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ABSTRACT 
Document and query expansions have been used separately in 
previous studies to enhance the representation of documents and 
queries. In this paper, we propose a general method that integrates 
both of them. Expansion is carried out using multi-stage Markov 
chains. Our experiments show that this method significantly 
outperforms the existing approaches. 
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1. INTRODUCTION 
Statistical language modeling (LM) has been widely used in 
information retrieval (IR) in recent years [2, 7].  Several attempts 
have been made to improve either document model or query 
model [6, 8] by smoothing. However, these approaches still suffer 
from the underlying assumption of term independence, which 
implies that a term of a query is independent from a different term 
in a document. It is obvious that this assumption is not true. For 
instance, if “computer” appears in a query and “programming” in 
a document, the terms are not independent; so are the query and 
the document. Several studies have been conducted to relax the 
independence assumption by integrating the relationships between 
query terms and document terms [1, 2, 4]. In doing this, we are 
indeed making inferences according to term relationships. 
In the previous studies, inference has been implemented either as 
document expansion or query expansion, and inference has been 
limited to using direct term relationships. We argue that these 
limitations are unnecessary. By performing both expansions and 
by allowing indirect inferences, we can gain larger inference 
capabilities. In this paper, we thus propose a general model to 
achieve this goal. 

2. GENERAL MODEL  
Traditional LM approaches to IR try to determine a relevance 
score according to the following formula: 
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where )|( QwP i is the probability of a term in the query model, 
usually estimated by Maximum likelihood; and )|( DwP i is the 

probability in the document model, which is usually smoothed 
with the collection model. These models cannot represent well the 
document and query contents due to the assumption of term 
independence. In order to create better models, we have to 
incorporate term relationships into the models, i.e. our desired 
models should contain not only the terms appearing in the 
document or the query, but also those that are closely related. We 
will create such models thought document and query expansion.  
Let )|(ˆ DwP i  and )|(ˆ QwP i be the expanded document model and 
query model. Then the documents are ranked by the following 
cross entropy: 
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where wi is a word of vocabulary V. In practice, query expansion 
should be limited to a relatively small number (e.g. 80 in our 
case) of terms because of retrieval efficiency. Let E be the set of 
expansion terms selected, then the above equation can be 
simplified to: 
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The two models in Equation (2) are defined using Markov chains 
(MC).  

3. DEFINING MODELS USING MARKOV 
CHAIN 
Basically, a MC is defined by two probabilities [3]: the initial 
probability to select a state, and the transition probability from 
one state to another. Accordingly, for query model, term 
generation in the final model is done according to the following 
steps: 
Step 0: An initial query term w is generated according to 

)|(0 QwP ; 

Step 1:  Given the word wj is selected at step 0, a new word wi is 
generated in two different ways: it can be generated from wj 
(because they are related) at probability ( γ−1 ), or added 
according to )|(0 QwP i  (i.e., reset to step 0) at probability γ . The 
generation of wi from the related term wj is made according to the 
transition probability )|( ji wwP . This latter is determined as in [4] 

according to different types of relation between w’ and w, i.e. co-
occurrence relations and relations in WordNet. Details are 
described in [4]. So the probability of generating wi at step 1 
according to both cases is: 

)|()1()|(),|()|( 011 jiijii wwPQwPQwwPQwP γγ −+==  (3) 

Step t: the query model at step t is defined as: 
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A stationary distribution )|( Qwπ  [3] can be reached after a 
number of transitions, and this corresponds to: 
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The stationary distribution )|( Qwπ  is the best statistical model 
that we can construct from the information available, i.e. Q and 
terms relations. So, we define the final query model )|(ˆ QwP  
as )|( Qwπ . In the same way, the document model )|(ˆ DwP  is also 
defined as the stationary probability )|( Dwπ , which is 
determined similarly to equation (5). 
The initial distributions are now determined as follows: 

)|()1()|()|(0 FwPQwPQwP ml λλ −+= ; 

)|(
||
||

||
)0,);(max()|(0 CwP

D
D

D
DwcDwP ml

uδδ
+

−
=   (6) 

where P(w|F) and Pml(w|C) are respectively the feedback model 
[8] and the collection model. λ is set to be 0.5 according to [8] 
and δ  is set experimentally to 0.7 according to a training 
collection. The coefficient γ  is set at 0.3, as our experiments 
show that the retrieval effectiveness is relatively insensitive to γ  
when ]1,1.0[∈γ .  

4. EXPERIMENTS 
We use three TREC collections in our experiments: AP88-90, 
WSJ and SJM on TREC disks 2-3. The parameters are determined 
using queries 101-150 and 201-250 (title+description), and topics 
51-100 are used for testing.  
Table 1 shows a comparison between Unigram model (UM), 
document and query expansion models alone (MC-DE and MC-
QE) and our general model (GM). From this table, we see that 
both MC-DE and MC-QE outperform UM to some degree. The 
improvement scales of MC-QE are much higher than MC-DE, 
because MC-QE has incorporated a feedback model, which has 
proven to be very helpful to capture the information need [8]. The 
most important observation for this study is that the general 
model GM is better than using MC-DE or MC-QE separately. 
Although the improvements of GM over MC-QE are not very 
large, they are consistent on all the collections. This result shows 
that the combination enables the system to benefit from both 
approaches.  
In order to see the impact of multi-step expansion, we use 
different numbers of transitions in query expansion in Figure 1. 
We observe that when we increase the transition steps, the 
effectiveness is also improved, in particular, between 1 and 5 
steps. These increases are directly attributed to the increased steps 
of transition. They show that multi-step transition is superior to 
one-step transition.  

5. RELATED WORK 
Query expansion and document expansion have been used in a 
number of previous studies, either with LM or vector space model 
[1, 4, 6, 8]. The experiments have produced encouraging results. 
In comparison with the previous attempts, in this paper, we 
propose to extend the expansion process further on the two 
following aspects: Using MC to enable multi-step inference; 

Using a general model that combines both document expansion 
and query expansion. Our experiments show that each of the 
above extensions has resulted in some improvements in retrieval 
effectiveness. 
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Figure 1: One-step QE Vs Multi-step MC-QE 

MC has also been used in some previous studies in IR [5]. In 
comparison, our method is different on several aspects: first, we 
do not use many heuristics as in [5]. Second, [5] does not define 
an explicit query model, while we did. So our model provides a 
clearer and more principled formulation than [5]. 

6. CONCLUSION 
Many previous studies on LM assumed independence between 
terms. In this paper, we proposed a general approach that 
integrates term relationships in both document and query models. 
The resulting models can better represent the document and the 
query. Our experiments also confirm that they lead to better 
retrieval effectiveness. 
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Table 1: Performance of General Model 
Coll. UM MC-DE %UM MC-QE GM %UM %QE

MAP 0.1925 0.2138 0.2580 0.2629 AP Ret. 3289 3530 
+11.06** 

3994 4064 
+22.96** +2.02

MAP. 0.2466 0.2590 0.2860 0.2891 WSJ Ret. 1659 1704 
+5.02* 

1794 1845 
+11.62** +1.08

MAP. 0.2045 0.2155 0.2522 0.2584 SJM Ret. 1417 1572 
+5.37 

1621 1742 
+19.91** +2.46

* and ** mean statistical significance at level of p<0.05 and p<0.01. 

801



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


