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ABSTRACT

Queries describe the users’ search intent and therefore they
play an essential role in the context of ranking for informa-
tion retrieval and Web search. However, most of existing
approaches for ranking do not explicitly take into consid-
eration the fact that queries vary significantly along sev-
eral dimensions and entail different treatments regarding
the ranking models. In this paper, we propose to incor-
porate query difference into ranking by introducing query-
dependent loss functions. In the context of Web search,
query difference is usually represented as different query
categories; and, queries are usually classified according to
search intent such as navigational, informational and trans-
actional queries. Based on the observation that such kind
of query categorization has high correlation with the user’s
different expectation on the result accuracy on different rank
positions, we develop position-sensitive query-dependent loss
functions exploring such kind of query categorization. Be-
yond the simple learning method that builds ranking func-
tions with pre-defined query categorization, we further pro-
pose a new method that learns both ranking functions and
query categorization simultaneously. We apply the query-
dependent loss functions to two particular ranking algo-
rithms, RankNet and ListMLE. Experimental results demon-
strate that query-dependent loss functions can be exploited
to significantly improve the accuracy of learned ranking func-
tions. We also show that the ranking function jointly learned
with query categorization can achieve better performance
than that learned with pre-defined query categorization. Fi-
nally, we provide analysis and conduct additional experi-
ments to gain deeper understanding on the advantages of
ranking with query-dependent loss functions over other query-
dependent ranking approaches and query-independent ap-
proaches.
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1. INTRODUCTION

Ranking has become an essential research issue for infor-
mational retrieval and Web search, since the quality of a
search system is mainly evaluated by the relevance of its
ranking results. The task of ranking in the search process
can be briefly described as follows. Given a query, the de-
ployed ranking model measures the relevance of each docu-
ment to the query, sorts all documents based on their rele-
vance scores, and presents a list of top-ranked ones to the
user. Thus, the key problem of search technology is to de-
velop a ranking model that can best represent relevance.

Many models have been proposed for ranking, including
the Boolean model [1], vector space model [20], probabilistic
model [18] and language model [13, 17]. Recently, there are
renewed interests in exploring machine learning methodolo-
gies for building ranking models. Many learning-based ap-
proaches have been introduced, some popular examples of
which include MCRank [15], RankNet [5], RankSVM [11],
RankBoost [8], GBRank [26], ListNet [6], ListMLE [23],
and IsoRank [27]. These approaches leverage training data,
which consists of queries with their associated documents
and relevance labels, and machine learning techniques to
make the tuning of ranking models theoretically sound and
practically effective.

In most of the previous works, the significant difference in
queries are not adequately addressed in the context of rank-
ing. This is clearly not appropriate since queries vary largely
in semantics [3, 21] and users’ search intentions [14, 19]. For
example, in a popular taxonomy of Web search, queries can
be coarsely categorized as navigational, informational and
transactional [4] in terms of search intentions. As another
example, queries can vary in terms of relational information
needs, including queries for subtopic retrieval [25] and topic
distillation [22].

Although query difference is multi-faceted, we observe
that query difference usually has tight correlation with the
user’s different expectation on the result accuracy on differ-
ent rank positions. Let us elaborate this issue using Broder’s
“Taxonomy of Web search” [4], which describes query differ-
ence based on the search intent of users and classifies queries
into three categories: navigational, informational and trans-
actional. In particular, navigational queries are those which



are intended to find a specific Web site that the user has
in mind; informational searches are intended to find infor-
mation about a topic; transactional ones are intended to
complete some Web-mediated activities. Therefore, for the
navigational and transactional query, the user expects high
accuracy on the top one retrieved result; while for the infor-
mational query the user looks for more relevant documents
among top- K rank positions. This kind of position-sensitive
query difference requires respective objectives for the rank-
ing model. Specifically, for the navigational and transac-
tional query, the ranking model should aim to rank the exact
Web page that the user is looking for on the top position of
the result list; while for the informational query, the rank-
ing model should target at presenting a set of Web pages
relevant to the topic of the query on the top-K positions of
returned results. The above only illustrates one aspect of
the issue, we can similarly consider the issue in the context
of subtopic retrieval and topic distillation. In particular, for
the subtopic retrieval query, the objective of ranking model
should be presenting a set of Web pages covering as many
subtopics as possible on the top-K positions of result list;
while for topic distillation query, the ranking model should
focus on ranking a set of Web pages best representing one
single topic among top-K rank positions.

In this paper, we propose to incorporate query difference
into ranking by introducing query-dependent loss functions
in the learning process. Inspired by the diverse ranking ob-
jectives implied by various queries, we apply different loss
functions to different queries in learning the ranking func-
tion. Since it is difficult and expensive in practice to extract
individual objective for each query, we make use of query
categorization to represent query difference such that each
query category stands for one kind of ranking objective. In
this paper, we focus on Broder’s taxonomy of Web search [4]
and develop position-sensitive query dependent loss func-
tions according to this popular query categorization.

Unfortunately, query categorization may or may not be
available at learning time. Accordingly, beyond learning the
ranking functions with pre-defined query categories, we de-
velop a new method for learning ranking functions jointly
with query categorization without prior knowledge on query
categorization. In this new method, the ranking function
and query categorization use totally disjointed feature sets.

To evaluate the effectiveness of our proposed approach,
we derive the position-sensitive query-dependent loss func-
tion based on Broder’s taxonomy, and apply it to two popu-
lar ranking algorithms, RankNet and ListMLE. Experimen-
tal analysis is employed to verify that query-dependent loss
function can be exploited to boost the accuracy of ranking
for Web search. We also make a comparison on the ranking
accuracy between the learning method that trains the rank-
ing function with pre-defined query categorization and that
learns the ranking function jointly with query categoriza-
tion. Moreover, we provide analysis and conduct additional
experiments to gain deeper understanding on the advantages
of ranking with query-dependent loss functions over other
query-dependent or query-independent ranking approaches.

The major contributions of this work include:

e Proposing to incorporate query difference into ranking
by introducing query-dependent loss functions.

e Introducing a new methods for learning the ranking
function jointly with learning query categorization

e Exploiting the position-sensitive query-dependent loss
function on a popular query categorization scheme of
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Web search and applying it to two specific ranking
algorithms, RankNet and ListMLE.

The remaining parts of this paper are organized as follows.
Section 2 proposes the general idea of incorporating query
difference into ranking by introducing query-dependent loss
functions. In section 3, we specifically define a position-
sensitive query-dependent loss function based on Broder’s
query categorization for Web search and apply it to two con-
crete ranking algorithms. Experiments and discussions are
presented in section 4. A comparison between our method
and other query dependent methods for ranking is discussed
in section 5. We conclude the paper and point out future
research directions in section 6.

2. INCORPORATING QUERY DIFFERENCE

INTO RANKING

In this section, we propose to incorporate query difference
into ranking by introducing query-dependent loss function,
and we also outline learning methods for ranking with the
query-dependent loss functions.

2.1 Query-Dependent Loss Functions

We formalize the problem of building a ranking model
as finding a function f € F, where F is a given function
class, such that f minimizes the risk of ranking in the form
of a given loss function Ly. For a general learning to rank
approach, the loss function is defined as:

Ly =Y L),

q€EQ

(1)

where Q denotes the set of queries in the training data;
L(f) denotes a query-level loss function, which is defined on
ranking function f and has the same form among all queries.
Inspired by the diverse ranking objectives implied by the
queries, we incorporate query difference into the loss func-
tion by applying different loss functions to different queries.
This kind of query-dependent loss function is defined as:

Ly =Y L(f;q),

q€Q

()

where L(f; q) is the query-level loss function defined on both
query g and ranking function f, and each query has its own
form of loss function.

However, it is difficult and expensive in practice to define
individual objective for each query. Thus, we take advantage
of query categorization to represent query difference, which
means each query category stands for one kind of ranking
objective. In general, we assume there is a query category
space, denoted as C = {C1,- -+ ,Cm}, where Ci(i = 1,--- ,m)
represents one query category. We also assume a soft query
categorization, which means each query can be described as
a distribution over this space. We use P(Ci|q) to denote
the probability that query ¢ belongs to the class C; with
>, P(Cilg) = 1. Thus, the query-dependent loss function
of the ranking function f is defined as:

Ly = Y L(f;q) (3)
qeQ
= ) (Z P(Ci|Q)L(f§(LCi)> ; (4)
geQ \i=1

where L(f;q,C) denotes a category-level loss function de-
fined on query ¢, ranking function f and ¢’s category C.




























<<
  /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 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 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 -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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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


