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Motivation 
1. At the optimization stage of harmony search (HS), due to the 
randomness of the HS pitch disturbance adjusting method, the 
exploitation optimization ability is insufficient because of poor 
solution accuracy and low convergence speed. 

2. In the global exploration stage of HS, new individuals are 
randomly generated, which shows some defects, such as weak 
global search ability and poor population diversity.  

3. The key parameters of HS adjustment ability are poor in the 
iterative process.  
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Main idea 
1. An adaptive inertia weight is constructed based on the 
relationship of information transfer between individuals in HM to 
improve the optimization ability of HS,  and then the optimal 
solution in HM is used to replace the bandwidth. 

2. A CS operator is employed to enhance the global search 
ability and population diversity of HS in the random generation 
of new harmony (1−HMCR), and to select candidate individuals 
from the poor HM. 

3. HMCR and PAR are adjusted adaptively in the iterative 
process to strengthen the adaptability of HS. 
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Method 
1. The harmony solution vector is selected randomly to 
strengthen the search ability of HS by the constructed inertia 
weight operator in HM with the probability of HMCR. 
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Method (Cont’d) 
2. A CS operator is used to replace the original HS population 
update mechanism in the random generation of new harmony 
(1−HMCR) to expand and update the solution vector of harmony. 

 

3. To avoid easy-to-premature convergence and falling into a 
stagnant state in the final stage of the standard HS, the CS 
operator is used to find potential individuals from HM as 
candidate individuals to expand the population density. 
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Method (Cont’d) 
4. Key variables HMCR and PAR are adaptively adjusted to 
obtain a higher convergence efficiency of HS in the iterative 
process. The former increases linearly and the latter decreases 
linearly as the number of iterations increases. 
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Method (Cont’d) 
• In the initial population stage, the time complexity is O(HMS×Dim); 

the time complexity of evaluating the objective function of the 
individual in the population is O(f(Dim)). 

• In the “pitch adjusting and selecting the best” stage of the 
improvisation process, the time complexity is O(HMS×Dim)  

In the population update stage, the time complexity is O(HMS× 
(Dim+O(Levy))).  
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Method (Cont’d) 
The worst-case time complexity of the HS-CS algorithm could be 
calculated below, while the number of the current iterations is 1. 

O(HMSDim)+O(HMS(Dim+f(Dim)))+O(HMS(Dim+f(Dim))) 
+O(HMS(Dim+f(Dim)))≈O(HMS(Dim+f(Dim))).  

•Therefore, when the HS-CS algorithm reaches the maximum 
number of iterations Tmax, the time complexity is 
O(TmaxHMS(Dim+f(Dim))). 
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Method (Cont’d) 
Convergence analysis of the core of HS-CS 
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Major results 
Numerical optimization 
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Major results (Cont’d) 
Numerical analysis 
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Major results (Cont’d) 
Numerical analysis 
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Major results (Cont’d) 
Numerical analysis 
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Major results (Cont’d) 
The IRIS rule extraction results  by the HS-CS-BPNN framework 
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Major results (Cont’d) 
The classification accuracy of IRIS 
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Major results (Cont’d) 
Convergence results of IRIS by HS algorithms 
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Conclusions 

1. The existence of the limit of the HS-CS algorithm is proved 
by differential equations, and the global optimal algorithm is 
verified by random functional analysis and random search 
theory. 

2. The results show that the HS-CS algorithm can still maintain 
the speed and precision of rapid convergence in the process of 
solving the optimization of high-dimensional functions and has 
strong robustness. 

3. The HS-CS algorithm can enhance the learning and 
generalization abilities of BPNN effectively. 
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