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摘要： 引入了一种新的sigmoidal型神经网络,给出了其对连续函数逼近的点态和整体估计. 结果表明这种新的神经

网络算子具有多项式逼近所不能达到的很好的逼近速度.为了改进对光滑函数的逼近速度,我们进一步引入了一种新

的神经网络的线性组合,并给出了这种组合逼近的点态估计和整体估计.最后给出了一个数值例子.

关键词： 前向神经网络   sigmoidal函数   逼近速度   

MSC2000 

41A20;41A25

On Approximation by Univariate Sigmoidal Neural Networks

Guo Chun MA1, Dan Sheng YU1, Ping ZHOU2 

1. Department of Mathematics, Hangzhou Normal University, Hangzhou 310036, P. R. China;
2. Department of Mathematics, Statistics and Computer Science, St. Francis Xavier University, 
Antigonish, NS B2G 2W5, Canada 

Abstract: We first introduce a new type of neural network operators with sigmoidal functions, and give 
the pointwise and global estimates of the approximation by the networks. The new neural network 
operators can approximate the functions with a very good rate which can not be obtained by polynomial 
approximation. To further improve the approximation rate for functions of smoothness, we also 
introduce a new type of combinations of neural network operators, and give pointwise and global 
estimates of the approximation by the combinations. A numerical example is given to demonstrate our 
new method.

Keywords: feedforward neural networks   sigmoidal functions   approximation rate   

收稿日期 2012-11-27 修回日期 2013-03-22 网络版发布日期  

DOI: 

基金项目: 

虞旦盛受国家自然科学基金（10901044）和杭州师范大学优秀中青年教师支持计划项目资助；周平受加拿大

NSERC资助 

通讯作者: 虞旦盛

作者简介: 

作者Email: danshengyu@aliyun.com 

参考文献：

[1] Anastassiou G. A., Multivariate sigmoidal neural networks approximation, Neural Netw., 2011, 24: 
378-386.

[2] Anastassiou G. A., Rate of convergence of some neural network operators to the unit-univariate 
case, J. Math. Anal. Appl., 1997, 212: 237-262.

[3] Anastassiou G. A., Univariate hyperbolic tangent neural network approximation, Math. Comp. 
Modelling, 2011, 53: 1111-1132.

[4] Anastassiou G. A., Univariate sigmoidal neural networks approximation, J. Comp. Anal. Appl., 2012, 
14: 659-690.



[5] Barron A. R., Universal approximation bounds for superpositions of a sigmodal function, IEEE Trans. 
Inform. Theory, 1993, 39: 930-945.

[6] Cao F. L., Xie T. F., Xu Z. B., The estimate for approximation error of neural networks: A 
constructive approach, Neurocomputing, 2008, 71: 626-636.

[7] Chen T. P., Chen H., Universal approximation to nonlinear operators by neural networks with 
arbitrary activation functions and its application to a dynamic system, IEEE Trans. Neural Netw., 1995, 6: 
911-917.

[8] Chen Z. X., Cao F. L., The approximation operators with sigmoidal functions, Comput. Math. Appl., 
2009, 58: 758-765.

[9] Chui C. K., Li X., Approximation by ridge functions and neural networks with one hidden layer, J. 
Approx. Theory, 1992, 70: 131-141.

[10] Cybenko G., Approximation by superpositions of sigmoidal function, Math. Control Signals Sys., 
1989, 2: 303-314.

[11] Della Vechhia B., Direct and converse results by rational operators, Constr. Approx., 1996, 12: 
271-285.

[12] Ferrari S., Stengel R. F., Smooth function approximation using neural networks, IEEE Trans. Neural 
Netw., 2005, 16: 24-38.

[13] Funahashi K. I., On the approximate realization of continuous mapping by neural networks, Neural 
Netw., 1989, 2: 183-192.

[14] Gopenguz J., A theorem of A. F. Timan on the approximation of functions by polynomials on a finite 
segment, Mat. Zametki, 1967, 1: 163-172 (in Russian); Math. Notes, 1967, 1: 110-116 (English 
translation).

[15] Hahm N., Hong B. I., An approximation by neural networks with a fixed weight, Comput. Math. 
Appl., 2004, 47: 1897-1903.

[16] Hornik K., Stinchcombe M., White H., Multilayer feedforward networks are universal approximation, 
Neural Netw., 1989, 2: 359-366.

[17] Hornik K., Stinchcombe M., White H., Universal approximation of an unknown mapping and its 
derivatives using multilayer feedforward networks, Neural Netw., 1990, 3: 551-560.

[18] Leshno M., Lin V. Y., Pinks A., et al., Multilayer feedward networks with a nonpolynomial activation 
function can approximate any function, Neural Netw., 1993, 6: 861-867.

[19] Maiorov V., Meir R. S., Approximation bounds for smooth functions in C(Rd) by neural and moxture 
networks, IEEE Trans. Neural Netw., 1998, 9: 969-978.

[20] Makovoz Y., Uinform approximation by neural networks, J. Approx. Theory, 1998, 95: 215-228.

[21] Mhaskar H. N., Micchelli C. A., Approximation by superposition of a sigmodal function, Adv. Appl. 
Math., 1992, 13: 350-373.

[22] Mhaskar H. N., Micchelli C. A., Degree of approximation by neural networks with a single hidden 
layer, Adv. Appl. Math., 1995, 16: 151-183.

[23] Xu Z. B., Cao F. L., The essential order of approximation for neural networks, Sci. China Ser. F, 
2004, 47: 97-112.

[24] Yu D. S., Approximation by neural networks with sigmoidal functions, Acta Math. Sin., Engl. Series, 
Doi: 10.1007/s10114-013-1730-2.

[25] Yu D. S., Zhou S. P., Approximation by rational operators in Lp spaces, Math. Nachr., 2009, 282: 
1600-1618.

本刊中的类似文章



1．曹飞龙;张永全;张卫国;.单隐层神经网络与最佳多项式逼近[J]. 数学学报, 2007,50(2): 385-392

Copyright by 数学学报


