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Abstract. We show that excluding outliers from the training data significantly
improves kNN classifier, which in this case performs about 10% better than the
best know method—Centroid-based classifier. Outliers are the elements whose
similarity to the centroid of the corresponding category is below a threshold.

1 Introduction

Since late 1990s, the explosive growth of Internet resulted in a huge quantity of
documents available on-line. Technologies for efficient management of these docu-
ments are being developed continually. One of representative tasks for efficient
document management is text categorization, called also classification: given a set of
training examples assigned each one to some categories, to assign new documents to a
suitable category.

A well-known text categorization method is kNN [1]; other popular methods are Na-
ive Bayesian [3], C4.5 [4], and SVM [5]. Han and Karypis [2] proposed the Centroid-
based classifier and showed that it gives better results than other known methods.

In this paper we show that removing outliers from the training categories signifi-
cantly improves the classification results obtained with kNN method. Our experiments
show that the new method gives better results than the Centroid-based classifier.

2 Related Work

Document representation. In both categorization techniques considered below,
documents are represented as keyword vectors according to the standard vector space
model with #f-idf term weighting [6, 7]. Namely, let the document collection contains
in total N different keywords. A document d is represented as an N-dimensional vec-
tor of term weight ¢ with coordinates
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Fig. 1. Example of classification
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where f;, is the frequency of the term ¢ in the document d and r;, is the number of the
documents where the term ¢ occurs. The similarity between two vectors d; and d; is
measured as the cosine of the angle between them:
d’d.
s(d,.d,)=cos(0(x,,x,))=———— @
/ ( ’) hd, IHid;

where @is the angle between the two vectors and Il 4 Il is the length of the vector.

kNN classifier [1]. For a new data item, k most similar elements of the training data
set are determined, and the category is chosen to which a greater number of elements
among those k ones belong; see Figure 1, left.

Centroid-based classifier [2]. Given a set S; of documents—the i-th training cate-
gory, its center is defined as its average vector:

=Y &)

Si des;

where IS;| is the number of documents in the category. For a new data idem the cate-
gory is chosen that maximizes the similarity between the new item and the centers of
each category. This was reported as the best known classifier so far [2].

3 Proposed Method

We observed that the training data items that are far away from the center of its train-
ing category reduce the accuracy of classification. Our hypothesis is that those items
represent noise and not useful training examples and thus decrease the classification
accuracy. Thus we exclude them from consideration; see Figure 1, right. Specifically,
at the training stage we calculate the center C; of each category S; using (2). Then we
form new categories by discarding outliers:
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Fig. 2. Different accuracy according to € value at using 80% of test dataset
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in the next section we discuss the choice of the threshold &. Finally, we apply the kNN
classifier using these modified categories.

4 Experimental Results

We used the 20-newsgroup dataset to evaluate the performance of the proposed method.
The dataset consists of 20 classes of roughly 1000 documents each. We used MC [8]
program to build the document vectors. We implemented our modified kNN method
with k=35 and compared it with the Centroid-based classification. As Figure 2 shows,
our method provides the best performance with €= 0.4. Figure 3 shows how the classi-
fication accuracy depends on the percentage of training dataset over total dataset. We
obtain 9.93% improvement over the original Centroid-based classification.
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5 Conclusion

We have presented an improved kNN classifier, combining it with the idea of the
Centroid-based method. The improvement consists in removing outliers from the
categories of the training dataset. Our method shows almost 10% better accuracy than
the original Centroid-based classifier, which was reported in [2] as the most accurate
text categorization method. In the future, automatic choice of the threshold value ¢ is
to be considered.

References

1. W. W. Cohen and H. Hirsh. Joins that generalize: Text Classification using WHIRL. In
Proc. of the Fourth Int’l Conference on Knowledge Discovery and Data Mining, 1998.

2. E. Han and G. Karypis. Centroid-Based Document Classification: Analysis & Experimental

Results. Principles of Data Mining and Knowledge Discovery, p. 424—431, 2000.

D. Lewis and W. Gale. A sequential algorithm for training text classifiers. SIGIR-94, 1994.

J. Ross Quinlan. C4.5: Programs for Machine Learning. Morgan Kaufmann, 1993.

V. Vapnik. The Nature of Statistical Learning Theory. Springer, 1995.

G. Salton and. M. J. McGill, Introduction to Modern Retrieval. McGraw-Hill, 1983.

R. Baeza-Yates and B. Ribeiro-Neto. Modern Information Retrieval. Addison-Wesley,

1999.

8. Dhillon I. S., Fan J., and Guan Y. Efficient Clustering of Very Large Document Collec-
tions. Data Mining for Scientific and Engineering Applications, Kluwer, 2001.

Nownkw




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


