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Moth-flame algorithm based on statistical guidance for large-scale
optimization problems

LIU Xiao-long'
(School of Business Administration, South China University of Technology, Guangzhou 510641, China)

Abstract: In view of the fact that the moth-flame optimization (MFO) algorithm is poor in solving large-scale optimization
problems, the direct flight model of moths is proposed based on the mutation idea of differential evolution algorithm (DE).
The concept of the sight distance factor and the scaling factor is used, and the flame around the historical optimal moth
and the current random moth is defined as local development and global exploration. Three different types of the sight
distance factor are designed to guide the search algorithm and the global exploration and local development from the
macroscopic point of view are started. The influence of different start-up time on the precision of the MFO algorithm in
the large-scale problem is analyzed, and the idea that different optimization problems have different start-up opportunity
for local development. The optimization efficiency of the three combined strategies is discussed on the model of direct
flight and helical flight, and the better performance of the proposed algorithm is verified. Numerical experiments vprify
the superiority and robustness of the improved algorithm, compared with the existing literature on large-scale optimization
problems.
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SRS fi f2 f3 fa fs

SIS 1 6.6e-161

1.48e-07 0
2.05e-10  6.42e-317
7.36e-08 3.22e-308

0
0
0
0 2.93e-09 2.94e-293

3.03e-98  5.52e+161 5.25e-301  1.08e-02

SZU62  1.04e-118  1.38e-63  2.05e-120  2.08e-203  3.86e-203
SCIG 3 0 7.70e-161 0 0 3.82e-05
SR fe fr fs fo f1o
SZE 1 1.05e-04  9.89e-08 0 4.44e-15

K2 191e-04  4.07e-07 0 8.89%-16
SEEG3 1.11e-04  3.59e-11 0 8.8%¢-16

ﬁm% fll f12 f13 f14 f15
SEE 1 7.17e-05  1.94e-06 0 1.21e-07 0
SEIG2 1.26e-63  1.18e-05 0 1.42¢-03  3.26e-223
B3 7.99e-165  3.45¢-06 0 1.48¢-07 0




906 # % 5

HH 28 3 0] 0, fs WA R 25T 1R 2H B SRR 1 e AR
22, fis fon fas fas fos frn MK ER R 0 45 SR
REBELT, fo~ fs~ for fron fia~ fiz~ fra B frs MUARRHCT
[ 20 A SR LAl S S 1 e A 2. 5 PR R 156, R e
B RS FS BN A 2%, BRI AR SC22 1A H & 3R
WS A AR 17 B, 35 AN [ 3 e SRR R AT LR
3.5 FRBEAXNMUEERELE

B O SR 117 H i ok 4, 152 R 8 TR I R
BT AE 4 0.92, F FH 4H A S0 1 IMFO 5735 3K il
154N KU AL 7] 3, 42 11 30 IR S 45 2R WLk 4.
F4 IMFOKRMEAFARRALBIRE A1 REFR#R (D = 1000)

Eiz0n fi f2 I3 fa fs
Mean  3.93e-148  7.69e-87 2.46e-149 1.43e-275 0.0379
Std 1.79¢-149 3.36e-86 1.00e-148 0 0.1017
SR 100 % 100 % 100 % 100 % 100 %
k=g fe fz fs fo fio
Mean 7.55e-05 1.17e-05 6.06e-14 3.49¢-15 0
Std 9.57e-05 3.63e-05 3.32e-13 2.07e-15 0
SR 100 % 100 % 100 % 100 % 100 %
EL7D fi1 f12 f13 f1a fis
Mean 1.92e-137 3.45e-06 0 1.48e-07 0
Std 7.19¢-138 2.49¢-06 0 2.12e-06 0
SR 100 % 60 % 100 % 73.33 % 100 %

HIR AT H, R T fro M f14 40, IMFO 592 1) 4R
BT 2835158 100 o, 15> DK R £ 114 <1 357 A0 B oy 22
95.55 %o, B 17 T SCHA (117 77 15 AN 03 2R 5k i) S3-10
35 T 5 84 o, £ FHIUKE FE b, A 44 DI bR £ )
FARKE AR TSRk [11), AR B TR E T
SCHER[11].

N TR EE, 22 SR [11] M A UM sk
SRLVE TR R FABE AR A 1) 0 X 6 SR, 4 B4y 3R AT
7, 43 il R 25 5 IR 1B (CLPSO). Wiy 7 22 56 B 1
{6 B (CMAES). H i M % 77 (SaDE) & FL 1 #f
(SMQPSO).4H 4 %4y (CoDE). &) &l f5 38 2% (DIHS).
oSO i e AR AR SRR (TWOA), 3 S 75 I R 250
FE S50 J B SCHR [11] 7 7 R ok 3 B R s AP
(MaxFEs) A5 x 106, %P 535 1 2 80k B VE DL SCik
[11]. UK A SC ik IMFO 532 ff MaxFEs ML 5 x 104
WEE g5 x 100,55 3K 7 ek Hoi 47 B 0] b s Be, <k
e RS,

~ Yy >,
xR #35%
xRS TREIBEKRBAAR AT REE (D = 1000)
SCHRAT b B f1 f2 fs fs
CLPSO 3.14e-21 7.73e-02  7.45e+02  4.96e+03
CMAES 7.06e-01 1.78e+0 3.26e+03  3.60e+02
SaDE 2.22e-01 1.57e-02 3.05e+03  8.22e+02
CoDE 6.06e-02 3.16e-03 2.21e+03 1.06e+03
DIHS 1.98e-23 5.24e-12 1.21e+03 2.34e+02
IWOA 0 0 9.90e+02 0
AL IMFO 0 0 8.28e-08 0
SCHRX LB fo f1o f12
CLPSO 1.95e+01 2.78e-15 1.90e+03
CMAES 2.13e-01 4.94e-01 1.19e+01
SaDE 1.21e+01 9.25e-01 1.15e+02
CoDE 9.19e+00 1.23e+00 9.94e+01
DIHS 4.02e-13 2.50e-15 9.97e-26
IWOA 8.88e-16 0 0
A IMFO 8.89%¢-16 0 1.54e-06

FH 3% 5 0] A1, AR SCIMFO 78 R AR ek 20h B A
—E MBS B T f12 M BRI 2K T DIHS IWOA
A, AR R A L A A SR L 22, o, f5 R
Hh At S0t ARV B B BN R SRR, T AR ST A H 1)
FVEBE T R AR, IS B T 1e-08 ¥ FESE L fr0 Wl
R, AR SCRE I SI0RS FE AR X AU, 1 3 2
T 1e-06 FI/KF-.

SCHR (1414 1 134> AR S RUBEAN 104 /N B AR e
Y B BOHE AT EL W 7T, BT 13 4N 3k vk R S STk [11]
HH IR B 8 S JHE 1 BR B8 — FE I, SCHR [14] R 5
NIEARERR AL f fa~forSs~Sfrs TOUEDHAS AR Gk
Z % FEF 9T, 4% 32 I MFO AT IMFO 4% 228 AW 98,
T 6 oy K (1) 2 08 AL STHR [14). 55 40, A STR BT
(1416 & 7 28 %, Bt i B HE 3 R0 52 4k 1) ACRE i,
e AT R FE S HOR B ROZ AL T R AR RS 5
PG Z [A) T 4E PSR

X LSBT SRR L, PR R I B K IE
N S —FE (MaxFEs = 50 000). Boif, S50k
B[R AT —FF, Rk ECH A 100, 5RIE AR ECN 500,
TG R RN Bl A = 0.92,HRE R E AN
1e-08. F| F{ IMFO F1 MFO %1 % 11 i SCHik [14] 5 STk
(L1145 22500 1 5 AN R A R B3 T 30 IR SLES, Gt %5 5
ERVERE IR A, B e AR B AR SR PR A P b A
ZE . BMAE IR, B M P (AR, SEI 45 3 0
6.



%45

Ao AT Gurt 48 F 09 TR AR K S R K K ALAR AR AL 1) R 907

Fz6 RMEMIE)BMAYEESTELSLLE (D = 1000)

Mean Std SR PE
fs 1.50e+05 7.10e+05 36.67 % 0.2542
fa 3.88e-12 2.07e-11 100 % 0.3135
IMFO fe 0.0484 0.1204 33.33 % 0.0356
fs —418998 0.2592 93.33% 0.0978
fis 0.0177 0.0576 36.67 % 0.1025
fs 7.73e+07 1.57e+07 0 4.17e-22
fa 65.9538 13.0602 0 2.14e-22
MFO fe 168.8318 6.7422 0 2.41e-42
fs —318500 89096 0 9.80e-07
fis 326.4537 218.8874 0 5.23e-09

H1 3% 6 AT 11, IMFO ‘2. 3 $2 5 7 MFO ¥ 3k &
A Th 2, HBA B &Pt 30 K+, IMFO
B3 5 AN B8 023 0 124 304 104 284 12 KN
T 1e-08 B RE VG Bl LA, BR T fo LASI F: Ayl i o5 4
12 P PAE KT 0.05, AR 480 AR5 8 0 B 1%
1 MFO B3 v, Fir A7 B 4 ek 50 1) e D %8 SR A 0, P B
AERI N T 0, I 5 BRI 1 2 F R R
A F PR AR X 22, BT 75 H MFO AN I& & 3K fif K #H
B AR, 7] B, IMFO 5 A 38 A 3R A R B AR A 1) R g
sEig.
3.6 EHARBEZELLR

IMFO F1 MFO 32 i i 6] 52 4 FE 5 o] 4 B D
FIEE RN N KB LR E AT S A 5%, 3L
T THE S A LR 7.

RT HEMAEERE LR

S E
S
MFO #:1k IMFO #:{F

ipana O(N) O(N)

KIikEE O(L) O(L)

KIGH >1 =1

SR O(L) O(L)
LIPS EPAN O(Lx KIEH) O(L x N/2)
WERZERIEK O(L x (N—KJE%))  O(L x N/2)

KA IR O(L) O(L)

% 7 1, MFO Fl IMFO [ 1i ¥5 /X UM [, 2 i
) 52 2% P 22 30 A5 T 41 5 SRS G . LB IRAE 3R
1, MFO S92 v, "I 58 g R B A 3 22 KK RAT
FLI (8] 22 FE T 5
O(L xFlame,,)+O(L x (N —Flame,,)) = O(LxN).
11 IMFO 5325 H, 2H 5 SR R I 18] B2 2% 5
O(LxN/2)+O(Lx N/2)=0O(L x N).

AR B, AR IR I R % B — M — I 22 R AE
T2 Q) A7) B S TR, T SRR U,
TSI [A] AT DL 2B AN T
4 &

TR KA R BT 2 R A7 AR T
I AR, X0 43 I 4 P2 A A ) L AT — s 1) FH
P AR R RO AL 0] PR 3 P MR A 22 o Rk ok
AT AS SR, AR SR T AR DR A L 1 v
B e CHE CEES KR T S IMFO &
VE LG T 3 FAS [ 20 G SR Y SO A 1 U A
SCHRFE B I R FUREAT AL JE fE Ik R 04T 2 A B I
SO0 LRI 9T, Bt 9 45 SR AR B IMFO B A % & 1) T A
FEE R 1) v 3 FH A, 7 R ASEATE A, e)  T0 H
TR SO RE. A ST LS RN E R
7 MFO B3EAE R FUALALAL 18] 8 L 1 87 A 5 B A A
Benr LUSH T A WA 2 B bR FseBriv) T
i) iz .
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