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Modified teaching-learning-based optimization algorithm based on
the nonlinear convergence factor and benchmarking management
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Abstract: A modified teaching-learning-based optimization algorithm (MTLBO) was proposed to solve
the shortcomings of standard teaching-learning-based optimization algorithm (TLBO), such as low
optimization accuracy, slow convergence speed and weak avoidance of local optimization. In the
teaching and learning stages of the TLBO, the nonlinear convergence factor adjustment and
benchmarking management strategies were introduced respectively. Based on the random combination
of the two strategies, three different MTLBOs were constructed. Subsequently, the experimental results
show that the three MTLBOs are better than the TLBO. Among them, the MTLBO3 with the two
modified strategies achieves the best numerical results, which is much better than the original TLBO. In

order to further verify the effectiveness of the proposed algorithm, numerical experiments are carried out
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with other well-known swarm intelligence optimization algorithms. Numerical results and convergence

curves show that the optimization performance of MTLBO3 is significantly better than other

comparison methods, with higher solution accuracy, faster convergence speed and better local

optimization avoidance ability. Finally, the effectiveness of the proposed algorithm is further verified

using constrained engineering optimization problems.
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Tab.1 Benchmark function
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n i 2
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i=1 \j-1
F4 Fa(x) = max; {|x], 1 <i<n} [~100,100] 0
n—1
F5 f5(x) = Z [100(x,- +1-x5)2 4 (x; - 1)2] [-30,30] 0
i=1
n
F6 fo(x)= Z ix,-4 +random [0, 1] [—128,128] 0
i=1
F7 £ = Z[x,«2 — 10cos (2mx;) + 10] [-5.12,5.12] 0
i=1
1 n 1 n
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Tab.2 Comparison algorithms and description
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MTLBO2 ol AR BRI Ak B 20 5 2 AL ST
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Tab.3 Experimental results of TLBO and MTLBOs on 10-
dimensional benchmark functions

PREL  FEhR TLBO MTLBOl  MTLBO2  MTLBO3
- FHH  136E-236 4.72E-264 0 0
bRz 0 0 0 0
FHH 3.00E-117  8.02E-131  3.04E-193  3.31E-299
F2
PRfEZE 1.12E-116  3.93E-130 0 0
- FHfH  4.10E-238  1.90E-267 0 0
bRz 0 0 0 0
FHH 8.72E-112  2.91E-127 5.93E-185  4.35E-296
F4
brifiZE  3.06E-111  6.68E—127 0 0
e FHEHE  892E+00  8.90E+00  8.98E+00  8.97E+00
A2 637E-02  4.42E-02  2.09E-02 1.80E-02
F6 FHfH  236E-04  1.68E-04  8.16E-05  4.72E-05
PifE2: 138E-04  8.78E-05  5.92E-05  2.83E-05
- TFHEIE 0 0 0 0
bRz 0 0 0 0
FHMH 323E-15  3.35E-15 —4.44E-16 —4.44E-16
F8 .
brifiZE  6.38B-16  1.28E-15 0 0
- M 0 0 0 0
brifE2E 0 0 0 0
SEE —2.75E+00  —2.77E+00 —2.11E+00 —2.32E+00
FI0 ...
FRifE2ZE 2.66E-01  1.52E-01  5.00E-01  3.45E-01
- T¥IME  6.42E-01  635E-01  1.I3E+00  9.65E-01
P2 2.78E-01  2.38E-01  2.19E-01 2.88E-01
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a7 T H A ¥, MTLBOL Al MTLBO3
2 WM R g R . 25 bR,
T AE AN B I (8] AR 1 R 4R R 2 iE T TLBO WP
A, ASSCHTHE i 2 R ORI 2 AA A, JuH R
FRATAS BRI .
32 SHMBERMALEZINILR

55— 20 S 32 % MTLBOs Al TLBO #4717
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BEACRE Sl 1000, XFF HS, SHeAEFHERLE S
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Tab.6 Comparison algorithms and parameter sets

TR SRR -
b Z
A7 A HAbS%

HS 6 40000

HMCR=0.9, PAR=0.3, BIW=0.1
PSO 40 1000 Vmax =20,w; =0.9,w2=04,c1=12,c0=12
GA 40 1000 Pe=0.7, pm=03
MFO 40 1000
TLBO 20 1000

MTLBO3 20 1000

514
% 4 TLBO #1 MTLBOs 7£ 30 4B /R LI R
Tab.4 Experimental results of TLBO and MTLBOs on 30-
dimensional benchmark functions
PREL  fEhn TLBO MTLBOI  MTLBO2  MTLBO3
- fﬂjﬁ 6.01E-234  2.78E-267 0 0
bR 0 0 0 0
FHfH  3.24E-119 148E-133  5.77E-195  8.52E-297
F2
P22 7.18E-119  4.95E-133 0 0
i FHEHE  1.71E-234  6.09E-266 0 0
bRz 0 0 0 0
FHfH  5.88E-114 1.10E-128 2.88E-187  1.18E-296
F4 ...
P2 1.44E-113  3.55E-128 0 0
- FHME  2.89E+01  2.89E+01  2.90E+01  2.90E+01
P22 337E-02  3.16E-02  146E-02  2.29E-02
F6 fﬂjﬁ 2.05E-04  2.11E-04  5.61E-05  5.63E-05
PfE2: 120E-04  1.05E-04  4.50E-05  3.56E-05
- $i’J{E 0 0 0 0
brifE2E 0 0 0 0
T 287E-15  323E-15 —4.44E-16 —4.44E-16
F8 .
Frifi2E 1.28B-15  6.38E-16 0 0
"o T}J[E 0 0 0 0
FrifE 0 0 0 0
_ fiﬁﬁ —2.47E-01 -238E-01  1.84E-01  2.68E-03
brifE2E 2.07E-01  2.03E-01  2.20E-01  2.56E-01
- ﬂfﬂjﬁ 3.10E+00  3.24E+00  4.19E+00  3.83E+00
FfE2: 520E-01  4.69E-01  4.35E-01 3.30E-01
#= 5 & RiE1THIE
Tab.5 Comparison of running time for algorithms $
PRIZK Ei35 3 TLBO  MTLBOl MTLBO2 MTLBO3
Fl 10 69 52 60 62
30 89 106 125 148
- 10 83 70 72 72
30 157 189 191 189
- 10 56 49 49 50
30 129 148 154 150
- 10 58 56 54 54
30 123 130 134 134
Fs 10 79 71 69 68
30 251 317 327 321
- 10 69 62 60 62
30 138 178 173 166
10 108 105 114 111
K7 30 284 186 190 191
10 114 119 119 124
F8 30 299 192 199 199
10 116 122 122 117
k9 30 320 199 210 207
10 10 152 153 150 149
30 481 314 312 310
- 10 151 150 142 137
30 441 292 292 288
itk e, 4 HS, PSO, MFO Fll GA SC i X} b 52

Bro 6B TR LI FIAH LA S RO E

WL 6 %], PSO, MFO Fl GA ¥ F BER 515

Wi 6 Frx, HS, PSO LI GA % 3 FhE ¥k
AP E— SRR S5, X T HS, HMCR, PARFI
BW 5y B F R M e FEBUE AR . 5 PR R LA
RS g, BUE B0 0.9, 0.3 f10.1; 1T PSO,
Vinax TC TR TR BN W I KRR, wy, w, RV
REMBEANE, o, o lFoRNmSgommt s
S8, SH S0 HBUE MK IR 20, 09, 04,
12 #1 1.2; XFF GA, BEPEFC B0 e o 1R &2 R
W& . B50 28 SR WS DL M B ML BE AR S o e,
1, pes pm 280N YL IR 2 XOHER | A8 7
F,OPUES R 0.7 A 03, LU EBE &SRR
SR BUE Y SR AR R AR 18 SO 2 RS i 24
B fH.

27N T R BRAAE 40 4RI pR £ Y S
IR, MR R, 3k 7 nTHl, MTLBO3
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TLBO, H.f, X}F %L F1 Ll K F4, MTLBO3 3k
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Tab.7 Experimental results of six algorithms on the benchmark functions
PRI £t HS PSO GA MFO TLBO MTLBO3
Fl SFHIH 1.42E+01 1.28E-+00 1.13E+01 5.67E+03 6.01E-234 0
bRz 8.37E+00 3.67E+00 3.88E-+00 5.59E+03 0 0
0 SFHIMH 1.68E-01 7.67E+11 1.32E+00 6.04E+01 3.24E-119 8.52E-297
bRz 7.81E-02 1.87E+12 1.85E-01 2.49E+01 7.18E-119 0
- SEHIMH 5.35E+03 1.85E+04 1.35E+04 3.40E+04 1.71E-234 0
bRz 1.75E+03 3.00E+04 4.27E+03 1.62E+04 0
- SEHMH 8.20E-+00 9.34E-+00 1.11E+01 2.89E+01 5.88E-114 1.18E-296
bRz 1.36E+00 1.99E+01 1.96E+00 8.35E+00 1.44E-113 0
- SEHMH 5.06E+02 5.00E+07 5.30E+02 1.33E+07 2.89E+01 2.90E+01
PrifE2E 4.57E+02 6.17E+07 3.24E+02 2.98E+07 3.37E-02 2.29E-02
F6 SFHMH 1.19E+03 1.78E+03 6.26E+02 5.73E+08 2.05E-04 5.63E-05
PrifE2E 9.04E+02 3.76E+03 4.78E+02 8.42E+08 1.20E-04 3.56E-05
- SEHMH 2.02E+00 3.38E+02 5.14E+00 1.75E+02
bRz 1.02E+00 1.05E+02 1.34E+00 5.45E+01 0 0
- SFHMH 1.51E+00 1.72E+01 1.80E+00 1.93E+01 2.87E-15 —4.44E-16
IR 3.63E-01 3.20E+00 3.07E-01 3.30E+00 1.28E-15 0
- SEHMH 1.12E+00 4.05E-02 1.10E+00 4.52E+01 0 0
brifE2e 4.02E-02 4.59E-02 4.38E+02 50E+01 0 0
Fl0 STHMH —9.95E-01 421E+07 —2.30E-01 8.53E+06 —2.47E-01 2.68E-03
FrifE2E 2.05E-02 1.30E+08 1.07E-01 4.59E+07 2.07E-01 2.56E—01
- TFHIME 5.39E-01 2.67E+07 4.20E-01 4.10E+07 3.10E+00 3.83E+00
brifEzs 2.20E-01 1.44E+08 1.37E-01 1.23E+08 5.20E-01 3.30E-01

P EE AR E 2N 0, X IEIZ T ARk
B DA R e i, R, X TR
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(B 25 3 o FL A XS e 7 vk o R, X F7 M9,
TLBO 1 MTLBO3 ¥J15 2| #iS S L%, L4 Tk
MEAE LS RAT 1, DR — 25 1) ekl £
frxttt. WTLLE H, MTLBO3 (5 {E 45 R AE K £
Bn) AT AT L, BAE 4 A4 R B A
)85 (F1, F3, F7 LA F9) F 1000 ¥k AL P21k
SE PSR fEfR . LA, MTLBO3 7E K 22 %k )
FHEARNE, XEHRELRMRERE, &%
PR

HS, PSO, GA, MFO, TLBO Ll &% MTLBO3
X 6 FEVEAE 11 K R L 30 RS IE 1T Y
fEI %0 T3 8, H1# 8 Al A, TLBO FI MTLBO 4
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PR P11 HA i sser . Sk ik, MTLBO3

M TLBO i+ 5 44 % 22 % AN K, MTLBO3 & i —
%, [FRATE R LT e & .
it — N B RE, T 6 A LA
P AE T 0 JE o I bR R B AU B £k, tn R 3 B
® 8 6FXLEAE 11 4 Mk & 8 L KOS (T AT

Tab.8 Running time of 6 comparison algorithms on

11 test functions s

BRI HS PSO GA MFO TLBO MTLBO3
F1 819 596 693 677 179 186
F2 848 634 736 707 203 211
F3 831 608 712 686 181 190
F4 770 591 650 652 148 110
F5 736 745 726 736 177 175
F6 601 482 541 498 87 93
F7 757 545 670 651 195 82
F8 779 618 687 694 204 231
F9 736 645 672 678 214 207
F10 753 789 824 858 342 209
F11 640 782 726 768 332 222
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Fig.3 Convergence curves of 6 comparison algorithms on some test functions
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Fig. 4 Tension/compression spring design problem
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x=[x1,x2,x3]1 =[d,D’,N’] 0.05 < x; <2.00, 0.25< x> <1.30, 2.00< x3 < 15.0
REREE S FITA B AE 30 IR ST as 47 R TS 2 pY B A S
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Tab.9 Comparison of results for tension/compression spring problem
=R7S d/cm D'/cm N At /g
HS 0.05115400 0.349871 000 12.07643200 0.01267060
PSO 0.05172800 0.357644000 11.244 54300 0.01267470
GA 0.05148000 0.351661000 11.63220100 0.012704 80
MFO 0.05199446 0.364109320 10.868421 86 0.01266690
MHHO 0.05165487 0.355881658 11.33883300 0.01266619
TLBO 0.051723 648 0.357550372 11.240318 0.012665255
MTLBO1 0.051688903 0.356713931 11.289 18906 0.012665233
MTLBO2 0.054 686665 0.433032145 7.915232505 0.012840618
MTLBO3 0.057319934 0.507153 848 5.948 83574 0.013245081
4 HRIE MTLBO #Bftkidt b TLBO, Hriv, 3IA 2 Fidgitt

BEXF AR E TLBO - OUAE BEAS & o Jmy 5 S5 L ik
Gt 22 DL KO S50RE B8 5 1 [l AT, A SCH#E TLBO
SRS T N S NP Ui i L | 2 Y& S
LR LA bR AT B NS . B S, JET 2 IR R
B AT T 3 f MTLBO 281K, REEek
PR R MR, T — 4 eR B Ak R A v
TLBO #47 1 L8 Xt b 53 o 45 R Eos, 3 F
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