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Abstract 
This paper presents the OFAHIR methodology that aims at providing the 
final user an integrated environment for gathering useful information from 
a collection of managed digital documents. The methodology is a set of co
ordinated methods for indexing, querying, clustering, and browsing; this set 
constitutes an integrated associative retrieval system model. This is the 
model for a system that enables the user to access a collection of information 
objects by integrating the processes of querying and browsing; the managed 
objects are linked making use of semantic associations that are built through 
indexing and clustering mechanisms. The OFAHIR methodology is the first 
step towards the definition of a general and comprehensive associative re
trieval model for information gathering. Together with the methodology also 
a system tool that implements it is presented in the paper. This system can 
work in a World Wide Web environment since the components performing 
the data retrieval have been implemented according to standard protocols. 
Through any available Web client a user can pose queries to and/or browse 
the managed document digital collection. Performance and evaluation aspects 
are also addressed in the paper, together with aspects that are going to be 
addressed in the future. 
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1 INTRODUCTION 

The growing availability of unstructured and full-text data in machine 
readable form is being observed in recent years. The difficulty in accessing 
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this kind of collections is due to the absence of a schema both represent
ing the semantics and supporting the user during the retrieval process. The 
World Wide Web phenomenon, and the advent of collections stored on CD
ROM have given rise to the problem of managing and accessing collections of 
full-text articles, technical reports, and book-size documents which are made 
available to the user through browsing or searching tools. 

Classical models for information management and retrieval seem to be in
adequate to enable researchers to face this new situation because traditional 
information retrieval (IR) models are no longer suitable to manage the intrin
sic uncertainty in accessing these collections. 

Hypertexts for IR (HIR) have been recently proposed as alternative 
models for the management and retrieval of information (Agosti and Smeaton 
1996). What characterises HIR models is the integration of traditional re
trieval capabilities, such as field-based or full-text searching, with hypertext 
capabilities, such as browsing. However the database underlying a hypertext 
for IR needs to be constructed to make a HIR effective as a tool for managing 
and accessing information. The complexity of hypertext construction has 
been the reason why the issue of automatic authoring has been addressed 
by researchers since the early days of hypertexts. The increasing availability 
of on-line text document collections, whose size is too large to enable a man
ual authoring and construction of the hypertext, has been the stimulus for 
which fully automatic, or partially automatic techniques are currently being 
studied and implemented (Agosti and Allan 1997). It is necessary to note that 
at present just few tools are available that support a wide range of facilities 
as would be necessary for the full automatic construction of hypertexts for IR 
(see for example the survey in (Agosti, Crestani and Melucci 1997)). 

The research work we carried out in the area of automatic authoring (Agosti, 
Crestani and Melucci 1996) has confirmed that techniques for automatic au
thoring of hypertexts are necessary solutions to the problem of understanding 
and discovering the semantics of data stored in unstructured and large collec
tions of digital information. Our previous results are a starting point for the 
definition of advanced models which represent a breakthrough in information 
management and retrieval research. This type of advanced models is needed 
to integrate different paradigms of information access, such as querying and 
browsing. 

An associative retrieval model can be a suitable solution to integrate query
ing and browsing paradigms since associative models enable to capture the 
rich semantics of a large and unstructured full-text collection thanks to the 
intensive use of networks expressing such a semantics. However no definitive 
answers have been given by now both in the definition of such models, and in 
the design of systems implementing them. 

To address the issue of developing an associative retrieval model is impor
tant in the context of a digital library architecture and project, as in the 
context of the DL-IMS Initiative that is under development at the Depart-
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ment of Electronics and Informatics of the University of Padua. In fact, an 
associative retrieval model can be used as the underlying and reference model 
for the organisation of general digital information collections as it is necessary 
to manage in the context of a digital library implementation. Where by Dig
ital Library (DL) is intended an organised collection of digital information, 
which combines the structuring and gathering of information, which libraries 
and archives have always done, with the digital representation that computers 
have made possible (as defined in (Lesk 1997)). 

This paper presents the OFAHIR ("On-the-Fly automatic Authoring of 
Hypertexts for IR") methodology, which constitutes the component for the 
automatic and real-time construction of hypertext structures for a digital 
library implementation. The paper is organised as follows: Section 2 illustrates 
what is meant in general by associative retrieval. Section 3 shortly illustrates 
all issues that are related to a methodology for the construction of hypertexts 
for information gathering, and to a system implementation that makes use 
of such a methodology. Section 4 describes the OFAHIR methodology itself. 
In particular, is addressed the use that is made in OFAHIR of clustering for 
discovering and using the semantics hidden in documents indexes. Section 
5 describes the general structure of a hypertext that is automatically built 
making use of the OFAHIR methodology. Section 6 gives an account of the tool 
that has been developed to implement the OFAHIR methodology. An initial 
account on the performance of the tool and evaluation of possible automatic 
implementations of hypertexts are addressed in Section 7. Conclusions we 
draw from the work presented in the paper and future directions that we 
intend to explore are presented in Section 8. 

2 ASSOCIATIVE RETRIEVAL 

Associative retrieval is a form of information management that can be 
used by a user in the information retrieval process. The idea behind this form 
of information management is that of making possible to retrieve relevant 
information by retrieving information objects that are "associated" with some 
information the user knows about, or he has already retrieved and that he 
knows to be relevant, or that are pointed out to the user as a result of a query. 
The concept of associative retrieval dates back to the Salton's early work in 
IR, when he proposed a method for associating documents using bibliographic 
citations (Salton 1963), and algorithms for computing inter-term statistical 
similarities to estimate the semantic associations between thesaurus items 
(Salton 1968). 

What distinguishes associative retrieval models from classical IR models is 
the use of networks connecting different types of information objects stored 
in large digital collections. Those networks are important in supporting the 
final user in the process of retrieving information objects from large collections 
of digital documents. 
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Many are the types of objects that can be associated through networks to 
be accessed by the user seeking for information which are relevant to his infor
mative need. It is possible to use a very general distinction and to distinguish 
different information media, although up until now the wider experience of 
management has been reached in the management of full text documents, 
where by text in most cases it is meant English text only. Within the domain 
of textual objects we have: 

• a complete textual document; 
• a single specific part of a document to be extracted through passage re-

trieval methods; 
• relevant terms extracted from the documents of a collection; 
• index terms, dictionaries and/or lists of index terms; 
• concepts, and information structures used to manage and relate concepts 

such as a thesaurus or a classification system. 

Associations that express informative relations useful to the user looking 
for information can exist among different types of information objects. But 
the associations between information objects can either be static and already 
built and existing when the user is gathering for information (e.g. query session 
time) or dynamic and determined at run time. 

Static links: Static links are built using associations among information ob
jects and are created before the gathering for information user's session. 
The process of static links construction makes use of semantic relation
ships between information objects, such as for example thesaurus-like re
lationships among index terms, bibliographic citations among documents, 
or statistical similarity associations among documents or terms. 

Dynamic links: In the case of dynamic links, on the contrary, the system 
determines associations between information objects interacting with the 
user during the information gathering process. As an example, the system 
answers a user's query building a cluster of documents that are calculated 
to be relevant to the query. 

3 RELATED ISSUES 

The idea of inter-connecting information objects has been extensively studied 
in the IR area. We have already cited Salton's work in Section 2, clustering and 
relevance feedback mechanisms are two other most notable examples. How
ever, few experimental IR systems provide clustering or relevance feedback 
since these methods are still at research level, and evidence of their general 
effectiveness is ambiguous. 

Figure 1 depicts the "U" -shaped model that a classical IR system imple-
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ments. Indexing, matching, and feedback are the processes of an IR system, 
and they are depicted as ovals in the figure. Arrows between ovals depict the 
input-output data flows between processes. The main problem of a traditional 
IR system is that its interaction with the user is very poor since querying is the 
only way the user can access the stored information, and he cannot directly 
use any sort of links between the managed information objects. In particular, 
the index describing the semantic content of both documents and queries is 
hidden to the user. 

documents 

document 
index 

retrieved 
documents 

modified 
query 

query 

Figure 1 The model of an Information Retrieval system 

Some advanced systems implement relevance feedback to automatically 
expand or reduce the result of a user's query asking the user to mark retrieved 
documents as relevant or non-relevant, in this way enabling the system to use 
the information given by the user on the relevance of the documents previ
ously retrieved to retrieve a new set of documents that are calculated as more 
relevant to the initial query than the previously retrieved ones (Maron and 
Kuhns 1960, Rocchio 1971, Harman 1992). The relevance feedback underlying 
assumption is that query terms are more concentrated within relevant doc
uments, and less concentrated within non-relevant documents, as non-query 
terms are supposed to me more present in non-relevant documents. It has been 
shown that relevance feedback can be very effective (Sparck Jones 1979, Salton 
and Buckley 1990), but there are also some limitations. One of these limita
tions is that the effectiveness of relevance feedback depends on the degree of 
document and/or query exhaustivity, i.e. the extent to which query and/or 
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document terms describe the topics expressed through the query as a very 
short for of expressing user's information needs. For example, if query terms 
are too general or the query is too short, it is difficult to distinguish relevant 
documents from non-relevant documents (Kwok 1996), because short queries 
lack of variety of terms and it is impossible to estimate the importance of a 
query term using its intra-query frequency. This situation, often called "short 
query" situation occurs very frequently within information seeking environ
ments, such as the search engines running in the Web which, on the other 
hand, do rarely implement relevance feedback. 

Clustering in IR means both the mechanism of grouping information ob
jects in classes according to a given criterion, and the result of the application 
of such a mechanism. In general, the criterion is that of similarity among 
cluster elements. Clustering is one of the most used techniques to implement 
classification for IR purposes, because it enables the discovering of semantic 
relationships associating objects and provides the user with a representation of 
the document collection semantics; furthermore it allows the system to effec
tively use the relationships between objects during the processes of indexing 
and querying. 

Clustering is applied to use and make explicit the semantic relationships 
occurring between documents or index terms; when it is used on documents, 
it is called "document clustering", when it is used on index terms, it is re
ferred as "term clustering". Document clustering aims to group together 
documents that have something in common; for example, a document clus
ter can be built identifying the group of documents that have in common a 
set of index terms and the cardinality of the set is over a stated threshold. 
The effectiveness of document clustering depends on the degree to which the 
cluster hypothesis is satisfied. The cluster hypothesis states that the doc
uments relevant to a given query are grouped within the same cluster (van 
Rijsbergen 1979). Thus, an IR system using document clustering matches a 
query against a document cluster rather that an individual document: the 
more the cluster includes relevant documents, the smaller the proportion of 
non-relevant documents that are retrieved. Conversely, term clustering is 
used to group together index terms on the basis of a specific criterion; for 
example, a cluster of terms can be built by the terms that occurs on the same 
documents and the number of these documents where they occur is over a 
stated/ given threshold value. The effectiveness of term clustering depends on 
the degree to which the association hypothesis is satisfied. The association 
hypothesis states that "if an index term is good at discriminating relevant 
from non-relevant documents, then any closely associated index term is also 
likely to be good at this" (van Rijsbergen 1979). Term clustering is employed 
in query modification as a mean to perform a relevance feedback mechanism 
to expand a query through the insertion of the cluster of index terms that are 
similar to a query term. This allows for incorporating in the query those terms 
occurring within the relevant documents, but not included in the query by the 
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user. In principle, clustering can be employed in an effective way within an in
teractive environment; a relevant example is the use suggested and showed by 
Harman in (Harman 1988), where a perfect selection is simulated and carried 
out by the user of index terms to be added to the query. 

Experiments in both document clustering (Willett 1988, Griffitths, Luck
hurts and Willett 1986) and term clustering (Sparck Jones 1971) have shown 
that the effectiveness of these methods mostly depends on: characteristics of 
the used document collection, size of documents, and size of clusters. In par
ticular, it has been shown that clustering can be a very effective method to 
retrieve information if it is implemented in a system that provides an ap
propriate user interface (Hearst and Karadi 1997). Furthermore, the increase 
of performance of current computers can make feasible clustering techniques 
that were difficult to efficiently implement some years ago, a fact that made 
the use of these advanced methods difficult in past commercial systems. 

user 

~~~--------~ adaptation 
feedback 

user 

ftattextuai 
documents 

Figure 2 The use of adaptation within the automatic construction of hyper
texts 

The process of user-system interaction is therefore more complex than the 
one depicted in Figure 1, and a more sophisticated system model has to be 
taken into account. Few experimental IR systems provide with an integrated 
environment where both document and index term clustering are performed 
together to give the user a more semantically reach representation than that 
given within a classical IR setting. A new class of system models has to be 
designed to give the user a more effective interaction with the system than 
that provided by classical IR systems; the interaction can be enhanced in 
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different ways, one way of implementing it it is by taking advantage of the 
data automatically managed and stored by an IR system, and making these 
data available and using them to build associations between different types of 
information objects. 

Information retrieval is intrinsically and interactive process, since any IR 
system brings together relevant information for a user through a number of 
interactive processes. User modelling is therefore important since it places 
the user at the centre of the retrieval process, and it is orthogonal to the classi
cal system-centred approach. This issue is stressed, for example, in (Saracevic, 
Spink and Wu 1997) where the system-side and user-side approaches to IR 
are outlined among the others. System-side approaches are historically very 
important since the most studied methods, such as relevance feedback and 
query modification date back to sixties. The area of user-side approaches 
is very wide since user is much more complex than a computing tool such 
as an IR system. To name but a few, user-side approaches are presented in 
(Ingwersen 1992, Belkin, Oddy and Brooks 1992). Our work needs to be placed 
on the system-side, since our main aim is the system-side design of an IR en
vironment, which is based on the automatic construction of hypertexts. The 
issues of user modelling are outside the focus of this paper. 

Together with user modelling, adaptive hypertext and hypermedia 
are relevant to this work since they deal with nodes and links adaptation to a 
given user model (Brusilovsky 1996). The role of adaptation methods within 
IR hypertexts is helping the user choose of "good" links. The methodology 
presented in this paper can in principle be integrated to an adaptive mecha
nism since it can also automatically and dynamically adapt link construction 
and node presentation to a user model that can be modified at search-time, 
as depicted in Figure 2. 

4 OFAHIR METHODOLOGY 

The OFAHIR methodology is a set of co-ordinated methods: indexing, query
ing, clustering, and browsing which constitute an integrated associative re
trieval system model. This is the model of a system that enables the user 
to access a collection of information objects by integrating the processes of 
querying and browsing the objects linked by semantic associations exploited 
by indexing and clustering. The OFAHIR methodology aims to provide the 
user with these methods within a coherent and integrated framework. The 
integration of these methods would provide a greater effectiveness than that 
gained within traditional setting since the methods are designed to be inter
actively and directly employed by the final user. The OFAHIR methodology 
is the first step towards the definition of an associative retrieval model which 
enables the user to access a collection of information objects by integrating 
querying and browsing. 

Figure 3 depicts the OFAHIR system model. The OFAHIR system inte-
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grates, rather that substitutes the IR system by inserting two additional pro
cesses, i.e. clustering and browsing, and linking them to the IR processes both 
through the index produced as output by the indexing process, and the set 
of retrieved documents produced as result of the process of query-documents 
matching. The key idea is that (1) the data stored within the index are the 
basis to automatically build a two-level hypertext where the first level is the 
one of documents, and the second level is the one of index terms describing 
the documents, and (2) the retrieval result is an entry-point to start browsing. 

In the following we give a description of the OFAHIR methods: indexing, 
querying, clustering, and browsing, which are performed in a partial order as 
depicted in Figure 4. 

Indexing must be performed first since it provides with the basic data to 
perform all the other tasks. Indexing has to be performed several times when
ever a new set of documents has to be inserted into the collection. After 
indexing has been performed, the user can either submit a query to retrieve 
documents that are relevant to his informative needs, or start browsing. If a 
query is submitted, the cluster of relevant documents is dynamically built, 
and is presented to the user. Each document is ranked by a similarity value 
representing a measure of association between the query and the document. 
Retrieved documents are information objects satisfying the user's informative 
need, but if the user is not fully satisfied, they can also work as entry points 
for browsing other linked information objects, i.e. similar documents or index 
terms describing the semantic content. Then clustering is performed to dy
namically build either the cluster of similar documents, or the cluster of index 
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Figure 4 How OF AHIR tasks are related 

terms. The user can perform again querying, or continue browsing to access 
clusters of terms or of documents, as showed in Figure 5. 

4.1 Indexing 

Indexing consists of the association with each document of a set of descriptors 
representing the semantic content of the document itself. It is the core process 
of an IR system since search efficiency and effectiveness depend most on it. It is 
by means of this process that individual or groups of terms found in documents 
become index terms, assuming a representational power that places them on 
a higher. level of abstraction than the documents. Indexing can be either an 
automatic or a manual task according to the size of the document collection 
to be indexed, to the required degree of exhaustivity or specificity, and to the 
availability of computational resources. The reader can refer either to (Salton 
and McGill 1983) (Chapter 3) or (van Rijsbergen 1979) (Chapter 2) for an 
exhaustive presentation of the topic. 

The implementation model underlying OFAHIR is the weighted vector
space model (Salton and McGill 1983). According to the vector-space model, 
an information object x is described as a vector x = (Xl, ".XT), where Xi is an 
object descriptor belonging to a set of T descriptors. Therefore, document n is 
described as ii = (nl' ... nK), where K is the total number of index terms, and 
nk = 1 if term k occurs in n, 0 otherwise. Analogously, term k is described as 
k = (kl' ... kN), where kn = 1 if document n includes term k, 0 otherwise. 
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Figure 5 OFAHIR system-user interaction 
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For each document-term pair (n, k), one can compute the tf x idf-based 
weight w(n, k) (Sparck Jones 1972). The tf x idf weighting scheme can be 
expressed as w(n, k) = tfkn log:" where t/kn is the number of occurrences of 
term k within document n, dfk is the number of documents where term k oc
curs, and N is the total number of documents. As w can take null values when
ever the logarithm is null, even if tf is positive, a slight different formula can 
be employed to compute the tf x idf weight, that is w(n, k) = t/kn log NiJ~ik . 
Moreover, to avoid the case of log 00, the formula can be corrected using 
N-dik+o.5 

dfdO.5 . 
The rationale behind the tf x idf weighting scheme is that the degree to 

which a document n is relevant to a topic represented by term k is inversely 
proportional to dfk' If t/kn is present, such degree is also directly proportional 
to the number of k term occurrences within document n. 

Differently from classical indexing algorithms, in the OFAHIR methodology 
associations from terms to documents are taken into account and weights are 
assigned to them by computing a tf x idf-like weighting function that we call 
"tf x it!" weighting function. Given a term k, the tf x itf weighting function 
computes tfkn log Sn for each linked document n and given the number T of 
terms. The weight is inversely correlated to the degree of document exhaus
tivity, and directly correlated to the extent to which the topic represented by 
the term k is addressed in document n. 
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4.2 Querying 

Querying takes as input both the description of documents and the description 
of a user's query. We consider natural language-based queries, i.e. sentences 
or string of terms without any predefined structure. According to the vector
space model, a query q is described as a vector ij = (ql," .qK ), where K 
and descriptor qk = 1 if term k occurs in q, 0 otherwise. A weighting function 
w(q, k) can be defined by assigning query term weights to each term k. Weight
ing function w(q, k) can be defined in several ways (Salton and Buckley 1987). 
As no particular assumptions on query are given, we choose a binary weighting 
function, i.e. w(q, k) = qk. 

documents 

IR 
clustering 

(a) 

OFAHIR 
clustering 

(b) 
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()0 

clusters 
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Figure 6 Clustering in IR vs. clustering in OFAHIR 

4.3 Clustering 

The OFAHIR methodology is based on the clustering of information objects, 
such as documents and index terms to be presented to the user within an inte
grated environment based on browsing and querying processes. The clustering 
technique employed in OFAHIR aims to associate an information object with 
clusters of semantically related information objects. 
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The use of clustering within OFAHIR is quite different from the one within 
IR. Within IR, document clusters are employed as surrogates of documents 
during retrieval, and term clusters are used to add similar terms to expand 
the query. As stressed in Section 3 effectiveness of clustering depends on some 
parameters, such as the size of the document description that are out of user's 
control, and the user is unable to directly select which index terms employed 
in clustering do describe best his own informative need. 

Within OFAHIR clustering is applied both on document and terms to make 
available clusters in hypertext form to be used for browsing mainly, i.e. the 
user is enabled to interactively navigate the hypertext by looking for terms 
and documents which describe best his own informative needs. Nodes of these 
hypertext clusters are either documents or terms. Automatically detected links 
connect the different types of nodes: document to similar documents, term to 
similar terms, document to index terms, and term to relevant documents. 

Clustering is performed on the description of the information objects to be 
grouped. The clustering technique is based on similarity functions defined 
on the object descriptions, and working as association measures. Within the 
underlying vector-space model, the similarity function between two informa
tion objects is based on the angle between the corresponding vectors (Salton 
and McGill 1983). However, similarity function can be generalised to the prob
abilistic model once relevance data are incorporated into the weighting scheme 
(Croft and Harper 1979). 

As similarity functions returns a real value, ranking can be applied on 
cluster elements. Values are normalised to the range [0, 1]. Clusters are created 
as follows. Given a query q submitted by the user, the associated cluster of 
relevant documents includes all documents n such that the following similarity 
measure: 

is over a stated threshold. For example, let K = 3, N = 5, and q= (1,0,1) 
be the number of index terms, the number of documents, and the description 
of query q. Let 

[ ° 1.0 1.51 2.5 1.5 0 
W = 1.0 ° 3.1 

o 0 1.8 

2.2 ° 1.8 

be a 5 x 3 matrix representing the weights of each index term within each 
document such that Wij = t/ij x id/j is the weight of jth term within the 
ith document. For sake of simplicity, let assume that w(q, k) = 1 for each 
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term. By computing the scalar product between each row vector of matrix 
Wand the vector if, we get a vector (1.5,2.5,4.1,1.8,4) of similarity values 
corresponding the N documents. 

Other that being judged as relevant to the query, retrieved documents can 
also works as entry points to browsing. This is the mean by which browsing 
and querying are integrated since from a retrieved documents the user could 
select either the cluster of similar ones, or the cluster of terms describing 
the document content. Given a document n, the associated cluster of terms 
includes all terms k such that the following similarity measure: 

w(n, k) 
maxk w(n,k) 

is over a stated threshold, where w(n, k) = t/kn log d%. The associated 
cluster of similar documents includes all documents m such that the following 
similarity measure: 

is over a stated threshold. The document similarity values are obtained by 
computing the matrix WWT , where W T is transpose matrix of W. 

Given a term k, the associated cluster of documents includes all documents 
n that have the value of the following measure: 

w(k, n) 
maxn w(k,n) 

over a stated threshold, where w(k, n) = thn log tI ' and tin is the number 
of index terms describing document n. The associated cluster of similar terms 
includes all documents h such that the following similarity measure: 

is over a stated threshold. The document similarity values are obtained by 
computing the matrix WTW. 

4.4 Browsing 

In Section 3 ("Related Issues") we have already explained that clusters of 
index terms associated to each document can improve effectiveness. For ex-
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ample, a cluster of similar documents can be linked to each document as well, 
and in this way a cluster includes all the documents considered as relevant 
to the topics addressed by the document which they have been associated 
to. This is a mean of increasing the quantity of retrieved information that is 
relevant to the user's information need. To present these kinds of relation
ships to users is a way of supporting browsing. As clusters are presented in 
a hypertext form, browsing means moving from a starting node to an end
ing one. Whenever the user selects a node a hypertext cluster needs to be 
constructed "on-the-fly". The nodes of these hypertext clusters represent the 
objects which are associated to the object represented by a starting node. 
The user selects the ending node by choosing one object from the cluster. The 
interaction between browsing and clustering is presented in Figure 7. 

• term 

o document 

...... n 

o-e DT 

D-D DO 

...a TO 

Figure 7 The interaction between browsing and clustering processes within 
the model of the OFAHIR system 

To support browsing, four types of link have been identified. These types 
are presented in the following. 

Referring links allow the user to retrieve the documents that are about 
the same subject of the document he is looking at. The similar documents 
are ranked and presented to the user accordingly to a measure of about
ness. Document subject is represented by occurring index terms. Since this 
measure is function of the number of co-occurring index terms and of the 
tf x idf-based weight, top-ranked documents are the ones having high num-
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bers of common index terms, and high index term weights. High index term 
weights discriminate the documents that are more relevant to the subject 
represented by the common index terms. By choosing the most similar 
documents, the user selects the ones that describe that subject more ex
tensively and specifically than the others. For short, these links are depicted 
as D D links in Figure 7. 

Description links allow the user to retrieve the index terms that describe 
the different subject aspects of the document he is looking at. The index 
terms are ranked and presented to the user accordingly to the tf x idf
based weight. Top-ranked index terms represent the subject aspects that 
are treated within the other documents with a high degree of specificity. By 
choosing the most weighted index terms, the user selects the ones that allow 
him to further retrieve the documents that are most relevant to the specific 
subject aspects represented by the selected index terms. The description 
links are named DT links in Figure 7. 

Dictionary links allow the user to retrieve the index terms that are "syn
onyms" of the index term he is looking at. The similar index terms are 
ranked and presented to the user accordingly to a measure of "synonymy" . 
Synonymy is measured by the number of co-occurring documents and by 
the tf x itf-based weight. Top-ranked index terms are the ones having 
high numbers of common documents, and high index term weights. Given 
an index term t, high weights discriminate the similar index terms that 
more specifically represent the subject represented by t. By choosing the 
most similar index terms, the user selects the ones that allow him to further 
retrieve the documents that are most relevant to the represented subject 
aspects. These links are named TT links in Figure 7. 

Context links allow the user to retrieve the documents that are about the 
subject represented by the index term he is looking at. The documents are 
ranked and presented to the user accordingly to the tf x itf-based weight. 
Given an index term t, high weights discriminate the documents that deal 
with the subject represented by t more specifically than the ones having a 
lower rank. These context links are named TD links in Figure 7. 

Links between index terms and documents are obtained starting from the 
term-document occurrence information. The links between index terms and 
documents (TD links) and the symmetric ones (DT links) are thus static since 
they are inserted once for all at indexing-time, even though new index terms, 
and then documents can be added. The basic hypertext is then the one in
cluding links between index terms and documents only. Browsing allows the 
user to access nodes representing documents and index terms by following 
DT or TD links. Links between index terms (TT links) and those between 
documents (DD links) are automatically built at browsing-time, i.e. whenever 
the user asks to access an index term node from another index term, or to ac
cess a document node from another document node. The DD and TT links are 
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built through a clustering process which groups together similar information 
objects of the same level, i.e. documents or index terms. Through clustering, 
the user can access, for example, the set of documents that are similar to a 
given document. The reason why the DD and TT links are built "on-the-fly" , 
i.e. at search-time is that the re-computation of links is avoided whenever 
the insertion of new documents are inserted, and thus new index terms are 
created. The insertion of an additional document requires the indexing of the 
document itself, the creation of the nodes corresponding to the new index 
terms, and the construction of the links between the new document and the 
index terms. 

---

Figure 8 The hypertext structure 

5 HYPERTEXT STRUCTURE 

Figure 8 depicts the general structure of a hypertext that results from the 
process of applying the OFAHIR methodology to an initial flat document 
collection. The OFAHIR methodology generates an automatically authored 
hypertext which is built making use of the types of links that have been 
described in Section 4. 

The hypertext that results from the application of the OFAHIR method
ology is organised in two distinct levels: the document level, and the index 
term level. Characteristics of the items of these two levels are presented in the 
following of the section. 
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• Document level includes three types of node. Each of them correspond 
to three different ways of viewing the semantics of a given document: 

1. the full-text of the document together with the links to the cluster of 
similar documents, and to the cluster of index terms, as described below; 

2. the cluster of similar documents implemented as a HTML page 
storing the list of links to the full-text of the documents which have 
been considered as similar to the previous one; 

3. the cluster of index terms implemented as a HTML page storing the 
list of links to HTML pages stored on the index term level. 

The semantics of a document is then accomplished by the original full-text, 
by the cluster of documents that have been considered as relevant to the 
same topic, and by the cluster of index terms the system employ to describe 
the document semantics. Similarity values can help the user choose most 
relevant document or most similar index term. 

• Index term level includes just one type of node storing two clusters: the 
former is implemented as the list of links to the similar index terms, the 
latter corresponds to the list of full-text documents considered as relevant 
to the topic expressed by the index term. 
The semantics of an index term is thus carried out by two clusters, other 
that by the string of words or letter forming the term itself. The cluster 
of similar terms provides the user with information about the way the 
system relates the term to the others. By means of the cluster of similar 
terms the user can directly select, for instance, synonymous terms, or more 
general terms. The cluster of documents play a twofold role. Firstly, the 
user can effectively retrieve the documents that are relevant to the topic; as 
documents are presented to the user as ranked by a similarity, the user has 
knowledge about most relevant ones. Secondly, the use can "move" himself 
to another document that address the topic to a greater or lesser degree 
according to the ranking similarity value. 

6 A TOOL FOR OFAHIR 

A new experimental system environment has been designed and developed 
to implement the OFAHIR methodology that has been presented in Section 
4. An overview of this system environment and its architecture are given in 
Figure 9 where are also depicted most relevant components. 

Each component has been designed and implemented to solve a specific task 
or a set of similar tasks. The components of the architecture are modular, and 
each of them can be also re-used in a different object-oriented context. 

The system can work in a World Wide Web (WWW or Web) environment 
since the components performing the data retrieval have been implemented 
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Figure 9 The overall architecture of the system implementing OFAHIR 

according to the CGI protocol. This means that through any available Web 
client a user can pose queries to and/or browse the database that manages the 
documents collection and the index terms structure. Information objects have 
been implemented as HTML pages, and hypertext links have been achieved 
using HTML anchors. 

The system has six main components, that are sketched in Figure 9. The 
components that are sketched in white are the four that are used to input 
the collection of documents, and prepare the basic objects that are needed at 
run time to build on the fly the clusters. The clusters are used to answer the 
querying and browsing actions of the user of the system. Those components 
are: EXODUS, the IR object class library, the IR Object Builder 
(IROB) , and DBTachir. The two components that are sketched in grey are 
those ones that make possible the interaction between user and system, that 
is: the Querying Tool (QT) , and On the Fly Author of Hypertexts 
for IR (OFAHIR component) . In the remaining part of the section, most 
relevant characteristics of each component are presented . 

• EXODUS is an object storage manager developed by the University of 
Wisconsin in the context of the EXODUS project. A general presenta
tion and an overview of the project can be found in (Carey, DeWitt and 
Vandenburg 1988). A characteristic of EXODUS that is relevant to the 
development and management of hypertext and information retrieval ap
plications is that it facilitates the fast development of high-performance 
databases to be used for specific applications. EXODUS is the component 
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to be used as storage manager of the object database that maintains the 
collection of relevant objects for associative retrieval. 

• the IR object class library is the library of classes that implement the 
fundamental operations and structures of a hypertext information retrieval 
system. The library is currently implemented in E, the C++ based lan
guage of the Exodus project, this language allows for objects persistence 
(Richardson, Carey and South 1993). Figure 10 depicts a significant part 
of the scheme of the IR object class library. 
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Figure 10 The IR object class library: a relevant excerpt 

• the IR Object Builder (IROB) performs indexing and populates the 
object database; two different kinds of inputs are used by IROB: the col
lection of documents that has been chosen to be managed by the ap
plication and the list of words that are not semantically meaningful for 
the used collection of documents, that is the list of words that is identified 
in the context of these kinds of applications as "stop list" or "black list" , 
because it contains the words that are not retained as significant during 
the indexing process (see, for example, (Salton and McGill 1983)). The 
collection of documents is prepared in the form of a set of files that store 
the original documents in HTML format. IROB makes use of the IR object 
class library for producing as output the persistent objects that are stored 
in an object database instance that is managed by EXODUS. Indexing can 
be incremental, this means that new documents can be added to the orig
inal document collection and they can be given as input to IROB which 
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incrementally updates the object database; the computation of document
term associations is made only for those new documents, together with the 
assignment to index terms. 

• DBTachir interface between the storage manager and the OFAHIR appli
cations by making objects instantiated from the class library persistent. 

• The Querying Tool (QT) implements the querying process, so it is the 
system component that together the browsing facility supports the retrieval 
of the information for the final user. QT takes as input the user query, that 
the user can formulate making use of a HTML form; QT processes the query 
and produces as output the HTML page storing a list of links to HTML 
pages. Such a list of links is the cluster of documents that are judged by 
QT as relevant to the query. Since HTML pages are linked to other list of 
links, the QT result can work as entry point to browsing, and then as input 
of the OFAHIR component. The list of links produced by QT contains the 
ordered list of anchors to documents that have been computed as relevant 
to the query by QT; the order is descendent in relation with decreasing 
weigh of pertinence of the document to the user query. 
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HTML clustering 

cluster 

HTMl,page 

~~"PlSf 
of links 

object 

Figure 11 OFAHIR clustering using HTML primitives 

• The OFAHIR component automatically constructs the hypertext clus
ters to be used as supporting tools for browsing through the object database. 
This component takes as input a link occurring within a HTML page, and 
gives as output a HTML page including a list of links to HTML pages 
which represent the associated information objects. The HTML page stor-
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ing the list of links corresponds to the cluster of associated objects. Such 
a correspondence is depicted in Figure 11. The list of links is ranked by a 
similarity value. The cluster of selected objects is interactively presented 
to the user using Web hypertext primitives. This design choice has made 
possible the interaction between the system and the final user since the 
user can formulate the queries through a Web client. The OFAHIR compo
nent interacting with the other components of the environment produces 
dynamically the HTML pages that the user can see by means of a Web 
browser. 

7 EVALUATION AND PERFORMANCE 

7.1 Evaluation 

Classical evaluation measures used in IR are precision and recall. Precision 
is the proportion of relevant documents given a set of retrieved documents, 
recall is the proportion of retrieved documents given a set of relevant doc
uments. Precision and recall have been proposed and are still employed to 
measure the effectiveness of a batch IR system in retrieving information. Thus 
the evaluation of automatically constructed hypertexts for IR becomes a very 
complex issue since the classical evaluation measures are only partially usable 
in the evaluation of characteristics of hypertext information retrieval systems. 
The intrinsic interactivity of automatically constructed IR hypertexts, i.e. the 
active role and direct use of the user make the evaluation process based on 
precision and recall measures very difficulty. It is therefore necessary to de
velop new methods that establish a relationship between present evaluation 
efforts to previous evaluation work in information retrieval. To establish and 
keep this relationship permits the maintenance of the possibility of compar
ing experimental results reached in the past and those reached with present 
systems. Together with keeping the possibility of comparison among exper
imental data, a new proposed method should in general evaluate effectively 
new system capabilities, and in particular address the evaluation of those 
applications and systems that have been automatically developed and made 
available to the users. 

Some efforts in the evaluation of automatically constructed IR hypertexts 
have been recently conducted. The research work in evaluation can be broadly 
classified into two types: 

1. The evaluation ofIR hypertext effectiveness from the user-side by carrying 
out operational or laboratory tests with the active and direct users' partic
ipation. For instance in (Dunlop 1991, Dunlop and van Rijsbergen 1993) a 
model of hypermedia IR has been proposed and tested with real users by 
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carrying out two experiments that make use of a text document collection 
to relate the results to previous findings in the information retrieval area. 

2. The evaluation of IR hypertext effectiveness from the system-side by 
computing quantitative measures by simulating retrieval processes, such as 
querying and browsing through the use of some test collections; this type 
of evaluation can consist of: 

• The classical precision-recall computation. In (Croft and Turtle 1993), 
for example, a comparison of performance of the strategies used in two 
retrieval models is made; a probabilistic retrieval model incorporating 
inter-document links with strategies that ignore the links versus a heuris
tic spreading activation strategy is evaluated . 

• The computation of measures describing the hypertext topology. An 
interesting approach is presented in (Furner, Ellis and Willett 1996) 
where the authors report on an experimental study of comparison of 
hypertexts, where different people were asked to produce a hypertext 
representation of the same full-text document. The investigation has 
required the calculation of measures of similarity between pairs of man
ually produced hypertexts. It is showed that the structure of a hypertext 
document is crucially dependent upon the person who has created the 
links. This important experimental result implicitly supports the study 
and development of methods for the automatic authoring of hypertexts, 
since the application of a well founded automatic authoring method can 
produce a hypertext that does not incorporate only a specific designing 
and development view, but also it is reproducible starting from the same 
initial collection of flat documents. 

We have designed and carried out some experiments to test the effectiveness 
in using a hypertext automatically built by the OFAHIR tool. The tests we 
have designed and conducted are of the system-side type and they adhere 
to the classical precision-recall computations previously described. We have 
decided to simulate some browsing paths as they were performed by a user, 
and we have compared the results with those paths that were obtained by 
a query-based retrieval process to test if the use of browsing can help in 
improving the effectiveness with respect to the query-based retrieval. 

Each test starts with a query-based retrieval to build an initial ranked 
document list. After the query-based retrieval, links are followed by starting 
either from the query terms or from the retrieved documents. The ending of 
each browsing path is another list of retrieved documents. The first half of the 
latest retrieved document list replaces the first half of the initial retrieved doc
ument list to build a new list, as depicted in Figure 12. The rationale behind 
this simulation is the comparison between two tactics the user can perform in 
using an OFAHIR hypertext: the use can either (1) scan the whole list of ini
tially retrieved documents, or (2) stop the scanning after having viewed half 
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Figure 12 Merging the browsing-path-based retrieval results to the query
based retrieval results. 

document list and try to search more documents by browsing. The first half of 
the document list reached through browsing is scanned in place of the second 
half of the initial document list. The total number of examined documents is 
then the same, but in the second tactic the user follows the hypertext links in
stead of examining the whole initial document list. The retrieval effectiveness 
has been measured through the classical recall and precision ratios computed 
for different groups of retrieved documents, i.e. groups of 5, 10, 15, 20, 25, 
30, 35, and 40 documents. Recall and precision ratios are computed for every 
retrieved document list, and thus different values are compared for each tactic 
and browsing path. In particular, two browsing paths has been tested to test 
two specific types of links: 

1. The dictionary links inserted between the index terms and based on 
term similarity. The browsing path consists of the selection of up to four 
query terms from which the dictionary links are computed to connect a list 
of similar terms, i.e. a list for each query term. Query terms are ranked 
according to their own tf x idf weight, and the first selected query term 
is the most weighted one, and so on. The list of similar terms is ranked 
by the similarity measure as illustrated in Section 4.3. From each similar 
term, a list of related documents is built and ranked by the tf x itf weight. 
The first half of each list replaces the second half of the initial document 
list. The recall and precision values computed for groups of 5, 10, 15, and 
20 documents retrieved through browsing are respectively compared to 
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5 10 

0.414 0.542 
0.291 0.211 

15 

0.625 
0.175 

20 

0.669 
0.146 

25 

0.704 
0.125 

30 

0.741 
0.108 

35 

0.782 
0.099 
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40 

0.819 
0.091 

Table 1 AD! test collection. Results of the query-based retrieval. 

the values computed for groups of 25, 30, 35, and 40 documents retrieved 
through the query. 

2. The referring links inserted between the documents and based on docu
ment similarity. The browsing path consists of the selection of up to four 
retrieved documents from which the referring links are computed to con
nect a list of similar documents, i.e. a list for each retrieved document. The 
list of similar documents is ranked by the similarity measure as illustrated 
in Section 4.3. The first half of each list of similar documents replaces 
the second half of the initial document list. The recall and precision val
ues computed at 5, 10, 15, and 20 documents retrieved through browsing 
are respectively compared to the values computed at 25, 30, 35, and 40 
documents retrieved through the query. 

In IR, test collections are employed to test and compare models and meth
ods. Each test collection consists of a set of documents, a set of queries, and a 
list of judgements about the relevance of each document with respect to each 
query. Two test collections are employed to perform our experiments: the ADI 
collection, a very small collection of 83 documents and 35 queries, covering 
the IR area, and the Cranfield collection, consisting of 1400 documents and 
225 queries on aeronautics, that is being used in IR for a long time. The size 
of these test collections is unrealistic if compared to the real IR application 
and to the most recent test collections used in the TREC (Text REtrieval 
Conference, (Harman 1995)). However, at this stage of the work, we are inter
ested on the mechanisms underlying the effectiveness of the OFAHIR links, 
and we believe that these collections are large enough for this purpose. 

Some preliminary results of the experiments using the ADI collection are 
reported in Tables 1, 2, and 3, and the results for the Cranfield collection 
are reported in Tables 4, 5, and 6. Tables 1 and 4 report the precision and 
recall values for the query-based retrieval for the ADI and the Cranfield col
lections respectively. Tables 2, 3, 5, and 6 report the differences in percentage 
between the precision and recall values obtained using the two browsing path 
for the two collections. Tables 2 and 5 report on the retrieval effectiveness of 
the browsing path through referring links starting from four retrieved doc
uments. Tables 3 and 6 report on the retrieval effectiveness of the browsing 
path starting from the fourth ranked query term, through the dictionary links 
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Document 25 30 35 40 Average 

1 4.0% 1.4% -1.4% -3.2% 0.2% 
5.5% 7.1% 5.8% 3.1% 5.4% 

2 1.0% -0.6% -2.9% -1.1% -0.9% 
1.8% 4.4% 1.7% -0.8% 1.8% 

3 1.2% -0.4% -1.5% -2.2% -0.7% 
0.0% 1.8% -0.0% -0.8% 0.2% 

4 -3.1% -4.7% -7.5% -8.5% -5.9% 
-2.8% 0.0% -3.3% -2.3% -2.1% 

Table 2 ADI test collection. Results of the tactic based on document simi-
larity links. Recall (first row) and precision (second row) are computed after 
25,30,35, and 40 documents starting from four different documents. 

25 30 35 40 Average 

from 4th query term 

1st term 3.7% 3.8% 2.3% -0.3% 2.4% 
3.7% 4.4% 4.1% 3.9% 4.0% 

2nd term 0.9% -2.1% -2.0% -3.4% -1.6% 
0.9% 0.0% -1.7% -3.1% -1.0% 

3rd term 1.3% 2.9% -2.3% -3.0% -0.3% 
0.9% 3.5% -1.7% -1.6% 0.3% 

4th term 0.1% -1.8% -5.1% -7.0% -3.4% 
0.9% 1.8% -1.7% -3.1% -0.5% 

Table 3 ADI test collection. Results of the tactic based on term similarity 
links. Recall (first row) and precision (second row) are computed after 25, 30, 
35, and 40 documents starting from four different terms similar to a query 
term. 

5 lD 15 20 25 30 35 40 

Recall 0.002 0.002 0.003 0.006 0.006 0.009 O.OlD 0.011 
Precision 0.006 0.005 0.004 0.004 0.003 0.004 0.004 0.003 

Table 4 Cranfield test collection. Results of the query-based retrieval 
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document 25 30 35 40 Average 

1 55.0% 11.7% 16.0% 24.5% 26.8% 
38.9% 7.7% 14.3% 22.6% 20.9% 

2 7.1% -23.4% -15.1% -11.8% -10.8% 
11.1% -7.7% -3.6% 0.0% -0.0% 

3 -7.1% -32.2% -28.3% -6.3% -18.5% 
-11.1% -26.9% -21.4% -16.1% -18.9% 

4 32.3% 27.4% 22.9% 37.5% 30.1% 
5.6% -7.7% 3.6% 6.5% 2.0% 

Table 5 Cranfield test collection. Results of the tactic based on document 
similarity links. Recall (first row) and precision (second row) are computed 
after 25, 30, 35, and 40 documents starting from four different documents. 

from 4th query term 25 30 35 40 Average 

1st term 43.4% 26.0% 24.1% 32.0% 31.4% 
22.2% 11.5% 21.4% 32.3% 21.9% 

2nd term 8.2% 1.9% 8.8% 21.6% 10.1% 
0.0% -15.4% -3.6% 3.2% -3.9% 

3rd term 30.9% 12.5% 11.8% 19.5% 18.7% 
16.7% -7.7% 0.0% -0.0% 2.2% 

4th term 27.0% -5.1% -14.1% -3.4% 1.1% 
11.1% -15.4% -21.4% -16.1% -10.5% 

Table 6 Cranfield test collection. Results of the tactic based on term simi
larity links. Recall (first row) and precision (second row) are computed after 
25, 30, 35, and 40 documents starting from four different terms similar to a 
query term. 

connecting four similar term, and ending to the corresponding list of related 
documents ranked by t! x it! weight. 

Some comments can be drawn from these preliminary results. The mag
nitude of the differences between the precision and recall values is lower for 
the ADI collection than for the Cranfield collection. The effectiveness of the 
query-based retrieval for the ADI collection is higher than for the Cranfield 
collection. One might say that the effectiveness of browsing is as higher as less 
the query-based retrieval is effective. For the ADI collection, it seems that the 
use of referring links leads to a higher improvement in precision than in re
call. However the use of referring links between documents or of dictionary 
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links between term lead to different conclusions dependently on the employed 
collection and further analysis are therefore necessary. 

7.2 Performance 

In spite of its effectiveness and extensive research, clustering has been only 
partially implemented within experimental systems, and rarely within com
mercial systems, even though some Web search engines, such as Excite pro
vides with links to similar documents. One reason is that clustering algo
rithms, such as those in OFAHIR have to be performed within an interactive 
environment, i.e. at real-time. Even though the increase of computing perfor
mance, the design of efficient algorithms (Silverstein and Pedersen 1997) is a 
necessary condition to make clustering a feasible method for interactive envi
ronment. Clustering requires the computation of similarity measures between 
object pairs. If clustering was statically performed, all similarity measures 
should be computed at indexing-time. This is clearly infeasible whenever the 
number of objects is high, as well as it requires the re-computation of similarity 
measures whenever a new object is inserted. OFAHIR clustering is dynami
cally performed, i.e. at browsing or querying-time. The advantage of OFAHIR 
clustering is that no similarity re-computation is necessary whenever a new 
object is inserted. The construction of a cluster, such as a cluster of index 
terms associated to a given object is similar to the querying process since it 
requires the computation of a similarity value between the object and each 
cluster item. Some experiments have showed that the current implementation 
of OFAHIR clustering is still inefficient, and that more efficient algorithms 
are needed. 

8 CONCLUSIONS AND FUTURE WORKS 

We presented a new methodology, called OFAHIR, to manage and retrieve 
information stored in large collections by means of "on-the-fly" automatically 
authored hypertexts. Together with the methodology we have presented main 
characteristics of an experimental tool that implements the methodology it
self. The results presented in the paper constitute a step further towards the 
definition of an innovative and complete associative retrieval model, that is 
the main target of the project of which OFAHIR is a part. 

We plan to further develop the methodology integrating in it the use of other 
techniques, such as thesauri, classification systems, and conceptual networks. 
Techniques to interactively build query by browsing, i.e. to support the user's 
query formulation in the selection of terms from the hypertext and to adapt 
link construction to a given user's model are also under investigation. We 
are in particular investigating the possibility of incorporating in OFAHIR the 
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automatic construction of links that are built taking into active account also 
user characteristics. 

Finally, we are carrying out further tests to evaluate the automatically 
built hypertexts with different collections and browsing paths. A user-centred 
evaluation is also under design and development. 
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