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Global convergence analysis and research on parameter selection
of whale optimization algorithm
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Abstract: The whale optimization algorithm (WOA) is a novel swarm intelligence algorithm which has been widely
used in different applications. However, the convergence property and the reasonable parameter selection approach of WOA
is ambiguity. This paper analyzes the global Convergence property of WOA by using the Markov chain of the stochastic
process theory. It’s proved that the convergence property of WOA is determined by its shrinking encircling mechanism.
Moreover, the two level finite difference scheme of WOA is established. The stable range and unstable range of control
parameters in shrinking encircling mechanism are given based on von Neumann stability criterion. The simulation results
on benchmark functions verify the validity of the theoretical analysis of WOA.
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Table 2 The comparison results of WOASU, WOAEP and WOA algorithms

. WOASU WOAEP
PREK

WOA

RIE FIE wIE FIE

AUE FHE

f1 3.91e+03 1.24e+04 9.02e—126  5.59e—103
fa 9.02e+01 1.17e+02 4.53e—74 2.42e—63
f3 2.83e+-04 6.45e+-04 4.98e+-03 5.02e+04
fa 6.03e+01 8.11e+4-01 2.69e—28 2.62e—00
fs 2.00e+06 9.65e+-06 1.29e—-01 2.53e+01
16 2.46e+03 1.09e+-04 3.94e—02 3.25e—01
fr 5.66e+00 3.09e+01 9.89e—06 1.39e—04
fs —1.17e4+04 —6.49e+03 —1.26e+04 —1.24e404
fo 1.52e+02 2.46e+02 0.00e—00 0.00e—00
fio 1.43e+01 1.85e+-01 8.88e—16 3.73e—15
f11 1.65e+-02 9.04e+4-02 0.00e—00 0.00e—00
f12 1.01e+05 1.29e+07 1.80e—03 3.51e—02
fi3 1.84e+06 4.64e+07 4.58e—02 2.80e—01

2.67e—83 6.24e—72
7.31e—52 5.63e—47
2.53e+-04 5.03e+04
5.38e—02 5.15e+01
2.72e+-01 2.79e+01
9.57e—02 3.43e—01
1.81e—05 3.10e—03
—1.26e+04 —1.13e+04
0.00e—00 3.79e—15
8.88e—16 4.32e—15
0.00e—00 8.10e—03
4.60e—03 1.92e—02
9.94e—01 5.34e—01
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Table 3 The comparison results of WOAEP—Unstable, WOAEP—-Stable, WOAEP-Uncertain and WOA algo-

rithms
ke WOAEP-Unstable WOAEP-Stable WOAEP-Uncertain WOA
wRAE FIME wAE T A FE wAUE RRALIEN
f1 3.39e+-04 6.11e+04 5.87e—102 1.59¢e—96 2.09e—88 5.87e—69 6.73e—76 1.67e—72
fo 5.03e+-01 1.20e+-02 8.88e—52 1.27e—48 7.35e—61 8.28e—54 9.72e—54 3.12e—47
f3 4.15e+04 1.52e+4-05 5.65e—103 3.97e—96 4.54e+04 8.82e+04 1.65e+-04 4.32e+4-04
fa 7.40e+-01 8.74e+01 6.22e—52 1.46e—49 1.69e+-01 5.18e+-01 4.22e+4-00 4.83e+01
fs 9.05e+-07 2.30e+-08 2.89e+01 2.89e+01 2.52e+4-01 2.73e+401 2.71e+401 2.79e+-01
16 4.00e+04 5.99e+04 5.15e—00 7.20e—00 5.09e—01 2.36e—00 9.64e—02 3.46e—01
fr 6.05e+01 1.09e+-02 2.38e—05 2.67e—04 8.50e—04 9.00e—03 1.42e—04 2.80e—03
fs —5.84e+03 —5.55e+03 —5.53e+03 —3.32e+03 —-9.16e+03 —832e+03 —1.26e+04 —1.09e+04
f9 1.92e+4-02 3.89e+02 0.00e—00 0.00e—00 0.00e—00 2.04e+01 0.00e—00 3.79¢—15
fio 1.72e+4-01 1.94e+-01 8.88e—16 8.88e—16 8.88e—16 6.45e—15 8.88e—16 4.09e—15
f11 3.67e+02 5.45e+02 0.00e—00 0.00e—00 0.00e—00 7.00e—03 0.00e—00 6.30e—03
f12 2.02e+-08 5.22e+4-08 9.83e—01 1.53e—00 3.30e—02 4.13e—01 4.20e—03 2.31e—02
fi3 5.92e+4-08 1.01e4+-09 2.99¢e—00 2.99¢e—00 4.28e—01 1.60e—00 1.72e—01 5.28e—01
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Fig. 6 Convergence plots of WOAEP-Uncertain, WOAEP-Unstable, WOAEP-Stable and WOA algorithms on benchmark func-
tions fy(z) ~ f3(x)
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