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Abstract. This paper proposes a methodology named OP-ELM, based
on a recent development —the Extreme Learning Machine— decreasing dras-
tically the training speed of networks. Variable selection is beforehand
performed on the original dataset for proper results by OP-ELM: the net-
work is first created using Extreme Learning Process, selection of the most
relevant nodes is performed using Least Angle Regression (LARS) ranking
of the nodes and a Leave-One-Out estimation of the performances. Results
are globally equivalent to LSSVM ones with reduced computational time.

1 Introduction

One reason why feed-forward neural networks tend not to be used widely in
the industry for data mining problems lies most likely in the fact that they are
very slow to train. This is due to the many parameters to be properly tuned
by slow (often gradient-based) algorithms, in order to obtain a good enough
model. Furthermore, the training phase has to be repeated in order to perform
model structure selection, for example the selection of the number of hidden
neurons or the selection of some regularization parameter. In [1], Guang-Bin
Huang et al. propose an original algorithm for hidden nodes determination and
weights selection called Extreme Learning Machine (ELM). The main advantage
of this algorithm is in dividing the computational time by hundreds and making
the learning process of the neural network rather simplistic. In this paper, a
methodology based on ELM, called OP-ELM (for Optimal-Pruned ELM) with
two main goals is proposed:

e being able to construct/select a nonlinear model in computational times
close to these of linear models,

e this while keeping roughly the same performances as with the possibly best
current, algorithms.

For this purpose, we go through four main techniques, integrated in the OP-
ELM methodology as four necessary steps, namely: variable selection [2, 3, 4],
the mentioned Extreme Learning Machine [1], Least Angle Regression model
selection [5] and finally a fast and exact estimation of the Leave-One-Out val-
idation error in the training process, using PRESS statistics [6, 7]. The next



section details these four steps, while section 3 presents some experiments high-
lighting the performances both in computational time and validation/test, as
well as why variable selection is mandatory if one wants to use the Extreme
Learning Machine.

2 Global methodology

Fig. 1 summarizes the four main steps of OP-ELM.
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Fig. 1: The four steps of the proposed OP-ELM

2.1 Variable selection

An a priori variable selection has to be performed on the data set in order to
remove the possibly irrelevant variables (not necessarily the redundant ones),
for the problem. Experiments section 3 gives an example of the importance of
this step for OP-ELM (and ELM) to perform best.

At this stage, variable selection can be achieved by any well-known technique.
Since computational speed is the main advantage of OP-ELM, fast methods such
as Forward selection (as in [2]) are among the most recommended ones; more
elaborated techniques for selection using Markov blanket as in [3], typical mu-
tual information as in [2] or a combination of mutual information with Forward
selection and other sampling methods as proposed in [4] can also be used, at the
possible penalty of a longer computational time for this step.

2.2 Extreme Learning Machine (ELM)

Once the dataset has been pruned of its irrelevant variables, the actual feed-
forward neural network is built, with only one hidden layer as proposed in the
ELM algorithm. This algorithm has been presented by Guang-Bin Huang et al.
in [1], although a common idea existed already in [8]. In EML, traditional mul-
tilayer perceptrons with one hidden layer is used. The weight between the input
data and the hidden-layer are denoted w;. The weights between the hidden-
layer and the output are denoted b. The activation functions used are sigmoids
in the hidden-layer and a linear function for the output layer. The novelty is
in the determination of the input weights w;, which are randomly determined
from a uniformly distributed distribution (for example between -10 and 10).



Indeed, with this done and following the mandatory hypothesis that the activa-
tion functions f of the hidden layer are indefinitely differentiable in any interval
of their domain, the output weights b can be simply calculated from the hid-
den layer output matrix H. Each column of H is given by the product of the
weight vector and the input vectors: h; = x; T wi. The output weights are cal-
culated by b = H'y, where H stands for the Moore-Penrose inverse [9] and
y = (y1,--.,ynm)T is the output. The choice of the number of neurons N to be
used in the hidden layer remains the only arbitrary parameter; since the next
step of the methodology is meant to prune the unuseful neurons of the hidden
layer, it is wise to have sufficient number of neurons for the ELM part.

2.3 Least Angle Regression (LARS)

The LARS algorithm was proposed by Efron et al. in [5] for variable selection
for regression. The LARS algorithm provides the ranking of a set of possible
input variables. The solution that is produced is exact if the problem is linear.
In the case of our neural network built in the previous stage, the hidden layer
neurons are ranked by the LARS algorithm. Since the part between the hidden
and the output layer of the neural network is linear, LARS is guaranteed to find
the best ranking. Finally, the selection of the final model structure is achieved
through Leave-One-Out validation in the last step of OP-ELM that selects the
number of neurons. Hence, only the most important neurons are used and their
number is optimized.

2.4 Leave-One-Out (LOO)

For the estimation of the validation error and the actual selection of the best
neurons for the problem, a Leave-One-Out is used. Calculating the LOO error ¢
can be very time consuming when data sets tend to have an important number
of samples. Fortunately, the PRESS (or PREdiction Sum of Squares) statistics
provide a direct and exact formula for the calculation of this error for linear
models (see [6, 7] for details on this formula and implementations):
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where P is defined as P = (H'H) ! and H the hidden layer output matrix
defined previously. Finally, evaluating the LOO error versus the number of neu-

rons used (which have been previously properly ranked by the LARS algorithm)
enables to select the best number of ranked neurons.

3 Experiments

This section presents three different cases where OP-ELM is applied: a typical
one dimension sine example, the same sine with an additional irrelevant vari-
able in the data set and the UCI machine learning repository Abalone dataset.



Table 1 sums up the results in Normalized Mean Square Error form for all ex-
periments below, as well as the calculation times.

3.1 Sine in one dimension (sinel)

A set of 1000 training points are generated, following a sum of two sines. This
gives a one-dimensional example where no feature selection has to be performed.
Fig. 3 plots the obtained model on top of the training data.
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Fig. 2: Mean Square error (/\), Leave-One-Out error (L)) and Test error (O).

The model seems to approximate the data very nicely, and using a number
of neurons around 20, one reaches an error already equal to the noise introduced
in the dataset (0.0625) as can be seen on Fig. 2.
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Fig. 3: (a) Plot of a one dimensional sum of sines (1000 blue dots) and the model
obtained by OP-ELM (red dots). (b) Plot of the model fit to the data for the

sine with irrelevant variable case.

3.2 Sine with irrelevant additional variable (sine2)

The sine dataset previously generated is added an irrelevant variable (gaussian
noise), and feature selection step is skipped; this to show the importance of
the first step of OP-ELM, if it wants to succeed. Fig. 3 shows the obtained
model on the sine-only data. It is clear, by simple comparison with the previous



experiment, that the artificially added irrelevant variable has highly perturbated
the model. This enhances the fact that OP-ELM (as well as ELM) is very
sensitive to variable selection and performs well only if it is applied beforehand.

3.3 Abalone dataset from UCI machine learning repository

The Abalone dataset from UCI [10] contains 4177 samples, 8 variables (one dis-
crete). The dataset is divided into a training set of 2000 samples and a testing set
of 2177 samples. Table 1 gives results for OP-ELM, also when variable selection
(VS) is not performed beforehand [2, 3, 4], and with original ELM algorithm, for
comparison. It appears that in “proper” cases (Sine and Abalone (VS)) —when

OP-ELM LS-SVM
LOO Test | Time || LOO Test Time
Sine 0.0636 | 0.0651 | 2.4s || 0.0628 | 0.0643 40s
Sine2 (no VS) 0.5645 | 0.5467 | 5.9s || 0.0886 | 0.0774 45s
Abalone (no VS) || 0.5045 | 0.4313 | 23s || 0.4711 | 0.3981 | 40min
Abalone (VS) 0.4716 | 0.4206 | 21s 0.4953 | 0.4041 | 13min
Abalone (ELM) 0.3606 | 0.7377 | 15s X X X

Table 1: Normalized Mean Square Error (NMSE) for the three different examples
(also for Abalone dataset without variable selection (VS)) in the case of OP-ELM
and for LS-SVM.

the whole methodology with variable selection step is performed—, results of OP-
ELM are at most 8% behind LS-SVM [11] results (test case of Abalone (VS)),
and most of the time 2% around. This while having computational times 15 to
100 times faster. It should also be noted, that without the variable selection
step, the proposed OP-ELM can fail spectacularly: Abalone without variable
selection case remains less than 10% behind LS-SVM results, but the Sine2 case
gives 6.5 times worse results than LS-SVM, in terms of NMSE. Finally, it should
be noted that on the example of the Abalone dataset (with variable selection
for both OP-ELM and ELM only), OP-ELM performs much better even though
the Leave-One-Out error is higher.

4 Conclusions and perspectives

The proposed methodology (OP-ELM) based on the Extreme Learning Machine
performs better than the original version of ELM, mostly thanks to the vari-
able selection and the selection of the number of neurons performed by LARS
algorithm and PRESS statistics. This selection not only ensures that the whole
OP-ELM will work properly but also brings interpretability over the variables
selected out of the full set. Moreover, results most of the time comparable to
the ones obtained by a LS-SVM are achieved, and this in a computational time
divided by 15 to 200. With such small current calculation times, future research
will investigate other extensions of OP-ELM for performance enhancement. Im-
proving the a priori variable selection, with possible scalings of the variables



could also be a way to increase performance. Finally, extension of OP-ELM to
classification problems is currently considered for high dimensional problems.
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