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1 In tro duction

As XML is about to becomethe standard format for structured documents,
there is an increasingneedfor appropriate information retrieval (IR) methods.
SinceclassicalIR methods were developed for unstructured documents only,
the logical markup of XML documents posesnew challenges.

SinceXML supports logical markup of texts both at the macro level (struc-
turing markup for chapter, section, paragraph and so on) and the micro level
(e.g., MathML for mathematical formulas, CML for chemical formulas), re-
trieval methods dealing with both kinds of markup should be developed. At
the macro level, fulltext retrieval should allow for selection of appropriate
parts of a document in response to a query, such as by returning a section
or a paragraph instead of the completedocument. At the micro level, speci�c
similarit y operators for di�eren t typesof text or data shouldbeprovided (such
as similarit y of chemical structures, phonetic similarit y for personnames).

Although a large number of query languagesfor XML have been pro-
posed in recent years, none of them fully addressesthe IR issuesrelated to
XML; especially, the core XQuery proposal of the W3C working group [4]
o�ers no support for IR-oriented querying of XML sources;the discussion
about extensionsfor text retrieval has started only recently (seethe require-
ments document by Buxton and Rys [5] and the usecasesby Amer-Yahia and
Case[2]). There are only a few approaches that provide partial solutions to
the IR problem, namely by taking into account the intrinsic imprecision and
vaguenessof IR; however, none of them are basedon a consistent model of
uncertainty (seesection 5).

In this paper, we present the query languageXIR QL which combines the
major concepts of XML querying with those from IR. XIR QL is based on
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XPath, which we extend by IR concepts.We also provide a consistent model
for dealing with uncertainty.

For building a complete IR system, the query language and the model
are not enough. One also needsto deal with user interface issues.On the
input side, the questionof query formulation arises:the query languageallows
for combinding structural conditions with content conditions, and the user
interface needsto re
ect this. On the output side, we observe two kinds of
relationships between retrieval results. In traditional document retrieval, the
retrievable items (i.e., documents) are considered to be independent from
each other. This meansthat the system only needsto visualize the ordering
imposedby the ranking. But in the caseof retrieval from XML documents,
two retrieved items may have a structural relationship, if they comefrom the
samedocument: One could be the ancestorof another, or a sibling, and soon.

So in addition to the query languageXIR QL, we describe graphical user
interfacesfor interactive query formulation as well as for result presentation.

This paper is structured as follows. In the following section,we discussthe
problem of IR on XML documents (section 2). Then we present the major
conceptsof our new query languageXIR QL (section 3). Our graphical user
interfaces are described in section 4. A survey on related work is given in
section 5, followed by the conclusionsand the outlook.

2 Requiremen ts for an XML IR Query Language

From an IR point of view, the combination of content with logical markup
in XML o�ers the following opportunities for enhancing IR functionalit y in
comparisonto plain text:

� Queriesreferring to content only should retrieve relevant document parts
according to the logical structure, thus overcoming the limitations of pas-
sageretrieval. The FERMI model by Chiaramella et al. [7] suggeststhe
following strategy for the retrieval of structured (multimedia) documents:
A system should always retrieve the most speci�c part of a document
answering the query.

� Basedon the markup of speci�c elements, high-precision searches can be
performed that look for content occurring in speci�c elements (e.g., dis-
tinguishing between the senderand the addresseeof a letter, �nding the
de�nition of a conceptin a mathematics textb ook). On the other hand, the
intrinsic uncertainty and vaguenessof IR should also be consideredwhen
interpreting structural conditions; thus, a vagueinterpretation of this type
of conditions should be supported.

� The concept of mixed content allows for the combination of high preci-
sion searches with plain text search. An element contains mixed content
if both subelements and plain text (#PCD ATA) may occur in it. Thus,
it is possible to mark up speci�c items occurring in a text. For example,
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in an arts encyclopedia, namesof artists, placesthey worked, and titles of
piecesof art may be marked up (thus allowing for example, to search for
Picasso'spaintings of toreadors, avoiding passagesmentioning Picasso's
frequent visits to bull-�gh ts).

With respect to theserequirements, XPath seemsto be a good starting point
for IR on XML documents. However, the following features should be added
to XPath:

Weighting. IR research has shown that document term weighting as well as
query term weighting are necessarytools for e�ectiv e retrieval in textual
documents. So comparisons in XPath referring to the text of elements
should consider index term weights. Furthermore, query term weighting
should alsobe possible,by introducing a weighted sum operator (allowing
conditions like0:6�\XML" + 0:4�\retriev al"). Theseweights shouldbeused
for computing an overall retrieval status value for the elements retrieved,
thus resulting in a ranked list of elements.

Relevance-oriented search. The query language should also support tradi-
tional IR queries, where only the requestedcontent is speci�ed, but not
the type of elements to be retrieved. In this case,the IR systemshould be
able to retrieve the most relevant elements; following the FERMI multi-
media model cited above, this should be the most speci�c element(s) that
ful�ll(s) the query. In the presenceof weighted index terms, the tradeo�
betweentheseweights and the speci�t y of an answer hasto be considered,
possibly by an appropriate weighting scheme.

Data typesand vaguepredicates. The standard IR approach for weighting
supports vague searches on plain text only. XML allows for �ne grained
markup of elements, and thus, there should be the possibility to usespe-
cial search predicates for di�eren t types of elements. For example, for
an element containing person names,similarit y search for proper names
should be o�ered; in technical documents, elements containing measure-
ment valuesshould be searchable by meansof the comparisonpredicates
> and < operating on 
oating point numbers. Thus, there should be the
possibility to have elements of di�eren t data types,where each data type
comeswith a set of speci�c search predicates.In order to support the in-
trinsic vaguenessof IR, most of thesepredicatesshould be vague(search
for measurements that were taken at about 20 � C, for instance).

Structural vagueness.XPath is closelytied to the XML syntax, but it is possi-
ble to usesyntactically di�eren t XML variants to expressthe samemean-
ing. For example, a particular information could be encoded as an XML
attribute or asan XML element. As another example,a user may wish to
search for a value of a speci�c data type in a document (a person name,
say), without bothering about the element names.Thus, appropriate gen-
eralizations should be included in the query language.
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3 XIR QL Concepts

In this section, we describe conceptsfor integrating the features listed in the
previous section in XIR QL. These are: weighting, relevance-oriented search,
data typesand vaguepredicates,and structural vagueness.

3.1 W eigh ting

At �rst glance, extending XPath by a weighting mechanism seemsto be a
straightforward approach. Assuming probabilistic independence,the combi-
nation of weights according to the di�eren t Boolean operators is obvious,
thus leading to an overall weight for any answer. However, there are two ma-
jor problems that have to be solved �rst: 1) How should terms in structured
documents be weighted? 2) What are the probabilistic events, i.e., which term
occurrencesare identical, and which are independent? Obviously, the answer
to the secondquestion dependspartly on the answer to the �rst one.

As we said before, classicalIR models have treated documents as atomic
units, whereasXML suggestsa tree-like view of documents. One possibility
for term weighting in structured documents would be the development of a
completely new weighting mechanism. Given the long experiencewith weight-
ing formulas for unstructured documents, such an approach would probably
take a big e�ort to obtain good retrieval qualit y. As an alternativ e, we sug-
gest to generalizethe classical weighting formulas. Thus, we have to de�ne
the \atomic" units in XML documents that are to be treated like atomic
documents. The bene�t of such a de�nition is twofold:

1. Given these units, we can apply some kind of tf � idf formula for term
weighting.

2. For relevance-oriented search, whereno type of result element is speci�ed,
only these units can be returned as answers, whereasother elements are
not consideredas meaningful results.

We start from the observation that text is contained in the leaf nodes of the
XML tree only. So these leaveswould be an obvious choice as atomic units.
However, this structure may be too �ne-grained. (It could be the markup
of each item in an enumeration list, or markup of a single word in order
to emphasizeit.) A more appropriate solution is based on the concept of
index nodesfrom the FERMI multimedia model: Givena hierarchic document
structure, only nodesof speci�c types form the roots of index objects. In the
caseof XML, this meansthat we have to specify the namesof the elements
that are to be treated as index nodes.This de�nition can be part of the XML
Schema (seebelow).

From the weighting point of view, index objects should be disjoint, such
that each term occurrence is consideredonly once. On the other hand, we
should allow for retrieval of results of di�eren t granularit y: For very speci�c
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queries,a single paragraph may contain the right answer, whereasmore gen-
eral questionscould be answeredbest by returning a whole chapter of a book.
Thus, nesting of index objects should be possible.In order to combine these
two views, we �rst start with the most speci�c index nodes. For the higher-
level index objects comprising other index objects, only the text that is not
contained within the other index objects is indexed. As an example, assume
that we have de�ned section, chapter and book elements as index nodes in
our example document; the corresponding disjoint text units are marked as
dashedboxes in �gure 1.

class="H.3.3"

author

John Smith

title

XML Retrieval Introduction

chapter

heading This. . .

book

heading

SyntaxExamples

heading

sectionheading

XML Query 
Language XQL

section

chapter

We describe
syntax of XQL

[1] [2] [3]

[4] [5]

Fig. 1. Example XML document tree. Dashedboxesindicate index nodes;bracketed
numbers serve as identi�ers.

Sowe have a method for computing term weights, and we can do relevance
based search. Now we have to solve the problem of combining weights and
structural conditions. For the following examples,let us assumethat there is
a comparisonpredicate cw(contains word) which tests for word occurrencein
an element. Now considerthe query //section[headin g cw "syntax"] and
assumethat this word doesnot only occur in the heading, but also multiple
times within the sameindex node (i.e., section). Here we �rst have to decide
about the interpretation of such a query: Is it a content-related condition,
or does the user search for the occurrenceof a speci�c string? In the latter
case,in would be reasonableto view the �lter part asa Booleancondition, for
which only binary weights are possible.We o�er this possibility by providing
data typeswith a variety of predicates,where someof them are Boolean and
others are vague(seebelow).

In the content-related interpretation, we use the weight from the corre-
sponding index node. The major justi�cation for this strategy is the fact that
the meaningof a term dependsheavily on its context, and this context should
never be ignored in content-oriented searches | even when structural condi-
tions are speci�ed. Theseconditions should only work asadditional �lters. So
we take the term weight from the index node. Thus the index node determines
the signi�cance of a term in the context given by the node.
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With the term weights de�ned this way, we havealsosolved the problem of
independence/identit y of probabilistic events: Each term in each index node
represents a unique probabilistic event, and all occurrencesof a term within
the samenode refer to the sameevent. (Both occurrencesof the word \syn-
tax" in the last section of our example document represent the sameevent,
for example.) Assuming unique node IDs, events can be identi�ed by event
keys that are pairs [node ID, term]. Given the node IDs shown in square
brackets in �gure 1, the occurrenceof the word \syntax" in the last section
is represented by the event [5; syntax]. For retrieval, we assumethat di�eren t
events are independent. That is, di�eren t terms are independent of each other.
Moreover, occurrencesof the sameterm in di�eren t index nodes are also in-
dependent of each other. Following this idea, retrieval results correspond to
Booleancombinations of probabilistic events which we call event expressions.
For example, a search for sectionsdealing with the syntax of XQL could be
speci�ed as //section[.//* cw "XQL" and .//* cw "syntax"] . Here, our
exampledocument would yield the conjunction [5; XQL] ^ [5; syntax]. In con-
trast, a query searching for this content in complete documents would have
to consider the occurrenceof the term \X QL" in two di�eren t index nodes,
thus leading to the Boolean expression([3; XQL] _ [5; XQL]) ^ [5; syntax].

For dealing with these Boolean expressions,we adopt the idea of event
keys and event expressionsdescribed by Fuhr and R•olleke [16]. With the
method described there, we can compute the correct probabilit y for any
combination of independent events (see also Fuhr and Gro�johann [15]).
Furthermore, the method can be extended to allow for query term weight-
ing. Assume that the query for sectionsabout XQL syntax would be refor-
mulated as//section[0.6 � .//* cw "XQL" + 0.4 � .//* cw "syntax"] .
For each of the conditions combined by the weighted sum operator, we intro-
duce an additional event with a probabilit y as speci�ed in the query (the
sum of these probabilities must not exceed1). Let us assumethat we iden-
tify these events as pairs of an ID referring to the weighted sum expres-
sion, and the corresponding term. Furthermore, the operator �̀' is mapped
onto the logical conjunction, and `+' onto disjunction. For the last sec-
tion of our example document, this would result in the event expression
[q1; XQL] ^ [5; XQL] _ [q1; syntax] ^ [5; syntax]. Assuming that di�eren t query
conditions belonging to the sameweighted sum expressionare disjoint events,
this event expressionis mapped onto the scalar product of query and docu-
ment term weights: P ([q1; XQL]) �P ([5; XQL])+ P([q1; syntax]) �P ([5; syntax]).

3.2 Relev ance-orien ted Search

Above,we have described a method for combining weights and structural con-
ditions. In contrast, relevance-basedsearch omits any structural conditions;
instead, we must be able to retrieve index objects at all levels. The index
weights of the most speci�c index nodes are given directly. For retrieval of
the higher-level objects, we have to combine the weights of the di�eren t text
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units contained therein. For example, assumethe following document struc-
ture, where we list the weighted terms instead of the original text:

<chapter> 0.3 XQL
<section> 0.5 example </section>
<section> 0.8 XQL0.7 syntax </section>

</chapter>

A straightforward possibility would be the OR-combination of the di�eren t
weights for a single term. However, searching for the term \X QL" in this ex-
ample would retrieve the whole chapter in the top rank, whereasthe second
sectionwould be givena lower weight. It canbe easilyshown that this strategy
alwaysassignsthe highest weight to the most generalelement. This result con-
tradicts the structured document retrieval principle mentioned before.Thus,
we adopt the conceptof augmentation from Fuhr et al. [14]. For this purpose,
index term weights are downweighted (multiplied by an augmentation weight)
when they are propagated upwards to the next index object. In our example,
using an augmentation weight of 0.6, the retrieval weight of the chapter with
respect to the query \X QL" would be 0:3 + 0:6 � 0:8 � 0:3 � 0:6 � 0:8 = 0:596,
thus ranking the section aheadof the chapter.

For similar reasonsasabove,we useevent keysand expressionsin order to
implement a consistent weighting process(so that equivalent query expressions
result in the sameweights for any given document). Fuhr et al. [14] introduce
augmentation weights (i.e., probabilistic events) by means of probabilistic
rules. In our case,we can attach them to the root element of index nodes.
Denoting theseevents as index node number, the last retrieval examplewould
result in the event expression[1; XQL] _ [3] ^ [3; XQL].

In the following, paths leading to index nodes are denoted by `inode()'
and recursive search with downweighting is indicated via `. . . '. As an exam-
ple, the query /document//inode() [... cw "XQL" and ... cw "syntax"]
searches for index nodes about \X QL" and \syntax", thus resulting in the
event expression([1; XQL] _ [3] ^ [3; XQL]) ^ [2] ^ [2; syntax].

In principle, augmentation weights may be di�eren t for each index node.
A good compromisebetweenthesespeci�c weights and a singleglobal weight
may be the de�nition of type-speci�c weights, i.e., depending on the name of
the index node root element. The optimum choicebetweeenthesepossibilities
will be subject to empirical investigations.

3.3 Data T yp es and Vague Predicates

Given the possibility of �ne-grained markup in XML documents, we would
like to exploit this information in order to perform more speci�c searches.
For the content of certain elements, structural conditions are not su�cien t,
sincethe standard text search methods are inappropriate. For example, in an
arts encyclopedia, it would be possible to mark artist's names, locations or
dates.Giventhis markup, onecould imaginea query like\Giv emeinformation
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about an artist whosenameis similar to Ulbrich and who worked around 1900
near Frankfort, Germany", which should also retrieve an article mentioning
Ernst Olbrich's work in Darmstadt, Germany, in 1899.Thus, we needvague
predicates for di�eren t kinds of data types (person names, locations, dates,
and so on). Besidessimilarit y (vagueequality), additional data type-speci�c
comparison operators should be provided (e.g., `near', < , > , or `broader',
`narrower' and `related' for terms from a classi�cation or thesaurus). In order
to deal with vagueness,thesepredicatesshould return a weight as a result of
the comparisonbetweenthe query valueand the value found in the document.

The XML standard itself only distinguishes between three data types,
namely text, integerand date. The XML Schemarecommendation[12] extends
thesetypestowards atomic typesand constructors (tuple, set) that are typical
for databasesystems.

For the document-oriented view, this notion of data typesis of limited use.
This is due to the fact that most of the data typesrelevant for IR applications
can hardly be speci�ed at the syntactic level (consider for instance namesof
geographiclocations, or English vs. French text). In the context of XIR QL,
data typesare characterizedby their setsof vaguepredicates(such asphonetic
similarit y of names,English vs. French stemming). Thus, for supporting IR in
XML documents, there shouldbe a coresetof appropriate data types,and the
system should be designedin an extensible way so that application-speci�c
data typescan be added easily.

We do not discuss implementation issueshere, but it is clear that the
systemneedsto provide appropriate index structures, for structural conditions
and alsofor the (possibly vague)search predicates| both for the coreand the
application-speci�c data types,of course.This problem is rather challenging,
aswe suspect that separateindex structures for the tree structure and for the
search predicates will not be su�cien t; rather, they have to be combined in
someway.

Candidates for the core set are texts in di�eren t languages,hierarchical
classi�cation schemes,thesauri and person names. In order to perform text
searches, some knowledge about the kind of text is necessary. Truncation
and adjacency operators available in many IR systemsare suitable for west-
ern languagesonly (whereas XML in combination with unicode allows for
coding of most written languages). Therefore, language-speci�c predicates,
e.g., for dealing with stemming, noun phrasesand composite words should
be provided. Since documents may contain elements in multiple languages,
the languageproblem should be handled at the data type level. Classi�cation
schemesand thesauri are very popular now in many digital library applica-
tions; thus, the relationships from theseschemesshouldbe supported, perhaps
by including narrower or related terms in the search. Vaguepredicatesfor this
data type should allow for automatic inclusion of terms that are similar ac-
cording to the classi�cation scheme. Person names often pose problems in
document search, as the �rst and middle names may sometimesbe initials
only (therefore, searching for \Jack Smith" should also retrieve \J. Smith",
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with a reduced weight). A major problem is the correct spelling of names,
especially when transliteration is involved (e.g., \Chebychef"); thus, phonetic
similarit y or spelling-tolerant search should be provided.

Application-speci�c data typesshould support vagueversionsof the pred-
icates that are common in this area. For example, in technical texts, mea-
surement valuesoften play an important role; thus, dealing with the di�eren t
units, the linear ordering involved (< ) as well as similarit y (vague equality)
should be supported (show me all measurements taken at room temperature).
For texts describing chemical elements and compounds, it should be possible
to search for elements of compounds,or to search for commongeneralizations
(search for \alumin um salts", without the needto enumerate them).

As a framework for dealing with theseproblems, we adopt the concept of
data typesin IR from Fuhr [13], where a data type T is a pair consisting of a
domain jT j and a set of (vaguecomparison)predicatesPT = f c1; : : : ; cn g. Lik e
in other type systems,IR data typesshould also be organizedin a type hier-
archy (e.g., Text { Western-Language{ English), where the subtype restricts
the domain and/or providesadditional predicates.(In the example,it could be
n-gram matching for general text, plus adjacencyand truncation for western
languages,plus stemming and noun phrasesearch for English.) Through this
mechanism, additional data types can be de�ned easily by re�ning the ap-
propriate data type (introducing French as re�nement of Western-Language,
say)4.

In order to exploit thesedata typesin retrieval, the data typesof the XML
elements have to be de�ned. Although the XML Schema recommendation
[12] is targeted towards the data-centric view of XML, it can also be used
for our purpose.Most of the data types discussedabove are simple types in
terms of XML Schema (that is, they have no internal structure), but do not
belong to the builtin types of XML Schema. Thus, they have to be derived
by meansof restriction from the builtin types. However, in most cases,it is
not possibleto give necessaryconditions for the restriction (consider English
as a specialization of normalizedString). In addition, XML Schema does not
deal with (vague) predicates of data types; they can be listed as application
info only and are treated like comments by the schema processor.

In principle, XIR QL queriescan alsobe processedfor collectionswhereno
DTD or XML schema is given. However, in this case,XIR QL would assume
that the content of all elements belongsto the samebasic data type text, for
which only basicpredicates(lik estring equality and substring search) are pro-
vided. The more information about the data type of elements is provided, the
more appropriate search predicatesfor the di�eren t elements can be provided
by XIR QL. On the other hand, when no DTD is given, it will be very di�cult

4 Pleasenote that we make no additional assumptions about the internal structure
of the text data type (and its subtypes), lik e representing text as set or list of
words.
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for a user to formulate meaningful querieswith structural conditions | most
queriesof this type would retrieve no documents at all.

3.4 Structural Vagueness

Since typical queries in IR are vague, the query language should also sup-
port vaguenessin di�eren t forms. Besidesrelevance-basedsearch asdescribed
above, relativism with respect to elements and attributes seemsto be an
important feature. The XPath distinction between attributes and elements
may not be relevant for many users.In XIR QL, author searches an element,
@author retrievesan attribute and =author is usedfor abstracting from this
distinction.

Another possibleform of relativism is induced by the introduction of data
types.For example,we may want to search for personsin documents, without
specifying their role (author, editor, referencedauthor, subject of a biogra-
phy) in these documents. Thus, we provide a mechanism for searching for
certain data types, regardlessof their position in the XML document tree.
For example, #persnamesearches for all elements and attributes of the data
type persname.

Currently , we are working on further generalizationsof structural condi-
tions. One direction is basedon ontologies over element names.For example,
assuming that region is a subproperty of the more general element named
geographic-area , which in turn hasadditional subproperties continent and
country , we would expandthe original element nameregion into the disjunc-
tion region j country j continent . The sequenceof elements in a path can
also be subject to vagueinterpretations (e.g., author = "Smith" should also
match vaguely author/name and author/name/lastn ame).

4 Graphical User In terfaces for XML IR

A graphical user interfacefor retrieval shouldsupport two tasks,namely query
formulation and result presentation. In the following, we �rst describe a mech-
anism for visually constructing XIR QL queries without having to know the
syntax of the query language,and without being intimately acquainted with
the document structure (DTD). Then we present two approaches for dis-
playing the result list along with the size of answer elements and structural
relationships between them.

4.1 Visual Query Form ulation

With all the features of XIR QL described above, it is obvious that query
formulation in XIR QL is a rather complex task. However, we assumethat
most end userswill not have to formulate XIR QL queries,since there will be
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applications which generateXIR QL queriesfrom user input to easy-to-usein-
terfaces.For the remaining caseswhereXIR QL querieshave to be formulated
interactively, we want to provide an appropriate user interface. This inter-
faceshould support the formulation of syntactically and semantically correct
queries:

Fig. 2. Interface for formulating queries.

� With regard to query syntax, wetakea menu-basedapproach, which covers
only a subsetof the full query syntax. In addition, the usercanedit directly
the generatedXIR QL formulation.

� Semantically correct queries are supported by giving information about
the structure of the XML documents to be queried, the data types of
�elds and the applicable predicates.

A screenshotof our interfacecan be seenin �gure 2. There are three areas:On
the left, the structure condition area enablesusersto formulate single query
conditions. On the right, the condition list area allows usersto edit the query
conditions and to specify how to combine them to form the whole query. At
all times, a paraphraseof the current query in XIR QL syntax is kept up to
date in the paraphrasearea at the bottom.

For formulating a single query condition, the main mechanism is Query
by Example. It comesin three variants. In the screenshot,the layout-oriented
variant is shown. The user can click on a word in that document and the
systemderivesfrom it a structural condition (candidate) and a valuecondition
(candidate). The structural condition describes the list of element nameson
the path from the root node to the leaf node in the XML tree. From it, a
number of generalizations (using the // operator and the * wild card) are
produced and shown to the user (seethe popup window in the lower right of
the screenshot).After selecting the structural condition, the query condition
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is addedto the condition list area,whereadditional changescan be made:The
comparisonvalue (defaulting to the word the userselected)can be edited, and
a search predicate can be chosenfor this condition.

In addition to the layout-oriented variant of Query by Example, we o�er
a structure-oriented variant where peopleseean expandabletree of the XML
document, as well as a structure-oriented variant which shows a document
surrogate only. Finally , as an alternativ e to Query by Example, we o�er a
DTD oriented method for specifying the structure condition which does not
rely on an exampledocument.

The next step is to specify how the query conditions thus collectedshould
be combined to form the whole query. Here, we focuson the structural depen-
dence betweenthe conditions. This is achieved by specifying a commonpre�x
for two query conditions. For example, in the third condition, /ARTICLE/BDY
is grayed out. This meansthe match for the secondand third conditions must
be in the sameBDYelement (and hencewithin the sameARTICLEelement).
The graying-out connects two adjacent conditions; by making it possible to
move conditions up and down in the list, structual dependencebetween any
two conditions can be expressed.In addition to the structural dependence,
the Boolean connectors between the conditions also needto be speci�ed. We
do this in a simple manner, allowing the user to choosebetweenand and or
between any two conditions, but we plan more elaborate support, possibly
basedon Venn diagrams.

To test the usefulnessof this approach, we performed a small preliminary
userstudy. Three retrieval tasks(against the INEX collection, [17]) weregiven
in natural language.Five usersperformed the tasks with the graphical inter-
face described here, two of them also used a command-line tool to directly
enter XIR QL queries. The results indicate that even people with no knowl-
edge of XIR QL are enabled to pose queries using this interface. For more
complex queries, the interface might speed up userswho know XIR QL. The
layout-oriented variant of Query by Example was popular with all users,the
DTD-based method was rarely used.

4.2 Result Presen tation

The objective of traditional document retrieval systemsis to selectdocuments
from a collection. For XML documents, the obvious extensionis to selectparts
(elements) of documents, too. Whereastraditional result presentation usesa
linear list in order to illustrate the ranking (or the corresponding retrieval
status values) this approach doesnot cover the following two new aspects of
XML retrieval:

� Structural relationships: Sincedi�eren t result elements may contain each
other, the containment relationship must be visualized.

� Size of answer elements: In classical IR applications, it is assumedthat
all documents are approximately equal in size.Since XML elements may
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contain anything from a few words to a complete article, result element
sizeshould be illustrated.

As a typical result set contains elements from several documents, we need a
compact representation so that more than one document can be displayed at
the sametime.

Fig. 3. Result presentation with TextBars.

As a �rst step in this direction, we developed TextBars, which are basedon
TileBars asdescribed by Hearst [20, 21]. Here,a document is presented asone
long bar (where length indicates text size), which is segmented according to
the XML structure. The start of an element is indicated with a red line. With
this method, only elements present in the result setareshown. Sincea retrieval
result is always a weighted set, this visualization needsto be extendedto deal
with the weights, too. For the weights, a visual variable is neededthat can be
usedtogether with TextBars. Since the weights imposea linear order on the
results, the visual variable should be selective (allowing distinction between
objects with and without a certain property) as well as ordered (allowing
a less-than comparison between values). We choose brightness as the visual
variable to use. This is implemented via shadesof gray, where white means
zero(the object is not relevant at all) and black meansone(the object is highly
relevant). An example of this visualization method is shown in �gure 3.

WhereasTextBars are (in principle) a one-dimensionalrepresentation of a
document, Treemaps(seeJohnsonand Shneiderman[22]) usetwo dimensions
in order to illustrate the structure of an XML document (see �gure 4 for
an example). Here a document is represented as a rectangular area, which is
split horizontally for the �rst level nodes, vertically for the next level again
horizontally for the third level, and so on.

However, for XML documents with a rich structure, this representation
is too cluttered. Therefore, we augment the concept and introduce Partial
Treemaps, where we omit nodes in casethey are not a retrieved item or an
ancestorof a retrieved item (seeKriewel [23]).

Tool-tips provide additional information about each retrieved item. In ad-
dition to a list of Partial Treemaps,the document itself is shown (processed



14 Norbert Fuhr, Kai Gro�johann, and Sascha Kriew el

by an XSL style-sheet) together with a `table of contents' view. The table of
contents is a tree view of the document, but certain `unimportant' XML ele-
ments are left out to constrict the sizeof the tree. The elements to retain are
those that contribute to the overall logical structure of the document. (Typ-
ically, the section element would be included, but the bold element would
not be included.) As with TextBars, retrieval weights are illustrated asshades
of gray. The resulting interface is shown in �gure 5.

We performeda small userstudy to test the e�ect of the

c d
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a

a

b c d

e f g

Fig. 4. A sim-
ple tree and its
treemap.

visualization on the time the usersneeded,and on the qual-
it y of the relevance judgments. Five userswere given nine
querieseach, together with a visualization of the query re-
sults. Each userchosethree queries(query results) for judg-
ment with a textual result representation, and three queries
for each of our visualizations. The results indicated that
TextBars outperform the textual representation in terms of
precision, and partial treemaps improve precison even fur-
ther. On the other hand, the time usedfor the judgements
wereabout the samefor all three methods; participants re-
ported that they had a closer look at the retrieval results
and their relationships when using the graphical methods.
Thus, it seemsthat the added information provided by the
graphical method improved the qualit y of the judgments.

Fig. 5. Result presentation with Partial Treemaps. Each element in the treemap
has a tool-tip with a summary about that element. In the bottom left, we show a
`table of contents' (tree showing certain elements) and in the bottom right, we show
the document itself, at the spot corresponding to the element in the treemap that
the user has clicked on.
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5 Related Work

Our work presented hereis basedon the document-centric view of XML, which
requiresa query languagethat mainly supports selectionbasedon conditions
with respect to both structure and content, taking into account the intrinsic
uncertainty and vaguenessof content-based retrieval. In contrast, the W3C
working group on XML query languageshas focusedon the data-centric view.
Following earlier proposalsfor XML query languageslike XML-QL (Deutsch
et al. [11]) or Quilt (Chamberlin et al. [6]), the proposed query language
XQuery (Boag et al. [4]) draws heavily on conceptsfrom query languagesfor
object-oriented databases(e.g., OQL) or semistructured data (e.g., Lorel [1]).
Due to this origin, XQuery hasa much higher expressivenessthan XPath and
XIR QL. The latter two o�er only selectionoperators, thus results are always
complete elements of the original documents. In contrast, XQuery also pro-
vides operators for restructuring results aswell as for computing aggregations
(count, sum, avg, max, min).

A typical XQuery expressionhas the following structure:

FORPathExpression
WHEREAdditionalSelec tionC riter ia
RETURNResultConstruction

Here, PathExpression may contain one or more path expressionsfollowing
the XPath standard, where each expressionis bound to a variable. Thus, the
FOR clausereturns ordered lists of tuples of bound variables. The WHERE
clauseprunes these lists of tuples by testing additional criteria. Finally , the
RETURN clauseallows for the construction of arbitrary XML documents by
combining constant text with the content of the variables.

SinceXIR QL is basedon XPath, it can be seenasan extensionof a subset
of XQuery (i.e., only a FORclause,with a single PathExpression ) in order to
support IR.

The current version of XQuery supports querying for singlewords in texts
only. Recently , discussionsabout text retrieval extensions for XQuery have
started, which aim at providing restricted forms of weighting and ranking
(see the requirements [5] and the use cases[2]). However, most of the use
casespresented there do not take weighting into account and operate on the
syntactical level. (For example,proximit y search is required to handlephrases,
rather than allowing for linguistic predicates.) Furthermore, ranking is only
applicable to full-text search predicates whereaswe consider weighting and
ranking to be an important feature for other data types, as well, including
numbers.

In information retrieval, previous work on structured documents has fo-
cusedon two major issues:

� The structural approach enrichestext search by conditions relating to the
document structure, e.g., that words should occur in certain parts of a
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document, or that a condition should be ful�lled in a document part pre-
cedingthe part satisfying another condition. Navarro and Baeza-Yates[26]
givea good survey on work in this direction. However, all theseapproaches
are restricted to Booleanretrieval, soneither weighting of index terms nor
ranking are considered.

� Content-based approaches aim at the retrieval of the most relevant part
of a document with respect to a given query. In the absenceof explicit
structural information, passageretrieval has been investigated by several
researches(Hearst and Plaunt [19]). Herethe systemdeterminesa sequence
of sentencesfrom the original document that �t the query best.
Only a few researchers have dealt with the combination of explicit struc-
tural information and content-basedretrieval. Myaenget al. [25] usebelief
networks for determining the most relevant part of structural documents,
but allows only for plain text queries,without structural conditions. The
FERMI multimedia model (Chiaramella et al. [7]) mentioned before is a
generalframework for relevance-basedretrieval of documents. Lalmas [24]
and Fuhr et al. [14] describe re�nements of this approach basedon di�eren t
logical models.

Comparing the di�eren t approaches described above, it turns out that they
addressdi�eren t facets of the XML retrieval problem, but there is no ap-
proach that solves all the important issues:The data-centric view as well
as the structural approach in IR only deal with the structural aspects, but
do not support any kind of weighting or ranking. On the other hand, the
content-based IR approachesaddressthe weighting issue,but do not allow for
structural conditions.

Only a few researchers have tried to combine structural conditions with
weighting. Theobald and Weikum [31] extend XML-QL by weighted document
indexing; however, this approach is not based on a consistent probabilistic
model. As another approach basedon XML-QL, Chinenyangaand Kushmerik
[8] introduce an operator for text similarit y search on XML documents; so
this extensionsupports only a very speci�c type of queries.A nice theoretical
concept for vaguenesswith respect to both value conditions and structural
conditions is proposedby Schlieder and Meuss[29]; however, the underlying
query languageis rather restricted.

Recently , several approacheshavebeensuggestedfor integrating structural
and content-oriented conditions in a single query, such as the approach by
Piwowarski et al. [28] (based on BayesianNetworks) and Ogilvie and Callan
[27] (based on LanguageModels). However, there is no support for di�eren t
data typesand corresponding search predicates.Grabs and Schek [18] present
an approach based on the vector spacemodel which allows binary retrieval
on non-text conditions and ranked retrieval on text conditions. This model
takesinto account contextual term weights. This way, terms that are common
in the text of an article, say, but rare in the title, get proper treatment for
queriesregarding both typesof context.
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The path algebra approach for processingXIR QL is similar to the proxi-
mal nodes model described by Navarro and Baeza-Yates [26]. (The closere-
lationship betweenXQL and proximal nodesis discussedby Baeza-Yatesand
Navarro [3].) However, we give a more formal speci�cation of the semantics
of the di�eren t operators and we also consider hyperlinks. Furthermore, we
extend this model by dealing with data typesand weighting.

6 Conclusions and Outlo ok

In this paper, we have described a query languagefor information retrieval in
XML documents. Current proposalsfor XML query languageslack most IR-
related features, which are weighting and ranking, relevance-oriented search,
data typeswith vaguepredicates,and structural relativism. Wehavepresented
the new query languageXIR QL which integrates all these features, and we
havedescribed the conceptsthat arenecessaryin order to arriveat a consistent
model for XML retrieval.

In order to easequery formulation, we have developed a user interface
supporting formulation of syntactically and semantically correct queries.For
result presentation of XML retrieval, we have described a solution which vi-
sualizesalso sizesof result elements and structural relationships betweenele-
ments.

Based on the concepts described in this paper, we have implemented a
retrieval engine named HyREX (Hypermedia Retrieval Engine for X ML).
HyREX is designed as an extensible IR architecture. The whole system
is open source and can be downloaded from http://www.is.inform atik .
uni- duisburg.de /proj ects/ hyrex . For speci�c applications, new data types
can be added to the system, possibly together with new index structures.
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