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Parameter Optimization of Leaky Integrator Echo State Network with
Internal-point Penalty Function Method
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Abstract
(IPF) method is used to optimize the global parameters of Leaky-ESN, such as leakage rate, spectral radius of internal

To improve leaky integrator echo state network (Leaky-ESN) performance, internal-point penalty function

connection weight matrix, scaling of input, etc., which overcomes loss of superiority and performance of Leaky-ESN be-
cause of using trial and error method to select parameter values. The global parameters of Leaky-ESN have to guarantee
the echo state network to meet the echo state property, thus inequality constraints exist between them. Some researchers
put forward the method using the stochastic gradient descent (GD) to optimize leakage rate, spectral radius of inter-
nal connection weight matrix, and scaling of input, which can improve the approximation precision of the Leaky-ESN
to some certain extent. However, the stochastic gradient descent method is a basic algorithm to solve unconstrained
optimization problems. Without considering parameters which need satisfy the constraint conditions of the echo state
property (inequality constraints) during using stochastic gradient descent method, the parameter value is not the optimal
solution. Internal-point penalty function method can solve the optimized problem with inequality constraints, a wide
scope of application, fast convergence speed, strong ability of global optimization. Therefore, in this paper, internal-point
penalty function method is used to optimize the global parameters of Leaky-ESN, and time series prediction is selected
as an example to examine the performance of the optimized Leaky-ESN. Simulation results show the effectiveness of the

proposed approach.
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(IPF) method, Newton method
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