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Hypertext can be defìned as a system for managing a collection of 
information that can be accessed non sequentially. It consists of a network 
of nodes and logical links between nodes. The variety of nodes and links 
that can be defined make hypertext a very flexible structure in which 
information is provided both by what is stored in each node and by the 
way the information nodes are linked to each other [23]. 

Current hypertext systems provide sophisticated user interface tools that 
enable the reader to inspect the node content and to navigate through the 
network by selecting the path to follow, on the basis of interests emerging 
along the way. Many systems also provide fac;.litìes for the readers so that 
they can add their own links reflecting their association criteria. Anyway, 
the links defined by the author as well as those added by the user can be 
COI}.ceived as hardwired links in contrast to inferential iinks discussed fur
ther on. 

On the other band, much research has been carried out in the field of 
information retrieval systems. A comprehensive sutvey of such efforts can 
be found in [27]. Given a document collection, information retrieval systcms 
are designed to provide, in response to a user request, references to a set 
of documents that are likely to contain the information desired by the user. 
So the emphasis bere is on query facilities and relateci search strategies to 

locate useful inf ormation items. 
We could say according to Frisse [2] that ìnformation retrieval systems 

emphasize the relative autonomy of text nodes providing sophisticated 
techniques for retrieving nodes as ansvver to user requests. Conversely, 
in hypertext systems, the semantic link strncrure is central for a system 
that provides sophisticated tools for graph traversa] and node presenta
tion. The former approach emphasizes searching, the latter emphasizes 
browsing. 
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It is reasonable to expect that the interaction of hypertext and informa
tion retrieval systems can bring obvious advantages to the process of 
knowledge transfer. On the one hand, hypertext tends to be user-directed 
allowing users to pick and choose their own path through the informatìon 
map, ignoring so:me things and exploring orhers in depth. On the other 
hand, a retrieval system tends to steer the user down a path that is 
determined by the answer to the user request. By combin.ing the features 
of both kinds of systems, it is possible for two way communication to 
take place. The system can present the user wìth informatìon and guidance 
in a way that ìts retrieval strategy suggests. The user can arbitrarily go 
off to explore or learn more about pieces of knowled 9e along the 
way. 

Some approaches to the integration of query-based retrieval strategies 
and browsing in hypertext network bave been proposed recently [9,11,12]. 
In this context,, the purpose of the current paper is twofold: a) to approach 
the retrieval task as an inf erence process relying on uncertain knowledge; 
b) to show that such a knowledge can be eff ectively embedded imo a 
hypertext network. 

The paper has the following structrire. Section 2 emphasizes briefiy 
the differences between browsing and searching. In section 3 a hyper
text network is regarded as a knowledge base and in section 4 infe
rence rules for retrievai are presented. A detailed description of the 
search strategy is reported in section 5. In sectio;:i 6 an overview of the 
prototype system is given. Experimental results are summarized in 
section 7 and further research perspectives are outlined in the final 
section. 

2. BROWSING VS. SEARCHING 

As reported in [ 4], browsing can be characterized as going from where 
to what (presumably you know where you are in the database and you 
want to know what is there) whereas searching can be characterized as 
going from what to where (presumably you know what you want and you 
wish to find where in the database it is). 

It is interesting to note that both styies of information selection ( conven
tional retrieva.l versus hypertext) bave their analogies in the process of 
retrieval from human memory. In cued retrieval, a person is given a cue 
and is asked to provide the information specifieà by that query. In contrast, 
associative retrieval returns informatìon ihat is in a certain way related by 
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analogy to the starting information rather than an explicit answer to a 
query. 

Assume, for example the user is reading a text passage and consequently 
would like to locate semantically related items. He or she should simply 
mark the passage that has stimulated such interests and activate a search 
button. The system, using the passage as a cue and the hypertext as a 
knowledge base, returns to the user a set of related nodes arranged in 
decreasing order of presumed semantic closeness. Essentially new links 
are inferred dynamically on the basis of the explicit link structure embedded 
into the hypertext network. So we can distinguish between two different 
kinds of links: structural links which are preset by the author or added by 
the reader and inferential links which are deduced automatically by the 
system. 

Once we understand the essential difference between hypertext and 
conventional text retrieval, it is actually misleading to question which 
method is better: the two approaches serve different goals and, just for 
that, it is reasonable to combine them together. Hypertext may supplement 
conventional methods of information retrieval by allowing users to discover 
retrieval cues that successively can be used for query formulation, while 
search · facilities may supplement conventional hypertext by providing the 
user with a set of relevant nodes for graphical browsing. 

The problem centers on defining a model of an integrated retrieval 
system and how to implement a search strategy which is both effective and 
efficient. In the last years, van Rijsbergen [25] and Croft [7,10] have 
proposed a model of retrieval based on plausible inference. In this approach 
the retrieval process is regarded as the problem of determining an implication 
relationship between a document and a query and assessing the plausibility 
of that implication. Semantic inference made while processing the query 
may be considered as the main task in proving the logical implication 
between the document and the query. 

In further detail, the approach introduced by van Rijsbergen is based on 
non-classical logie [25] whereas the approach of Croft is based on Bayesian 
inference nets [10]. In the same direction, Biswas et alii explore the use of 
Dempster-Shafer theory for evidence combination [3]; Tong et alii describe 
a production system that can perform evidential reasoning with queries 
expressed in a language of rules [29]; Watters proposes a logie framework 
for information retrieval [30]; and Lucarella presents an approach based on 
fuzzy set theory [18,19]. In the remaining part of this paper, we will show 
how such an approach fits into hypertext and satisfies the retrieval require
ments emphasized above. 
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3. HYPERTEXT AS A K.NOWLEDGE BASE 

Due to the emphasis placed on its unstructured nature, hypertext has 
generally been regarded as an informa! way of providing information that 
can be browsed. Actually this is a rather limited view. Hypertexts are in 
fact extremely flexible knowledge representation tools that are analogous 
to semantic networks in that consisting of nodes and links. Different types 
of knowledge formalism can be implemented in hypertext by structuring 
and defining the basic types of nodes and links in different ways. The 
effect being that the highly connected structure of hypertext can be exploi
ted as a knowledge base and can be used to build intelligent retrieval 
systems. 

W e can consider a basic set of information nodes: text, pictlire, sound. 
These nodes represent information, rather than interpreted knowledge. They 
. are designed to be read, viewed and heard and are linked by structural 
links. From now on, we refer to them · as document nodes. In contrast, 
concept nodes, which represent meaningful entities in the domain, represent 
organized knowledge. Each of these nodes consists of: (a) a concept name 
(i.e. a noun phrase); (b) a set of links to those document nodes in which 
the concept appears; (e) a set of links to other concept nodes that are 
semantically related. 

The resulting structure can be regarded at two levels of abstraction 
[1,2,8], with the concept network conceived as an index to the document 
network (Fig. 1 ). Essentially, it is possible to regard hypertext nodes as 
facts and links as rules. This inferential form of hypertext would then 
function as an inference network. In this context, the links may be implicit 
and may be deduced by rules activation. Moreover, the links may be inexact, 
that is, they can have attached certainty values. 

Different types of relationships with different properties can be defined 
in order to model the semantic association betwèen concepts [5,22]. Links 
are labelled by the name of the relationship to reflect the nature of the 
semantic association and are assigned a weight to reflect the strength of the 
semantic association. 

More formally, the resulting concept network, which is embedded into 
the hypertext structure, can be viewed as a directed graph ( C, T, L) where 
C is the set of the concepts that represent meaningful entities in the domain, 
T is the set of relation types, and L ç;;; C x T x C is the set of links between 
concepts. Accordingly, given L E C, a link can be defined as a binary 
fuzzy relation: 

l = {µi(c, r) I (e, r) I e, re C; le L} 
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with a membership function µi: Cx C • [0,1] indicating for each pair of 
concepts (e, r) a measure of the strength of the semantic link between them. 
The notation (e, l, r) means that e and r are iinked to a degree given by 
~ (e, r). 

The link relationship ìs defined to be fuzzy transitive, that is, if (e l r) 
and (r l s) then (e l s) and µ1 (e, s) = min (J1i (e, r), ,LL1 (r, s)). From this definition 
of composition, it follows that thc strength of the chain linking the nodes 
c1, ••• , e is eiven bv the strength of its weakest link. m V J 

During the query processing, a propagation activity ta.kes place making 
inferences about the goals of the user and, thus, finding information that 
the user did not explicitly request but tha.t is iikely to be useful. Besides 
the documents which satisfy requests on a specific topic, the basic assump
tion ìs that additional documents might be found on a semantically related 
topic, and the likelihood of support depends on the relationship between 
the topics. The availability of a knowledge base enables the system to 
emulate the reasoning process followed by an cxpert who can i.mderstand 
and expand the original query supplied by the user. For example, if an 
expert in the area of artificial intelligence is asked to retr-.ieve documents 
conceming with «plausible ìnference», she or he would also retrieve docu
ments that discuss «approximate reasoning» since the two concepts are 
semantically related in the domain under consideration. 
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The system works by spreading activation frorn the origìnal query · 
concepts through the network [6,26]. The node activation process starts 
locating a node which represents a concept induded in an initial query 
formulation. The spreading action first affects those nodes locateci closesc 
to the starting node and spreads through the network, one link at a time. 
Each node is assigned a special activation weight which depends on the 
starting activation weight and the weight associated to the link and the 
nodes traverscd in the activation process. Therefore, given the query q, for 
each concept e E q, the corresponding node is selected, and then, the 
inf erence rule is activated as described in the following section. Distance 
constraints may be imposed in the activation process by stoppìng the activity 
at some specifìed distance from the origina! node [24].. In addition, conside
ring the largc number of nodes involved in the spreading process activated 
by the query a heuristic strategy will be introduced to constrain the search 
algorithm in order to favour particuìar pathways through tbe network and 
to tenninate search along other ones. 

4. RETRIEVAL AS lNFERENCE 

Inference from uncertain or imprecise premises and the cornbination of 
several uncertain or imprecise evidences relative to the sa.me matter can be 
considered as two basic patterns of reasoning which are needed in intelligent 
infonnation systems. Severa! mathematical models bave been orooosed to 
approach the ·formalizatìon of reasoning under uncertainty [14,15]. 

Multivalued logics offer a framework for extending the logica] inference 
to premises graded by degrees of truth. Of particuiar conccrn are logics in 
which each proposition is supposed to have a degree of truth e ip) E [0,1] 
and the òegree of truth of a compmmd prnposition is only a. function of 
the degrees of truth of the components of the proposition. Thus, for the 
implication, we have v (P- • Q) = f (v (P), 'U (Q)). A ìarge collection of impli
cation operators f have been considered ìn the iiterature [14]. In our appli
cation we define such a function as the minimum. This choice, in combi
nation with the aggregation scheme reported below, does not generate 
incons1stencies in presence of cycles in the concept network, thus removing 
the shortccming reported in [101, 

In order to introduce the infereoce mles for retrievai, ;;ve defiru.: the 
following predicate symbols: 

Q (q, e): 
D (d, e): 

«the query q is about the subject e» 
«the document d is about the subject e» 
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L (e, r): «the subject e is linked to the subject r» 
RC (d, e): «the document d is relevant to the subject e» 
RQ (d, q): «the document d ìs reievant to the query q» 

The truth values of these predicates generally range in the unit interval 
(0,1]. 

In the following, we consider a query about a single subject, since our 
discussion can be extended to more complicated queries by applying it to 
each subject constituting them. Tbe first retrieval rule is: 

(Q (q, e) AD (d, e)) • RC (d, e) 

If a query is formulateci to be about the subject e and the document d 
is described as being about the subject e then the document d is relevant. 
Adopting this rule, we regard d as relevant to e if and only if d is about 
the subject c. If d is not about the subject e, we cannot conclude whether 
d is relevant to e or not under extended materiai implication. Tne rule 
restricts the range of possible values of RC (d, e) to an interval gìven by: 

·v (RC (d, e)) E [min (v (Q (q, e)), v (D (d, e))), 1] 

W e proceed now by spreading across the network starting from the 
concept e and applying the following rule: 

(L (e, r) /\ D (d, r)) • RC (d, e). 

1bat ìs, even if d is not about the subject e, d is regarded as relevant to 
e if there exìsts a link between e and r and d is about r. This restricts 
possible values of RC (d, e) to the interval: 

v (RC (d, e)) E [min (v (L (e, r)), 'O (D (d, r))), 1]. 

For each r E C reiated to e through the link relationship, we have I Le I 
intervals as picces of evidence where L, is the set of concepts inferred by 
e applying the last rule. 

Definìng a,= (v (L (e, r)), v (D (d, r))), we have for each piece of evidence 
v (RC, (d, e)) E [a,., 1], and we have to aggregate this evidence to evaJuate 
the relevance of a documem d to the subject c. The proposed aggregation 
scheme is: 

'V (RC (d, e))= ~3/.:-,v (RCr (d, e)). 

This function determines how we combine the inf erred relevance values 
from rules activated by the same query concept. Although alternative aggre
gation functions can be specified, with the current choice, we assume an 
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implied disjunction of evìdence. If, for example, there exists at ieast one 
piece of evidence with a high degree, then the document is regarded as 
highly reievant to the concept. The set Le represents the maximal set which 
gives evidence. Obviously, it contains many meaningless pieces of evidence. 
Thus, we need an appropriate strategy to restrict this set as àiscussed in the 
following section. 

So far, we have orùy looked at single concept queries. Generally, the 
query is concerned with more than a single subject and we have defined 
previously C the set of concepts on which the query is mapped. For each 
e E C we ha~e a piece of evidence v (RC (d, e)) and we have to aggregate 
these ~vidence to evaluate the overall relevance of a document to the query. 
Since we assume that the concepts are not linked by and/or connectives, 
we can use an averaging function. Thus, we have: 

v (RQ (d, q)) = .l L v (RC (d, e)). 
N CECq 

The set C is the set which gives evidence and N is a nonnalization 
factor (for deiails, see [18]). 

Given a query q, on the basìs of the presented retrieval and aggregati.on 
rules, we get the retrieved set R . In order to limit the response to only 
those nodes which are characteriied by the highest scores, we can extract 
elements with a membership valuc greater than a fixed threshold a E [0,1]. 
A ranked output can be returned to the user by arranging the retrieved 
nodes in decreasing order according to their degree of membership. 
Alternatively, in order to reduce the output size, we can allow users to fix 
the number r of documents that thev want to be returned. Since each 
threshold value a E [0,1] corresponds ~onotonically to a certain number r 
of returned documents, limiting the size of the response either by frxing 
the threshold value or the maximum number of documents is the same. 

5. DocuMENT RETRIEVAL AND RANKING 

When approxirnate reasoning is used as in our case, search problems 
can be criticai as the size of thc concept and document bases increases. This 
is because the systern has to consider imprecise solutions as weli as precise 
ones and a large number of very imprecise, and hence useless, solutions 
may be generated. lt follow s that some means of reducing the search space 
is essential to the design of efficient reasoning systems. We have developed 
bounding procedures on the relevance function that help to reject potentially 
useless solutions. 
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The objective is to locate only the set of top ranking documents, rninimi
zing the number of documents that are to be evaluated. 

Given e E C, we can easily define the fuzzy subset D, of documents 
about the concept e, This will be referred to as the document list associated 
with the concept e given the set of documents dealing with such a concept. 
For each concept e E C, the list D, gives a set of paìrs consisting of a) the 
reference to the document d including the concept e in its description b) 
the weight corresponding to the degree of membership of the concept e in 
the description d. 

Thus, the concept network can be regarded as an index to the documents, 
since each document is linked into the network to those nodes of the 
network that represent concepts to which it is related. 

Given a query q the set P of documents which possibly satisfy the 
query is given by the uni on ot the document lists associateci with each of 
thc concepts appearing in the query or inf erred by the system. It is the set 
of documents which have a non-zero value for the relevance function. 
Such a function should be computed for each document in the set P . 

The cardinality of the set P may be large, since there is a consider.ible 
number of documents having at least a concept in common with the 
expanded query. That requires the useless calculatìon of many low values 
for the relevance function with the result that a large fraction of the 
document collection must be inspected. 

A heuristic search strategy has been devised to further restrict the set of 
documents to be evaluated to a subset of P , while still ensuring that the 
documents at the top of the ranking are identified. The approach described 
here is based on the prevìous work on best-match searching reported by 
Lucarella [17]. For a generalized approach to the best-match problem see 
Sashe and Wang [28]. 

5. L Document selectìon 

Let Nq = {c1, , .. , ck} be the total number of concept nodes (included in 
the query and inferred by the system) and let Rq {d1, ••• , dk} be the rele
vance set consisting of the r top-ranking documents to be returned, with 
r defined by the user. The search process can be described in the following 
steps. 

For each concept e; E N , the associated document list is accesscd, For 
each document d -in the li;t, a variable µ (d) is allocated and set to the 
minimum between the values v (Q (q, e)) and 'D (D (d, e)). When the same 
document appears once again in a subsequent list, it5 corresponding variable 
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is incremented by the minimum of the new values. After having processed 
all the document lists associated with the concepts, each variable contains 
the Illli'Uerator of the memhership function, i.e.: 

k 
µ (à) = I, min (v (D (d, e)), v (Q (q, e))) 

i=1 

An evident advantage of this procedure is that we do not have to access 
the document database but we can work only on the concept network. 

Now, let us see how to avoid processing all of the lists with relative 
documents. Assume that we have processed j document lists out of k, 
keeping track of the top (r + 1) variables computed so far: 

< /L (d1), , • ,, µ (d) > µ (dr+l). 

We have to process the (j + 1 )st document list. For each document d 
referenced in the new list, an 11pperbound for its membership function 
U (µ (d)) can be computed as it will be shown below. It represents the 
maximum degree of membership that the document d can reach, assuming 
it should happen to deal with all of the remaining (k - j) concepts. If the 
computed upperbound for d is less than the membership degree associated 
with d .. , it means that the document d will never reach the relevance set, 
so that' d can be removed from :further consideration, saving mernory space 
and computing time. 

In addition, the procedure can be terminated, without examining the 
remaining lists, if the computed upperbound for the membership degree of 
the document d,·+t' the first out of the relevance set, is less than the mem
bcrship degree associated with dr, the last in the set Rq. Tue stopping 
condition is: 

Considerable improvements can be obtained if, instead of stopping when 
the set of documents to be returned to the user is completely determined, 
the procedure stops when the majority of the most relevant documents are 
guaranteed to be in the retrieved set. Tlùs means that we accept that only 
the top s best documents are returned with s < r, while the remaining (r - s) 
are simply good documents: 

< µ (d1), ... , µ (d), ... , µ, (d) > µ (d,+J 

This heuristic implies changing the previous stopping condition ro: 

U (Jl (d,+)) s µ (d). 
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Since (µ (d) > µ (d), the stopping condicion works better in terms of 
dropping a higher number of concepts, hence, constraining the actìvation 
of nodes in the knowledge base. 

5.2. Upperbound evaluation 

Now, let's show how to evaluate an upperbound for the membership 
function. After having processed j concepts out of k, let µ (d) be the current 
score for the d!'1 document. Then, the membership degree can be bounded 
assuming the worst condition that all the remaining uninspected (k - j) 
concepts are common to the document and the query: 

k 
U (µ(cl))~ J1 (d) + ,~; 1 min (1; (D (d, e)), v (Q (q, e)). 

Even if we do not know v (D (d., e)), since we do not access the docu
ment file, an upperbound can be easily computed considering that the 
retrieval function requires the evaluation of the minimum between the two 
values. 

Wc can assume that min(v (D (d, e)), v (Q (q, e))) = v (Q (q, e)). If 
v (D (d, e))~ v (Q (q, e)), than it corresponds to the exact value; whereas if 
7J (D (d, e))< v (Q (q, e)), it still gives an upperbound. The resulting 
expression becomes: 

k 
U (µ (d)) = µ (d) + L v (Q (q, e)). 

J;;;;J+l 

Tue conclusion is that an upperbound can be determined tak.ing into 
account' only the membership degrees of the remaining concepts in the 
query q without needing to take account of the document d. GeneraUy, 
the eff ect of the introduced heuristic is a performance optimization, aìthough 
retumed documents may not be precisely ranked. 

6. TI-IE PROTOTIPE SYSTEM 

Different approaches can be followed in order to set up a system which 
integrates browsing and searching approaches as discussed above. W e have 
chosen a loosely-coupled architecture. It presents some weak points but 
gives the advantage of implementing a quick prototype since the hypertext 
system and the information retrieval system are independent with only 
some form of communication between them. The two subsystems share 
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the hypertext network as a common data structure and communicate 
through a module underlying the user interface (Fìg. 2). 

The network browser supports the user (author/reader) with canonical 
hypertext facilities and tools for navigating through the network structure 
consisting of nodes and links. The search engine acts as a question-answering 
system that, given the request, retums the best matching answer reasoning 
on the network as a knowledge base. The hypertext network, as discussed 
in the previous section, can be regarded as a two-layered structure that can 
be browsed without any constraint on possible entry points and movements. 
Conversely, during a search activity, the concept network is regarded as an 
index to the documents, since each document is linked into the network 
to those nodes that represent concepts to which it is related. The functional 
integration is guaranteed through the task scheduler. ì 

Tue document is managed by the system as a structured object composed 
by the following elements: <header, content, type, body>. The header collects 
a set of fixed attributes qualìfying the document; the content gives a 

FIG. 2. The Architedure of the System 
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summary of the document subject and will be addressed in content-based 
queries; the type defines documem type (text, image, picture, voice) and 
has an implication for object manipulation and presentation; the body is 
the full extension of the document and it can be further structured. 

Objects from different information sources can be imported into and 
exported from the system under the control of the user interface. Essentially 
the system manages multimedia documents enabling the user to locate relevant 
ones on rhe basis of the associateci textual description. When documents are 
loaded, the content is processed by the text analysis component with the 
support of the concept base; relevant concepts are identified and each 
document is link.ed to those nodes of the network representing such concepts. 

The natural language text, associated to documents or queries respec
tivel y, is processed in order to restrict the conceptual area where the seman
tics of the text can be framed. In our opinion, the appropriate level of 
focus for topic analysis lies between the wide-focus text understanding 
approach and the narrow-focus term selection approach. The proper 
conceptual unit is at the level of the noun phrase, namely, a multi-word 
string. Thus, the concept recognition problem can be transformed into the 
problem of comparing multi-word strings and measuring the resemblance 
between them. 

Concepts included into the concept base are ìndexed by their constituent 
terms. Each phrase is extracted from the text and parsed at a cursory level 
in order to remove non-content bearing words and function words. 
Remaining words are stemmed by means of a conflation algorithm and are 
used to access the concept index and idemify potential candidates. Seiected 
concepts are matched against the phrase extracted from the text by applying 
a similarity function to evaluate matched expressions. Thus a weight can be 
associated to each concept. The procedure in use is a slight modìficatìon of 
an improved procedure for nearest neighbour searching already presemed 
in a different context [16]. 

Concepts identified as being of interest to the user are returned along 
with the estimated weight, enab!ing the user to adjust the weight simply by 
movìng, with the mouse, the corresponding slider on the screen. During 
this interactive phase, the user can contribute by adding concepts to the 
concept base, and lìnking such concepts to the existin.g structure with the 
support of the browser. It is important to recall that the domain knowledge 
is assumed to be dynamic and largely derived by the system-user interactìon. 
Indeed, we emphasize the importance of an individua! descriptìon of a 
domain rather than a global description completely available at the time 
when documents and queries are processed. 
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1be graphical user interface was developed using the Microsoft Windows 
Software Devclopment Kit, while other modules of the system were 
implernented in PDC-Prolog by Prolog Development Center. Concept and 
document network have been stored in the PDC Prolog's external database. 
Major details about the system architecture are reported in [20], and relateci 
ideas can be found in [8,13]. 

6.L User inteiface 

The ìntegration of browsing and searching approaches into a unified 
environment meets the users' needs very well. The system is responsive to 
novice users as well as to expert ones, and is flexible enough to accommodate 
diff erent styles of infonnation demands that can be characterized by the 
following canonica! sìtuations: 

- l know exactly what I want: the user specifies the value of one or 
more attributes qualifying the requested item(s) exactly; 
I have a rough idea of what I am looking for. the user enters a query 
specifying by means of a natural language text the subject of interest; 
I realize I am interested in something when I see it: the user browses 
through the concept network marking interesting concepts met along 
the way and the system collects them to form a query; 
Some passages of the text I arn reading suggest f urther exploration: 
the user marks them and the system, using the passage as a query, 
retrieves further documents relateci to the topic of interest. 

To give a better idea of such capabilities, we show two examples of 
user-machine interaction in order to retrìeve relevant information. 

In Fig. 3, the window «Retrieval» presents the template to be fìlled in 
bv the user; the window «Document card,, retum ìtems ranked in a 
d~creasing order of relevance; and the window ~Document browser» enables 
the user to ìnspect the full text of the document. 

Queries have the same structure as the items to be retrieved, and they are. 
entered as natural language texts in order to relieve the user from tricky 
Boolcan formulations and to provide a transparent and easy to use interlace. 
More specifically, when the query facility is entered, the system displays a 
template of the structure of the item to be retrieved and the user simply has 
to fili in the template. Tue more attributes are filled in the template, the more 
specific is the query, and the m.ore selective is the ànswer. Parts addressed in 
the query are both the header and the content which are typed in natural 
language statements describing in a rough way the topic of interest. The 
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1. 

L ___ ~ 

A.uthor ; 

Title 

Description 

information retrievlll and ml 
se,m::M11g II document colH 
hypertexlt. 

Source 

FIG. 3. User Inter/ace 

Author D.Lm:arelhi, A.Z,mzi 

Title 
Informatimi retrieval from hypertext: 011 approach us 
inferem::e. 

Descrip~tio;;;n;;=================================il 
This 1111111:r !lllPm11ehes ,he 1,rnb!em of inform11tion retrieval f. 
In this c1:mtext the rntrieva! 1:m:icess is reg:im:!eiì as a proce 
by thc !lser exploring tile hypertcxt net,,.-orl:. browslng, or 
thc hyperrext network Il$ Il lmowlcdge base. searchlng. 
A cornprehcnsive ,m:.de! is proposed taking iuoo account b 
browsing lllllÌ que1y!119 into a uniflcd framcwork. 

I::· Tilere ls a !Jrnwing inleres'i tm:l!iy in hyperteict 11;, a key techm:il11m1 fm the 
r::· implemr:mtath:m of P.H1ssive muit!media l11f;:mn11ti,,r; sys'lems. 

,l.,;,=· """=============='===c!e===========-"'=====-=-=,c:=~=== 

system returns all of the ob_jects which satisfy the conditions on predefined 
attributes, if specified, and whose subject is plausibly related to the addressed 
topic. Attributes specified in the originai que1y remain unchanged; attributes 
rnissing are filled in with the attributes of the retrieved item; and the text 

"h • 1 d' h r h · d" ot t e query 1s rep1ace by t e summary m t e retneve 1t,::m. 
'T'' d • l • • ' • fulr'l" 'I d l .d1e or er m wmch ObJects .. il mg tne que1y are rcturne to ue user 

ref1ects the assessment made automatically by the system about the degree 
of rdevance of the retrieved items to the auerv. So the effect is to restrict 
the attention to a manageable subset of rel~vadt objects. Then the user can 
browse, view, and made any part of tbc object submitting it as a query for 
further exploration. 

Fig. 4 ;hows the brnwsing approacb and poims out as the sarne docu
ment previousJy obtained through searching e;:u1 be reached by browsi.J1g. 
'•'] . d e b . I r h' h 1 1e v,1m ow « .Joncept ,rowser:,,, presents the concept networK !rom w te 

the user can select one or more concepts marking them with the mouse. 
After a selection, accivating thc search button, the system uses concepts collec
ted by the user to compose the query and then executes ir. The retrieved 
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!11ten11:tr"e do 

j 1. Intradm:tion 

FIG. 4. User Interface 

I I i 

Code lc...d_1_6_2 __ __, 

Aul:lmr D.lm:11rell11, A.Zllllzl 

Title 
l11formatio11 retriev1!1 frnm hypertexl: an approach us 
hifenmce. 

Descripthm 
This 1111m-:r a1111rnaches the oroblem of information retricv11! f 
!11 this context. foe retrieval prm:ess is rngarded as II prnce 
by the user cxploring the hypcrtcxt network. lm1wsi11g, m b 
thc hypertext network as II knowlcdgc base, seim:hing. 
A comprchcnsivc model ìs proposed tal<:11111 into accm.mt l:rnt 
browsing 1u1d querying into a 1mified frameworlc. 

Tilere is II grnwing interest t111i11y in hypertexi as ;i key lecimoiogy for the 
imp!e1mmt11tim1 llf massive m1zmmerlia ir.form:11ti1m systems. 

documents are presented in the same way as described above, and the «Docu
ment Browser»-is entered when one wants to read the retrieved document. 

7. ExPERJMENTAL RESULTS 

In order to get an evaluation of rhe system we have used a mix of 
queries generated by browsing and searching sessions. These bave been 
processed against an experimental hypertext network. 

We bave used a subset of a test document collection in the area of 
Applied Mathematics and Computer Science, available at the Automation 
Research Center of ENEL, the Itaiian Electricity Company. Reievant cha
racteriscìcs are reported in Table L The last row of the table gìves the 
numbcr (on average) of concepts we get after the spreading activation 
process has taken piace. 

In order to evaluate the effectiveness of the system, we used standard 
measures of precision, the proportion of retrieved items acrua.lly relevant 
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and recali, the proportion of relevant items actually retrieved. In our system, 
which returns a ranked set of documents, such measures can be computed 
by setting the value of the relevance threshold ( a-leve[) and considering as 
retrieved ali documents that have a relevance score higher than the threshold. 

TABLE 1. &:peri.menta! Data 

Numbcr of document nodes 

Number of concept nodes 

N umber of qucries 

A verage concepts per document 

A verage concepts per quei:,; 

Average concepts per expanded query 

TABLE 2. System Effecti-veness 

a-leve! Precisi on Recali 

0.2 0.52 1 

0.3 0.79 0.87 

0.4 0.98 0.8 

0.5 1 0.63 

0.6 1 0.24 

300 

175 

10 

14,8 

7,2 

37.6 

For each query we have five runs corresponding to different values for 
rhe relevance threshold, 0.2 ~ a s; 0.6. Table 2 reports average values for 
recall and precision at different cut-off levels, giving an indication of the 
effectiveness of the system. It follows that the best choice for the threshold 
value is a = 0.4 which gives high precision with good recali. 

The optimization in the efficiency of the search process can be estimated 
by computing the number of nodes that do not have to be explored due 
to the introduced d ynam.ic bounding. Given the set of sample queries, we 
have to take note of the number Nb of documents that are exam.ined in a 
complete proof of the query, and then to take note of the number of 
d l ·1 . d . ' ' . d' . d ocuments t 1at are actuai y examrne vnttl the boun mg metho . 
Furthermore, the runtime of the proofs in the two cases 1,T and T, r-espec-" ~ 
tively) is stored in order to obtain a figure :i the real improvement in. 
computation. This is a crude measure of the elapscd time between the 
rcquest and the answer. 
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The same set of queries has been used with the retumed relevant set 
consisting of ten gool documems (r = 10) while only five documents (r' = 5) 
were guaranteed to be the best ones. Each query was processed twice, fast 
with the basic procedure and then with the bounded version. 

T able 3 illustrates the relative performance of the bounded procedure. 
It reports the average values of Nb IN and Tb I T ratios. In order to relate 
such measures to the effectiveness of the system, average vaìues of Pb IP 
(Precisìon) and Rb I R (Recali) have been reported as well. As already remar
ked, the eff ect of the introduced opt.imization is a possible decrease in the 
ordering precision among the retrieved documems since they are ranked in 
the arder of their partial membership. Consequently, the last row gives a 
measure of the retrieval accuracy reporting the average discrepancy in 
ranking order introduced with the bounded procedure. Such a value Ìs 
obtained cornputing for each run the nurnber of misplaced documents over 
the rmmber of returned documents. 

TABLE 3. Relative Peiformance of the Bounded Procedure 

Il 

documents examined N. IN 
runtime T. I T 

V 

precision Pb I P 

recall Rb I R 

ordering discrepancy 

0.71 

0.66 

1 

0.89 

0.4 

l11e experiments demonstrate that, on average, an improvement can be 
reached applying the bounding rnethod without a significant decrease in 
the system effectiveness (thc precision is the same and there is a 11 % recail 
d ' . ' A Id i 1 . ' . . ' b -egradatmn;. _ s we cou expect, t.ie re auonsmp between the num er ot 
documents processed and the nmtìme is not linear, thus the tuntime optimi
zation is larger. Conversely the ordering precision .is affected since, on 
average, four documents are misplaced. 

Although this is a significant improvement, funher research is required 
to better constrain the search process and further experiments must be 
carried out t0 draw final conclusions. · 

8. CONCLUSION 

We bave presented a model for an hypertext-based retrieval system 
using plausìble reasoning and wc have given a possible approach for the 
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integration of search facilities.in hypertext systems. Moreover, we suggested 
a constrained search strategy which allocates documents to given queries, 
restricting as much as possible the set of candidates to be evalu;ited. 

We outlined th~ architectUre of a prototype system based on this model; 
addressed problems of user-machine interaction; and presented some issues 
of the user interface. 

A preliminary set of experiments carried out seem to prove the power 
of combining these two paradigms. Although a research prototype, we 
believe it shows considerable promise as an advanced information retrieval 
environment. 

Work in progress includes an object-oriented model that, combining 
browsing and searching techniques, presents a uniform framework for direct 
manipulation of multimedia information [21]. In this model units of 
information that are arbitrarily diverse in form and content are connected 
by links to form a complex objects. It would be clearly useful to allow the 
incorporation of this structural information in the construction of content
based queries. 
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