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Abstract. In this work, we introduce a new method for information extrac-
tion from the semantic web. The fundamental idea is to model the semantic
information contained in the microformats of a set of web pages, by using
a data structure called semantic network. Then, we introduce a novel tech-
nique for information extraction from semantic networks. In particular, the
technique allows us to extract a portion—a slice—of the semantic network
with respect to some criterion of interest. The slice obtained represents rel-
evant information retrieved from the semantic network and thus from the
semantic web. Our approach can be used to design novel tools for infor-
mation retrieval and presentation, and for information filtering that was
distributed along the semantic web.

1 Introduction

The Semantic Web is considered an evolving extension of the World Wide Web in
which the semantics of information and services on the web is made explicit by
adding metadata. Metadata provides the web contents with descriptions, meaning
and inter-relations. The Semantic Web is envisioned as a universal medium for
data, information, and knowledge exchange.

Recently, a new initiative has emerged that looks for attaching semantic data
to web pages by using simple extensions of the standard tags currently used for
web formatting in (X)HTML!, these extensions are called microformats [1,2]. A
microformat is basically an open standard formatting code that specifies a set of
attribute descriptors to be used with a set of typical tags.

Ezxample 1. Consider the XHTML of the left that introduces information of a com-
mon personal card:
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L XHTML is a sound selection because it enforces a well-structured format.



<h2>Directory</h2> <h2>Directory</h2>

<p> Vicente Ramos <br> <div class="vcard">

Software Development <br> <span class="fn">Vicente Ramos</span>

118, Atmosphere St. <br> <div class="org">Software Development </div>

La Piedad, México <br> <div class="adr">

59300 <br> <div class="street-address'">Atmosphere 118</div>

+52 352 52 68499 <br> <span class="locality">La Piedad, México</span>
</p> <span class="postal-code">59300</span>
<h4>His Company</h4> </div>
<a href="page2.html"> <div class="tel">+52 352 52 68499</div>

Company Page </a> <h4>His Company</h4>
<a class="url" href="page2.html">Company Page </a>
</div>

Now, observe the code on the right which shows the same information but using
the standard hCard microformat [3], which is useful for representing data about
people, companies, organizations, and places. The class property qualifies each
type of attribute which is defined by the hCard microformat. The code starts with
the required main class vcard and classifies the information with a set of classes
which are auto-explicative: fn describes name information, adr defines address
details and so on.

In this paper we propose the use of semantic networks which is a convenient
simple model for representing semantic data; and we define a slicing technique for
this formalism in order to analyze and filter the semantic web.

2 From the semantic web to the semantic network

The concept of semantic network is fairly old, and it is a common structure for
knowledge representation, which is useful in modern problems of artificial intelli-
gence. A semantic network is a directed graph consisting of nodes which represent
concepts and edges which represent semantic relations between the concepts [4, 5].

In order to represent semantic information in a semantic network we consider
the microformats, i.e., classes as convenient entities for modeling, and then, for
indexing or referencing. If we focus on the relations between classes we identify two
kinds of relations, namely?:

strong relations that are the relations which come from hypertext links between
pages or sections of a page by using anchors.

weak relations that can be embedding relationships, for classes that embeds other
classes or semantic relationships among classes of the same type, for instance,
between two vcard.

Ezample 2. Consider the semantic network depicted in Figure 1 (the grey parts of
the figure do not belong to the semantic network and thus they can be ignored for
the time being). It is composed of two webpages (P1 and P2), and P1 represents
the microformatted code of Example 1.

2 In this paper, without loss of generality, we only consider weak relations (i.e., only
semantic relations), thus we analyze semantic networks without taking into account
the labels associated to the edges.
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Fig. 1. Example of semantic network.

In the figure, the nodes of the first page are labeled with P1 and the nodes
of the second page are labeled with P2. Thus, nodes (i.e., concepts) are unique.
We observe three kinds of edges: The locality class from Example 1 is embedded
in the adr class. Thus, there is an embedding relationship from node adr to node
locality. Furthermore, vcard in P1 and vcard in P2 are linked by a semantic
relationship. Besides, there is one strong hyperlink to P2 generated by the mi-
croformatted tag <a class="url" href="page2.html">. Observe that the graph
only contains semantic information and their relations; and it omits content or for-
matting information such as the <strong></strong> labels. Observe that we add
to the graph two additional concepts, P1 and P2, which refer to web pages. This
is very useful in practice in order to make explicit the embedding relation between
microformats and their web page containers.



3 A technique for information retrieval

We introduce first some preliminary definitions.

Definition 1 (semantic network). A directed graph is an ordered pair G =
(V,E) where V is a finite set of vertices or nodes, and € C V x V is a set of
ordered pairs (v — V') with v,v" €V called edges. A semantic network is a directed
graph S = (V, &) in which nodes have been labeled with names of web pages and
microformatting classes of these pages.

As an example of semantic network consider the directed graph in Figure 1
(omitting the grey parts) where nodes are the set of microformatted classes provided
by two semantic web pages.

A semantic network is a profuse mesh of information. For this reason, we extend
the semantic network with an index which acts as an interface between the semantic
network and the potential interacting systems. The index contains the subset of
concepts that are relevant (or also visible) from outside the semantic net. It is
possible to define more than one index for different systems and or applications.
Each element of the index contains a key concept and a pointer to its associated
node. Artificial concepts such as webpages (See P1 and P2 in Figure 1) can also
be indexed. This is very useful in practice because it is common to retrieve the
embedded (microformatted) classes of each semantic web page.

Let K be a set of concepts represented in the semantic network S = (V,€).
Then, rnode : (S, k) — V where k € K (for the sake of clarity, in the following we
will refer to k as the key concept) is a mapping from concepts to nodes; i.e., given a
semantic network S and a key concept k, then rnode(S, k) returns the node v € V
associated to k.

Definition 2 (semantic index). Given a semantic network S = (V,€) and an
alphabet of concepts K, a semantic index Z for S and K is any set T = {(k,p) | k €
K and p is a mapping from k to rnode(S,k)}

We can now extend semantic networks by properly including a semantic index.
We call this kind of semantic network indezed semantic network (IS).

Definition 3 (indexed semantic network). An indezed semantic network IS
is a triple 1S = (V,E,T), such that T is a semantic index for the semantic network

S=,8).

Now, each semantic index allows us to visit the semantic network from a well
defined collection of entrance points which are provided by the rnode function.

Ezample 3. An IS with a set of nodes V = {a,b,c,d,e, f,g} is shown in Figure 2
(a). For the time being the reader can ignore the use of colors black and grey and
consider the graph as a whole. There is a semantic index with two key concepts a
and ¢ pointing out to their respective nodes in the semantic network.

Similarly, the semantic network of Figure 1 has been converted to an IS by
defining the index with four entries P1 (pagel.html), P2 (page2.html), vcard and
vevent and by removing the strong links. Thus, for instance, vcard entry points to
the cycle of vcard nodes.



Given a graph G = (V,€) and two nodes vy,v, € V, if there is a sequence
V1,02, ...,0, of nodes in G where (v;,v;41) € € for 1 < i < n — 1, then we say
that there is a path from v; to v, in G. Given u,v € V we say that the node v is
reachable from wu if there is a path from u to v.

Definition 4 (semantic sub-net). Let IS = (V,€,Z) be an indezed semantic
network. Then, a semantic sub-net of 1S with respect to concept k, with (k,p) € Z
for some p, is S, = V', E') such that V' = {rnode((V,€),k)} U{vjv € V and v is
reachable from rnode((V,€),k)} and & = {(u,v)|(u,v) € € and u € V'}.

FEzample 4. Figure 2 (a) shows in black color the semantic sub-net extracted from
the whole IS with respect to concept c.

Definition 5 (semantic relationship). Given a semantic network S = (V,€)
and a node v € V, the semantic relationships of v are the edges {v — v’ € £}. We
say that a concept v is semantically related to a concept u if there exists a semantic
relationship (u — v).

The semantic relations in our semantic networks are unidirectional. The seman-
tics associated to the edges of a semantic network is not transitive because edges
can have different meanings. Therefore, the semantic relation of Definition 5 is
neither transitive.

Given a node n in a semantic network, we often use the term semantically
reachable to denote the set of nodes which are reachable from n through semantic
relationships. Clearly, semantic reachability is a transitive relation.
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Fig. 2. a) A semantic sub-net. b) The sub-net’s adjacency matrix. c¢) A backward slice.

3.1 Semantic sub-net slicing

In this section we present a procedure that allows us to extract a portion of a
semantic sub-net according to some criterion. The procedure uses an adjacency
matriz to represent the semantic sub-net.



The adjacency matrix m of a directed graph G with n nodes is the n X n matrix
where the non-diagonal entry m;; contains 1 if there is an edge such that m; — m;.3

Ezample 5. Consider the semantic sub-net in Figure 2 (a). Node ¢ has two directed
edges, one to node d and other to node f. Thus, in the entry m.q and m.s we write
1, and 0 in the other cells.

Now, we are in a position to introduce our slicing based method for information
recovering from semantic sub-nets. Firstly, we can select a concept in the index.
From this concept we can extract a semantic sub-net as described before. Next, in
the resultant semantic sub-net we can select the node of interest. Hence, our slicing
criterion consists of a pair formed by a key concept and a node. Formally:

Definition 6 (slicing criterion). Let IS = (V,£,Z) be an indexed semantic
network. Then a slicing criterion C for 1S is a pair of elements (k,v) such that
(k,p) € T for some p, v €V’ and Sy, = (V',&’) is the semantic sub-net of IS with
respect to concept k.

Given a semantic sub-net, we can produce two different slices by traversing
the sub-net either forwards or backwards from the node pointed out by the slicing
criterion. Each slice gives rise to different semantic information.

FEzample 6. Consider the slicing criterion (c, d) for the IS in Figure 2 ¢). The first
level of slicing uses ¢ to extract the semantic sub-net highlighted with black color.
Then, the second level of slicing performs a traversal of the semantic sub-net either
forwards or backwards from d. In Figure 2 c¢) the backward slice contains all nodes
whereas the forward slice would only contain {d, f, g}.

Ezxample 7. Consider the semantic network in Figure 1 together with the slicing
criterion (P1,adr:P1). With P1 we can perform the first level of slicing to recover
a semantic sub-net which is composed by the nodes { P1,vcard: P1, vcard: P2} and
all of their descendant (semantically reachable) nodes. Then, from node adr: P1
we can go forwards and collect the information related to the address or backwards
and collect nodes vcard: P1, P1 and vcard: P2. The backward slicing illustrates
that the node adr: P1 is semantically reachable from P1, vcard: P1, and vcard:
P2, and thus, there are semantic relationships between them. Hence, we extract a
slice from the semantic network and, as a consequence, from the semantic web.

We can now formalize the notion of forward /backward slice for semantic sub-nets.
In the definition we use —* to denote the reflexive transitive closure of —.

Definition 7 (forward/backward slice). Let IS = (V,€,7) be an indezxed se-
mantic network with (k,p) € I for some p. Let S = (V',&') be the semantic
sub-net of 1S with respect to k and C = (k,node) a slicing criterion for IS. Then
a slice of IS is 8" = (V1,&1) such that

forward V; = {node} U {v|v € V' and (node —* v) € &'}

3 Note that we could write a label associated to the edge in the matrix instead of 1 in
order to also consider other relationships between nodes.



Input: An indexed semantic network IS = (V,&,7)
and a slicing criterion C = (k, node) where (k, p) € Z for some p
Output: A slice S’ = (V', &)
Initialization: V' := {node}, &' := {}, Visited := {}
Begin
Compute Sy = (Vi, &) a semantic sub-net of 1.5
whose adjacency matrix is M
Repeat
let s € (V' \ Visited)
let ¢ := column(s, M)
For each s’ € V}; with r = row(s’, M) and M, . =1
V=V u{s}
E=EU{(s —s)}
Visited := Visited U {s}
Until V' = Visited
End
Return: (V',&’)

Fig. 3. An algorithm for semantic network backward slicing.

backward V; = {node} U {v|v € V' and (v —* node) € &'}
and & = {(u —v) | (u—v) € E with u,v € V1 }

The algorithm of Figure 3 shows the complete slicing based method for infor-
mation extraction from semantic networks. Roughly speaking, given an IS and a
slicing criterion, (i) it extracts the associated semantic sub-net, (ii) it computes the
sub-net’s adjacency matrix, and (iii) it extracts (guided by the adjacency matrix)
the nodes and edges that form the final slice.

The algorithm uses two functions row(s, M) and column(s, M) which respec-
tively return the number of row and column of concept s in matrix M. It proceeds
as follows: Firstly, the semantic sub-net associated to I.S and the adjacency matrix
of the sub-net are computed. Then, the matrix is traversed to compute the slice
by exploiting the fact that a cell M, ; with value 1 in the matrix means that the
concept in column j is semantically related to the concept in row i. Therefore,
edges are traversed backwards by taking a concept in a column and collecting all
concepts of the rows that have a 1 in that column.

4 Related work and conclusions

In [6], three prototype hypertext systems were designed and implemented. In the
first prototype, an unstructured semantic net is exploited and an authoring tool is
provided. The prototype uses a knowledge-based traversal algorithm to facilitate
document reorganization. This kind of traversing algorithms is based on typical
solutions like depth-first search and breadth-first search. In contrast, our IS allows
us to optimize the task of information retrieval.



[7] designed a particular form of a graph to represent questions and answers.
These graphs are built according to the question and answer requirements. This is
in some way related to our work if we assume that our questions are the slicing
criteria and our answers are the computed slices. In our approach, we conserve a
general form of semantic network, which is enriched by the index, so, it still permits
to represent sub-graphs of knowledge.

To the best of our knowledge this is the first program slicing based approach
to extract information from the semantic web. The obtained answers are semanti-
cally correct, because since, the information extraction method follows the paths
of the source semantic tree, i.e., the original semantic relationships are preserved.
Furthermore, semantic relationships contained in sets of microformatted web pages
can also be discovered and extracted.

Program slicing has been previously applied to data structures. For instance,
Silva [8] used program slicing for information extraction from individual XML
documents. He also used a graph-like data structure to represent the documents.
However semantic networks are a much more general structure, that could contain
many subgraphs, while XML documents are always a tree-like structure. In contrast
to this method, our approach can process groups of web pages.

This method could be exploited by tools that feed microformats. Frequently,
these tools take all the microformats in the semantic web and store them in their
databases in order to perform queries. Our representation improves this behavior
by allowing the system to determine what microformats are relevant and what
microformats can be discarded. Another potential use is related to automatic in-
formation retrieval from websites by summarizing semantic content related to a
slicing criterion. Similarly, web search engines could use this method to be able to
establish semantic relations between unrelated links.
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