
Document co-clustering, an advancement in text 
mining, is a challenging problem without any prior 
knowledge or background information. We propose 
a Semi-Supervised Non-negative Matrix 
Factorization (SS-NMF) based framework for 
document co-clustering. Our method computes a 
new word-document matrix by incorporating user 
provided constraints through distance metric 
learning. Using an iterative algorithm, we perform 
tri-factorization of the new matrix to infer the 
document and word clusters. Through extensive 
experiments conducted on publicly available data 
sets, we demonstrate the superior performance of 
SS-NMF for document co-clustering.

1.  NMF tri-factorization:

Given a Heterogenous Relational Data (HRD) set ,                     with clusters 
numbers                    , each representing one data type, our goal is to simultaneously cluster 
these data into proper clusters. 
Let                               represent the relations between        and                               , then the task 
of co-clustering as an optimization problem with nonnegative tri-factorization of          :
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Experiment setup

1. Datasets: We primarily utilized the different text data used in 
the University of Minnesota. In our experiments, we selected 
the top 1000 words by mutual information for each document 
and mixed up some of the data sets mentioned above. 

Experimental  Results:

We perform comparisons of other unsupervised co-clustering methods: KK, BSGP, CMRF, NMF, SS-KK, SS-CMRF with SS-NMF. 

where                                and                        are the cluster indicator matrces, and                           is 
the cluster association  matrix which gives the relation among the clusters of       and      .

Project         into new space                                  , 
then perform: 

The objective of pairwise co-clustering is to 
cluster the n2 documents along with the n1 
words while constraint violations are kept to 
a minimum. Let                   denote the word-
document matrix , then the distance matrix         
can be learned by solving an optimization 
problem:                 

1. Distance Matrix Learning

2. Evaluation accuracy metric:
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2.  Define set of pairwise constraints:

a)    Must-Link constraints:                        , where                     implies that       and         are labeled 
as belonging to the same cluster

b)    Cannot-Link constraints:                     , where                   implies that        and         are labeled 
as belonging to different clusters
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2. Updating Rules
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We also used eight datasets from Kent Ridge Biomedical Data 
Set Repository for gene expression clustering. In our 
experiment, all datasets are reduced to 2000 features by PCA 
transform.

Name Data set and structure No of 
clusters

No. of 
documents

CT1 oh15: Adenosine-Diphosphate, 
Blood-Vessels

2 154

CT2 oh15: Aluminum, Blood-
Coagulation-Factors

2 122

CT3 re0: interest, reserves 2 261

CT4 Re0: housing, jobs 2 55

CT5 re0:housing interest, jobs 3 274

CT6 oh15: Aluminum, Blood-Vessels, 
Leucine

3 207

CT7 re0: cpi, housing, ipi, lei, retail 5 144

CT8 re0: bop, cpi, gnp, bousing, 
interest, ipi,jobs, lei,money, 
reserves

10 1150

Name Data set Data structure No of 
clusters

No. of 
conditions

BT1 AML ALL, AML 2 72

BT2 Breastcanc
er

Replapse, Non-
relapse

2 97

BT3 CentralNer
vous

Class1, Class2 2 60

BT4 ColonTum
or

Positive, Negative 2 62

BT5 LunCancer MPM, ADCA 2 181

BT6 Ovarian Cancer, Normal 2 253

BT7 MLL ALL, MLL, AML 3 72

Name KK BSGP CMRF NMF SS-KK SS-
CMRF

SS-
NMF

CT1 0.7897 0.4870 0.5545 0.8052 0.9610 0.7984 0.8606

CT2 0.5164 0.6148 0.6582 0.6475 0.9444 0.9041 0.9902

CT3 0.6820 0.7510 0.7264 0.7586 0.7732 0.8682 0.8774

CT4 0.5355 0.7190 0.5419 0.4635 0.7667 0.8310 0.8248

CT5 0.4652 0.6148 0.4974 0.6364 0.871 0.7682 0.9818

CT6 0.4638 0.5072 0.5585 0.6763 1 0.7585 0.9101

CT7 0.4236 0.2778 0.5000 0.6667 0.996 0.7261 0.9944

CT8 0.2857 0.2330 0.3327 0.3774 0.7868 0.4667 0.6343

Ave 0.5191 0.5256 0.5462 0.6290 0.8194 0.7600 0.8842

Table: COMPARISON OF CLUSTERING ACCURACY BETWEEN UNSUPERVISED KK, BSGP, CMRF, NMF, AND SEMI-SUPERVISED SS-KK, SS-CMRF, SS-NMF WITH 10% CONSTRAINTS ON TEXT PAIRWISE 
(DOCUMENT-WORD) CO-CLUSTERING (DATA SETS CT1 - CT8) AND GENE EXPRESSION PAIRWISE (CONDITION-GENE) CO-CLUSTERING (DATA SETS BT1 - BT7).

From the experimental results, the superior performance of SS-NMF is evident across all the data sets. AC values of BSGP or CMRF, on 
average, are about 10% lower than NMF, which is the best amongst the unsupervised methods. Moreover, SS-NMF outperforms SS-KK 
and SS-CMRF, especially in the data sets having more than 2 clusters, i.e., data sets CT5 to CT8 and BT7. It is also worth pointing out that 
the AC value of SS-NMF is as high as 98% on the data sets CT2, CT5, CT7 and BT6. 

Figure: Comparison of clustering accuracy between SS-KK, SS-CMRF, and SS-NMF with different amounts of constraints on (a) text pairwise (i.e., document-word) co-clustering and   (b) gene expression 
pairwise (i.e., condition-gene) co-clustering

where ||.|| is the Frobenius matrix norm. This 
maximization problem is equivalent to the 
generalized Semi-Supervised Linear 
Discriminate Analysis (SS-LDA) problem as 
follows,
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Where         is within-distance matrix and       
is between-distance matrix.
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Name KK BSGP CMRF NMF SS-KK SS-
CMRF

SS-
NMF

BT1 0.6050 0.8194 0.8238 0.6111 0.8606 0.9538 0.9444

BT2 0.6189 0.5155 0.6156 0.5258 0.7320 0.7426 0.7732

BT3 0.5000 0.6 0.5250 0.5833 0.6233 0.7147 0.7667

BT4 0.5000 0.7258 0.6452 0.6613 0.7613 0.8400 0.871

BT5 0.6570 0.5138 0.9118 0.8785 0.8569 1 1

BT6 0.5099 0.6522 0.5167 0.4704 0.6403 0.7393 0.996

BT7 0.3750 0.5417 0.4829 0.4306 0.4861 0.6778 0.8194

Ave 0.5380 0.6241 0.6459 0.5944 0.7086 0.8212 0.8815

SS-NMF (Non-negative Matrix Factorization) Co-clustering
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Co-clustering Algorithms Semi-supervised Clustering

In general, co-clustering approaches can 
be divided into three categories:

1. Latent semantic analysis: LSA, multi-LSA.
2. Information theory-based models:

Information theoretic models (such as 
mutual information and Bregman
divergence) and Combinatorial Markov 
Random Field (CMRF) algorithm.

3. Graph theoretic approaches: Bipartitie
Spectral Graph Partitioning (BSGP), 
Consistent Bipartite Graph Co-partitioning 
(CBGC), Sepectral Relational Clustering 
(SRC) and Relation Summary Network 
(RSN) model.

Semi-supervised clustering uses class labels or pairwise constraints on examples to aid 
unsupervised Clustering. Based on source information, existing methods for semi-
supervised clustering generally fall into two categories: Constraint-based and Distance-
based methods.
Semi-supervised clustering algorithms: Semi-Supervised Kernel K-means (SS-KK), Semi-
Supervised Spectral Normalize Cuts (SS-SNC), Semi-Supervised Non-Negative Matrix 
Factorization (SS-NMF) and Semi-Supervised CMRF (SS_CMRF).

Related Work

ix jx

ix jx

and we get:



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


