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Motivation 

 The initial sparrow search algorithm (SSA) populations are 

initialized at random without rules, and the initial population 

cannot be appropriately assigned in the searching space of 

practical problems, which limits the accuracy of initial solutions. 

 A fixed ratio of producers to scroungers does not accurately   

reflect the actual optimization searching process and strikes a 

limited balance between exploration and exploitation.  

 Insufficient population diversity causes the SSA to fall into local 

optima. 



Main idea 

1. A  modified sparrow generation mechanism based on a 

chaotic map and opposition-based learning (OBL) is 

developed to generate a high-quality population while 

increasing the population diversity. 

2. An adaptive parameter control strategy, which can 

dynamically adjust the ratio of producers to scroungers, is 

adopted to achieve a better balance between intensification 

and diversification.  

3. A hybrid disturbance mechanism is incorporated into the SSA 

to improve the ability to jump out of local optima and to 

improve the convergence speed. 



Method 

Fig. 1  Flowchart of the proposed multi-strategy enhanced sparrow search algorithm (MSSSA) 



Method (Cont’d) 



Major results 
MSSSAwt means MSSSA without TMOM, MSSSAwa denotes MSSSA without the 

adaptive parameter control strategy, and MSSSAwh is MSSSA without the hybrid 

disturbance mechanism. 

From Fig. 5, the average ranking of the SSA is inferior to that of any of the MSSSA 

and its degradative variants, indicating that each enhancement strategy is effective 

and boosts the performance of the SSA to some degree. In addition, the rank from 

the best to the worst is MSSSA, MSSSAwt, MSSSAwa, MSSSAwh, and SSA, 

which implies that the MSSSA provides the best optimization performance. 



Major results (Cont’d) 

Fig. 6  Ranking statistics on the CEC2014 benchmark functions: (a) ranking statistical bars of 12 algorithms;  

(b) average ranking bar of 12 algorithms 



Major results (Cont’d) 

Fig. 7  Convergence curves of the MSSSA and the other algorithms on some selected CEC2014 functions: (a) F2; (b) F3; 

(c) F8; (d) F10; (e) F11; (f) F16; (g) F20; (h) F29 



Major results (Cont’d) 

Fig. 8  Balance analysis of the MSSSA and SSA on F1, F12, F18, and F38: (a) MSSSA on F1; (b) SSA on F1;  

(c) MSSSA on F12; (d) SSA on F12; (e) MSSSA on F18; (f) SSA on F18; (g) MSSSA on F38; (h) SSA on F38 



Major results (Cont’d) 



Major results (Cont’d) 



Conclusions 
1. We propose an enhanced SSA by integrating TMOM, an adaptive parameter 

control strategy, and a hybrid disturbance mechanism. Specifically, TMOM 

combines the TM and OBL to generate high-quality initial sparrow 

populations. The adaptive parameter control strategy is designed to adjust 

the ratio of producers to scroungers with an increased number of iterations, 

which contributes to establishing a balance between exploration and 

exploitation. The hybrid disturbance mechanism aims to facilitate the 

MSSSA, strengthening local exploration capability, and effectively jumping 

out of the local optimal region.  

2. Two benchmark function sets (IEEE CEC2014 and IEEE CEC2019) and 10 

classical functions are used to evaluate the performance of the proposed 

MSSSA. Compared with the SSA and 10 state-of-the-art algorithms, the 

MSSSA has superior performance in terms of solution accuracy, 

convergence speed, scalability, and stability. Moreover, the proposed MSSSA 

is applied to deal with two real-world optimization problems. Experimental 

results indicate that the MSSSA is a practicable and efficient method for 

complex engineering optimization problems. 
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