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Abstract— By nesting data, XML format allows embedding some approaches found in the literature which attempt to
additional semantic which is not possible using flat text fomat.  resolve the problematic of XML search. Then we describe our
Obviously, capturing this semantic will enhance the effe¢teness system by giving details about the different steps perfarine

of the searching process in an XML corpus. Many approaches th h ina that is t indexi iatuat
address the XML searching problem. Approaches stemmed from 1€ S€arch processing that Is 1o say indexing, query evaiua

database communities are concentrated on the data structer and ranking.
In this case, users have to express their information need
in a complex query language. Moreover, users must have a Il. XML SEARCHAPPROACHES

good knowledge of the document structure. Approaches using | the |iterature, XML search approaches are Database-
information retrieval techniques are concentrated on docment . i - b
oriented or Information Retrieval-oriented.

content. In this case the search results are not effective bause ) )
the loss of the semantic conducted by the structure. This paw DB-oriented approaches are concentrating on documents
presents an XML retrieval system within the reach of both exert ~ structure and therefore they propose language models to

and naive users. When indexing an XML document, the system querying. A language model mixes, in a syntax which is
takes into account both the document content and the documén peculiar to it, conditions referring to the syntax and thateot

structure. To query the system, a user can issue both simple
queries, i.e. a bag of keywords and more complex queries ugjn of the element (or fragment of document) searched. These

boolean operators and operators referring to document strature. ~ @pproaches are inspired by SQL language. Language models
Keywords : XML Retrieval, Structured Search, Information are so sophisticated and complex for a naive user despite the
Retrieval. efforts drawn up to make them more accessible. Among these
approaches, we distinguish XQuery [1] which is selected as
the basis for an official W3C query language for XML. We
One of the consequences of the Internet expansion nowan also cite XPath [2] which is the ancestor of XQuery, Lorel
days is the diversity of the data. This diversity affectshbotquery language [3] where the query is written in an SQL style,
structure and content of documents. Due to the simplicity &fQL [4] etc... A comparative study of some query languages
keyword querying, users seems to be satisfied by the resudtspublished in [5]. IR-oriented approaches use techniques
returned by usual search engines. of IR to index and search XML documents. Some of these
However, web search engines index mainly plain documerspproaches are an adaptation of traditional IR-models td&. XM
as texts and HTML pages. When data is structured, or sersearch [6] like the boolean and the probabilistic models, th
structured, in opposite to plain data, the semantic is cypenve vector space model is extended also to search XML documents
not only by the content of the data but also by its structurfZ]. Other approaches, uses adaptations of techniques like
Thus, it appears important to index the structure in order tdf -i df to XML data, like for example, XSearch [8] and
capture all the semantic of a document. An exact matchix@Rank [9] which is in a sens a generalization of the search
paradigm supported by XML query languages such as W3@&chnique used by Google [10]. In [11] the authors present
XPath or XQuery has widely proved his effectiveness. NevexdRQL, a query language implementing IR-related concepts
theless, XML query languages are very complex for a naisich as weighting and ranking. We can cite also approaches
user and require a prior knowledge about the structure of theing semantic web-related concepts such anthologies and
documents searched. Such knowledge is hardly availabletliesauri [12], [13].
Web environment. The problematic of indexing XML docu-
ments can be expressed as follows : It is well indexing the
structure and the content of XML documents, in a way which When designing the system, we take into account a primor-
preserves the document semantic and allows a simplest udief consideration, its accessibility to the user. Thusrigs
query language. That is our goal when designing our systeatcepted by the system can vary on complexity accordingly to
This paper is organized as follows. Firstly, we underlinthe user’s standard. The system processes the query sedmitt

I. INTRODUCTION

I1l. AN OVERVIEW OF THE SYSTEM



and returns a ranked list of fragments of documents. Thee childlis the ID of the first child of the current node,

resulted fragments are presented in a way that the user cam nbchildis the number of children of the node (the number

navigate in the structure of the document containing these of attributes plus the number of elements),

fragments. So, the user can discover the context of the in-. parentis the ID of the parent node,

formation returned, this, helps him to assess the relevahce « bytepods the byte position in the file of the node content

a result. (the tag content for the elements and the predicate value
Our search engine is made up of two independent com- for the attribute),

ponents : the first one consists of &ML documents ana- « bytelenis the byte length of the node content.

lyzer. The documents go through a parser which analyzes itstne principle is quite simple : each element or attribute is

structure and content. The result of this analysis is stamed represented by a node. Each node is assigned an identifier 1D
a database. The second component, caffeery processor cajledi dnode. Identifiers are fixed in a breadth-first way, so,
receipts the users query, analyzes it to extract the opisrarsyery children that artorothers” are adjacent in thaodelist
when the query contains operators and finally retrieves thg refer to its children, a node must specify the idnode of its
corresponding fragments. The architecture of our systemfigst child and the child number. In the figure 2 we can see an
depicted on the figure 1. example of a tree and its associatemtielist Particular values

are attributed to some parameters :

Analyser « The root node has always aminode set to 0.

" A2 o The leaves have abchi | d equal to 0. Then, the value
4’ Database of childlis:

....................................... — 1 if the node is an element.
Queries — 0 for nodes representing attributes.

Query /{?\ Processing
kkkkk Query Operator
K Analyser Process

Results E

Ranking
1D ZD 3D Process

Fig. 1. lllustration of the search engine architecture

A. Indexing XML document ° 0 0

In this section, we describe the details of the indexation

XML
Document

process.
To index a document, our system performs document struc- e ° e
ture and content analysis. These operations need threg inde
structures (a) Tree structure
1) Afil emanager table archiving the files indexed. ID  node parent nbchild childl
2) A nodel i st table keeping the structure of documents 0 a 0 2 1
archived. 1 b 1 2 3
3) A wordli st table keeping every word appearing in g : 1 (1) >
documents archived. 4 d 1 3 6
We choose to store the index in a MySql database. > 22
1) Indexing document structuref-or now, we expose the 7 f 4 0
simple case of a document without IDREFs. Since the storing 8 g 4 0

structures of MySQL are tables that have a fixed number (b) Table structure

of columns, the idea is to transform the tree into a table,

while allowing a navigation in both directions. Each node  Fig. 2. Example of a tree structure and its associatedelist
tree represents an element or an attribute. They are stared i

a table Qodelis) containing the following parameters : 2) Indexing document contenfll words (the tag names,
the attributes names, the tag contents and the attributeshl

« nameis the name of the element or attribute, appearing in a document to index are extracted. An algorithm

« idfile is the ID of the document, determines the language of the document [14], all stopwords

« idnodeis the unique ID (in the entire tree) of the nodeare then removed and all remaining terms are stemmed by the
itself, Porter Algorithm [15]. These stems and their localizatians



The query is expressed as a list of entities where each
two fields : entity can be either a keyword or an operator (including
« word is the stem of a word, opening and closing parentheses). The algorithm that plaese
« nodesis a string representing occurrences of the worstring is a recursive search of atomic expression whosedbrm
within documents, it is in the following form : isl eft _expr OP right _expr. These atomic expressions

ps . . are added in a tree, calleglery tree where the operatodP
i gridfile; s idnodey; idnodeys .. is a node with two chiI(;Irltlejn,yone bgxpr . An ilﬁjstration
For each document where the word appears (representeddygiven on figure 4. It represents a query tree that has
i dfi | e), we store the IDs of nodes §node) which contain been constructed from the quesy OR (b AND c) I NC
this word. d. Note that parentheses become redundant in a tree structure
since the precedence is obvious.

depicted in a table nameslordlist A wordlist table contains

B. Query Evaluation
To evaluate a query, the system first transforms it in an ®
adequate structure, this step is called hgreery analysis

Subsequently, the index structure is searched and thearglev

documents are retrieved.

1) Query Analysis:For this search engine, a query is a set
of keywords separated by operators. The matching documents (=) (ano)

must contain the words matching the query scheme. The

operators include the common boolean operators and contain ) O

some more specific ones. They are described below :

() The parentheses classically change the order usedFig 4. Query tree associated with the queryOR (b AND c) INC d
resolve the expression.

AND This performs the usual booleaand operator. It is 2) Searching the IndexSearching the index is done in two
equivalent to the +’ or the '&’ symbol or when no steps. First, the system localizes nodes containing theyque
symbol is specified. keywords, secondly, it eliminates those nodes or documents

OR This performs the usual boolean operator. It is equiv- Which don’t match the query specifications expressed by the
alent to the ' symbol. operators.

INC This operator is an inclusion operator, acting on the Before detailing these two steps, we initially present the
structure of the document. It corresponds to theld structures used to store the results. For each query keyword
operator. An equivalent symbol is//’. For example the system assigns a structure, calQuer yRes. Itis a set
a I NC b (figure 3(a)), matches every document thaaf XNodeSet , one by document in which the keyword occurs.
containsa in a certain element andb in a sub-element EachXNodeSet contains a unique ID (calléddf i | e) and a

of ¢. set of XScor e. EachXScor e structure has got an ID (called
SIB This is thesibling or the brother operator, also denotedi dnode) corresponding to the node where the keyword occurs
by ‘='. a SI B b (figure 3(b)) means that a documen@nd two vectorenttypeand proxim described below. Values

matches if an element containiaghas its parent elementin cnttypeandproximwill be used to rank the documents (see

whose a child element (that can be the same that the @stion I11-C).

containinga) containsb. cnttype is a vector containing the types of the keyword occur-
NOT The negation operator. It is equivalent td.' This oper- rences. Each element of this vector takes one of the

ator must always follow an operatéND, | NC or Sl B. following values :

- 1if the occurrence of the keyword is a tag name,

(a) llustration of operator(b) lllustration of operator

INC
Fig. 3.

SIB

lllustration of structure operators

<root> <root> - 2 if the occurrence of the keyword is an attribute
<tagl> <tagl>
a a name,
<subtagl> 27Ubk§?gll>> - 3 if the occurrence of the keyword is a tag value,
subta . . .
</subtagl> </tagl> 9 - 4 if the occurrence of the keyword is an attribute
</tagl> <tag2> value.
<tag2> b
</tag2> </tag2> Note that these values have not any other role than
</root> </root> representing a term type.

proxim is a vector that keeps the distance of the keyword
occurrence, in term of node nesting, with the root node.

The figure 5 schematizes these structures. In all vectoes, th
structures presented above are always sorted accordirmgpto t

Query analysis consists of parsing the queries and trah®-of the item to which it refers.

forming it into a tree where nodes (excepted the leaves) areThe node

operators and leaves contain the keywords.

localization step consists of filling the
XQuer yRes structure presented above for each query key-



XQueryRes

where :
XNodeSet 1) As previous, eachdfi | e appears inKQuer yRes of
idfile XML Tree = both operands.
XScore XScore " ; 2) These suctXNodeSet must contain thé dnode that
idnode idnode ; ‘ have apr oxi mequal to 0 in both operands.
Cripell] | creypel] / | Thus, the query tree is traversaled from leaves to root and
S ‘ XQuer yRess are merged accordingly to rules associated to
XScore XScore the operators. When reaching the root, only oi@@er yRes
idnode idnode ; P ; ;
cnttypel]| | cnttypel] remains and it containéNode Set s correqundmg to the rele-
proxim[] | |proxim[] vant documents. TheséNodeSet s contain in turnXScor es
corresponding to the relevant fragments (nodes) in the -docu
XNodeSet ment. . . .
il XMLTree 3) Example of query evaluationConsider the following
1 mini database containing two documents.
XScore XScore First document docy: idfile =o
idnode idnode < t>
cnttypel]| |cnttypel] roo _
proxim([] | |proximl] <Product ref="29" category="nusic">
XScore XScore <Title>
idnode idnode . Blue Mles
cnttype[l| |cnttypel] </Title>
proxim([] proxim[] <Aut hor s>
<Aut hor type="artist">
M| es Davis
Fig. 5. lllustration of structures used to evaluate a query </ Aut hor >
</ Aut hor s>
<Support >
word. To do so, the system creates as mxhpdeSet s as DVD, CD
documents containing the keyword. And for eatfodeSet , </ Support >
the system creates as maK$cor es as nodes in the corre- </ Product >

sponding document which contains the keyword. Moreover,| </ r oot >
for each ancestor of those nodes,X8cor e is created. The  Secund documentdoc; : idfile = 1

XScor e structures of the ancestors have their vghuexi m <root >

incremented for each additional level. <Product ref="36" category="novie">
To determine the documentXNodeSet s) matching the <Title>

query, some rules are applied to merge th@uer yRess _The Bi g Bl ue

corresponding to query keywords. These rules are operation </Title>

on sets oXNode Set s and sets oXScor es. These operations <Aut hor s> .

are intersection, union, difference, ...The way to hantke t <Aut hor type="director">

ranking parameters is treated in section 11I-C. The intetisa Luc Besson

is used to perform aand operator, the union to perform an </ Aut hor >

or and thenot uses the difference. Note that the intersection <Aut hor type="actor">

returns the first common ancestor of each pair of operand Jean Reno

nodes. Therefore, if a document contains two keywords, the </ Aut hor >

operator AND between these keywords returns at least an </ Aut hor s>

XScor e referring to the root node. For operators which <Support >

involve document structure (i.d.NC and SI B), we use an DVD, VHS

operation a bit more complex. The result of BNC operator </ Support >

is a set ofXNodeSet where : </ Product >

e . </root>
1) Bach idfile appears in XQueryRes of both  ThewmMI-graphs associated with these documents are de-
operands. In other Wor_ds, that simply means that ﬂb‘?cted on figure 6. Let us consider the querplue AND
keywords must appear in the same document. titte AND cd represented in 7(b). First, thrééQuer yRess
2) These suctNodeSet must contain the dnode that  5pe constructed for the three keywords contained in theyquer
have gpr oxi mequal to 0 in the left operand and greatep, ey biuetitie andcd. Then, the twoXQuer yRess corre-
than 0 in the right operand. sponding to the two first keywordbl(ie andtitle) are merged
And the result of aSI B operator is the set cKNodeSet s into a uniqueXQuer yRes which in turn is merged with




ref category title authors

29 music Blue Miles|

type

support

DVD, CD

(a) XML-graph associated with the docu-
mentdocy

ref category authors

oo

ref category

support

!

director actor

(b) XML-graph associated with the document
docy

Fig. 6. XML-graphs

XQuer yRes corresponding to the third keyworad). The
resultingXQuer yRes (the root of the tree represented in 7(c))
contains the relevant nodes. In our example, the relevatgso
are the node® and1 (i.e. root and Produc) of the document
docg.

C. Ranking results

The precedent section discusses how relevant nodes
(XScor es matching the query) are detected. In this section,
we discuss how these nodes can be ranked accordingly to their
degree of relevance to the query. In our mind, the relevance
of a fragment to the query depends on several factors listed
below.

« First, the number of occurrences of query keywords in
the underlying fragment. This measure is usually used
in information retrieval to determine how well a term
describes a document (in our case a fragment).

« Secondly, the position of query keywords within the
fragment (tag name, tag value, attribute name, attribute
value). The impact of the keyword type on the fragment
relevance is not trivial. Intuitively, we suppose that werd
in an attribute value are more significant than those in
a tag content like shows the following example. Let us
consider the two parts of XML documents :

<book>
<title = "Reigen">
<author = "Schnitzler"> .

[blue AND title AND cd]

(8) Query

(b) Query tree associ-
ated

[313]
[222]

1
[313]
[111]

/A

o 1 o

0 0 0
[31] [31] 31
[22] [22] [2]

1 1
31] 31] 3]
[11] [11] 1]
4 4 6

(31 |31 3]
[00] [00] (o1

1/ \o

0
3] 31 [1] [1]
2] 2] 2] 2]
1 1 1 1

3] 3] 1] 1]
11 11 11 11
4 4 4
[31 31 1] 1]
(0] (0] (0] (0]

©

Fig. 7. An example of query evaluation

Resolution of the query tree

<sunmary>
the scene that confronts
Emma and Al fred, the young man
who cite "Le rouge et le Noir"
of Stendhal to proof his |ove..
</ sunmar y>
</ book>
<book>
<title = "Le Rouge et
<aut hor = "Stendhal ">
<sunmary>

le Noir">

</ summary>
</ book>
Suppose that a user submits the query :
St endhal AND Rouge

It is more relevant to give a higher rank to the second
document sinceSt endhal and Rouge are attribute
values, that are more structured words than the words
simply present in a tag content.

Thirdly, the distance between query keywords (in term of



nodes) within documents. Like in traditional informatiorproximity into XML documents. Regarding our querying
retrieval, we think that keyword proximity in a documentnethod, it allows both complex and simple system querying.
enhances the relevance judgment of this document. Si§®, an ordinary user can submit a list of keywords when
pose for example that a user who is looking fouseums a more experienced user can submit complex queries to
in Brusselssubmits the query " museums AND Brussels”express structure constraints for example. Moreover, we ha
If retrieved fragments are ranked accordingly to thpresented the elements which we think necessary to arrive
distance betweemuseumsindBrusselshe fragment (a) at an effective ranking model for XML fragments. Like it
in figure 8 would be ranked higher than the fragment (tgaid above, we are currently working on determining how
in the same figure. to combine the precedent elements in order to rank the
« Fourth, the hierarchical position between query keywordeelevant XML fragments. We hope publishing soon details of
The intuition related with this point is that we shouldhis function and an experimental study which evaluates our
take into account the sematic encapsulated in the linkgethodology.
which relate parent and child elements. On that basis,

the element (a) in figure 8 would be ranked higher than
the element (b) in the same figure. [1] W. W. W. Consortium, “Xquery 1.0 : an xml query languagdgch.

3 ] Rep., November 2003, http://www.w3.0rg/TR/xquery.
« Fifth, the relevance of the document which the elemen, 1 " “Xml path language (xpath) version 1.0 Tech. Religvember

belongs. To our mind returning fragments of a document 1999, http://www.w3.0rg/TR/xpath. _ ‘
instead of the entire document is more useful to the usei@! S. Abiteboul, D. Quass, J. McHugh, J. Widom, and J. Wigfighe

lorel | f istructured dataDL, vol. 1, no. 1, pp.
Nevertheless, the relevance of a document can be used gsrfsg“irgmafgg?_ge or semistructured daODL vol. 1, no. 1, pp

to balance the relevance of its elements. In other word$4] D. S. J. Robie, J. Lapp, “Xml query language (xqJL'98 The Query

elements belonging to documents with high relevance (the] '—aﬂgua_?e_s W%fk§h0g998,(\:/vWW-W3-9f9” an?S/QL/?IF_QS/pp/qu-html-
A. Bonifati an . Ceri, “Comparative analysis of five XMguery
relevance of a document can be the number of relevarit languages SIGMOD Recordvol. 29, no. 1, pp. 6879, 2000. [Online].

documents it contains) should be ranked higher than Available: citeseer.ist.psu.edu/article/bonifatiofgmrative.html
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. . . . Retrieval Model for Indexing and Searching XML documents ECIR
« Finally, The specificity of an element. The intuition here (European Conference on Information Retrieval)- Procegslivolume
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Fig. 8. Example showing keyword proximity importance



