e-44  0.00e+00  0.00e+00  1.38e-154
mean  5.19e+02 1.35e+02  1.13e+02 1.85e-03 8.76e-05 1.83e-12 0.00e+00  1.24e-102  5.37e-78
f2 std 1.42e+02  5.66e+02  3.93e+01 3.57e-03 7.58e-05 4.0le-12  0.00e+00  6.24e-103 1.50e-76
mean 2.43e+05 1.10e+05 1.16e+05 5.89¢-05 4.91e+02 1.01e+01 1.58e-09 1.53e-21 7.11e-02
f3 std  4.85e+04  4.60e+05  3.64e+04  4.52e-05 1.06e+02 5.92e+00 1.10e-08 4.51e-20 5.12e-01
mean 8.35e+01  7.59e+01 8.18e+01 1.73e-03 2.43e+00 1.30e-07 0.00e+00 1.00e-96 2.01e-20
fa std  3.16e+01 1.88¢+01  2.32e+01 3.86e-03 1.87e+00 8.85¢-08 0.00e+00 2.70e-95 4.20e-19
mean 2.69e+08  2.49e+08  2.16e+08  2.29e+01 2.92e+01 2.81e+01 1.99¢+00  3.82e+01 1.29¢+00
Js std  6.21e+07  2.76e+08  5.79e+07  3.25e+00 4.19e+00 3.98¢-01 1.62e+01 3.6le+02  1.01e+01
mean 7.69e+04  6.18e+04  5.48e+04  0.00e+00 0.00e+00 0.00e+00  0.00e+00  0.00e+00  0.00e+00
fo std  3.38¢+03  5.12e+04  2.16e+03  0.00e+00 0.00e+00 0.00e+00  0.00e+00  0.00e+00  0.00e+00
mean 5.16e+01 3.24e-01 4.43e+01 1.30e-01 5.47e-02 2.76e-03 1.26e-02 1.96¢-03 9.98¢-04
fz std  2.46e+01 4.80e+01 1.72e+01 2.36e-01 4.65e-02 1.10e-02 1.86e-02 4.54e-03 2.57e-03
mean —1.56e+03 —2.01e+03 —1.85e+03 —7.63e+03 —41.21e+04 —6.25e+03 —8.86e+03 —7.38e+03 —1.26e+04
fs std  3.77e+03  3.23e+03  8.56e+02  8.72e+02 3.61e+02 1.26e+02  2.04e+04  4.48e+03 9.96e-12
mean  3.33e+02 3.61e+02 3.12e+02 6.47e+02 2.69¢+01 1.21e+01 0.00e+00 3.19e+01 0.00e+00
fo std  6.28e+01 8.56e+01  4.18¢+01  2.53e+01 1.52e+01 2.77e+00  0.00e+00  5.07e+01  0.00e+00
mean  2.03e+01 2.05e+01 2.03e+01 4.23e-04 3.6le-14 2.55e-14 5.68e-15 5.09e-15 4.14e-15
Fro std 2.23e-01 5.56e-01 2.46e-01 3.35e-04 5.98¢-14 6.48¢-15 9.64e-15 8.61e-15 3.49e-15
mean 6.54e+02  6.09e+02  5.47e+02 9.86e-03 0.00e+00 3.33e-16 2.99¢-02 2.38¢-03 2.21e-03
fu std 1.69e+02  4.19e+02  1.29e+02 6.81e-03 0.00e+00 2.22e-16 1.52e-01 2.45e-02 3.50e-02
mean 7.16e+08  6.18e+08  3.99e+08 5.04¢-08 4.50e-05 1.23e-16 1.57e-32 1.57e-32 1.57e-32
frz std 1.82e+08  8.38e+08 1.05e+08 3.27e-08 6.28e-04 1.59¢-16 1.50e-47 1.49¢-47 1.50e-47
w/l/t 12/0/0 12/0/0 12/0/0 10/1/1 9/1/2 10/1/1 5/3/4 6/2/4

217w/l /t Kon 5 1ZEIEM L, SLFATE
w DN RE EVEREE AL, E 1 R B B YRR A M, R D
BRI b M RE T 22, B3R 2 W) L SLFA T7E At A5 il ik pR
B A 45 R T FA. WSSFA. VSSFA; 5
MFA #H L, SLFA 7€ 10 > i ¥ EVERETEAR, 7E f6 B3
gt FAHR, TE f3 L8, 5 RaFA A LE, SLFA 7E 9 A4
PR B L RE SR AR, TE fo LR REAH 4, 7E £ RO f1y B
At B 72; SLFA 7£ 10 > R % 148 T ApFA, £ fo b AH
4,558 7R 7E fu BT %% 5 DLFA
FILVFA FH L, SLFA IR RETE f1 ~ fuIX 44 HLIE R
B AT 58 LR B fs AN fr LR 2 R fs
Jro M0 fry B AE fo A0 f10 EARY. ZRA EOAL 5
f B AH LE, SLFA 7 22 U bR i b 1A 3% B AE S U bRy
K e B s B L, % W SLFA W 3 T AbH 2 1641k
] . 3% 3 45 SR T L Y, SLFA VK 7E 5 06 bR 3
PERRE TR 9 PP BELVE TR HE SR 3, HE 44 I T DLFA Al

LVFA, 1£ 2 W R 5 EPERERR L. £ A Il ok B 25
AP fE L, SLEA FIRK {8 fe /), & W SLFA 25 & 1
et RE AR

R3 OMEIELE 12NNt R L BY Friedman #3845 R

rank
algorithm
single-peak multi-peak all
fi~ fr fs ~ fi2 fi~ fi2
FA 9.00(9) 8.30(9) 8.71(9)
WSSFA 7.57(8) 8.00(8) 7.75(8)
VSSFA 7.43(7) 7.10(7) 7.29(7)
MFA 4.64(5) 6.00(6) 5.21(6)
RaFA 4.79(6) 3.60(4) 4.29(5)
ApFA 4.07(4) 3.80(5) 3.96(4)
DLFA 2.07(1) 2.90(2) 2.42(2)
LVFA 2.64(2) 3.60(3) 3.04(3)
SLFA 2.79(3) 1.70(1) 2.33(1)
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(d) Penalized
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TERREL fs~ fi2 b, SLFA JE 18 2 7E IS SIORE 2 A shis
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ek &, A SCEIEEISOE B A RE, 3 —
IUE T H 5 ) R,

42 SHEXEALR

I FH AR Ak e 5 45K ) CEC2013 W8 B 311200, 45
SLFA 5 — 8622 SR 508 1 Hv 04T EL AR CEC2013
I3 bR 0 28 AN R A, Fo P fy ~ fs 9 BRI PR AL,
f6 ~ f20j'9%m%g—€l%l,f21 ~ f287'9§é\l$l§&. Hﬂ?zl—‘
SCER SR TR T 2 VAR AL i) R R, 0 X 22 05 R B
fo ~ foo BEAT MR, 1t — 2D 50 1UF SLFA 7£ £ W& At Ak 7]
A RE.

bl A5 B v A i ok N T 0 B 5 AABCI2Y
OCABC?2, gABC!®! fil ABCG4, Btidt i -1 BEAL AL,
5114 PSODDS>!,  SRPSOP®!,  CCPSO-ISMP?" FlI
MSMPSOZ81, 5256 15 B 2 EZ MR AL 12t ) BT 21
(IR B, W E D = 30, MAX_FEs = 10000 x D,
FEIE N BARSH S AR 2% S0k, FIEE R
AR E EIEAT 30 I A S R R 4 s,

R 4 0 0, 5 ok N T B 57k AABC.
OCABC. qABC 1 ABCG #f Lk, SLFA [t flttb 14 fig 4>
AIFE14, 11, 1IN I2 AR 8 B, AE 1L 44 40 1A
bR 8 B Ab T 95 # etk BE A 40 B PSODDS
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TR R k.
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AR Z A RR, 73 #r 1 H K REVEARAE
“TEEILR” ALAF 1 I K R N SR A A B
T 2B N R 3B f I HL G306 %, AR Sk 2 )
EA AR R, AL 787 7% 18 2 WAk 0 BB A 2 1)
AR AL 2 )RR AL b 3 — i ) 322 ) w K U
P R 8 @) 8% oI = I S B B A o IIRLS i A S
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B OE B SRR A 25 E KRk

1979

F4 9MEIEAE CEC2013 MK R ¥ EILIELER

AABC OCABC qABC ABCG PSODDS SRPSO CCPSO-ISM  MSMPSO SLFA
mean  6.09e+02 1.79e+01 1.53e+01  4.16e+01 6.05e+01 6.95e+01 6.37e+01 7.91e+01 1.72e+01
fo std 3.55e+02  4.92e+00  2.04e+00  1.32e+01  2.95e+00  1.90e+01 2.32e+01 2.85e+01 5.55e+00
mean  5.13e+01 1.14e+02  1.22e+02  9.94e+01 1.05e+02  4.44e+01 6.40e+00 1.99e+01 4.94e+01
f7 std 1.86e+01 1.71e+01 1.25e+01 1.36e+01 1.98e+01 1.96e+01 3.30e+00 1.13e+01 1.37e+01
mean  2.10e+01 2.10e+01 2.10e+01  2.09e+01  2.09e+01  2.10e+01 2.09e+01 2.09e+01 2.09e+01
s std 5.48e-02 3.26e-02 5.86e-02 4.44e-02 4.61e-02 2.91e-02 4.06e-02 5.45e-02 5.18e-02
mean  2.49e+01 2.93e+01 2.97e+01 2.91e+01 2.61e+01 1.79e+01 1.71e+01 1.45e+01 1.51e+01
fo std 3.89¢+00  1.40e+00  1.60e+00  1.08e+00  2.26e+00  2.96e+00 2.98e+00 2.68e+00 5.26e+00
mean  5.68e+02  1.51e+00  4.12e-01 2.64e-01 7.63e+01  9.07e+01 1.18e-01 8.67e-02 5.77e-02
10 std 2.63e+02  2.38e-01 7.69e-02 1.03e-01 4.89e+01 6.78e+01 4.60e-02 3.79e-02 3.48¢-02
mean  1.65e+02  5.68e-14 1.42e-13 1.49e-13  7.98e+01  3.86e+01 2.39e+01 2.59e+01 0.00e+00
S std 4.91e+01 6.75e-30 4.30e-14 2.94e-14  2.17e+01  8.66e+00 6.32e+00 6.38¢+00  0.00e+00
mean  1.80e+02  1.52e+02  2.59e+02  1.31e+02  1.62e+02  5.60e+01 3.91e+01 5.16e+01 7.94e+01
f12 std 3.35e+01  3.28e+01 1.94e+01  2.21e+01  3.56e+01 1.46e+01 1.34e+01 1.67e+01 1.42e+01
mean  2.13e+02  2.29e+02  3.41e+02  2.07e+02  2.71e+02  1.19e+02 9.44e+01 1.04e+02 1.02e+02
f1s std 5.64e+01 1.99¢+01  3.59e+01  2.08e+01  4.49e+01  2.15e+01 2.42e+01 2.70e+01 2.26e+01
mean  3.84e+03  3.69e-01 1.83e-01 2.50e-01 2.00e+03  1.37e+03 1.40e+03 1.44e+03 4.71e-01
J1a std 5.20e+02  4.08e-01 6.45¢-02 5.04e-02  4.55e+02  2.20e+02 3.17e+02 3.86e+02 4.37e-01
mean  3.81e+03  3.55e+03  3.64e+03  3.82e+03  4.09¢+03  3.02e+03 3.67e+03 3.21e+03 3.61e+03
f15 std 9.53e+02  4.04e+02  3.40e+02  3.23e+02  3.99¢+02  6.53e+02 1.28e+03 4.22e+04 4.21e+02
mean  2.52e+00  1.30e+00  1.02e+00  1.65e+00  8.72e-01 2.50e+00 2.39e+00 2.29e+00 9.35¢-01
fie std 1.93e-01 2.55e-01 1.66e-01 2.21e-01 4.15e-01 2.32e-01 2.33e-01 3.62e-01 1.72e-01
mean  2.26e+02  2.71e+01  2.79e+01  3.04e+01 1.08e+02  6.16e+01 5.85e+01 5.60e+01 3.04e+01
frz std 4.71e+01  9.58e+00  7.12e+00  2.97e-03 1.48¢+01  7.09e+00 6.96e+00 5.86e+00 5.53e-03
mean  2.36e+02  1.97e+02  2.69e+02  2.10e+02  1.71e+02  1.99¢+02 1.86e+02 6.95e+01 8.73e+01
f1s std 7.53e+01  2.42e+01  3.84e+01 1.45¢+01  3.183+01  2.02e+01 1.55e+01 1.44e+01 1.62e+01
mean  1.55e+03  5.35e-01 2.27e-01 6.91e-01 1.02e+01  4.05e+00 2.67e+00 3.27e+00 6.06e-01
fio std 3.42e+03  2.60e-01 4.30e-02 1.84e-01 5.16e+00  1.81e+00 4.17e-01 6.16e-01 1.70e-01
mean  1.07e+01 1.41e+01 1.45e+01 1.44e+01 1.42e+01 1.39e+01 1.23e+01 9.92¢+00 1.14e+01
fa0 std 7.21e-01 5.31e-01 2.91e-01 4.12e-01 8.48e-01 1.29e+00 1.64e+00 6.68¢-01 1.53e+00
rank 7.43(9) 4.77(4) 5.50(7) 5.23(5) 6.33(8) 5.43(6) 4.00 (3) 3.60(2) 2.70 (1)
w/l/t 14/0/1 11/0/4 11/0/4 12/2/1 13/1/1 12/0/3 11/1/3 8/1/6
AR SR T A H SR PR AR5 5% S0k (References)

TR 2 PR A 1] 1T e, T HL 9K 24 ST RE T g
i ORAIE S5 (K DU AU B2 b 7 S KR IR R
) 2 HIRREE AR IR B X, A SR 6 R T e A,
BE 2D N SRR 2 W AE 22 8] IR R RE 0. BLA, fE
PR AL Ao 553 3 7 0 25 B AW AL 22 T PO 37, 2 1T
S i XA AR 2 (RO e, 1t — P 3R m Bk A ik
FERL. SLIR 45 RARW, A 52 o) K UERRES A AL
Ak B 2 WA AL R L S B 2R S ) S A BB AL
WePE— AR 5 2 12T EBIRIRE T ARH I 1AL
A e, L 24 B A0 s RS A 24 O A 26 2 K el
LRIV RERC MR, TF DR 5 b o ) S B
W HTRE T8 4E BE R SR LA L RE IO RZ I, BT 7 2 4
JE i | 25 S S, DRSS = A AL .
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