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Abstract

A new type of classification neural network is presented. The net-
work consists of an ‘hyperband’ layer, a subset layer and the output
layer. The first layer has standard continuous weights in its input con-
nections, the second and output layers have no weights. A constructive
algorithm is also presented that allows the network to be designed in
order to learn a given data set without user interaction. The strategy
for adjusting weights is compatible with many standard optimization
algorithms. Examples of use and properties are discussed.

1 Introduction

This article presents a type of neural network focused on classification prob-
lems. Nevertheless, the output can have any meaning associated with an
encoding in the [0, 1] interval, not being restricted to a classification prob-
lem. For instance, each bit in the output may signal the membership to a
given set, with these sets being possibly overlapping. Since this is a more
general framework, we will keep the word set for the meaning of individ-
ual bits, and will implicitly admit, unless otherwise stated, the possibility of
overlapping. Recent reviews of classification algorithms can be seen in [19]
and [20].

For this type of network, we are going to see an automatic designing
method. When building or designing a network, three approaches can be
used:

e trial and error
e constructive, starting with a small or null network

e destructive, starting with a huge network



Constructive algorithms look more promising [3, 13, 12] than trial and error
and destructive ones in order to find an acceptable network topology, small
if possible; hence growing methods seem right candidates to solve the design
problem.

Furthermore, if the task difficulty is to grow over time, a constructive
growing method can evolve and solve the task by growing the network.

A review of growing methods for general problems can be found at [12].
Methods particularly suited for classification are surveyed in [13]; they usu-
ally have only one output positive for a given input, since they focus on the
common problem of mutually excluding classes.

When following a constructive line, the learning process will be usually
longer than that of a single network, because several networks of increasing
size must be trained. Retraining weights has the advantage of a better lo-
cation of global optimum network performance, and the disadvantage of an
increasing learning time. This handicap can be alleviated if the number of
parameters or weights to be adjusted at every step is small.

Although the most common approach is to train the whole set of weights
in a neural network, in some methods, only a new hidden unit weights are
trained (cascade correlation [6], PPR [8] or GMDH [14, 15| are examples
for general networks, upstart [9] and perceptron cascade [5] are examples of
binary networks). Due to the presence of weights in several layers in these
networks, this means two small sets of weights to adjust for each incremental
step: inputs to the new unit and new to output units.

Some other constructive algorithms retrain many weights at each step, or
maybe just the new created ones and a few of the previously existing ones.

Now we will proceed to have a first description of the network in section
2, then we will get into deeper details and see an algorithm for designing
it and a learning strategy in section 3. Next we will see some examples of
applying this network with this algorithm in section 4, with a final discussion
and conclusions in section 5.

2 Network presentation

The proposed network is based on the idea of combining soft hyperbands,
which, in turn, are based on hard hyperbands. A hard hyperband is the inter-
section of two semispaces given by two parallel hyperplanes. Mathematically
speaking, its definition is given by:

{xi}/[b- % <1

where:



X;: a point with dimension n

X;: the point expanded with a component valued 1, that is, with a dimen-
sion n+ 1

b: set of parameters with dimension n + 1 defining a hyperband

Then the center hyperplane can be given by:
b-x=0

And the width is ﬁ, where b’ is b without the expanded component, the
one corresponding to 1 in x.

A soft hyperband is a sort of fuzzy set associated to a hard hyperband.The
value that controls the membership to the hyperband is the modulus:

b - X

Membership decreases with this value. It is 1 for the center hyperplane and
decreases with distance. In the proposed model the decrease is exponential.
The membership function for any given point can be expressed as:

e~ P&l

Since the network uses soft hyperbands, we will use the word hyperbands
for these in the rest of the paper, unless otherwise noted. In the same vein
we will simply call sets to the fuzzy or soft sets.

An intersection of hyperbands corresponds to regions where the minimum
membership is still high. In this work we take the membership as the mini-
mum of the membership of the individual hyperbands; this can be calculated
from the maximum of the modulus calculated for each hyperband.

The final output is the union of several of these intersection sets. The
union membership is taken in this work as the maximum of each set, so it is
calculated from the minimum of the modulus of each set.

Then, the key features of the proposed network are:

e Use of the absolute value activation function in the hyperband units
with dot product net input to build hyperbands

e Intersecting hyperbands, in the form of a maximum net input

e Output units joining these subsets, with a minimum net input function
and a negative exponential activation function
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Figure 1: Example of a three set assignment problem

Interpretation of the network is then very simple, giving a collection of com-
pact subsets for every set.

Take the example presented in fig. 1, where the hard hyperbands have
been depicted in order to simplify the graphics. Set 1 is built with two
subsets. The one in the center of the figure can be built with two bands, and
the lonely point in the upper right with just one, always given the population
present in the sample. Set 2 can be built with just one subset, consisting of
a single band.

3 Algorithm and properties

Let us first describe in detail the static configuration, capabilities and prop-
erties of the proposed network and then we will proceed with the design and
optimization method.
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Figure 2: Network example with an architecture suited for the example in
fig. 1

3.1 Static description

The network, an example of which is sketched in fig. 2, has the following
layers, in order of loading or execution:

1. input
2. hyperband
3. subset

4. output

All processors in a given layer can execute in parallel.

The input layer has as many processors as input variables in the problem
to be solved. No processing takes place in them. A constant input of one is
added, for considering bias weights.

The hyperband layer consists of a variable number of processors fully
connected from the input layer, with one input unit and one weight corre-
sponding to each connection. The net input to each processor is the dot
product of its weights and the input values. The output of each processor is
the absolute value of the net input.



The subset layer has also a variable number of processors receiving con-
nections from the hyperband layer. These connections have no weights. A
given processor in this layer receives its input from several, not all, of the
processors in the hyperband layer, and produces as output the maximum of
its inputs.

The output layer has as many processors as outputs in the problem (it
may vary in the sense that new outputs may be added). Each output unit
receives one or several connections from units in the subset layer, with no
weights; the net input is the minimum of its inputs and the activation func-
tion is the negative exponential.

Summarizing, let us describe the algorithm for network execution:

3.1.1 Executing the network

Allowing for all processors in the same layer to work in parallel,
1. take input values
2. perform dot product (input - weights) at each hyperband processor
3. apply absolute value at each hyperband processor
4. take linked data from the hyperband to the subset layer
5. calculate maximum at each subset processor
6. take linked data from the subset to the output layer

7. calculate minimum at each output processor

co

. apply negative exponential at each output processor

As already mentioned, the network only has weights in the input to hy-
perband connections. This reduces the learning time and, therefore, evolving,
or designing, the network.

3.2 Capability

We will see here a qualitative overview of the network representation power.

Each neuron in the hyperband layer identifies a hyperband in the input
space, that is, the subspace comprised between two parallel hyperplanes. The
hyperband position is indicated by the weight vector direction, and the width,
or distance between hyperplanes, is given by the weight vector modulus; this



way a nearly null weight vector corresponds to extremely wide hyperbands,
and, in the limit, a null weight vector comprises all input space.

If we compare hard hyperband units with the threshold ones (step activa-
tion function) commonly used in Boolean networks, we see that, for bounded
inputs, a hyperband has at least the same identification power than a semis-
pace, which is the output of threshold units. We only have to keep one of the
hyperband borders at the same position that the step border and the other
border of the hyperband outside the bounded set. An analog reasoning can
be made at comparing soft hyperbands with logistic units.

In a n-dimensional input space, such as R"™, any subset of points that
is limited with hyperplanes can be obtained with the intersection of hyper-
bands, at least n if we want the subset to be finite. This intersection is the
output of a unit in the subset layer. Then, by choosing arbitrarily narrow
hyperbands and placing then so they intersect, we can build arbitrarily small
polyhedral boxes around any point.

Furthermore, any finite bounded set can be built as the union of compact
subsets, and this union is the output of the output layer. Therefore, the
network will be able to produce quite general mappings.

3.3 Automatic design

Now, it is turn to face the network construction. Let us proceed to the
description of a network design and training process in a top-down way. We
will start with the top-level description of the process:

3.3.1 One possible top-level strategy to building and training the
network

1. Tterate for each output until the final training error average varies less
than a given threshold:
(a) Extract a random subset for training and the rest for testing

(b) Build a network reducing the training error until the test error
starts increasing

(c) Update the final training error average
2. Take the whole sample for training

3. Build a network reducing the training error until it reaches the training
error average obtained before



3.3.2 Significant features of this top-level construction method

e Overfitting is prevented by measuring repeatedly when test error starts
increased

e The method implies several building phases, so these should be fast,
for it to be tractable

3.3.3 One possible “build-a-network” strategy

Now, let us enter the “Build a network” step description For each output:
Iterate adding a subset processor and its hyperband processors, fitting one
of these at a time

3.3.4 Significant features of this construction method

e No more than one hyperband processor is trained each time; this means
easier learning

e [t is possible to check the usefulness of previous hyperbands or subsets,
but this can lead to suboptimal performance

e In order to make sure that each hyperband processor helps reduce the
error rate, the starting weight point is not random but is set to include
the first positive output failed for the first hyperband of the subset and
to exclude the first negative output failed for subsequent processors

The fitting algorithm for each individual hyperband processor can be
any gradient-directed algorithm, like quasi-newton, Levenberg-Marquardt,
conjugate gradient or the like.

3.4 Objective function

The above process is valid for any objective function. We describe here a
variation of the usual Minimum Square Error that has the purpose of helping
reduce the class balance problem. Let us define the two types of errors that
the network can produce:

e Type A: output 1 where it should be 0
e Type B: output 0 where it should be 1
With this in mind, let us use the following notation:

r;: the model answer at point ¢



¢;: the right answer at point ¢

Na: number of data points in the current sample that are outside the set
being trained (the answer should be 0 for the corresponding output
unit)

Ngy: number of data points in the current sample that belong to the set being
trained (the answer should be 1 for the corresponding output unit)

The proposed objective function, F, is made of two components:

e Type A errors:

g 0if No =0
AT %_C)Q in other case
A
This is proportional to the number of incorrectly accepted inputs and
should obviously be reduced

e Type B errors:

—_— in other case
B

Ep =19 e
This is proportional to the number of incorrectly rejected inputs and
should also be reduced

Then, the total objective function is simply the addition of these two
terms :
E = Ep + Ea

The way each error type affects the total function is independent of the
number of points. The effect of this can be seen if we consider a sample with
a lot of non-set points and a few set points; let us calculate the error of a
unit rejecting all points with a lumped error function like ordinary MSE:

2
s — C;
poZlnoa?

With the proposed function the result would be:
EFE=0+1=1

We see that this is flagged as a bad solution with the proposed objective
function, hence this is aimed at requiring good performance equally for false
positives and negatives.



4 Examples

In this section some examples of applications of the model are presented so
its strengths and weaknesses can be analyzed. We will use some common
examples already tested with many methods in the literature.

We are going to see the results of it in several common benchmarks:
the iris [7], breast cancer’ [16], soybean disease [17] and animal class [18]
identification problems, all of them available at the UCI repository database,
[4].

We follow the standard 10 cross-validation procedure, but since random-
ness affects initialization we repeat the whole process until the performance
average varies less than 1%. Quasi-Newton optimization is used for hyper-
band weights training.

Table 1 summarizes the features and results obtained in each problem
comparing them with other average results published in review papers.

In this table we can see that hyperband networks have good performance
in some problems (iris, cancer), average in other problems (soybean) and low
in other (zoo). Concerning the number of parameters, although the hyper-
band network has weights only at the hyperband layer, the larger amount of
hyperbands needed to represent a problem compensates for it. We can see
that training times (which include the design of the network) are rather low.

5 Discussion

We have addressed two issues:
1. A particular type of network
2. A build-up algorithm for this network

Concerning the presented network model, it has as distinct features that
indicate its possible use:

1. Only the input to hyperband connections have adjustable weights

2. It uses absolute value, minimum, maximum and negative exponential
functions

The first feature makes learning simpler. The second feature is a particular
choice; different networks may be pursued by changing the intersection and

1Originally obtained from the University of Wisconsin Hospitals, Madison from Dr.
William H. Wolberg
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Problem Iris flower | Breast cancer | Soybean disease | Animals
Number of inputs 4 9 35 16
Number of classes 3 2 19 7
Number of samples 150 698 683 100
Naive Bayes average accu- 96 96 93 95
racy in [19]

C4.5 average accuracy in 95 95 92 93
[19]

3 nearest neighbors average 95 97 91 93
accuracy in [19]

Backpropagation neural 85 96 93 60
network average accuracy

in [19]

SMO average accuracy in 85 97 93 93
[19]

SMO average accuracy in 92 n/a 86 78
120]

C4.5 average accuracy in 94 n/a 88 89
20]

Backpropagation neural 78 n/a 81 76
network average accuracy

in [20]

k nearest neighbors average 96 n/a 83 92
accuracy in [20)]

Hyperband network average 97 97 90 81
accuracy

Average number of weights 36.5 32.5 889.2 166.6
of hyperband network

Time to build a hyperband 0.44 s 1.16 s 2m 26 s 1.46 s

network

Table 1: Results summary and comparison with average results obtained
with other classifiers. The accuracy is reported in percentage. The timing
was measured in a Pentium 4 at 2.8 GHz with an 800 MHz bus
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union definition, as it is made in fuzzy set theory, and choosing a different
membership function.

The particular structure of the model biases it for data that is best repre-
sented by the proposed combination of functions. Nevertheless the accuracy
seems to be comparable to other common classification methods.

Concerning the constructive algorithm, its key features are:

1. It is aimed to reduce the generalization error; this can be substituted
for other regularization method

2. It adjusts only one processor’s weights each time

3. It accounts separately for the different type of errors, rescaling them, so
they have the same relative importance; other objective error functions
can also be used

4. Tt is compatible with any gradient-based learning algorithm, hence al-
lowing for fast optimization

The combination of these features allows for a rather effective design in a
small computer time. Considering the results we can conclude that the strat-
egy works.

The author wishes to express his sincere gratitude to Reyes Ruiz for her
support, comments, ideas and corrections.
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