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In the applications of neural networks, the problem of determining the number of hidden units
is very crucial.A neural network that is too small will not be able to learn the data while one that
is just big enough may learn very slowly and be very sensitive to initial conditions and learning
algorithms [1].The approach tackling this problem is to train a larger than necessary network,and
then remove unnecessary nodes.

The discussion in this paper is contrained to the multilayer feedforward neural networks ,but
the idea can also be applied to other systems.

When the number of the hidden units to be deleted is known, removing these units among all
hidden units is a combinatory problem.If the number is large,to solve the problem is very time
consuming. So the method proposed here is a step by step method,that is,the whole procedure
includes many steps and in each step only one unit is eliminated.

In each step we first remove a hidden unit according to a rule and then appropriately adjust the
weights incoming into the succeeding layer from the layer including the deleted unit except those
with the deleted unit so as to preserve the network’s performance on the training set. Denote the
set of units in the succeeding layer of a hidden unit A by Pj,and the set of units in the preceding
layer of h by Rp.Suppose that there are 1,2,---,p training samples,the cardinality of Py is n,and
that the weight comes from unit h to unit ¢ is wy;,after removing the hidden unit h sthe sum of the
squared errors over its succeeding layer and the training set is

JZZ)E [f (net!) —f(net{')r (1

where net! and net! are the net input of the ith unit in h’s succeeding layer on sample j before
and after removing h, and f(-) is the activation function of the neurons.Since the training samples
is known,and the parameters of the trained neural networks is fixed, ( 1) can be computed for each
hidden unit, representing the importance of the hidden unit h. So,if a hidden unit i attains the
minimum of the criteria function ( 1),h should be removed first.After determining the unit removed
according to ( 1),the weights entering the units in succeeding layer will be adjusted to keep the
ouputs of these units remaining fixed. This amounts to requiring that the folowing relation holds

f (Z wkiyi) =f > (wii +6ki) Ui (2)
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for all j = 1,2,---,p,and Vi € Py, where d;;’s are appropriate adjusting factors to be deter-
mined.There are p x n equations.In general,the number of variables is much less than the one of
equations,and f(-) is nonliner,thus the problem formulated forms a nonlinear least square one.
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Solving the nonlinear least square problem is very difficult.Consider the case where the activa-
tion function is invertable,( 2) becomes ' '

Z Wiyl = Z (wi + 6k:) .. ‘ - (3)

kER; k€R;—{h}

Simple algebraic manipulations yield

wnyy =Y Syl | (4)
kER;— {h}

To sum up,in each step,we identify the unit to be removed in the network accroding to ( 1),and apply
an algorithm to find dx;s that slolves problem ( 4).The process is iterated until the performance of
-the reduced network is satisfactory to the designer. :

In [3] the rule for detecting the unit to be removed is

h = argminsev, > wisllgall%, (5)
1€ Py s

where Vy is the set of all hidden units,||74]|? is the squared Euclid norm of the vector which takes
the outputs of h on the samples set as entries. In [3] the rule was derived from a special algorithm
solving the least-squares problem called CGPCNE.We could show that ( 1) becomes ( 5) when the
activation function is linear.

In ( 4) the remaining weights are adjusted to l\eep the inputs of the succeeding layer as close as
possible to the old ones.Another selection rule can be obtained from projection operations,which

makes the weight wp; not appearing.in ( 1) and ( 5) [2].Suppose that there are m units in a hidden
(1) (2) (p)

layer,the outputs of each hidden unit h in the layer constitute a vector gn = (y, ',y ', -,y ). We
have m vectors for all m units,{gs,h = 1,2, --,m}, denoted by Y.At the same time for the inputs
of all n units in the next layer we have n vectors, {Z;,7 = 1,2,---,n},denoted by X. Removing

a hidden unit is equevalent to removing a vector from Y, and adjusting the remaining weights to
determining the coefficients of the linear combination of the vectors in X .It is obvious that, after
the removal of vector gy ,the best representation of the vector in X in least squale sense equals to
its projection on the space spanned by the remaining vecters in Y.So

2| (Gn|Nwll(Y — {gn})) | o - (6)

can be used to evaluate the importance of g, on &;,where |- denote the projection operator, null(-)
the null space. The sum of the norms of all error vectors can be used to measure the importance
of the vector g, in Y. The smaller the sum is,the less important g is. After computing the sum
for each g ,the vector to be removed can be selected,so the corresponding hidden unit.

We used the proposed method to investigate the relationship between gross domestic prod-
uct(GDP) and the gross import(GI) and gross export(GE).Since the precondition to utilize the
proposed method is that a well trained neural network is available,moreover,the relationship is very
complex, some preprocessings had been done.When the samples were provided to train the net-
work,the original data had been nomalized. To evaluate the behavior of the proposed method,three
different measures were adopted:1)the number of hidden nodes in systems;2)the PRE on training
set;3)the PRE on test set.PRE is the mean value of |y/ — §7|/y? ,where y/ and §’ denote the tar-
get value and the output of the network,respectively. All the neural networks were three-layered
feedforward neural networks,with.one output unit and two input units. Each sample consisted
of one GDP value as target,one GI value and one GE value as inputs corresponding to t;he same
month.The total number of samples is 72. The simulation results showed very promising.
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