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Abstract

We present here a new class of activation functions for neural networks, which herein will be called CosGauss function.
This function is a cosine-modulated gaussian function. In contrast to the sigmoidal-, hyperbolic tangent- and gaussian
activation functions, more ridges can be obtained by the CosGauss function. It will be proven that this function can be
used to aproximate polynomials and step functions. The CosGauss function was tested with a
Cascade-Correlation-Network of the multilayer structure on the Tic-Tac-Toe game and iris plants problems, and results
are compared with those obtained with other activation functions.
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Appendix

Definition 1:
in [1102][4]) Let

whose arguments are the number of nodes of the

(DasGupta and Schnitger as mentioned
e:N” >R, be an error measure
network, n, and the number of the layers 1.

Let T} and I, be two neural network architectures,
and letN,andN,represent networks from T, and I3,
respectively.

o It emulates T, if and only if for all functions
f:[-1,1]' >R ifN,approximates f with n hidden units,
1 layers, and e(n,!) error, then there exists anN,
hidden units,

k(I+1) layers, and e(n,!) error, for some constant k.

which approximates f with (n+D*

eI, and I, are equivalent if and only if they
emulate each other with respect to e.

with

specified

In the next theorem, neural networks
that the

conditions are capable of approximating polynomials.

activation functions satisfy

Theorem 1: (DasGupta and Schnitger as mentioned
in [11[2][4]) A neural network with an activation
functiong: R > Rcan e-approximate any polynomial
over some finite domain[-D. Dlif and only if there
exist real numbers a, b,(e>0)and an integer k such
that

* g can be represented by the power series
Ya,x-p)
i=0

* The coefficients are rational numbers of the form

for all xe[-o, o],

175)

i . ly (i
q, with Ipil, 1a;1<2™ (for i51).

each i>2 there exists j with i<j<i® and

Theorem 2: (DasGupta and Schnitger as mentioned in
[11021[4])

function

A neural network with an activation
g:R—>R and n hidden units can

approximate the step function over the domain

[-1, -], 27| with error at mostz"when

o |20 -gx+e) [=0G/x%), for x>1, 0.

O<T‘g(1+u2)‘du<oo
, .

Tg(u%du =O(I/N)

i Nzl

, for all

Theorem 3: (DasGupta and Schnitger as mentioned
in [1][2][4]) Assume thatris a neural network
architecture which can approximate polynomials in
the sense of Theorem 1 and can approximate the step

function in the sense of Theorem 2

* I'can emulate spline networks.

* If each activation function in arneural network

can be approximated over the domain [—2n’ 2"] with a
spline network with n units, constant number of

layers, and error2™, thenris equivalent to splines.
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