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Harris Hawk Optimization Algorithm combining golden sine and random walk
NIE Chunfang
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(The Electrical Engineering College, Guizhou University, Guiyang 550025, China)

[ Abstract] Aiming at the problem of low convergence accuracy and easy to fall into local optimal value of Harris Hawk
Optimization algorithm, a Harris Hawk Optimization algorithm combining golden sine and random walk is proposed in this paper.
Firstly, the algorithm integrates the golden sinusoidal optimization algorithm in the exploration stage of Harris Hawk to enhance the
global exploration ability of the algorithm. Secondly, a non-linear energy exponential decline strategy is used to balance the
exploration and development capabilities of the algorithm; Then, in the development phase of Harris Hawk, Gaussian random walk
strategy is introduced to perform random walk on the rabbit to improve the local development capabilities of the algorithm. Finally,
through experiments on 23 test functions, the optimization performance of the improved Harris Hawk Optimization algorithm is

evaluated. Experimental results prove that the proposed algorithm has better optimization speed and accuracy.
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1 Initialize the position of the hawks x;.

Set maximum number of iterations T.

2

3 Set the dimensions of the optimization problem dim.

4 While (t < T)

5 Check the boundary and Calculate the fitness value f,,,, and
identify the rabbit.

6 Perform a Gaussian walk on the rabbit using Equations(20)-(21).

7 For (i = 1: N) do

8 If( |E|=1) then

9 Update the position using Equation(17).

10 Else If( |E|< 1) then

11 K(r=0.5and | E|=0.5) then

12 Update the position using Equation(4) ~ (6).
13 Else f( r = 0.5 and | E|< 0.5) then

14 Update the position using Equation(7).

15 Else If( r < 0.5 and | E |= 0.5) then

16 Update the position using Equation(8) ~(12).
17 Else If( r < 0.5 and | E|< 0.5) then

18 Update the position using Equation(13) ~ (15).
19 End If

20 End If

21 Fnd For

22 End While
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Vi st R A i3 {1 [l STYR(ES
B B Fi(x) = X1 30 [100,100] 0
Fy(x) = 20y L |+ TT0 T | 30 [10,10] 0
. 2
Fy(x) = 200 i) 30 [100,100] 0
Fy(x) = max; | | |,1 <i<nl 30 [100,100] 0
Fy(x) = 3" 0100 (xyy = a2)? + (x = 1)?] 30 [30,30] 0
Fo(x) = X 1oy ([x +0.5])> 30 [100,100] 0
Fi(x) = ix} + random[0,1] 30 [128,128] 0
22 Ui PR Fy(x) == Y " xsin( /Tx 1) 30 [500,500] - 418.9829 % n
Fo(x) = 3, 7 [x? = 10cos(2mx;) + 10] 30 [5.12,5.12] 0
I —— 1
Fo(x) =—20exp(—0,2 LZ 7:1":2) —exp(fzg:]cos(%mi)) +20 +e 30 [32,32] 0
n n
o P " X
F(x) = mzi:]xi - Hl_:]cos(f) +1 30 [600,600] 0
P T o n-1 2 . 2,
nl#) = Tllosm(ﬂ-yl) + lel (yee)*[1 #sin®(my ) ]+ (y, - D7
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x; + 1
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Fiy(x) = 0.1{sin*(3mx;) + 2::1 (%, = 1)2[1 +sin®(3mx; + 1) ] +
30 [50,50] 0
(x; = 1)2[ 1 +sin®(2mx,) ]} + Z’,’:Iu(x,.,s,loo,@
1 25 1 -1
i 2 Futo = G+ X0 s ) 2 [65,65] !
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Fis(x) = Y g, -—— 2= 4 -5,-5 0.000 30
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1
Fle(x) = 423 - 2.1x% + Tx? +xyx, — 4x3 + 4a) 2 [-5,-5] -1.031 6
s1, 5 02 1
Fi;(x) = (2 ——5a7 +—=x; —6) +10(1 - ——)cosx; + 10 2 [-5,-5] 0.398
47 T 8w
Fig(x) = [1+ (x; +x, + 1)2(19 = 1dn; + 307 = 1dw, + 6x,5, + 323) ] *
2 [-2,2] 3
[30 + (2x; = 3x,)% % (18 = 32x, + 1247 + 48x, - 36x,x, + 27%3) ]
4 3 2
Fio(x) == X eexp(= X ay(x; =py) ") 3 [1,3] -3.86
4 6 2
Fy(x) =~ zi:lciexp(— ijla,-j(xi —pij) ) 6 [0,1] -3.32
Fy() == % [(X=a) (X=a)" +¢]"! 4 [0,10] -10.153 2
Fu(x) == 3 [(X=a) (X=a)" +¢]"! 4 [0,10] -10.402 8
Fu(x) == X" [(X=a) (X=a)" +¢]7! 4 [0,10] ~10.536 3
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Tab. 2 The main parameters of each optimization algorithm

Ak S8
PSO c,=c, =2,V =1V, =-1, 0, =09, w0, =02
GoldSA a=-mw,b=m
HHO ,MHHO ,CEHHO ,GSHHO /
Tab. 3 Experimental results of test function

PREL PSO GoldSA HHO MHHO CEHHO GSHHO
Fy R 1.29E-05 1.01E-249 1.30E-97 3.47E-128 0.00E+00 0.00E+00
PR 2.18E-05 0.00E+00 6.05E-97 1.87E-127 0.00E+00 0.00E+00

F, EHIE 7.44E-03 3.04E-130 5.94E-52 1.15E-70 6.33E-59 0.00E+00
brifE 2z 9.92E-03 1.64E-129 1.56E-51 3.74E-70 2.12E-58 0.00E+00

Fy FHIE 3.25E+01 1.22E-232 9.61E-70 3.23E-117 1.84E-88 0.00E+00
PrifE 2 8.25E+01 0.00E+00 5.17E-69 1.73E-116 8.49E-88 0.00E+00

F, THME 4.82E-01 5.69E-111 2.24E-48 1.37E-68 2.79E-58 0.00E+00
b2 4.82E-01 3.06E-110 1.05E-47 6.99E-68 9.26E-58 0.00E+00

Fs A 4.79E+01 4.24E-03 1.64E-02 1.35E-02 4.09E-03 8.89E-04
bRz 3.66E+01 7.43E-03 2.64E-02 1.41E-02 1.05E-02 1.45E-03

Fg XA 8.25E-06 3.91E-04 1.02E-04 5.90E-05 2.18E-05 6.44E-06
Frifi 2 1.58E-05 9.23E-04 1.03E-04 1.35E-04 3.91E-05 5.88E-06

F; EHIE 8.97E-02 1.19E-04 1.03E-04 1.37E-04 1.26E-04 9.62E-05
b2z 3.07E-02 1.59E-04 7.45E-05 1.35E-04 1.14E-04 7.62E-05
Fy XM -2.78E+03 -1.26E+04 -1.26E+04 -1.26E+04 -1.26E+04 -1.26E+04
bR 5.00E+02 1.98E-01 1.26E+00 7.30E-01 2.69E-01 2.10E-01

Fy FHIE 4.66E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
b2 1.17E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Fio T 1.29E-03 8.88E-16 8.88E-16 8.88E-16 8.88E-16 8.88E-16
Frifi 2 8.60E-04 9.86E-32 9.86E-32 9.86E-32 9.86E-32 9.86E-32

Fy FHIE 4.42E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
brifEZE 7.08E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

F T 7.87E-01 1.39E-05 5.88E-06 7.26E-06 1.82E-06 7.10E-07
bR 9.35E-01 2.23E-05 8.88E-06 1.17E-05 3.12E-06 6.94E-07

Fi FHIE 3.30E-03 3.39E-05 1.55E-04 6.87E-05 2.77E-05 7.15E-06
bRz 5.03E-03 9.09E-05 2.66E-04 9.19E-05 8.31E-05 8.16E-06

Fy FHIME 1.59E+00 1.10E+00 1.39E+00 1.46E+00 1.16E+00 1.03E+00
bR 1.36E+00 3.84E-01 9.40E-01 9.45E-01 3.70E-01 1.78E-01

Fis EHIE 5.42E-04 5.33E-04 3.51E-04 3.81E-04 3.37E-04 3.42E-04
PRifE2E 3.74E-04 4.49E-04 3.95E-05 6.63E-05 2.86E-05 3.63E-05
Fig FHIE -1.03E+00 -1.02E+00 -1.03E+00 -1.03E+00 -1.03E+00 -1.03E+00
PrifE 2 0.00E+00 8.98E-03 4.15E-09 2.08E-05 1.57E-08 4.58E-10

Fy XA 3.98E-01 3.98E-01 3.98E-01 3.98E-01 3.98E-01 3.98E-01
b2 1.11E-16 8.22E-04 1.69E-05 5.34E-04 2.58E-06 2.35E-06

Fig EHIE 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00
bRz 1.92E-15 9.64E+00 9.81E-07 1.48E-03 5.55E-06 7.95E-08
Fiy T -3.86E+00 -3.80E+00 -3.86E+00 -3.85E+00 -3.86E+00 -3.86E+00
Frifi 2 2.66E-15 6.69E-02 2.02E-03 2.03E-02 5.45E-03 5.08E-03
Fy FHIE -3.28E+00 -2.98E+00 -3.12E+00 -3.02E+00 -3.10E+00 -3.11E+00
bRz 5.60E-02 3.30E-01 8.61E-02 1.09E-01 1.07E-01 9.46E-02
Fy SEHE -5.57E+00 -1.01E+01 -5.39E+00 -5.05E+00 -5.49E+00 -1.01E+01
Frifi 2 3.54E+00 1.49E-02 1.25E+00 5.03E-03 1.32E+00 6.23E-02
Fy EHIE -7.25E+00 -8.77E+00 -5.08E+00 -5.08E+00 -6.22E+00 -1.01E+01
b2 3.44E+00 3.55E+00 5.73E-03 3.52E-03 2.06E+00 1.19E+00
Fa M -7.59E+00 -1.05E+01 -5.01E+00 -5.12E+00 -5.80E+00 -1.05E+01

PRl 3.66E+00 1.08E-01 5.86E-01 4.89E-03 1.72E+00 4.78E-02
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Fig. 2 Average convergence curve of multimodal test functions
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Fig. 3 Average convergence curve of the fixed — dimensional test functions
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Fig. 4 Comparison of ranking of different optimization algorithms
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