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Motivation 
1. The convolutional neural network (CNN) hyperparameter types are different, and such 

mixed-variable characteristics are proved difficult in efficient search space encoding. 

2. For traditional optimization algorithms (OAs), CNNs are evaluated by the fitness 
function through assessment criteria based on training, which increases the cost of 
fitness evaluation (FE) and damages the efficiency of OAs. 

3. Considering the large number of CNN hyperparameters, it is still necessary to research 
how to accelerate the convergence for FE and ensure model performance after search. 
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Method 
A novel encoding strategy can efficiently deal with the mixed-variable difficulty 
of CNN hyperparameters.  

Taking the example of discrete variable 
encoding for activation function, the specific 
encoding strategy is shown in Eq. (10): 

For the integer variable in 
continuous variables, the 
encoding strategy is shown in 
Eq. (9): 
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Method 
A hybrid-surrogate-assisted (HSA) 
mode can deal with the expensive 
computational cost problem in the 
search process. 
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Method 
A novel activation function (Ta-ReLU) can accelerate the convergence in the 
process of population evolution and improve the performance of the model after 
training. 
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Conclusions 

1. We designed a  novel encoding strategy to deal with the mixed-
variable problem of CNN hyperparameters.  

2. We proposed a hybrid-surrogate-assisted (HSA) based on GP 
and PSO to save computational cost. 

3. We suggested a novel activation function (Ta-ReLU) to improve 
the model performance and ensure convergence rate. 
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