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INTRODUCTION

The solution of the QSAR problem consists of two
stages: the stage of description and the stage of dis�
criminant function generation [3]. Very often the
learning sample is separated into clusters, and each
cluster is processed separately. In fact the cluster anal�
ysis of the learning sample determines the discrimi�
nant function generation. The method presented
makes it possible to optimize the discriminant func�
tion with respect to clustering parameters. For screen�
ing a large database of compounds, it is extremely
important to generate the rules for refusing prediction,
and the rules should be fast in terms of computation.
Fuzzy clustering makes it possible to remove the main
disadvantages intrinsic to classical methods and to
choose the discriminant function in wider, generic
classes.

PROBLEM DEFINITION

The problem is defined in detail in [3]. Here we
define more exactly how to generate the fast rules for
refusing prediction. Let the descriptors’ alphabet con�
sist of M elements. The feature vector of molecular
graph G is the x = (x1, …, xM) ∈ RM vector, where xi is
the value of the i�th descriptor calculated for G.
Describing mapping D: {G}  RM is the mapping that
associates the M�graph with its feature vector. In this
case RM space is the space of descriptors. Let the dis�

criminant function be the function F: RM  ,
the argument of which is the feature vector x = (x1, …,
xM) ∈ RM of the arbitrary molecular graph G, and
which refers the compound corresponding to the

Ci{ }i 1=
H

M�graph to a certain class of activity Ci. Sometimes it
is convenient to specify the discriminant function on
the set of molecular graphs. If graph F is designated as
an argument, it means that F is calculated on the
respective feature vector. Let us define F(Gi) :=
F(D(Gi)), where D is the describing mapping from the
set of M�graphs to the space of descriptors RM. Let
the algorithm Alg for generating the discriminant
function F according to learning sample

 be fixed; the predictive model is the

complex consisting of learning sample 
and algorithm Alg for generating the discriminant

function F = Alg( ).

To estimate the predictive ability of the models, the

cross validation coefficient  is used [1, 3].

Let us formulate the problem for generating the rules
for refusing prediction:

The rule for refusing is one or several functions g:
RM  {0, 1} with the following interpretation: g(Gi) =
1 means the refusal to predict the activity of the given
molecular graph; otherwise, the prediction is possible.

Let g(Gi) := g(D(Gi)), where D is the describing
mapping from M�graphs to the space of descriptors
RM.

Let the molecular graph Gi be permissible, if
according to accepted rules for refusal, it belongs to
the region of acceptable arguments of the discriminant
function F, i.e., g(Gi) = 0.

Let O =  be the learning sample; in
this case

is the sample consisting only of permissible M�graphs
of learning sample O.

Gi Ci,( ){ }i 1=
N

Gi Ci,( ){ }i 1=
N

Gi Ci,( ){ }i 1=
N

Rcv
2

Gi Ci,( ){ }i 1=
N
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Let the rule for refusal g: RM  {0, 1} be strong, if

the following inequality (O, Alg) < ( , Alg) is
true.

METHOD OF SOLUTION

The idea is as follows: to use the cluster structure of
the initial learning sample for generating the rules for
refusal prediction for the given chemical compound.
Here we speak not only about spikes, which simply do
not hit into any cluster, but about compounds the
activity of which should not be predicted due to finer
reasons dealing with cluster structure. For example,
for molecules belonging equally to two clusters, the
models predict its activity in different ways.

In addition, it is necessary to determine the molec�
ular graph validity by minimal computational burden.
For this reason, we suggest to calculate the rules for
refusal in the special space of descriptors with a signif�
icantly lower dimension than the initial one, for exam�
ple, only topological.

Hereby, two spaces of descriptors are generated:
one space is for generating the rules for refusal, and the
second is for activity classification and prediction.
Here the reduced (special) matrix “molecule–descrip�
tor,” the rows of which are the vectors in the special
space of descriptors, appear in a natural way.

As for the fuzzy discriminant function, the
approach is as follows. We use a certain fuzzy classifi�
cation algorithm (c�mean fuzzy or any other one) [2].
The fuzzy methods for clustering, in contrast to the
well�defined method, allow the same object be the
membership of several clusters simultaneously, but
with different degrees. In many situations the fuzzy
clustering is more “natural” than the accurate one, for
example, for the objects placed at cluster edges.

The fuzzy clusters are described by the following
matrix of a fuzzy partition

in which the i�th row contains the grade of member�
ship of (xi1, …, xiM) object to clusters S1, …, Sk. The
only difference of the fuzzy partition matrix from the
respective accurate partition one is as follows: under
fuzzy partition the grade of object membership to the
cluster possesses values from the interval [0,1], and
under accurate partition, from the set {0, 1}.

Now the initial space is partitioned into fuzzy clus�
ters, and inside each cluster we generate the local clas�
sifying model (hereinafter we accept that it is the linear
regression, but any other algorithm is also possible)
[3, 4]. Let us for simplicity have two possible values of
activity, i.e., active and inactive, and let us designate
them by the respective numbers 1 and –1.

Rcv
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For the new compound  = ( , …, ), we have
k predictions for activity in accordance with the num�
ber of clusters (models). Let the i�th model give Ri pre�
dictions. In this case it is possible to calculate the
resulting prediction as follows:

where μi is the coefficient of the given molecule mem�
bership to the i�th cluster. It is possible to set the
frames of the response normalizing , for example,

< –0.5 ⇒  = –1,  > 0.5 ⇒  = 1, otherwise  =
0: refuse prediction.

Now let us examine the problem for optimizing the
fuzzy discriminant function over fuzzy clustering
parameters.

Several methods for generating the cluster structure
of the learning sample are described in detail in [5]. We
are interested in fuzzy generalization of this cluster
structure for applying the described approach.

Let us have already determined the cluster struc�
ture of the initial learning sample by considering the
fact that the spikes have been deleted. Let the number
of clusters be k and the accurate partition matrix be
known:

In this matrix the i�th row contains information
whether the object (xi1, …, xiM) has the membership in
one of the S1, …, Sk clusters.

Let each cluster be set by its center Zi = {ci1, …, ciq},
i.e., by a certain subset of points of cluster Si. We call
the center points the cores of the given cluster, and ri =

(xj, Zi) is its radius.

Let us generate the fuzzy partition matrix  = [μij],
in which the i�th row contains the grade of object

(xi1, …, xiM) membership to clusters , …, . The
optimization parameters are λ1, λ2 ∈ R, λ1 ≤ 1, λ2 ≥ 1.

Let us determine the minor and major radii of the 

cluster as = λ1ri and  = λ2ri, respectively. In this

case we calculate the elements of matrix  = [μij] as
follows:
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The function of point membership in the cluster
can also be nonlinear and contains additional param�
eters of optimization. Such an approach makes it pos�
sible to use the cluster structure of the sample properly,
and we do not limit ourselves to only one cluster.

RESULTS

The presented algorithm was implemented and
applied to three samples: amber odorants, glycosides,
and toxic compounds. During model generation the
evolution selection of descriptors [4] was performed,
and for clustering the set of standard algorithms, such
as hierarchical clustering and k�mean, were used. The
presented method makes it possible to increase signif�
icantly the prediction quality under generating the
simple local models. If the process of fuzzy discrimi�
nant function generation is optimized, the prediction
quality increases approximately by 5%. For all three
samples, models with high (for QSAR problem) pre�
dictive ability are generated. Both the fast rules for
refusal and the models can be used for screening the
databases of chemical compounds [5] to reveal the
compounds characterized by the examining feature.

CONCLUSIONS

The presented results demonstrate the practical
significance of the described approach. The new
methods make it possible to generate highly predictive
models. In the majority of cases, the prediction quality
is increased significantly in comparison with classical
methods.

Other parameterizations of fuzzy cluster structure
of the learning sample and fuzzy discriminant func�

tion optimization according to new parameters are of
interest.

This work must be continued as follows: to test the
fast rules for refusal and the fuzzy discriminant func�
tion under screening a large databases of compounds
with unknown activity.
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