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Modified grey wolf optimization algorithm for
global optimization problems
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Abstract: The grey wolf optimization algorithm is an efficient optimization technology, however, it still
has some shortcomings, such as low accuracy, slow convergence speed and easy to fall into local
optimum. Therefore, a modified grey wolf optimization algorithm (MGWO) was proposed. Three
improved strategies were introduced into the algorithm: the strategy of the convergence factor
adjustment with exponential law, the adaptive position updating strategy of grey wolf and the revised
dynamic weight strategy. Through the implementation of two groups of comparative experiments on 10
benchmark functions, the effectiveness of the three improved strategies was verified. The experimental
results show that the MGWO-4 with the three improved strategies improves the performance of the
basic grey wolf optimization algorithm (GWO) significantly, and is superior to the improved grey wolf
algorithm and several other optimization algorithms in other literatures. The experimental results on an
engineering design question further prove that MGWO is a powerful optimization technique.
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Fig.2 Two convergence factors
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Tab.1 Benchmark function

Fl fi) = Zn:X,? 30 [-100,100] 0
i=1
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=1\ j-1
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Tab.2 Comparison algorithms and its description
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TR F5 F1F6, MGWO 4 £ —% .,

7E T Dt bR 85 4% 55008 30 IRt S s 1T
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Tab.3 Experimental results of 11 comparison algorithms on 10 test functions

PR GWO  EGWO LGWO NGWO GWO-weight GWO-Fuzzy GWO-EPD MGWO I MGWO 2 MGWO 3 MGWO 4
I 1.46B-27 1.17E-36  3.17E-30 1.16E-47  7.12E-31 9.47E-32  295E-20 7.97E-37 1.79E-40 4.96E-58 0
o PR 2.68E-27 1.05E-36 4.07E-20 2.72E-47  2.40E-30 474E-31  4.09E-20 127E-36  3.65E-40  1.14E-57 0
FHH  1.01E-16 2.84E-23 5.39E-19 292E-28  8.07E-19 1.73B-19  2.032-12  421E-22 520E-25 3.65E-35 3.14E-205
2 PRfE2E  7.08E-17 147E-23 1.07E-02 4.16E-28  7.15E-19 3.50E-19  240E-12  2.18E-22 5.52E-25 6.61E-35 0
I 1.48E-05 6.19E-05 8.12E-08 9.98E-12  3.30E-06 534E-01  621E-01 2.15E-07 148E-12 3.01E-16 0
" bR 321E-05 1.21E-04 2.05E+00 1.99E-11  1.26E-05 3.96E+00  1.30E+00  6.10E-07 425E-12  1.50E-15 0
P 6.13E-07 2.43E-08 1.17E-08 7.15E-13  1.66E-07 481E-08  9.20E-05 4.73E-09 1.12E-10  1.40E-15 1.23E-181
F4 PifE2E  5.34E-07 4.08E-08 1.32E+00 7.60E-13  4.00E-07 1.05E-07  8.56E-05 3.92E-09 1.95E-10  2.20E-15 0
I 2.69E+01 4.86E+01 8.35E+00 2.61E+01  2.69E+01 5.15E+01  2.74E+01 2.71E+01 2.72E+01 2.72E+01 2.89E+0l
" PriEZ  6.58E-01 9.44E+00 5.34E+00 3.96E-01  7.18E-01 1.61E+01  6.82E-01  8.11E-01 7.81E-01 7.26E-01  1.62E-01
FHIE 8.04E-01 0 2.69E-04 5.62E-01  7.56E-01 572E+00  1.01E+00 7.96E-01  9.01E-01 144E+00 5.58E+00
o bR 3.12E-01 0 230E-05 2.32E-01  3.74E-01 325E+00  2.71E-01  3.06E-01 3.02E-01 3.67E-01  6.16E-01
P 2.77E-03  4.27E-03  3.02E-03 1.05E-03  1.90E-03 1.70E-03  6.20E-03  2.22E-03 1.82E-03 1.35E-03 5.98E-05
7 PrUEZ  9.03E-04 1.50E-03 1.10E-03 2.32E-04  1.00E-03 921E-04  3.03E-03 1.24E-03 1.13E-03 9.05E-04 5.14E-05
SFHEIE 3.87E+00 1.35E+02  9.46E-02 0 2.12E+00 9.69E-01  1.35E+01 2.30E+00 8.92E-01  2.87E-01 0
e PRUEZE  4.44E+00 1.27E+01 2.16E+01 0 481E+00  2.98E+00  2.70E+01 4.10E+00 2.53E+00 1.55E+00 0
SEEIE 1.02B-13 1.72E+00 2.12E-15 1.05E-14  4.83E-14 238E-14  246E-11 327E-14 123E-14 6.78E-15 8.88E-17
" bruEZ  1.85E-14 0 430E-02 239E-15  7.76E-15 1.60E-14  1.53E-11  3.59E-15 3.38E-15 145E-15 1.07E-15
P 2.47E-03  1.31E-08 2.42E-05 0 4.20E-03 729E-04  5.61E-03 2.60E-03 5.19E-03  5.72E-03 0
o bruEZ  5.07E-03 3.12E-08 8.39E-05 0 8.20E-03 3.00E-03  9.44E-03  592E-03 9.63E-03  9.01E-03 0
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Tab.4 Running time of the comparison algorithms

PR GWO GWO_EPD MGWO_1 MGWO 2 MGWO 3 MGWO 4

F1 120 920 127 115 135 195
F2 122 94 114 128 143 203
F3 113 89 114 110 137 186
F4 111 104 107 106 129 180
F5 154 150 138 130 150 211
F6 96 104 146 113 135 210
F7 101 94 135 113 142 207
F8 126 125 165 151 194 223
F9 125 128 168 163 177 223
F10 128 132 173 154 189 216
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Tab.5 Experimental results of 5 comparison algorithms on 10
test functions
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fi 10 Bt LR L, B EARESRRRT, 15
TR R, Rt RE, AR
B E R, MGWO 3, NGWO Fl LGWO [k T
MGWO_4, ‘EfTERE MRS R d, B
B Rt T GWO Bk rybERE. HE, iR
F, MGWO 4 Fl MGWO 3 & &k S 45 S 5 £t
S — R ] A (3G . T MGWO_L A
MGWO _2 "l g2 e fEiE £, B GWO i
2 TH I BE R 4 MGWO_4 F1 MGWO 3 JIf4 k., fH
AT R JC R B AR . HARSEREME A AL, i
HE A O RIE OO, 00X R SR A )
(RS B BER HES , MGWO_4 Fll MGWO_3 #1: ii
SR UL (345
33 S5HMTBERNEEMNEER

R it — 20 B UE AR SC R SR W A e, R R
P& HE ) MGWO 3, MGWO 4 5 GA, TLBO,
HHO # A7 X} Lh 325 . Hr, GA il TLBO &4t
AL L, HHO S 1% 45 fe B i WP 98 2R . H:
H, XEF GA, IS 800 I e 0 R 2 I g . 3y
5] 2% A8 TR W I B BIL 3% B 58 AR 3 b O W ok E AT G
i, YR BRI E R 0.8, AW RN
0.3, FARBEEY HAA R RLB AL E AL AR S 2 1>
WS H. SLRaE R 5 R,

PRI GA TLBO HHO MGWO 3 MGWO 4
F1 “F¥ME 9.95E+00 2.00E-107 3.47E-97 4.96E-58 0
PRfE2ZE 4.25E+00 3.81E-107 1.74E-96 1.14E-57 0

F2 “F¥M{E 1.33E+00 2.92E-53 1.64E-48 3.65E-35 3.14E-205

PRfE2E 239E-01 5.78E-53 8.62E-48 6.61E-35 0
F3 F¥I{E 128E+04 1.09E-105 1.14E-76 3.01E-16 0
PRfEZE 2.75E+03 2.93E-105 6.11E-76 1.50E-15 0

F4 “FHME 1.19E+01 1.11E-50 1.88E-57 1.40E-15 1.23E-181
FRfEZ 1.77E+00 1.66E-50 5.87E-57 2.20E-15 0

F5 TV¥IME 470E+02 2.89E+01 6.34E-03 2.72E+01 2.89E+01
PrfE2E 236E+02 3.12E-02 1.65E-02 7.26E-01  1.62E-01

F6 FYIH 1.04E+01 5.83E+00 9.09E-05 1.44E+00 5.58E+00

b2 472E+00 6.23E-01 2.15E-04 3.67E-01  6.16E-01
F7 FY¥ME 6.42E+02 441E-04 3.87E-02 1.35E-03 5.98E-05
PifEZ: 6.50E+02 2.49E-04 2.73E-02 9.05E-04 5.14E-05
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Fig.4 Convergence curves of 6 comparison algorithms on some test functions
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Tab.6 Running time of the 5 comparison algorithms on 10
test functions

PREL GA TLBO HHO MGWO_3 MGWO_4
F1 94 43 38 135 195
F2 100 52 47 143 203
F3 96 32 38 137 186
F4 88 30 34 129 180
F5 108 80 81 150 211
F6 96 44 50 135 210
F7 103 156 54 142 207
F8 118 124 113 194 223
F9 119 118 127 177 223
F10 126 125 137 189 216
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Fig. 5 Tension/compression spring design problem
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Tab.7 Comparison of results for the tension/compression
spring problem

Bk d D N B &
GWO  0.052571 0377981  10.16171 0.012704 484
GA 0.05540139  0.43405084 8272921337 0.01368598

HHO 0.058305417 0.537772911 5.334416806 0.013408566

MGWO_1 0.051654329 0.355321844 11.39343483  0.012697766

MGWO_2 0.051495448 0.35201031 11.57779045  0.012674247

MGWO_3 0.051410392 0.349747548 11.73754971  0.012698891

MGWO_4 0.05 0.315418406 14.30511153  0.012857331
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