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We propose a criterion in the neural-computing that is; when symmetrical property
is found in the leaning data, the results, they may be a neural network, from the computing
should also satisfy the property for all input data except the learning data. However,
BP-learning equation does not satisfy the property. We call the fault as “unsymmetrical
character of BP-learning.” It is inappropriate that the property in a subject is deformed by data
processing. We eliminate the fault and can derive an equation; however, attainability towards
one solution would not be assured because of many conditions that prevent the
convergence-path in numerical calculation, and they bring excess CPU time. To avoid the
trouble, we wish to adopt a correction method for the results from the BP-learning equation.
The corrected result is a kind solution of the symmetrical BP-learning equation. We discussed
the precision for inter/extrapolations of the corrected one.
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Abstract

It is well known that multi-layer neural networks can be used as an excellent tool in the fields
of chemistry and pharmacology. Our objective is to improve efficiency of the tool.

At first, we discussed the unsymmetrical property of BP-learning equation and derived a
symmetrical learning-equation. However, the convergence for the equation would be less as
probability and the equation requires excess CPU TIME; therefore, we propose the symmetrical
correction method for responses of original BP-learning equation. We tried some typical
model-calculations; as the results, we experienced efficiency of the correction was remarkable, and
moreover the initial dependency for BP-learning was minimized.

Observed data are not symmetrical generally. We projected the data to a symmetrical space by
using operators, and investigated expressions for the operators. Under the projection, the fitting ability
near non-differential points is revised extremely, and high precise interpolation is enabled in the
neural-computing.

Keywords: neural network, QSAR, symmetry, interpolation, extrapolation

1. Introduction

Classification functions of multi-layer neural networks have been applied in various fields. In
chemical industry and medical fields, they have been important techniques; however in recent years,
the intra/extrapolations are much more use. Especially, in the developments of medicines [1-6],
agrochemicals [7,8], and catalysts [9,10], the intra/extrapolation techniques [11,12] are required now.
Because estimations of the activities before compound synthesis are necessary to save the developing
cost.

We have always wished to develop new medicines that have useful properties and don’t produce
bad reactions. Here, we consider that medicines are synthesized by chemical reactions. In the chemical
synthesizes, the medicines are constructed of many chemical function parts and carriers. Their
functions are represented by the physical properties. Then, it might be concerned that the properties
for the medicines are predicted by using combinations of the physical properties. The prediction
method is called quantitative structure-activity relationships (QSAR). It has been the most important
technique in medicine manufacturing; and its theoretical base was the multi regression analysis [13].
However, since the non-linearity in the relations is always found, the prediction precision is rather
low.

Neural networks has non-linear fitting functions, therefore, they may be useful tools. However,
the multi-layer neural networks are considered originally as a classification tool, where information at
the learning points [14] is dominant. While the objective of QSAR is intra/extrapolations, where
information at learning points is not so important but that at unlearning intermediate points; therefore,
some modifications are required. That are, selections of neuron functions and validity of calculated
results at unlearning points should be considered [15]. On the considerations, the property of back
propagation (BP) equation must be reconsidered [16].
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2. Symmetrical BP-learning equation

When symmetric property is found in the observed data, the results after processing should have
the property. BP-learning equation for multi-layer neural networks satisfy the requirement at the
learning points; however, it does not satisfy at intermediate points among the learning ones [16]. We
call the fault “unsymmetrical character” of BP-learning. It is inappropriate that property in the subject
is deformed after information processing. We can derive an equation in which the fault is eliminated.

In original BP-learning equation, the energy “E” is defined as,

E=3 j(0j-Tj)* (eql)
Where Oj and Tj are output of j-th neuron on output-layer and expectation value for the j-th neuron
respectively. The (eql) is defined at the learning points. The differential is,

dE/dW=0, (eq.2)
where W is a connection-weight between neurons on different layers. BP-learning equation is derived
from the (eg2).

When the symmetry is found in learning data, some elements of input data {Xi} are equivalent

each other. These elements are represented as {Xik}, where index “i” means same irreducible
representation category, even if index “k” is different. Then, (eql) can be rewritten as one category,
E=Y k{3 j(0j-Ti)’}, (k in i), (eq3)

We wish to adopt the representation for the point group; however, it would be inappropriate slightly;
because the response from the multi-layer neural networks has sometimes a kind of reverse symmetric
relation, written as “1-X”. When the reverse one is found, (eq3) should be rewritten,

E=Y k{¥ j(Oj-Ti)*+R¥ j’((1-0J")-Tj’)}, (eq4)
where “R” is an operator, which enables > -term only in case of the reverse relation.

We use an expression of the point group, including the reverse relation; i.e, as an example, we write
C4-symmetry for exclusive-OR learning-data. Here, we denote that (eql) is used only at the
learning-points; however, (eq3 or 4) must be used at all points including intermediate regions. The
difference causes excess CPU time and divergence of learning. The symmetrical BP-learning equation
is a never calculated equation in practical. To avoid the problem, we wish to adopt a correction
method for the results from original BP-learning equation, and wish to make the corrected one a
solution of the symmetrical BP-learning equation.

3. Symmetrical correction

The symmetry is attached with data, i.e., C4-symmetry is found in exclusive OR problem, and C2
is found in linear increasing data. Therefore, if observation data have symmetrical property, outputs
from the neural network learned by using the data should satisfy the symmetry. However, the results
of BP learning have not such a character; therefore we often get non-symmetric responses from
symmetric teaching data [15]. It is not acceptable for calculations of QSAR.

Since information processing makes no-changes to the symmetry, even if they are unlearning
points in neural-computing, the break of symmetry is not acceptable. We have tried to introduce the
symmetric property in BP learning; however, it was impossible. Therefore, we adopt a correction
method for the results from neural networks that are learned completely; i.e., when a transformation
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P() for input data operates, P(X)=X’, is found, we require the same responses for X’ as well as X. We
show an example.
The input data of two-dimensional exclusive-OR problem (C4) [15] have the following symmetry,
NN{X,Y}=D, NN{P(X),Y}=1-D, NN{X,P(Y)}=1-D, NN{P(X),P(Y)}=D, (egb)
P(X)=1-X, P(Y)=1-Y, (eqb)
where 0<X<1, 0<Y<1, P() is a transforming-operator for input data, D is an output of the neural
network, and NN() means the processing in neural networks. We are sure the relations must hold, so
we get a correction,

symmetry revised D={NN(X,Y)+1-NN(1-X,Y)+1-NN(X,1-Y)+NN(1-X,1-Y)}/4. (eq7)
For C2-symmetry on the X-axis, we get,
symmetry revised D={NN(X,Y)+1-NN(1-X,Y)}/2. (eq8)

The correction should be done at any point (X,Y) in the two-dimensional space. The results are
listed in reference [15]. Effects of the operations are remarkable; we can suppress initial-guess
independency of the networks, and especially intervals of the contour map for ANN are regular, which
is suitable character for the QSAR intra/ extrapolations.

4. Generalized symmetry

Observation data are not symmetrical generally; the teaching data for BP-learning also are not,
where we write them as X. We can’t use the symmetrical correction for results of the X. However,
since the correction revises inter/extrapolations functions of neural networks, we wish to extend the
correction and to use them.

By a transformation operator S, we can get a relation X’=SX. If the X’ is progression sequence,
the symmetrical operations can be applicable. Thus, the problem is reduced to find the S operator. If
the expression of the S is expressed as a discrete element’s wvector, it is a vector,
S={Xo/X0,X*1/Xy,....}. The reverse transformation ~S is also defined from ~SS=1; thus, ~S={X¢/X’,,
XXy, )

Since we can seem X’ is as sampling vector of linear function, we use the symmetrical correction
for the responses of neural networks learned by using X’. The symmetrical responses have high
precision inter/extrapolation ability, and they are projected by ~S operator, and give high precision
inter/extrapolation as for the original X.

The method is only applicable at the learning points. For intermediate points Xp, Xi<Xpn<Xi+1, we
estimated S, and ~S,, by using linear interpolations,
Sm={Si+1(Xm-Xi) }Si(Xis1-Xm) H (Xis1-Xi), (eq9)
~S={~Sis1(~S~S) }~Si(~Sis=~Sm)H(~Si1=~S), (eq10)
The defect of (eq9/10) is unsymmetrical character for increasing/decreasing data.

Another expression is also derived as,
Sin=[{X" i1 (X=X )+ Xi(X i+ 1-Xm) H( X7502-X7 ) W [{XKi2 (Kin=X3) + Xi (K 1-Xim) H ( Xie1-X3)], (eqll)
~Sin=[{Xi+2(Kin=Xi) +Xi(Xi1=-Xin) H( Xis1=X) WX i62(X* =X )+ XX i41-X"m) H ( Xi:2-X)]. (eq12)
On use of (eq11/12), interpolations for symmetric neural networks can be executed in high precision;
however, the extrapolation is not done. This is a limitation of the expression [17].

Since we calculated neural network on use of teaching data X and their input data Y, we can use
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the response from the network as for Yy, instead of X.,. We write it as P(Y ).
sz[{X’i+l(x’m'x’i)+X’i(X’i+l'X’m)}/( X’i+l'x’i)]

TH{P(Yis2) (P(Ym)-P(Y))+P(Y)(P(Yira)-P(Ym)) H( P(Yira)-P(Y))], (eq13)
~Su=[{P(Yisa) (P(Ym)-P(Y))+P(Y)(P(Yisr)-P(Ym)) H ( P(Yier)-P(Y3))]
I{X i1 (XX )+ X (X i1-X m) H( X712-X73)]. (eql14)

On case of the expression, extrapolation can be calculated, however the precision is lower.

5. Conclusion

Multi-layer neural networks have interpolating function originally, that is used for various
application fields, i.e, estimations for relationships between chemical compounds and physiological
activities. The neural networks have been a practical tool on the fields, and nowadays, reinforcement
of the function is required continuously. Moreover recently, extrapolation is also required on industrial
developments.

For the objectives, we considered some defects in multi-layer neural networks, and tried to
eliminate them for symmetry of output-responses from neural networks, transformation on the
learning (teaching) data, and introduced two techniques that are a combination for the symmetrical
corrections for the responses and transformations from the ordinary space to symmetric one.

We tested effects of the techniques on many model of calculations [18]. As experience from them,
we got useful techniques as for extrapolation, improvement of interpolations, and detecting a vertex in
QSAR problems. We believe that the introduced techniques are practical, and give high performance
calculations for QSAR.
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