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ABSTRACT 
The authors describe their approach to XML retrieval based on 
the extended vector space model of Fox [3].  Complete imple-
mentation of the system, using the Smart experimental retrieval 
system, is currently underway. 

Categories and Subject Descriptors 
H.3.3 [Information Storage and Retrieval]: Retrieval Models. 

General Terms 
Design, Experimentation 
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1. INTRODUCTION 
When Vannevar Bush [1] first envisioned an ability to retrieve 
relevant information while sitting at his desk—that is, to have the 
data he sought immediately available at his fingertips—one could 
argue that he was in fact foreseeing the capabilities available to 
today’s researchers through the development of facilities based on 
hypertext, multimedia, networking, and theoretical and applied 
research in information retrieval, among others.  As XML 
becomes more dominant in the representation of web documents, 
it is a natural extension for information retrieval research. 
When we first became familiar with the XML task posed by 
INEX, we were struck by the similarity of portions of the task to 
earlier work we had done [2] based on the extended vector model 
proposed by Fox [3]. Since our interests lie in information 
retrieval, we chose this approach for our initial investigations in 
XML retrieval. 
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 It seems safe to assume that everyone in the retrieval community 
is familiar with the vector space model [6], developed by Salton 
and used so successfully over the years by both his researchers at 
Cornell and others.  This model is the basis of the Smart retrieval 
system, which evolved over a 30 year period under the direction 
of Salton, Buckley, and others.  In the vector space model, each 
document (and query) is viewed as a set of unique words or 
phrases and is represented as a weighted term vector.  The weight 
assigned to each term is indicative of the contribution of that term 
to the meaning of the document.  The similarity between vectors 
(e.g., document and query) is represented by the mathematical 
similarity of their corresponding term vectors. 
Fox [3], recognizing that the vector space model could be 
modified to include concepts other than the normal content terms, 
extended it as follows.  He developed a method for representing 
in a single, extended vector different classes of information about 
a document, such as author name, terms, bibliographic citations, 
etc.  Here a document vector consists of a set of subvectors, 
where each subvector represents a different concept class or c-
type.  Similarity between extended vectors is calculated as a 
linear combination of the similarities of corresponding subvectors.  
Subsequent work by both Fox and others [4, 2] focused on the 
problem of automatic generation of extended queries in this 
domain.  (Of course, if we utilize the extended vector model for 
XML retrieval, this particular problem is no longer an issue 
because the query that is given can easily be translated into an 
extended vector query.) 
The XML experiments are designed to handle two types of 
queries:  the content-only (CO) query (the traditional query in 
information retrieval) and the content-and-structure (CAS) query.  
For CO queries, the retrieval system is expected to return a ranked 
list of the most relevant elements (article, paragraph, section, 
etc.).  No target element is specified.  For the CAS queries, the 
retrieval system should return a ranked list of elements specified 
in the target element (<te>) field, rather than a ranked list of 
documents.  Search words themselves are specified in the <cw> 
element, and the context of the search words is specified in the 
context element  (<ce>).  In a relevant document, the search 
words in the <cw> element should occur in the element specified 
in the <ce>.  Otherwise (if no <ce> is specified), the search words 
can occur anywhere in the document. 
 



2. OUR APPROACH 
In our approach, based on Fox’s extended vector model, 
documents and queries are represented in extended vector form.  
The extended vector itself is a combination of subvectors, some 
containing normal text and others containing objective identifiers 
associated with the document.  (Our current representation of an 
XML document/query consists of 18 subvectors.)  For CO 
queries, we chose at this point to return a ranked list of 
documents.  Keywords are not confined to a specific context, and 
we search for them throughout the document.  The challenge for 
those using vector-based systems like ours is to deal with CAS 
queries, which consist of  pairs of <cw>,<ce> elements.   
Consider, for example,  the title section of CAS query 8: 
 <title> 
  <te>article</te> 
  <cw>ibm</cw><ce>fm/aff</ce> 
  <cw>certificates</cw><ce>bdy/sec</ce> 
 </title> 
In this case, the query is to return a ranked list of articles as 
specified by the target element <te>.  The narrative specifies that 
the body or sections of relevant documents should contain 
information about the use of certificates for authenticating users 
on the Internet.  And since the context of the content word ibm is 
fm/aff, the author(s) of those documents must be affiliated with 
IBM.  Thus the query should retrieve only those articles on the 
use of certificates whose author(s) are affiliated with IBM.    
The vector space model is not designed to handle this essentially 
Boolean query.  Direct use of the extended vector model does not 
guarantee that each keyword will occur in the specified context.  
We deal with this issue by splitting the query into two parallel 
queries as follows: 
 Query 1:  <cw>ibm></cw><ce>fm/aff</ce> 
 Query 2:  <cw>certificates</cw><ce<bdy/sec</ce> 
Affiliation and section are two different c-types.  So query 1 
searches for documents containing the objective identifier ibm in 
the affiliation subvector. Query 2 seeks documents whose 
section(s) contain the subjective identifier certificate. Our 
retrieval system (Smart) returns a ranked list of documents for 
both queries.  The intersection of these lists is the final, ranked list 
of documents returned for query 8. Our retrieval is based on 
untuned Lnu.ltu [7] weighting of the collection. 

3. CONCLUSIONS 
Our efforts to date have been limited by the small size of our 
team, the substantial commitment required to produce the team’s 
contribution to the XML project, the deferral of deadlines to meet 
the needs of the participants and the restrictions of the academic 
schedule.  We will defer our discussion of results until the INEX 
tool for evaluation is available. 
Our current efforts center on the implementation, within the 
extended vector model, of providing what is quite accurately 
referred to as “flexible retrieval” –i.e., “the retrieval over arbitrary 
combinations and nestings of element types”—by Grabs and 
Schek [5].  An excellent description of this task within the vector 
space model may be found in this reference.  A related issue 
involves weighting within the local environment, weighting 
within the larger XML collection, and weighting among 
subvectors in the extended vector model. 
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