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Standard grey wolf optimizer (GWO) 

Part 1 



GWO 

1.1 Algorithm model 

        A pyramid model of four levels is proposed to simulate the hunting behavior of the grey 

wolf (Fig. 1), where wolf α is the highest leader, wolf β is second only to wolf α, and 

wolf δ is second to wolf β. Wolf ω is the lowest-ranking wolf in the grey wolf optimizer 

(GWO), often referred to as the search wolf, and the hunting behavior is done mainly by 

wolf ω in GWO. The schematics of encircling behavior, attacking prey, and searching for 

prey are shown in Figs. 2-4. 

Fig. 1 Pyramid model of four levels 
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Fig. 2  Schematic of 2D encircling behavior 
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Fig. 3  Attacking prey  Fig. 4  Searching for prey 



GWO 

1.2 Static grey wolf optimizer 

        • The position of the search wolf is updated 

as follows:        
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Fig. 5  Flow chart of the static GWO 
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Dynamic GWO 

2.1 First dynamic GWO       

The features of DGWO1 are as follows:  

(1) The position updating of each search 

wolf does not need to wait for other 

search wolves.  

(2) Xα, Xβ, and Xδ may be different for 

each search wolf in position updating. 
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Fig. 6  Flow chart of the first dynamic GWO 



Dynamic GWO 

2.2 Second dynamic GWO        
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Fig. 7  Flow chart of the second dynamic GWO 

The difference between DGWO2 and 

DGWO1 is that the values of Xα, Xβ, and 

Xδ for the position updating of the ith 

search wolf in DGWO1 are those 

obtained after comparing the ith search 

wolf and wolves α, β, and δ, whereas the 

values of Xα, Xβ, and Xδ for the position 

updating of the ith search wolf in DGWO2 

are those obtained after comparing the 

(i−1)th search wolf and wolves α, β, and δ. 
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2.3 Experimental test        

Table 1 Introduction of CEC2014 test functions 
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Table 2  The results of GWO, DGWO1, and DGWO2 
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Table 2 
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 From Table 2, comparing DGWO1 with GWO, there are 24 functions whose average 

DGWO1 errors Eave are superior to the GWO errors, 17 functions whose minimum 

DGWO1 errors are better than the GWO errors, 21 functions whose maximum DGWO1 

errors are lower than the GWO errors, and 20 functions whose DGWO1 average 

standard deviations are less than the GWO average standard deviations. All of these 

numbers are more than half of 30, which shows that the overall optimization capability 

of DGWO1 is better than that of GWO.  

 Comparing DGWO2 with GWO, there are 17 average errors, 17 minimum errors, 20 

maximum errors, and 19 standard deviations of DGWO2, which are superior to the 

counterparts of GWO. These numbers are also more than half of 30, which shows that 

the overall optimization ability of DGWO2 is better than that of GWO.  



Dynamic GWO 

Fig. 9  Convergence graphs of some functions 

Fig. 8  The average errors (in log) of GWO, DGWO1, and 

DGWO2 
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3.1 Improved strategies with dynamic GWOs        

In MR-GWO, if the improvements over GWO are shifted to the first dynamic GWO, the 

novel improved algorithm would be called DMR-GWO1, and if the improvements are 

shifted to the second dynamic GWO, the novel improved algorithm will be called DMR-

GWO2. Similarly, there are Dβ-GWO1, Dβ-GWO2, DGWO-EPD1, and DGWO-EPD2. 

Because there are many algorithms 

studied, to reduce the length of the 

table header, the further shorthand 

notations of each algorithm are 

listed in Table 3. 

Table 3  Shorthand notations for each algorithm 

Algorithm 
Shorthand 

notation 
Algorithm 

Shorthand 

notation 
Algorithm 

Shorthand 

notation 

GWO A1 DMR-GWO1 DA21 Dβ-GWO2 DA32 

DGWO1 DA11 DMR-GWO2 DA22 GWO-EPD A4 

DGWO2 DA12 β-GWO A3 DGWO-EPD1 DA41 

MR-GWO A2 Dβ-GWO1 DA31 DGWO-EPD2 DA42 
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3.2 Experimental results 

Table 4 Results of the improved dynamic GWO algorithms 

Fig. 10  The distribution of the optimal results 
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1 1

Rank value rank1 rank2
n n

i i

i i 

   (1) 

Algorithm Rank value Rank 

GWO 3.82E+09 10 

DGWO1 2.47E+09 8 

DGWO2 4.09E+09 12 

MR-GWO 1.83E+08 6 

DMR-GWO1 1.48E+08 4 

DMR-GWO2 7.21E+07 1 

β-GWO 3.43E+09 9 

Dβ-GWO1 2.21E+09 7 

Dβ-GWO2 4.08E+09 11 

GWO-EPD 1.55E+08 5 

DGWO-EPD1 1.42E+08 3 

DGWO-EPD2 1.02E+08 2 

DE 2.41E+11 13 

According to the ranking results in Table 6, the 

best rank belongs to DMR-GWO2, the second best 

is DGWO-EPD2, and the third and fourth best are 

DGWO-EPD1 and DMR-GWO1, respectively. The 

first four algorithms are based on the dynamic 

GWOs, which to some extent proves that the 

improvement based on the dynamic GWO 

algorithms is notable. 

Definition 1 For a problem, the algorithm rank is determined by the average value and 

the median value obtained after the maximum number of iterations. When there are 

many problems, the rank value of each algorithm is calculated by  

Table 5  Rank value results of the algorithms 
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Conclusions 

        

Based on the structure analysis of the standard GWO, two dynamic GWOs, DGWO1 and 

DGWO2, are proposed by changing the structure of the algorithm. The advantage of 

DGWO1 and DGWO2 is that the new positions of the three leading wolves can be used 

in time for the position updating of the search wolf. 

The difference between DGWO1 and DGWO2 is as follows: in DGWO1, the position 

updating of the search wolf is done after the comparison between the current search wolf 

itself and the three leading wolves, but in DGWO2, the position updating of the search wolf 

is done after the comparison between the previous search wolf and the three leading 

wolves. 

Finally, the dynamic structure is applied to other improved GWO algorithms to obtain the 

corresponding improved dynamic GWO algorithms. It is also proved by these experiments 

that most of the improved algorithms based on the dynamic GWO structures are more 

effective than those based on the static GWO structure. It is also shown that DMR-GWO2 

has the best performance in the 30 standard test experiments based on the rank value. 


