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Multi-strategy improved artificial lemming algorithm and
engineering applications

Yang Yuan Chen Mingxia Lu Junliang Yan Yichuo
(Key Laboratory of Advanced Manufacturing and Automation Technology,Education Department of Guangxi Zhuang

Autonomous Region, Guilin University of Technology,Guilin 541006, China)

Abstract: The artificial lemming algorithm is a newly proposed metaheuristic method that simulates four distinct
behaviors of lemmings to effectively explore complex search spaces. However, it still suffers from premature
convergence, limited exploration, lack of robustness, and susceptibility to local optima. To address these limitations, a
multi-strategy improved artificial lemming algorithm is proposed. First, the Halton sequence is employed to generate a
uniformly distributed initial population, enhancing global search capability. Second, an elite pool strategy combined
with inertia weights is introduced to reduce excessive reliance on the best individuals and to improve the population’s
ability to jump across the search space, thereby suppressing premature convergence. Finally, a nonlinear weighted
golden sine strategy, combined with foraging behavior, is incorporated in the later stages of iteration to enhance the
precision and stability of local search. To verify the performance of the improved algorithm, experiments are conducted
on the CEC2017 benchmark function set, and statistical analysis is performed using the Wilcoxon rank-sum test.
Experimental results show that the improved algorithm outperforms five comparative algorithms in terms of
convergence speed, optimization accuracy, and stability. Compared to the original algorithm, the improved version
achieves an average error reduction of 27. 36 % and a reduction of 36.99% in the average standard deviation. In three
engineering optimization problems, the improved algorithm obtains the minimum objective function values in all cases,
demonstrating better applicability and superiority over the comparative methods.

Keywords: artificial lemming algorithm; Halton sequence;elite pool;gold sine;planetary gear train design; multiple disk

clutch brake;industrial refrigeration system
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Fig. 1 Randomly initialized population distribution map
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Fig. 2 Halton sequence initialized populationdistribution map
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Fig. 3 Schematic diagram of elite pool strategy
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%1 CEC2017 H#&
Table 1 CEC2017 function set
PR B 4 4 b wAE
F1 Shifted and Rotated Bent Cigar Function 30 [—100,100] 100
F3 Shift and Rotated Zakharov Function 30 [—100,100] 300
F4 Shift and Rotated Rosenbrock’s Function 30 [—100,100] 400
F5 Shift and Rotated Rastrigin's Function 30 [—100,100] 500
F6 Shift and Rotated Expanded Scaffer's F6 Function 30 [—100,100] 600
F7 Shift and Rotated Lunacek Bi-Rastrigin's Function 30 [—100,100] 700
F8 Shift and Rotated Non-Continuous Rastrigin’s Function 30 [—100,100] 800
F9 Shift and Rotated Levy Function 30 [—100,100] 900
F10 Shift and Rotated Schwefel's Function 30 [—100,100] 1 000
F11 Hybrid function 1 (M=3) 30 [—100,100] 1100
F12 Hybrid function 2 (M=3) 30 [—100,100] 1 200
F13 Hybrid function 3 (M=3) 30 [—100,100] 1 300
Fl14 Hybrid function 4 (M=4) 30 [—100,100] 1 400
F15 Hybrid function 5 (M=4) 30 [—100,100] 1 500
F16 Hybrid function 6 (M=4) 30 [—100,100] 1 600
F17 Hybrid function 6 (M=5) 30 [—100,100] 1700
F18 Hybrid function 6 (M=5) 30 [—100,100] 1 800
F19 Hybrid function 6 (M=5) 30 [—100,100] 1 900
F20 Hybrid function 6 (M=6) 30 [—100,100] 2 000
F21 Composition function 1 (M=3) 30 [—100,100] 2 100
F22 Composition function 2 (M=3) 30 [—100,100] 2 200
F23 Composition function 3 (M=14) 30 [—100,100] 2 300
F24 Composition function 4 (M=14) 30 [—100,100] 2 400
F25 Composition function 5 (M=5) 30 [—100,100] 2 500
F26 Composition function 6 (M=5) 30 [—100,100] 2 600
F27 Composition function 7 (M=6) 30 [—100,100] 2 700
F28 Composition function 8 (M=6) 30 [—100,100] 2 800
F29 Composition function 9 (M=3) 30 [—100,100] 2 900
F30 Composition function 10 (M=3) 30 [—100,100] 3 000
£ 2 EGALA B 5xttb &% CEC2017 Wik B E S R 3T b
Table 2 Comparison of EGALA and benchmark algorithms on CEC2017 test functions
PR F8 R DBO HHO GWO MSADBO ALA EGALA
- EE 2. 72X 10° 5.05X10° 2.77X10° 1. 26X 10° 2.61X10° 5.28X10°
bRt 2.11X10° 3.25X10° 1. 5910 9.63x10 2.37X10° 5.47X10°
- RRELIE 9.47x10* 5.58X10" 6.15x10" 6. 90X 10" 2.99%10" 1. 05X 10"
b 1fE 22 3.45x 10" 7.49 X 10° 1.26X10" 9.65x10° 1.04X10" 3.99X10°
- - {H 6.54 <10 7.10X10° 6.61X10° 5.41X10° 5.23X10° 5.05X10?
s o 22 1.13X10° 8.97 10" 1. 05X 10° 3.34X10" 2.70X10" 1.56 X 10"
- FEHE 7.57X10° 7.66X10° 6.39X10° 6. 98X 10° 6.12X10? 6.19X 10
J — .
b 2 7.05X%10' 3.51X10' 4. 78 X10" 3.82X10' 3.35X10 3.42X10'
- RREK(E 1. 04X 10° 6. 68X 10" 6.15X10° 6. 24107 6.15X10° 6.03X10*
bR ifE 22 3.79 X 10" 7.16x10° 5.84x10° 1. 04 %10 8. 46X10° 3.66X10°
7 A 1. 03X 10° 1. 30X 10° 9.22X10* 1. 05X 10° 9.09 %10 8.59X10*
o o 22 9.77X10' 5.89X10' 5.16X10' 5.86X10" 4.93x10" 3.96X10'
- FHIH 1. 03X 10° 9. 81X10* 9. 20X 10° 9.82X10* 9.14X10° 9.11X10?
b 2 4.61x10' 2.43X10' 4.09 X 10" 4. 24X 10" 3.62X10' 2.59X 10
Fo - {E 6.62X10° 8.39X10° 2.76X10° 4.93%10° 2.33%X10° 2. 40X 10°
" P o 2% 2.15X10° 1. 03X 10° 1. 36 X10° 2.06X10° 1.01X10° 1. 36X 10°
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Table 2 (continued)
PR 4K Eiskia) DBO HHO 3
o ] 3 GWO MSADBO ALA
10 i . 54X 10 6.23X10° 4.82X10° 6.97X10° : S
PR 2 1.22X10° 9. 39X 10 1.03X10° ' p o e
- - H{E 2.21X10° 1. 63X 10° 2. 26><12‘“ e oot e
o o Lo 1.01X 2 1.50X10° 1.26X10° 1.21X10°
\ ) . 10° 1. 12X 10?
/. 3 7 ‘ l
12 fﬂj{ﬁ 7.73X10" 6. 90X 107 6. 12X 10" 1.2 7 o A
e 25 1.25%10° 5. 78X 10" 4.05X 10" o B e
i e 6 . 0 7.10X 10° 2.02X10° 1. 09X 10°
13 i 1.18X10 2.36X 10" 7.91X10° '
ol o . 10 3. 42X 10" 1. 66 X 10*
7.39X10 6.74X10" 1.38x10° '
o o H . 0 2.66X10" 1.70 X 10*
L ik 2.01X10 5.34X10° 2.11 : .
s o 6 .11X10 1.96 X 10° 1.61X10°
\ 1.93X10 8.74%10° 1.53X10° 2 .
s - H{E 8.26X10° 1.03X10° 8.21X10° . O A
— 4. ’ ‘ 1
ot e | 4.42X10 2. 13X 10" 3.57X10°
1.70X 10 1. 46 X 10° 2. 15X 10"
- -5 {H. 3.50 X 10° 3.72X10° 2.69X10° . . B o
— ’ 3 "
b 2 5. 43X 10 4.29%10° 3. 47 X 10 IO Ao S
17 A 2.59X10° 2.77X10° 2. 20X 10° o s o
e e 2 . 2.37X10° 2.17X10° 2.02X10°
, 3.30X10 2. 13X 10* 2.07X10° 2 .
Fls - H A 5.01X10° 4.61X10° 3.22X10° . O‘ SO o
o o 6 . 2. 14X 10° 8. 05X 10" 2.61X10*
6.13X10 6.76X10° 2.24X%10° 5 .
e o G . 0 5.29X10° 1.53X%X10*
19 i 1. 64X 10 1. 48X 10° 4. 31X 10" '
PR i 22 8. 84X 10° 1. 00X 10° 2.85x%10° . . s e
it | . . 0° 4. 71X 10" !
20 TﬂJﬁ 2.83X10° 2.84X10° 2.57X10° 2 Ao Ao
s s 2 .63X10 2.54X10° 2.44X10°
2. 44X 10 2. 18X 10? 2.13X10° .
- NS 2.55%10° 2.59X%10° 2.40X10° . O' B e
e 2 4.30X 10" 4.50X 10" 3. 39X 10" L s e
) . 1
F2 -5 {8 5.33X10° 6.61X10° 4 36><123 o L o
o o ” . 2.37X10° 6.55X10° 2.59X10°
1. 79X 10° 1. 98X 10° 4. 47X 10" : '
F3 - H{A 2. 98X 10° 3. 30X 10° 2.80X10° . O' e Ao
e L 2 . 2.85x10° 2.79%10° 2.74X10°
1.37X10 5. 41X 10" 3. 74X 10" .
- - HE 3.15X10° 3.51X10° 2.96 X 10° . . e o
— ’ ‘ 3
ot S ‘) 3.03X10 2.95%10° 2.92X10°
1. 68X 10° 6. 7410 3.55X10* '
Fos T 2.98X10° 3.00X10° 3.00X10° . . o o
o e | . 2.94X10° 2.91x10° 2.89X10°
o | 3.03X10 5.21X 10" 2.38X10" 1. 49X 10" '
Fo6 P 6. 69X 10° 7.97X10° 5.04X10° 5.4 o e
Fr e 25 1. 26 X10° 1. 04X 10° 5.12 X 10 B o N
i . . 0 1.03X10° 2 2
o7 fﬂj{ﬁ 3.34X10° 3.64X10° 3.27X10° 3.2 B o
ot o 2 L2610 3.24X10° 3.23X10°
2.90X10 3.54X10 2.54X10" '
Fog - 1518 3. 48X 10° 3.51X10° 3.49X10° . O’ S e
i 1fE 22 2. 16X 10 9. 86X 10" 1. 33X 10* IO p v
o o . 0 2. 56 10" 7. 60X 10 2. 15X 10"
F29 i 5.19X10 4.03X10° 4.24%X10° : .
e o 2 . 10 4. 04X 10° 3.69X10°
g 5.09X10 2. 34X 10 2. 95X 10? 2 .
| e s 7 .95 2. 17X 10° 2.12X10°
F30 P 1.31X10 1.03X 10’ 8. 84X 10°
o 22 9.92X10° 1.92X107 8. 45X 10" . p ot R
Friedman -t 4 4.900 0 5.383 3 3 6661: s lies e
o } . 3.533
N : 6 ‘ : 3 2.316 7 1.200 0
2
1
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Fig.4 The convergence curves of each algorithm on the CEC2017 function
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EES . pMERT 0.05, M BEZFME A p BT
0. 05, W4T 261 J5 AR 152, 3 3 W 3 b 3300k =2 1) -4 1 ik 22 5=
ok, RIS R EGALA &3k 5 H i 4 & 7e i
I R A b A K ER 4y p fHI/NT 5%, 3R W] EGALA

FE SRk Z A A R e R RE 22 5. L5 B
I EGATLA S5 AR SR At i 1 o i 1] IR o AR 45 7 G A 5k
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£3 EBANEKE CEC2017 B EM p &
Table 3 The p-values of each algorithm on the CEC2017 function

PR 2t i DBO HHO GWO MSADBO ALA

F1 30 3.02X10 " 3.02X10 " 3.02X10 " 3.02X10 " 3.02X10 "
F3 30 3.02X10 " 3.02X10 " 3.02x10° " 3.02X10 " 2.92X10"°
F4 30 3.34X10° " 3.02X10" " 3.02X10" " 4.11X10°7 3.67X10°°
F5 30 1.33X107" 3.34Xx107" 4,86x10"° 5.57X107" 9.71X10~"
F6 30 3.02X10 " 3.02X10 " 6.07>x10 " 3.34x10 " 1.46X10° "
F7 30 4.50X10 " 3.02X10 " 5.19X10 7 4.08X10 " 3.16X10 °
F8 30 7.38X107" 1.10x10°* 3.27X107° 1.19X10°° 1.81X107"
F9 30 1.73X10°7 9.92X10 " 2.12X107" 3.37X10°° 6.63X107"
F10 30 7.60X1077 3.71X107" 2.77X107° 4.44X10°7 3.48X107"
F11 30 4.08X10 " 3.02X10 " 3.69x10 " 3.34X10 " 2.39X10°
F12 30 5.49X10 " 3.02X10 " 3.02X10 " 3.34X10 " 4.86X10"°
F13 30 6.70>x10~" 3.02Xx107" 3.02X107" 3.02X107" 1.75X10°°
Fl4 30 3.02X10 " 3.02X10 " 3.02X10 " 3.02X10 " 2.61X10 "
F15 30 1.31x10°° 3.02X10 " 3.02X10"" 6.07>X10"" 7.77X10°°
F16 30 5.97X10°° 3.69x10 " 7.73X107? 9.26X10"° 1.45X107"
F17 30 3.82X10 " 2.92X10"° 1.03X10* 1.33X10 " 1.60X10°
F18 30 3.02X10 " 3.02X10 " 3.69X10"" 3.02X107" 6.72X10 "
F19 30 5.07X10° " 3.02X10 " 3.02x10 " 3.02X10 " 6.12X10° "
F20 30 3.52X10 7 2.15X10 " 2.71X10° 1.60X10° 1.52X10°
F21 30 3.69X10 " 3.02X10 " 1.38X10 * 6.70x10 " 3.56X10 "
F22 30 3.02x10 " 3.02x10 " 3.02x10 " 3.02x10 " 3.02x10 "
F23 30 3.02X10 " 3.02X10 " 5.53x10°° 3.02X10 " 8.20X10°7
F24 30 3.02X10 " 3.02X10 " 4.84%10°° 3.82X10 " 1.52X10°°
F25 30 8.99X10 " 3.02X10 " 3.69X10"" 9.76X10"" 2.03X1077
F26 30 1.78X10° " 3.34x10" 1.09X10°° 7.20X10°° 3.84x10°°
F27 30 2.44 X107 4.08x10 " 1.89x10 " 6.36X10° 4.55X107"
F28 30 1.61Xx107" 3.02X10 " 3.02X10 " 3.35X10°° 2.20X10°°
F29 30 1.33X10° " 3.69X10 " 8.29X10°° 1.36X10°7 1.43X10°°
F30 30 1.09X10 " 3.02X10 " 3.02Xx10 " 3.02X10 " 5.61X10°
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(a) Motion schematic diagram

K5 47 AR R R B

Schematic view of planetary gear train design problem

(b) Gear transmission structure

Fig. 5

TR AR IT R E RS PRSP — A0k
AR, i ) A 3 Mk R (2 ~ 2y =
N, ~ N, W8 (2, 25 = m,.m,) FITETEKE
(xo = p) PSR 11 AU 2 RAE B s 9 o
HEER R R .

DA

T = (X sX0sT 34 9X5:L6sT7+X5:29) = (NN,
NN N3 Ngsomysmysp) (24)

2) BARERECH -

‘f(l) =max | i, —ig |k = {1.2,,R}

¢, (2) =m,(N;+2.5)—D, <=0
g,(x) =m (N, +N,))+m (N, +2)—D_. <=0
g:(x) =m,(N, +N;)+m,(N;+,)—D . <=0

2, =] m (N, +N,) —m,(Ng + N, |—m, —m, <=0
g:(x) = — (N, +Nysin(n/p) + N, +2+8,, <=0
gs(x) = —(Ny— Npsin(n/p) + Ny +2+48,, <=0
g,(x) = —(N, + Nysin(n/p) + Ny +2+ 8., <=0
gs(x) = (N, + N, +2+08,0" —(N;— N’ —

2 2
(N, + N +2(N, — NN, +N_,,>cos<7"—ﬁ> <=0

g0(2) =N, — Ny +2N, +28,,+4<=0
g10(a) = 2N, — Ny + N, +20, +4<=0

(26)

N;—N,
p

H, 6, =08, =08 =0 =085 =0.5,D,,, = 220,
cos '((N,+N:)*+(Ny—N)*—(N,+N

hi(x) = 27

= integer

p= 2(N, — NN, + N
DU A -
p = (3.4.5)

my, my, = (1.75,2.0,2.25,2.5,2.75,3.0)
17N, <96

14N, <54

14 <N, <51

17<<N, < 46

14 <N, <51

48 < Ny << 124

(28)

o Ny . . Ns(N,N; +N;Ny) 4 EGALA B I 747 B4 Rt n &, 7f 5 DBO &
TN T T NN TN H HHO 508 .GWO 5% . MSADBO %585 fil ALA 5247
g, = NN B SR BB S W — B0 S0 BIEAT 30 YRS
NN, REERANE 4 PR, SHIALE R AT AL EGALA S50k 7E fif ok
(25 11 R R BT A s M RE , OF BAEZ A PPAl 48
AR b B0 T AR IR 1 S B R R e 1
F4 TERRETETENIXE R
Table 4 Comparison of test results for planetary gear train design problem
LD DBO HHO GWO MSADBO ALA EGALA
T4 {E 60 000. 708 38 0.534 119 541 0.538 449 962 0.533 864 899 0.533 078 076 0.528 594 435
bR 2= 228 337.422 9 0.004 800 181 0. 006 424 957 0. 007 028 776 0. 006 545 669 0.002 939 874
LA 0. 528 815 592 0.526 363 636 0.528 186 424 0.526 280 566 0.525 967 366 0.525 768 707

4.2 ZHEEEH|EHIHFEITEE

2 FLE A W Bh 2T ) B 3h S HLE TR g —
A LR N e 5 AR AR B R 2 A AR
HF B HAREE 5 AU 5K AR 5 i AR . DL 52 9T & o
L g il ) R L R P N e T SO o ot i
WFE AR AN, BRS¢ SRS F ORI R
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Fig. 6 Schematic view of multi-disk clutch brake design problem

DL KN

¥ EGALA 53k15 5 ot Ho 5 ok i Ik 25 SR 28 47 L
BLIREER MR 5 iR, WEPR I T B EH,
EGALA B M ALA Bk e b dh 3838 3 1 $5c /0 B i 50
0.235242 458, XM F . HHO B4 &G . /DR &
B 0.235254 896, MIELZ T, EGALA 5k 76 8 {4 M Ak
A E M WL T ALA B3k LR HAb X M vk,

4.3 ITAHARSEHRLIEITEER

Wit BB R Y H 2558, BE R = A50F FH -5 el R 1 2 K
SRS R T AR, Ho, Tl e R 50 A
IRBREIETHFE P PR3 R L O S R S X 4. 1%
REWAGINEE X 14 AELLBHE R 5 15 MER AR

g0 = b= Pun <0 B, T AL i A E
5> = p.B. —B — PE BT REE MM Z AR 4 TR, XA ] 2
8:0y) = POy — Dyimaxp . . 1 RSN
P TR RHELAMEAR TG COP , HECHEAIINT .
g:(¥y)=AR+y, —y, <0 DA,
g"(y):_L"‘“"+(y5+1)(y3+6)<0 (31) X = [1"1’1291"371'4’1"37~Tﬁvl'7vfsvf»slmvfnhl'lzv
g:(y)=sM, —M, <0 RaTra (34)
g<s()7):T>0 Z)E*Eﬂz‘lﬁﬂ‘j
g, () ==V, +V, <0 F(X) =63098.88x,x,x1,+5 441. 52520, +
g () =T—T,.<0 115 055. 523" x5 + 6 172. 27252 + 63 098. 88z 501, +
9 yi—y? 5 441. 525wy, + 115 055. 52 s + 6 172. 272525 +
M, HY1Ys 7 > N. mm - 2
3 v, — i 140. 53z x4, + 281. 292321, + 70. 262,25 + 281. 2925 +
o rad/s 14 437225 P2 e s+ 20 47028 20 2 (35)
w — - Id S
30 B RS B I LIS
A =n(y; —yDmm’, g (X)) = 1.524x;' < 1
p. = Y N/mm*,B, = R, - n mm/s, g (¥) = 1.524a < 1
A 30 gy (F) = 0.077 89, — 227" 2y — 1< 0
3__ .3
R, — 22 I m. T = Lo (32) g (F) = 7.053 052, 7 s v s ey << 0
3 yuyi M, +M, . .
g;(X) =0.083 3x,x; —1<<C0
AR = 20 mm., Lmax = 30 mm, . . .
(X)) = 4713623 27 2y, — 1. 33328 gy +
= 0.6, B = 10 m/s. ol X ST AL R e
S — 0.5 mm.s — 1.5 62. 085" 2t —1<<0
77(4):0-047 71 18 812 ‘\).’)3l21_1<0
T, = 15 s,n = 250 rpm, 8 f 1;;; Ui;“ - (36)
I.=55kg+m’s M, = 40 Nm, g (X)) =0.048 8x 2y’ —1<C0
M, = 3 Nm.p,. — 1 20 (¥) = 0.009 92,25 —1<C0
4) BUE 3 L g1 (X)) =0.019 3x,2," —1<K0
60 < y, < 80 gu(¥) =0.029 8z, —1<C0
90 < y, < 110 g1, (X)) =0.056x, —1<C0
<y, <3 (33) g (¥) =2z, —1<C0
0<y, <1000 gu (X)) =22 —1<C0
2<y3<9 gls(f):1'|z~1‘ﬂl*1<0
x5 SRBAJ|HH[ETOIAULE RIS
Table 5 Comparison of test results for multi-disk clutch brake design problem
R DBO HHO GWO MSADBO ALA EGALA
F¥ME 0.238 428 033 0.267 098 717 0. 235 305 451 0.235 247 276 0.244 799 183 0.235 242 458
o 22 0.017 448 113 0.045 820 622  6.63591X10 ° 4.977 02X10 ° 0.029 160 299  8.469 02X10~"
A 0.235 242 722 0.235 254 896 0.235 244 936 0.235 242 861 0. 235 242 458 0.235 242 458
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Table 6 Comparison of test results for industrial refrigeration system problem solved by various algorithms

Wit DBO HHO GWO MSADBO ALA EGALA
X, 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.0010
z, 0.001 0 0.002 5 0.001 0 0.001 0 0.001 0 0.001 0
x5 0.001 0 0.002 6 0.001 0 0.001 0 0.001 0 0.001 0
z, 0.001 0 0.008 8 0.001 9 0.001 0 0.001 0 0.001 0
x5 0.001 0 0.001 0 0.001 0 0.002 6 0.001 2 0.001 0
x5 0.001 0 0.085 2 0.001 4 0.001 1 0.001 0 0.001 0
x 1.542 8 2.081 2 1.524 3 1.543 3 1.524 0 1.524 0
Zs 1.579 3 1.524 0 1.535 2 1.560 0 1.524 0 1.524 0
x 5.000 0 4.217 0 4.977 2 1.824 7 4.999 3 5.000 0
o 3.934 8 4.217 0 2.000 9 3.708 1 3.130 6 2. 000 0
T 0.001 0 0.323 8 0.010 3 0.026 7 0.001 0 0.001 0
i 0.001 0 0.243 6 0.009 9 0. 006 2 0.001 0 0.001 0
X, 0.001 0 0.106 9 0.021 0 0.022 0 0.009 0 0.007 3
T 0.088 1 1.283 7 0.249 1 0.262 3 0.108 6 0.087 6
AR 0.055 768 151 58 1.323 193 661 43 0. 042 743 962 28 0.067 968 195 21 0.038 015 099 20 0. 032 212 995 73
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