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Abstract. The standard method of generating random parameters in

randomized neural network learning selects randomly hidden node weights
and biases both from the same fixed interval regardless of the data scope

and activation function type. This leads to the poor approximation prop-

erty of the network. Recently more sophisticated methods have been

developed which treat weights and biases separately. They distribute

the sigmoids inside the input hypercube and adjust their slopes to the

target function complexity using different approaches. These lead to im-

provement in approximation performance of the network and allow us to

control the generalization degree of the model.
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1 Introduction

In feedforward neural networks (FNNs) the weights are learned iteratively from
data using a gradient descent method. Due to a layered structure of the network
and nonconvex character of the optimization problem, the gradient-based learn-
ing is time consuming, sensitive to the initial settings and leads to the local op-
tima of the error function. In randomized learning the parameters of the hidden
neurons are selected by random and stay fixed. The only parameters which are
learned are the weights of output neurons. The optimization problem becomes
convex, and to solve it the standard linear least-squares can be used [1]. This
significantly speeds up the learning process and simplifies its implementation.
The single-hidden-layer FNN with random hidden nodes has universal ap-
proximation capability when the random parameters are selected from a sym-
metric interval according to any continuous sampling distribution [2]. The open
questions are: what should be the interval bounds and the parameter distribu-
tion? These are the most important research gaps in FNN randomized learning
[3]. Widely-used interval in practice, [—1, 1], is misleading, and many authors
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criticize it as devoid of scientific justification, independent on data and activa-
tion function (AF) type. It is common practice recently to optimize this interval
by looking for its bounds [4].

In this work we present three new approaches for generating FNN random
parameters which have been developed recently. In these approaches the weights
and biases of the hidden nodes are treated separately, due to their different
functions. The biases, which are related with the AF location in space, are de-
termined in such a way that the steepest AF fragments, which are the most
useful for modeling the target function fluctuations, are introduced into the in-
put hypercube (IH). The weights, related to the AF slopes, are selected randomly
using different approaches, taking into account the TF complexity.

2 Improved Methods of Generating Random Parameters

In this study we consider sigmoids as the AF's of hidden nodes:

h(x) = 1/ (1+exp (- (a"x+1))) (1)

where weights a = [a1,...,a,|T decide about sigmoid slopes in different direc-
tions and bias b decides about a shift of the sigmoid.

A linear combination of the sigmoids with coefficients § (output weights
selected using a linear least-squares method) gives a fitted function which ap-
proximates TF. According to the standard approach, the weights and biases are
selected both from the uniform distribution over the same fixed symmetrical
interval, [—u, u]. As shown in [5], a drawback of this method is that many of the
sigmoids have their steepest fragments, which are around of the inflection points,
outside of the TH. So, they cannot be used for modeling the TF nonlinearities.
Because the interval is common for biases and weights, it is difficult to select it
optimally for both parameters in the same time.

Fig. 1 shows an example of single-variable function approximation when us-
ing the standard approach with the fixed intervals: [—1,1] (a) and [—100,100]
(b). The bottom charts show the sigmoids whose linear combination forms the
function fitting data (shown as a solid line in the upper charts). For [—1, 1] case,
the sigmoids are flat and their distribution in the input interval [0,1] (shown
as a grey field) does not correspond to the TF fluctuations. This results in a
very weak fit. For [—100, 100] case, the sigmoids are steeper but many of them
have their steepest fragments outside of the input interval. So, many of them are
wasted. Moreover, the insufficient number of steep sigmoids in the input interval
causes fluctuations of the fitted curve on the flat parts of the TF.

To improve the performance of the model in [5] the rsM method have been
proposed which distributes the sigmoids across the IH and adjusts their slopes
to the TF fluctuations. It takes into account the IH location and activation
function type. According to this method the weights of the i-th hidden node are
calculated as follows:
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a) | _RMSE =0.1105, #nodes = 250 b) | _RMSE = 0.01862, #nodes =250 c) | RMSE = 0.0002517, #nodes = 250 d) | RMSE = 0.0002834, finodes = 250
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Fig. 1. Fitted curves and distribution of the hidden node sigmoids for: the standard
method with interval [—1,1] (a) and [—100,100] (b), RARSM (c¢) and D-DM (d).
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where (1, (2, ..., ~ U(—1,1) are i.i.d. numbers and X; is the sum of weights
of the i-th node, which is randomly chosen from the interval:

12 € In((L=7)/r),s-In((1—r)/r) 3)

where r € (0,0.5) and s > 1 are the parameters controlling the sigmoid slopes.

The biases of the hidden nodes are determined setting the inflection points
of the sigmoids (around these points the sigmoids are steepest) at some points
x* randomly selected from the TH or randomly chosen from the training set:

bi = —al'x" (4)

Another method of improving the randomized learning performance was pro-
posed recently in [6] — random angle, rotation and shift method, RARSM. Firstly,
it randomly chooses the slope angles of the sigmoids from an interval adjusted to
the TF complexity. Then, the activation functions are randomly rotated around
the y-axis and finally, they are distributed across the IH according to data dis-
tribution. Their biases are calculated from (4) and weights from:

Aij = _4a;,j/a;,07 i=12,..,n (5)

where ag, ; are components of the normal vector n to the hyperplane, which is
tangent to the sigmoid at their inflection points.

To determine the normal vector n, we randomly select its slope angle o €
(Qmin, Omaz ), Where apin and aunq, are adjusted to the TF. The sigmoid rota-
tion is determined by selecting randomly normal vector components af, ..., al, ~

U(-1,1) and calculating the component af, from:

ag = (—1)“’\/(6/1)2 +..+ (aﬁl)Q/tana (6)
where ¢ ~ U{0,1}.
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To fit the sigmoids to the data more closely, in [7] a data-driven randomized
learning have been proposed (D-DM). According to it, for each node an input
space region is selected by choosing randomly one of the training points x*. Then
the hyperplane T is fitted to x* and its k£ nearest neighbors. Assuming that T
is tangent to the sigmoid at its inflection points, we determine the weights as:

T J=12,..n (7
where aéi ; are the hyperplane coefficients. The bias of the sigmoid is determined
from (4), so that its inflection point is in x*.

Figs. 1 (c) shows the sigmoid distribution in the input interval for RARSM
(similar distribution we obtain for rsM). Note that all sigmoids have their in-
flection points in the input interval and their slopes are adjusted to the TF.
This results in decreasing of the fitting error to 0.00025. Similar error level we
get when using D-DM. In this case the sigmoid slopes are adjusted to the TF
fragments locally, so their slopes change across the input interval.

Qi 5 = 4a

3 Conclusions

In this work we present three new approaches for generating FNN random pa-
rameters, which have been developed recently. According to them, the weights
and biases of the hidden nodes are treated separately, due to their different
functions. The biases, which are related with the activation function location,
are determined in such a way that the steepest activation function fragments,
which are the most useful for modeling the TF fluctuations, are introduced into
the TH. The weights, related to the activation function slopes, are selected ran-
domly taking into account the TF fluctuations. These new approaches improve
the performance of randomized learning and lead to the more compact FNN
architecture.
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