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Teaching-learning-based optimization algorithm based on chaotic search
and weighted learning and its application

LIU Dixizi', FAN Qingin'"*, HU Zhihua'

(1. Logistics Research Center, Shanghai Maritime University, Shanghai 201306, China; 2. MOE Key Laboratory of Advanced Con-
trol and Optimization for Chemical Processes, East China University of Science and Technology, Shanghai 200237, China)

Abstract: To avoid premature convergence, a teaching-learning-based optimization algorithm based on chaotic search
and weighted learning (TLBO-CSWL) is introduced in this study. In the teaching phase, TLBO-CSWL does not only
use the individuals obtained by weight learning to guide the population evolution, it also utilizes a normal random num-
ber to replace the original uniform random number. In addition, TLBO-CSWL uses a logistics chaotic search strategy to
improve its global search ability. Simulation results showed that TLBO-CSWL outperformed other compared al-
gorithms in terms of overall performance. Finally, the proposed algorithm was employed to solve two Nash equilibrium

problems of non-cooperative game, and satisfactory results were obtained.
Keywords: teaching-learning-based optimization; weight learning; heuristic algorithm; chaotic search; global optimiza-

tion; evolutionary computation; non-cooperative game; Nash equilibrium
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T PR 5.51x10°  1.26x107° 6.89x107  1.05x10"  2.57x10° 0.00 0.00 0.00
SEHE 3.49x10°  4.66x10°  5.86x10°  4.34x10°  453x10°  4.78x10°  4.70x10° 7.59x10°
fi FRME2:  2.98x10°  6.74x10°  4.95x10°  2.33x10°  6.01x10°  1.09x10°  1.04x10° 4.68x10°

% 5 Friedman JUi{7E 30 4 R & L1520 HE R
Table 5 Ranking obtained by Friedman’s test on 30D

(=R7S HE
TLBO-CSWL 25278
VTTLBO 3.305 6
TLBO 3.444 4
ETLBO 3.7222
SaDE 44167
iDE 44722
CLPSO 6.944 4
PSOWFIPS 7.1667

3.2 TLBO-CSWL &EiXk 44T

T I T AR B A R A R, R 18 4 30
A I 32, pR KUk X TLBO-CSWL FE Fi4 728 b 44
TLBO-CSWL-1(fdi Fi 44 Fi#1L%0) . TLBO-CSWL-
QARG R) MEATIK . Horp, R AR i 2
K40, B RPEM B 50 000, &F X4 T bR
B, HAEILI AT E 1T 30 Ko [RIEY, A Fried-
man ., Bonfeeroni-Dunn, Holm DX &2 Hochberg £ %
LA SR G B g5 AT g o, Hep
i E AR E R 5%
32.1 53 H % TLBO-CSWL-1 # 4z

T8 IE 3R W OE 2 BE AL B A R, R X
TLBO-CSWL-1 5 TLBO-CSWL # 17} B izt .
gER L 7, iFE 7 AT, TLBO-CSWL 8% s
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BB LERTE £ fin fron fia T f15 2L TLBO-
CSWL-1 -, 1 X} F Hox iy Dt R ke, PR 2 45 SR AR
[A] ; X 156 B TLBO-CSWL 83k B A W 4f i -0 1%
it Geitsrtras 3 s, i3 8 Al %l TLBO-
CSWL Hl TLBO-CSWL-1 748 it2¢ 5 X FHEARAR

FEAE B P22 5, (HE M Friedman 3 i 75 5] )
HEFE 45 ok F (WA 1), TLBO-CSWL Y B A 1 fig
B4fF TLBO-CSWL-1. VA b 4¢3 b4 5 6 1,
FIHIEZS 20 A5 7= A AL ECE AR R Y 5 B LAY
s T4 TF TLBO Bk PERE A 301

R 6 30 47K 45 R Bonferroni-Dunn, Holm L % Hochberg # 5% B p-Values

Table 6 p-Values obtained by Bonferroni-Dunn’s, Holm’s, and Hochberg’s procedures on experimental results

with 30D
ER7S z KA p Bonferroni-Dunn p Holm p Hochberg p
PSOWFIPS 5.6815 1.34x10° 9.35%10" 9.35x10" 9.35x10"
CLPSO 5.409 3 6.33x10" 4.43x107 3.80x107 3.79x107
iDE 2381 4 1.72x10° 0.1207 8.62x10” 8.28x10”
SaDE 23134 2.07x10" 0.144 9 8.62x10” 8.28x10”
ETLBO 1.462 9 0.143 5 1.000 0 04305 0.340 8
TLBO 11227 0.2616 1.000 0 0.523 1 0.340 8
VTTLBO 0.952 6 0.340 8 1.000 0 0.523 1 0.340 8

% 7 TLBO-CSWL-1.TLBO-CSWL-2 5 TLBO-CSWL &K 30 47 E ik 45 R
Table 7 Comparison of TLBO-CSWL-1, TLBO-CSWL-2, and TLBO-CSWL with experimental results on 30D

PR 453 TLBO-CSWL-1 TLBO-CSWL-2 TLBO-CSWL

PR 45 TLBO-CSWL-1 TLBO-CSWL-2 TLBO-CSWL

FHMHE 0.00 0.00 0.00
S BRifE 22 0.00 0.00 0.00
FHE 1.93x10™ 452x107%°  1.27x107"
" Rz 1.06x107%° 0.00 0.00
- {H 0.00 0.00 0.00
. brifE2E 0.00 0.00 0.00
F-H{H 0.00 0.00 0.00
s brifE2E 0.00 0.00 0.00
FHE S 2.73x10 2.88x10 2.83x10
5 BRifE 22 0.69 0.09 0.44
SR 1.07x107° 9.47x10™° 9.47x10™°
s PRfEZ 1.66x107° 1.60x10™"° 1.60x10™"
F-H{H 0.00 4.64 0.00
g FrifE2E 0.00 1.15%10 0.00
F-H{H 0.00 0.00 0.00
& PRifE2E 0.00 0.00 0.00
y FH{H 0.00 0.00 0.00
9

hrifEZE 0.00 0.00 0.00

FHE 477<10° 8.60x10° 4.56x10°
Jo bR 7.01x107 8.35x10° 1.03x10°
RRL(EN 0.00 0.00 0.00
i FrifE 22 0.00 0.00 0.00
» A 0.00 0.00 0.00
e bRtz 0.00 0.00 0.00
» M 2.88x10 2.89x10 2.88x10
i bRtz 0.18 0.03 0.11

T 1.53x107° 1.78x10™"° 8.29x10™°
S bRz 1.79x10™° 1.81x10"° 1.53x10"°
FEE 0.00 0.00 0.00
s brifE 2z 0.00 0.00 0.00
» A 0.00 0.00 0.00
e bRtz 0.00 0.00 0.00
A 0.00 0.00 0.00
T PrifE2E 0.00 0.00 0.00
P 7.78x10° 9.02x10° 7.59x10°
S bRz 5.49x10° 5.53x10° 4.68x10°
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%< 8 Bonferroni-Dunn.,Holm X % Hochberg # 3% ) p-Values (TLBO-CSWL-1)
Table 8 p-Values obtained by Bonferroni-Dunn’s, Holm’s, and Hochberg’s procedures (TLBO-CSWL-1)

ER7S z K% p Bonferroni-Dunn p Holm p Hochberg p
TLBO-CSWL-1 0.942 8 0.345 8 0.345 8 0.345 8 0.345 8
@fg 13889 1611 1 EHIG, ZERWmE T iR, IR 7 TR ik
f@l:O H S TLBO-CSWL BIETE fo fo for o fiowSis frs 1
205 frs BTSSR [ TLBO-CSWL-2 f, i 76 He
0 TLBO-CSWL ‘ TLBO-CSWL-1 é‘éw]u ]‘it IZl }XE&J: ’ W% E/(J ﬁa‘/ﬁﬁ é%%*ﬁ Iﬁj 5 l/y\ J: %‘% Eyq
ik TLBO-CSWL %7 1914 68 22 4 F TLBO-CSWL-

B 1 Friedman X #HEF 45 R (TLBO-CSWL-1)
Fig.1 Ranking obtained by Friedman’s test(TLBO-
CSWL-1)

322 5T A H sk TLBO-CSWL-2 44 thdx

A SCXFAS IR i & ) TLBO-CSWL-2 I
TLBO-CSWL 7£ [fl BE 14 18 AN vR %k I #4715

2L Gt as R 9, B 9 I % TLBO-
CSWL F1 TLBO-CSWL-2 1E 48 i3 3 L F R FEAE
WEMZES . A&, WE 2 (¥ Friedman JU 7 15
N HEF 4Rk E, 5 TLBO-CSWL-2 # L,
TLBO-CSWL HA H4F (s kb fe . UL L& it4r
Mr e B, TR TG R R w6 T4 7+ TLBO Bk ik
REEA A0 o

% 9 Bonferroni-Dunn.,Holm X % Hochberg # 3% &) p-Values (TLBO-CSWL-2)
Table9 p-Values obtained by Bonferroni-Dunn’s, Holm’s, and Hochberg’s procedures (TLBO-CSWL-2)

ER7S z K% p Bonferroni-Dunn p Holm p Hochberg p
TLBO-CSWL-2 1.8856 0.059 3 0.059 3 0.059 3 0.059 3
2.0 17222 %E/‘Jﬁﬁiz‘g%ﬁ:, EI]
mls 12778 xAyT > xAyT, Vx
ﬁ 1.0 {x*By”T > xBy", Vy ®)
=0 | | B T A BB 4 B A SR A
TLBO-CSWL - TLBO-CSWL-2 FRTE & R, DU SOURE P 1o 20 [ T 2=, ) )05 0L

& 2 Friedman X HEF 45 R (TLBO-CSWL-2)
Fig.2 Ranking obtained by Friedman’s test(TLBO-
CSWL-2)
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TSR A L WA TR, 3£ B jDE ., SaDE .
CLPSO. TLBO. TLBO-CSWL 3 XJ H: #175K fit .
X F T B, PR /NI E Ol 40, ek
T U ECR 2 000, &34 [A) @34 0 ST 32 47 30 IR,
I8 FH] Wilcoxon 8 FlKS: 56 77 1 P25k o 52 46 4%
PEAT G T

SCERSE SRR GE T Hr g5 R L& 10, Ho, <47
PRI AR T H RS o RR T 5k
Z T HILEFE D ; “=”#/R TLBO-CSWL Hik 5
oAb SR PERE AL N FR 10/ e 1145 2 nl 1,

TLBO-CSWL 53k 78 2 125 [n) B _E B oK i 2%
Y14t F jDE. SaDE. CLPSO. TLBO & ¥, ¥ H
TLBO-CSWL 5 7 fif th A G F g a1 2R 81
PRIt o S5 Ah, XEFIEZR RS 1A 2, Ir A A
BIFAE R 1 ME 12, NE 1TTATLEN, M
X T H AR B, TLBO-CSWLE 15 RE %45 31 51 4711y
AT A o TR B T IR R 1, AR SCAR R
fiff 1) 3 V7 BBE o ESORS BE B R p T L B R . S Ak,
M 12 7] LIFE ), TLBO-CSWL Y Hfth 2 1 i %
B T LF ) G AT 2 A T B R B RS S S
T HAb Fr A Bk, X TLBO-CSWL Bk 1E T
T2 TR B A B T RO it

iR MR, B AR SR ) TLBO-CSWL &
0 BN EE A VR HZR ) B, B T 50 i 45

F10 IEEEREEFODSR LFRMER

Table 10 Experimental results of all algorithms on game problems

PRIEL 45 iDE SaDE CLPSO TLBO TLBO-CSWL
TR 3.47x10 " + 431x10° + 5.93x10° + 1.69x10° + 1.56x10"
: PR 1.81x10° 1.52x10° 2.96x10° 1.59x10° 3.70x10°
S 6.65x10 '+ 1.00x10" + 1.24x107° + 3.24x10° + 3.86x10
2 b2 4.11x10" 431x10" 6.72x10" 2.9x10° 3.28x10 "°
+ 2 2 2 2
- 0 0 0 0
= 0 0 0 0
11 AEEEHEERE FRINRTFER
Table 11 The best experimental results of all algorithms on game problem 1
Bk SN 1 IRE KRG Jar N 2 IR R TV R PR
jDE (0332 8,0.333 8,0.333 4) (0.333 4,0.3332,0.333 4) 8.52x10"
SaDE (0.3327,0.333 7, 0.333 6) (0.333 4,0.332 6, 0.334 0) 1.81x10°
CLPSO (0.3270,0.337 4, 0.335 6) (0.3350,0.320 0, 0.345 1) 2.36x10°
TLBO (0.333 4,0.333 3, 0.333 3) (0.3333,0.333 3,0.333 4) 2.64x10°"
TLBO-CSWL (0.333 3,0.333 3, 0.333 3) (0.3333,0.333 3,0.333 3) 1.90x10°°
12 FEHZEEREER 2 FRIANSHFER
Table 12 The best experimental results of all algorithms on game problem 2
A7 JHN 1RGSR JRHRN 2 IRA TR TN 3 PR
jDE (0.000 0, 0.000 1, 0.999 9) (0.000 0, 0.000 0, 1.000 0) 1.02x10°°
SaDE (0.000 0, 0.000 1, 0.999 9) (0.000 0, 0.000 1, 0.999 9) 3.48x10"
CLPSO (0.012 9, 0.000 1, 0.987 0) (0.0039,0.013 4,0.982 7) 3.03x10°°
TLBO (0.000 0, 0.000 0, 1.000 0) (0.000 0, 0.000 0, 1.000 0) 9.01x10"
TLBO-CSWL (0.000 0, 0.000 0, 1.000 0) (0.000 0, 0.000 0, 1.000 0) 3.53x10 "
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