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Main Idea 

• A so-called deep Lagrange method (DLM) is presented which is applied to sizing 
optimization and shape optimization inspired by neural networks. 

• The method is based on the Lagrange duality and deep learning (feedforward neural 
networks). 

• The input data are used for training the neural network until the output values resemble 
closely the predicted values. 

• The minimum input values will be found when the min-max problem in Lagrange duality is 
solved following the interpolation from deep learning. 

• Therefore, this deep learning-based method is an improvement when avoiding sensitivity 
analysis. 

• It employs a large number of input data for the neural network. However, the proposed 
method is potentially applied to structural optimization problems that require a small 
number of design variables. 

• Several test cases on sizing optimization and shape optimization are performed, and their 
results are then compared with analytical and numerical solutions. 
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Method 

General optimization problem 
The Lagrange function of  

optimization problem 

The brief main idea of the 
deep Lagrange method 

The DLM method is supported by a 
proposed range-reduction technique that 
reduces the number of input data sets.  

The architect of deep neural network 
that is utilized in the DLM method. 
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Numerical Studies 
Applications for structural optimization problems, sizing and shape optimization. 
Several numerical test cases are applied. The results from DLM method are then compared with other analytical and 
numerical solutions. (The more detail will be shown in the paper.) 

The history of 𝑔𝑔�0 of the reference methods. 

Optimized shape 
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Conclusions 

• The method can solve structural optimization problems. 
• Advantage: it does not need a sensitivity analysis which can be sometimes difficult 

to perform. 
• Disadvantage: when the input data is huge, it might be computationally expensive 

to utilize the method. So it limits the number of design variable inputs. 
• The accuracy of the method depends on the interval size of the input. The smaller 

the interval input size, the larger the amount of the input dataset for the neural 
network is employed. 

• Therefore, a more advanced technique for reducing the number of input datasets 
should be developed. 
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