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Abstract—A new approach for analyzing the “molecule—descriptor” matrix for the QSAR problem (Quan-
titative Structure—Activity Relationship) based on a fuzzy cluster structure of the learning sample is pre-
sented. The ways for generating fast rules for refusing prediction and searching the spikes in the learning sam-
ple are described. For this purpose, a special space of descriptors, simple for calculation, is introduced. The
ways for optimizing the discriminant function according to fuzzy clustering parameters are examined. Highly
predictive models based on the presented approach have been generated. The models are compared, and the

efficiency of the described methods is revealed.
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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 = (x,, ..., x;;) € R vector, where x; 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: RY — {C,»}iH= -

the argument of which is the feature vector x = (x, ...,
X)) € RM of the arbitrary molecular graph G, and
which refers the compound corresponding to the
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M-graph to a certain class of activity C;,. 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(G,) =
F(D(G))), where Dis the describing mapping from the
set of M-graphs to the space of descriptors R. Let
the algorithm Alg for generating the discriminant
function F according to learning sample

{(G, C,»)}fvz1 be fixed; the predictive model is the

complex consisting of learning sample {(G, Ci)}fv= |
and algorithm Alg for generating the discriminant
function F= Alg({(G, C)}\_,).

To estimate the predictive ability of the models, the
cross validation coefficient sz isused [1, 3].

Let us formulate the problem for generating the rules

Jor refusing prediction:

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

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

Let the molecular graph G; 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(G;) = 0.

Let O = {(G,C)}I,
this case
0 = {(G,C)}- \(G, C)|g(G) = 1j=1,..., N}

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

be the learning sample; in
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Let the rule for refusal g: RM — {0, 1} be strong, if
the following inequality Riv (0, Alg) < Rfv (0, 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

S =[p;l, n;e[0,1], ie{l,..,N},
jed{l, ..k},

in which the i-th row contains the grade of member-
ship of (x;, ..., X;y) object to clusters S, ..., S;. 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.
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For the new compound x = (X,, ..., X,,), we have
k predictions for activity in accordance with the num-
ber of clusters (models). Let the i-th model give R; pre-
dictions. In this case it is possible to calculate the
resulting prediction as follows:

k
ZRiHi

5 — i=1

y PR
where L, 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 y, for example,
y<—05=y=—1,y >0.5=y =1, otherwise y =
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
ofthe 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:

S = [Vij], Vi € {Ozl}a i = {1,...,N},

je{l, ..., k},
k
ZV” =1, ie{l,..., N},
j=1
N
0<Zvij<N, je{l, ... k).
i=1

In this matrix the i-th row contains information
whether the object (x;, ..., X;3;) has the membership in
one of the S, ..., S clusters.

Let each cluster be set by its center Z; = {c;, ..., ¢;;},
i.e., by a certain subset of points of cluster .S;. We call
the center points the cores of the given cluster, and r; =
maxp (x;, Z;) is its radius.

x; € S;

Let us generate the fuzzy partition matrix .S = [u,],

in which the i-th row contains the grade of object

(x;1, ..., X;30) membership to clusters S, ..., Sk. The
optimization parameters are A, A, € R, A <1, A, > 1.
Let us determine the minor and major radii of the S;
cluster as r} = A,r; and rf = A,r;, respectively. In this

case we calculate the elements of matrix S = [w;] as
follows:
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15 if p(xivzj)<r;

0, if p(x,Z)>r

r - p(x, Z)
1

P
5 =1

ij

, otherwise.

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-
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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.

ACKNOWLEDGMENTS

This project was supported by the Russian Founda-
tion for Basic Research, project no. 10-07-00694.

REFERENCS

1. D. A. Devet’yarov, S. S. Grigor’eva, E. A. Permyakov,
M. I. Kumskov, L. A. Ponomareva, and I. V. Svitanko,
“QSAR Problem Solution for Molecules with Spatial
Conformation Set,” in The System for Predicting Chem-
ical Compounds Properties: Algorithms and Models: Col-
lection of Scientific Papers, Ed. by M. 1. Kumskov
(MAKS Press, Moscow, 2008) [in Russian].

2. S. D. Shtovba, Introduction into the Theory of Fuzzy Sets
and Fuzzy Logics (1zd. Vinnitskogo Gos. Tekhn. Univ.,
Vinnitsa, 2001) [in Russian].

3. E. 1. Prokhorov, A. V. Perevoznikov, 1. D. Voropaey,
M. 1. Kumskov, and L. A. Ponomareva, “Search for
Molecular Representation and Methods for Predicting
the Activity in QSAR Problem,” in Proc. 14th All-Rus-
sian Conf. “Mathematical Methods for Image Recogni-
tion” MMPO—-2009 (MAKS Press Moscow, 2009),
pp. 589—591.

4. D. A. Devet’yarov, M. I. Kumskov, G. N. Apryshko,
E M. Nosevich, et al., “Comparative Analysis of How
to Use the Fuzzy Descriptors for Solving the “Struc-
ture—Activity” Problem for Glycosides Production,” in
Proc. 14th All-Russian Conf. MMPO-14 (MAKS Press
Moscow, 2009), pp. 575—578.

5. E. 1. Prokhorov, A. V. Perevoznikov, L. A. Ponomareva,
and M. 1. Kumskov, “Neural Network As an Instru-
ment for Implementing the Piecewise—Linear Classi-
fier under Mass Molecules Screening in QSAR Prob-
lem,” Neirokomput.: Razrab., Prom., No. 3, 39—45
(2010).

Vol. 21 No. 3 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


