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Abstract

Introduction: Optimization of nonlinear time-varying functions, as a subset of nonlinear programming, has been widely
observed in various economic and engineering models. In energy management, one example of optimizing nonlinear
functions with time-variable components is the efficient allocation of energy resources and managing changes in demand and
supply, leading to increased efficiency and reduced energy waste. In this article, we intend to use Zhang neural networks for
optimizing nonlinear functions with time-varying components. By harnessing the parallel processing power of neural
networks, Zhang networks search the solution space faster than traditional methods, significantly reducing the required
computational time.

Method: In this research, the proposed neural network receives data using MATLAB software. The data is first standardized
using standard normalization methods. The data is then divided into four stages: training, testing, experimenting and
validation which are further evaluated in five phases. The training data is based on the Luenberger-Madala algorithm for the
first layer and a linear function for the second layer. Subsequently, the best network structure is considered with the
transformation function and the proposed neural network model is tested in five stages. In this research, the Taylor series is
used for data normalization and the zero-stability model of the n discrete time method is used to calculate error which reduces
the error. The data in this research examined and evaluated in four stages of training, test, test and validation. Data training
is based on Lunberg-Maud algorithm model for the first layer and linear function for the second layer. The reason for using
Lunberg-Maud algorithm for research analysis is its convergence speed and higher efficiency due to not being in local minima
and small error level.

Results: The best network structure with transformation function was considered and tested in 5 steps based on the proposed
neural network model. The mean square of error in the third and fourth experiments has gradually increased compared to the
first two stages. This amount of difference in the performance error as well as the coefficient of determination is different in
each iteration and is caused by getting stuck in local minima.

Discussion: Due to the results obtained in the five test stages, it can be said that the algorithm based on the proposed neural
network improves the performance of the network by increasing the learning rate. However, this algorithm is highly sensitive
to local minima. This problem exists even when the learning rate is small and therefore the step of the algorithm is small. To
avoid this sensitivity to local minima, the algorithm used in the proposed network was tested with momentum with different
learning rates in five stages and the best result was evaluated. Also, at each stage, the process of training, testing and validation
was evaluated separately.

Keywords: Neural network, Zhang neural network, Nonlinear optimization, Optimization, Time-varying nonlinear
optimization.
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