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Teaching and learning optimization algorithm based on
empirical reflection mechanism

WU Di', JIA Heming’, LIU Qingxin’, QI Qi’, WANG Shuang’

(1. School of Education and Music, Sanming University, Sanming 365004, China; 2. School of Information Engineering, Sanming
University, Sanming 365004, China; 3. School of Computer Science and Technology, Hainan University, Haikou 570228, China)

Abstract: In this paper, an empirical reflection teaching learning based optimization (ERTLBO) algorithm is proposed
to solve the problems of easy falling into local optimum, slow convergence speed and low accuracy in traditional teach-
ing-learning-based optimization. Firstly, the empirical reflection mechanism is introduced in the teaching stage to select
elite individuals, guide ordinary individuals to approach teachers, and improve the overall level of the class, so as to im-
prove the overall exploration ability of the algorithm. Secondly, the dynamic adaptive weight is introduced in the learn-
ing stage, which can adaptively disturb the position according to the fitness value of students, so as to realize dynamic
updating of individual position and improve the ability of the algorithm to jump out of local optimum. In the experiment,
23 benchmark functions are selected to test the performance of ERTLBO, variant, and popular algorithms. Experimental
results show that ERTLBO has better optimization performance and solution stability. Finally, the effectiveness and su-
periority of ERTLBO in solving practical problems are further verified through two engineering design problems.
Keywords: teaching and learning-based optimization; empirical reflection mechanism; dynamic adaptive weight; meta-
heuristic algorithm; benchmark functions; pressure vessel design problem; welded beam design problem; Wilcoxon
rank-sum test
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Table 2 Experimental results of ERTLBO and compared algorithms in unimodal benchmark functions
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Std 1.03x10"  9.17x10"  2.38x107  7.24x10'  827x10° 836x10° 1.93x10" 5.66x10" 1.26x10°
Mean  1.92x10'  5.14x107 5.08 6.89 218 1.47x10° 4.07 1.00x10'  3.61x10*
F6 . _ )
Std  9.95x10"  3.52x107 1.09 1.01 537107 4.87x10° 1.16 .00 8.79x10°
Mean  2.38x10°  7.99x10*  3.37x10°*  2.28x10°* 147x10° 282  3.84x10° 6.87x10° 3.99x10'
Std  2.14x10°  3.47x10°  223x10° 1.30x10°  4.92x10° 6.88x10" 4.39x10° 2.58x10° 1.88x10'
# 3 ERTLBO REXLLEZESIEN X mETIGER
Table 3 Experimental results of ERTLBO and compared algorithms in multimodal benchmark functions
PR 4iME ERTLBO BASTLBO ITLBOBSO DSLTLBO  TLBO SSA WOA GWO GA
Mean —7.49x10° —231x10" —9.59x10° -1.83x10" —1.72x10" —2.17x10" —3.49x10° —1.64x10" —7.49x10’
F8
Std 6.57x10°  3.93x10°  7.17x10°  3.13x10°  3.92x10° 1.72x10°  5.95x10° 2.58x10°  1.11x10’°
Mean 0.00 2.03x10°  1.59x10' 0.00 8.69 2.34x10° 227x10"° 873 8.57x10°
F9 B
Std 0.00 3.35x10'  3.67x10' 0.00 3.40x10'  4.42x10' 227x10"* 738 4.87x10'
Mean 8.88x107'° 1.04x10°  9.24x10"° 4.44x10™"” 6.71x10°  1.02x10" 3.98x10"° 1.29x107  1.54x10'
F10 y _ ) B ~ )
Std 0.00 6.36x10°  3.55x10° 0.00 6.71x10™" 123 246x10°"° 5.12x10°  8.04x10”"
Mean 0.00 5.70x10" 0.00 0.00 0.00 1.42x10"  3.64x10° 4.74x10°  3.33x10”
F11 . ) .
Std 0.00 5.70x10°° 0.00 0.00 0.00 4.00 3.64x107°  1.04x10°  7.52x10"
Mean 7.11x107"  3.11x107*  1.51x10"  9.22x10° 2.08x10° 3.56x10"" 5.29x10° 2.94x10 " 7.80x10™°
F12 ) } . . } . ) . .
Std 8.94x10°  3.11x107°  429x10°  2.64x10° 7.26x10° 1.14x10" 2.61x10° 8.10x10° 7.53x10"
Mean 997  2.09x10°  6.09x10° 9.74 525  6.55x10° 290 674  5.00x10"
F13 ) ) _ } ) . . .
Std 9.51x10°  433x10°  3.24x10°  8.01x10"  7.35x107  1.29x10™* 1.25 4.09x10"  3.23x10"
Mean 9.98x10°  9.98x10"' 1.63 1.04  9.98x10 129 2.79 412 4.00
Fl4 . . .
Std 181 7.06x10"7 1.30 279x10" 000  6.65x10 311 3.85 291
Mean 3.14x107™  3.90x10"  3.20x10°  3.29x10°" 5.67x10°" 2.44x10° 7.38x10° 6.26x10° 3.70x10°
F15 _ . } ) ) ) } . )
Std 856x10°  1.50x10*  7.67x10"  1.15x10° 2.01x10° 5.33x10°  5.09x10° 1.01x10° 6.06x10"
Mean  —1.03 -1.03 -1.03 -1.03 -1.03 -1.03 -1.03 -1.03 -1.03
F16
Std 6.03x107* 2.10x10°  1.01x10°  6.68x10 "¢ 6.56x10'° 2.27x10"* 1.19x10° 2.18x10"° 5.48x10"
Mean 3.98x107"  3.98x10™"  3.98x10"  3.98x10" 3.98x10" 3.98x10" 3.98x10" 3.98x10" 3.98x10"
F17

Std 1.03x10° 0.00 1.07x10° 0.00 000  7.54x10"° 9.95x10° 9.24x10 6.97x10 "
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MEr 4iitfH ERTLBO BASTLBO ITLBOBSO DSLTLBO  TLBO SSA WOA GWO GA
Mean  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
e Std 8.13x10°" 1.24x10™°  8.01x10"  6.45x10 ° 6.44x107° 221x10"° 270  4.44x10° 1.88x10 "
Mean  —3.86 -3.86 -3.86 -3.86 -3.86 -3.86 -3.86 -3.86 -3.86
o Std 9.45x10° 2.14x10°°  1.08x10"  2.20x107° 223x10"° 6.35x10"" 9.45x10° 4.58x10°  9.93x10°
Mean  —3.32 -3.16 -3.28 331 -3.30 -3.22 -3.19 -3.26 -3.17
2 Std  5.54x1077 898x10°  7.11x10°  3.09x10° 4.68x10° 5.75x10° 2.78x10"" 7.29x10° 1.09x10"'
Mean —1.02x10"  —506 -5.75 —581  -L00x10' 775 ~8.29 -9.27 ~7.16
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F Std  9.09x10°"  3.59x10°" 1.20 1.86 1.36 3.40 3.20 1.18 3.09
Mean  -7.93  -1.05x10' 601 ~7.24 -9.97 -8.60 737 -1.03x10'  —823
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Fig. 3 Convergence curve behavior obtained by algorithms on some benchmark functions
3.5 Wilcoxon #kFI#& 18 B0 S H B, #ER TP A #SH ERTLBO Y p
WS SCR A T FHE SR EE AT IRy, fHo R p KT 0.05 CIUHIARER, NaN £ £
R PRI MO A A S, AR SR Wilcoxon 48 TCAK, BV SE SR AE A B AR I, S P g AH 2 o

BRRG B AT A, W MK RS R 5%,
2 p /N T 5%, WHEZ Z AR, Ul I AR5k 2 [
HA REN2 5, BB AR R REA 22 A K
Wilcoxon Bk FIAS 3 p (B 25 R 43k 4 iR, B3R

B4 ml g, REBap EHE/NT 5%, £
ERTLBO Bk MM AE G vt i b2 W&, 7l
LA ERTLBO 5k AH LT X% L AR, SR B
T B USSR fE
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Table 4 Statistical results of Wilcoxon rank sum test obtained by algorithms

%  BASTLBO  ITLBOBSO  DSLTLBO TLBO SSA WOA GWO GA
Fl 256x10 1 256x10°  2.56x1071 2.56x107 2.56x10°F 2.56x10° 2.56x10° 2.56x10°
F2 256x10 1 256x10°  2.56x1071 2.56x10° 2.56x10°F 2.56x10°1 2.56x10° 2.56x10
F3 2561071 1.63x10°  2.56x10°7 2.56x10°00 2.56x10 T 2.56x10 T 2.56x10 T 2.56x10
F4 256x10°71  256x10°  2.56x1071 2.56x107 2.56x107 2.56x107 2.56x10°t 2.56x107
F5 256x10 1 256x10° 6.48x10°" 3.46x107  256x10°F 2.70x10°  2.19x10°  2.56x10
F6 2561071 256x10°71 2.56x10°" 2.56x10°0 2.56x10 T 2.56x10 T 2.56x10 T 2.56x10
F7 256x10°1 226x107°  6.54x1077 2.56x107 2.56x107 2.13x107° 2.56x10°t 2.56x107




+ 637 Zi, 45 A 200 RUEHLE B BE A E %34
EFk4a
Mi%  BASTLBO ITLBOBSO  DSLTLBO TLBO SSA WOA GWO GA
F8 256x107" 3.74x107° 2.56x1070 427x107 2.56x107 2.56%107 438x10°° 7.37x10”
F9 5.64x10 7.58x10 NaN 3.22x107  5.64x10°  3.22x107 5.64x10°° 5.64x10°°
F10  5.79x10°° 1.70x10 730x10°  6.97x10 " 579x10°°  9.51x10'  5.79x10 " 5.79x10 °
F11 NaN NaN NaN NaN 5.64x107°  1.58x107"  5.64x10°°  5.64x10°"
F12  2.56x10°°  256x10°*  2.56x107" 2.56x1071 2.56x107 2.56x107 2.89x10°* 2.56x10°
FI13  2.56x10°°  256x10°"  1.25x10 7 2.56x10°  2.56x10°°  2.56x10°  2.56x10 ' 2.56x10
Fl4 1.78x10 " 6.12x10 8.10x10°7  5.64x10°°  1.11x10>°  1.08x10°*  4.52x10"  8.93x10°
F15 2.47x10" 771x107 243x107° 3.00x10°  9.00x10 7 1.84x107*  1.32x10"" 1.91x107°
Fl6  3.33x10°° 3.85%10° 1.62x10°°  1.03x10°7  2.56x10 " 2.72x10°"  2.11x10 7 2.80x10
F17  5.64x10°°  4.24x107 5641077 5.64x10°°  2.09x10°*  6.99x10°°  1.47x10°  2.40x10
F18  1.28x10°™" 1.79x10”" 1.47x10 7 9.85x1077  2.56x10°  881x10 ' 9.61x10 " 2.56x10 "
F19  2.01x10°° 1.90x10°"  427x10°°  8.10x10 0 2.56x10 " 3.93x10°'  1.61x10 °  1.65x10 "'
F20  2.33x10°7 3.96x10 1.03x10 7 4.46x10>°  8.00x10°  7.81x10°  2.28x10 "  3.16x10°
21 5.79x10 " 1.08x107°  3.60x10°>"  2.50x10 7 126x10°  1.52x10 7 1.61x10 7 2.78x10°
F22  1.62x10°  735x10 " 574x107°  9.83x10°°  245x10 0 2.01x10°  256x10°'  1.83x10°
F23  231x10°7  497x10°  6.75x10 ° 697107 240x10 " 1.62x10°  3.89x10 >  3.77x10 "
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Table 5 Statistical results of runtime obtained by algorithms S

PRIZL ERTLBO BASTLBO ITLBOBSO DSLTLBO TLBO SSA WOA GWO GA

F1 0.2397 0.3548 0.1199 0.2249 0.1256 0.1450 0.0948 0.1902 0.0702
F2 0.2499 0.3831 0.1482 0.2383 0.1496 0.1401 0.1181 0.2333 0.0937
F3 1.8536 32118 0.8565 1.1293 0.7901 0.5252 0.4308 0.5524 0.0142
F4 0.1983 0.3187 0.0952 0.2167 0.1302 0.1305 0.1007 0.2159 0.0709
F5 0.2476 0.4192 0.1244 0.2552 0.1490 0.1367 0.1279 0.2506 0.1236
F6 0.1924 0.3519 0.0913 0.2308 0.1041 0.1328 0.0915 0.2012 0.0442
F7 1.0536 1.7270 0.4365 0.6911 0.4548 0.3126 0.2557 0.3643 0.5991
F8 0.3519 0.5840 0.2023 0.3099 0.1994 0.1650 0.1110 0.2427 0.1540
F9 0.2646 0.5725 0.1327 0.2557 0.1187 0.1648 0.0978 0.2206 0.1650
F10 0.2328 0.4602 0.1335 0.2379 0.1419 0.1689 0.0872 0.2246 0.1642
F11 03166 0.5420 0.1485 0.2863 0.1420 0.2067 0.1654 0.3346 0.8134
F12 2.7467 4.8544 4.1141 1.6169 29185 1.1044 2.1335 0.7198 3.3038
F13 2.6362 4.8122 1.1436 1.5587 5.1400 4.1887 0.6731 2.0365 5.8029
F14 1.6302 10.9205 0.7577 3.6405 2.6188 0.4010 0.3176 0.2700 0.8149
F15 0.1012 0.2646 0.0832 0.1501 0.0956 0.0462 0.0340 0.0447 0.0578
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PREL  ERTLBO  BASTLBO  ITLBOBSO  DSLTLBO  TLBO SSA WOA GWO GA
F16 0.1042 0.2681 0.0813 0.1393 0.1017  0.0404  0.0366  0.0349  0.0829
F17 0.0815 0.2210 0.0797 0.1320 0.0649  0.0348  0.0265  0.0342  0.0517
F18 0.0799 0.2533 0.0913 0.1215 0.0656  0.0436  0.0293  0.0310  0.0497
F19 0.1178 0.1888 0.1198 0.1629 0.0837  0.0614  0.0358  0.0406  0.0901
F20 0.1233 0.3223 0.1118 0.1556 0.1173  0.0595  0.0411  0.0576  0.0667
F21 0.1297 0.3612 0.1384 0.1681 0.1237  0.0545  0.0493  0.0496  0.0999
F22 0.1470 0.4036 0.1366 0.1792 0.1139  0.0632  0.0470  0.0649  0.1126
F23 0.1705 0.2779 0.1281 0.1776 0.1292  0.0810  0.0597  0.0756  0.1135
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Table 6 Experimental results of eight algorithms for solv-
ing welding beam design problems

Ak h i ‘ b /()
ERTLBO  0.2057 3.253  9.0366 0.20573 1.6952
BASTLBO 02085 3.2204 89964 020871 1.7102
ITLBOBSO 0.1970 3.4227 9.0342 0.20588 1.7058
DSLTLBO 0.1937 3.4874 9.0275 020625 1.7111

TLBO 02089 3.2319 9.0003 0.20976 1.7210

SSA 0.1937 34011 93469 02052 17468

WOA 0.2057 32530 9.0366 02057 1.7185

GWO 0.2046 32797 9.0327 02060 1.6988

GA 0.2331 26193 99920 02427 2.0964
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Fig.5 Convergence curve of welded beam design problem
obtained by algorithms
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Fig.7 Convergence curve of pressure vessel design prob-
lem obtained by algorithms
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Table 7 Optimization results of pressure vessel design
problem by algorithms

ik Tix)) ThH(x)  R(xs3) L(xs) f(x)

ERTLBO 0.7527 0.4138 42.2128 176.8576 5984.622
BASTLBO 0.8827 0.4310 47.2537 121.7488 6027.769
ITLBOBSO 0.8828 0.4311 47.2707 121.5889 6028.433
DSLTLBO 0.8202 0.3841 45.1290 142.5473 6054.547

TLBO 0.9015 0.4390 48.2043 113.2618 6072.663
SSA 0.8759 0.4279 46.9243 124.7872 6043.665
WOA 0.7942 0.4064 44.5199 150.4761 6057.799
GWO 0.7371 0.3555 41.6434 186.6832 6050.765

GA 0.9008 0.4344 48.0603 115.3819 6092.908

i 3 0 BT S A4 TR BT [ A
A DL AR S 57k ERTLBO B #5058 1Y J=)
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