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Figure 5.15: System Architecture
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kinds of multimedia data [?],[?] (e.g. text, audio, video, image). In the opposite,

a Topics Detector sub-module operates on the not-structured view of a document

and aims at detecting by a natural language processing the most relevant topics for

the entire document. Eventually, the Ontology Binding Resolver sub-module has

the objective of creating for each discovered concept/topic a binding association

with a node of domain ontology.

The extracted knowledge is then stored in the Semantic Knowledge Base

(SKB) managed by a Knowledge Management System (KMS). The KMS per-

forms indexing operations on the managed information, providing to applications

functionalities for browsing and retrieval documents. The components of the SKB

(and the related KMS managing modules) are described in the following.

• Dictionary (for each supported language) - It contains all the terms of a

given language with the related possible meanings and some linguistic re-

lationship among terms (e.g. WordNet). Each dictionary is managed by an

apposite management module, called Dictionary Browser.

• Lexicon - It contains all the terms known by the system: dictionary terms

and named entities (names of people and organizations). The is managed

by an apposite module, called Lexicon Manager.

• Term Inverted Index - It is the data structure used for indexing terms in-

side documents. For each term known by the system (and contained in the
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lexicon) a posting list, that contains identifiers of documents and contents

referring to such a term with the related frequency, is created. The inverted

index is managed by an apposite Term Indexing Manager.

• Semantic Space - It allows the storage of the single atomic pieces of knowl-

edge belonging to document content units, and called document segments.

It is an abstraction of a shared virtual memory space (with read/write meth-

ods) by which applications can exchange multimedia data. This space is

called semantic because each element is associated with a particular struc-

tural ontology that allows to relate segments of the same content unit and

content units of different documents. The Semantic Space Manger pro-

vides functionalities for reading, writing, removing and searching tuples in

the space.

• Domain Repository - It contains the description of application domain con-

cepts and is managed by a Domain repository Manager.

• Binding Repository - it contains the associations between document and

domain repository concepts and is managed by a Binding Repository Man-

ager.

• Media Repository - it is an Object Relational DBMS able to manage the dif-

ferent kinds of multimedia contents. It is managed by a particular module,



5.8. SYSTEM DESCRIPTION 148

called Multimedia Information Manager able to support classical multime-

dia query for the different kinds of multimedia data – e.g. query by exam-

ple/feature for images, query by content/keywords for images and text, and

so on.

The semantic associated to the data contained in the knowledge base is then

managed by the Ontology Management System (OMS), that contains the ontol-

ogy models used by the system. In particular, we exploit three kinds of ontologies

(managed by an Ontology Manager): (i) a set of domain ontologies that relate the

semantic concepts in a given domain, (ii) a set of task ontologies that determine

the role/meaning of a content unit in a document and (iii) a set of structural on-

tologies that code the relationships between contents and segments. The Ontology

Explorer allows browsing of the concepts in the ontologies, while the Ontology

Query Service is a component devoted to execute queries on the ontologies.

From the user point of view, the functionalities provided by the system are the

indexing of a document and the semantic retrieval of information. The application

interfaces are realized both as web services and desktop programs (and managed

by an apposite Interface Manager). Finally, there are two modules for security

and presentation management.
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Figure 5.16: Interface for Information Extraction

5.8.1 Implementation Issues

Due to the great amount of data to deal with and security issues, we have cho-

sen to implement the document management system prototype using ORACLE

technologies (Oracle 11g DBMS, Oracle Intermedia, Oracle Text, PL/SQL Stored

Procedures) for data management and repositories implementation and JAVA both

for business and presentation logics.

Oracle Intermedia tools have been exploited, from one hand, to manage im-

ages, audio and video stored into the database with the related metadata, and from

the other one, to implement the image similarity query. In particular, the oracle
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evaluateScore method has been used to implement an image distance through an

apposite PL/SQL procedure. Oracle Text functionalities and ad-hoc PL/SQL pro-

cedures have been used to manage textual information and implement full-text

search.

The ontologies are mapped in the oracle database and managed by the frame-

work KAON 2, while the services of Ontology Query Service are implemented

using SPARQL. Eventually, particular JAVA libraries have been exploited to im-

plement Multimedia Information Processing module, Topics Detector, all user in-

terfaces and the other modules.

A couple of interfaces of the prototypical system are presented: in the fig 3

is reported the interface for information extraction features, in which the user is

allowed to highlight the relation between a law text under analysis and an image

that represent the person to which the content of the text segment references.

In fig. 5.16, is showed the interface that allow the users to submit query to the

system2.

2To avoid issues with the data privacy legislation, in this work the suspect picture is blurred, in
the real system, being the data available to the authorized persons only, the real used images result
uncensored.
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Fig.4: Interface for Information Retrieval

The query are classified on the basis of the subject of interest, that for our

domain are: the suspected, the victim, the crime scene and the evidences. In the

example the user want retrieve all the acts in which the suspected is the person

reported in the pictures that he inserted by the interface.



Chapter 6

Experimental Results for processing
of documents in juridical domain

6.1 The Selected Corpus

We have tested the document processing procedure with a documental corpus be-

longing to legal specialistic domain.

The documents in the corpus have been selected from the Italian Notary Data

Base (Banca Dati Notarile). The whole used collection of documents count 66176

documents wich have been produced by the Italian Notary Council (“Consiglio

Nazionale del Notariato”).

The corpus is divided into seven sections, each one pertaining to a particular

aspect of the normative in acts stipulation. In Fig 6.1 the dimensions, in terms of

number of documents, are reported for each section.
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Figure 6.1: the selected corpus

6.2 Domain characterization: Relevant Terms Ex-
traction

The computation of the TF-IDF index has enabled the extraction of the following

graphic forms from the analyzed corpus: 203 nouns (out of 837), 36 noun phrases

(out of 79), 90 verbs (out of 606) and 1 verb phrase (out of 3) producing a list

of 276 lemmas. The list obtained has been firstly compared to JureWordNet[46]

lexical database (7768 lemmas) in order to produce an inventory of 160 terms in

common, that are the corpus key-words pertaining to the legal domain. Then,

this list of 160 lexical items has been further specialized by integration of terms
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Figure 6.2: List Fragment of Extracted Relevant Terms

belonging to the notarial domain and identified from the remaining 116 words

with no correspondence in JureWordNet. This identification has been performed

by eliminating general words in common with a standard lexicon of the Italian

language. This has produced a list of 19 corpus specific lemmas that have been

integrated to the initial list of 160 lemmas. Here we give a fragment of the list of

extracted lemmas in fig 6.2.

6.3 Documents Classification

In this section we report results from executions of classification procedures per-

formed on segments belonging to legal domain. As shown in fig. 1.2 , each

segment can be refered to a conceptual area, in which a subset of information can
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Figure 6.3: Example of Extensional Ontology Fragment
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Figure 6.4: Classification Results

be contained. We have classified these segments whit the aim of associating the

proper class (i.e. the fragment of ontology that contains the concepts instantiates)

to the input segment.

We have used three kinds of classifiers, combining (by voting) their outputs

and obtaining the results shown in table ??. It is possible to notice the perfor-

mances improvements of the result obtained from the combined strategy, in re-

spect to the output of single classifers. Such improvements are due to the diversity

of the used classifiers.

The classification results for the voting strategy compared to the best “single”

classifier have an improvement of ∼ 5% in precision and ∼ 1, 5% in recall, for an

overall improvement in accuracy of ∼ 5%.

6.4 Information Extraction

In this section we show some experiments we have carried out for evaluating

the impact of the proposed system on enhancing user effort in indexing juridical
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Precision Value Number of documents
100% 268
66,6% 23
33,3% 9

Table 6.1: Indexing Precision

documents.

To this aim, the data set is constituted by 350 documents of two different

notary schools; 50 documents have been used as training set to train the classifier

used for text segmentation.

The objective in this experimentation is to evaluate the system correctness

(precision) in automatically discovering the relevant concepts of a juridical docu-

ment and in particular:

1. the seller with the related personal data;

2. the buyer with the related personal data;

3. the purchase object and its characteristics.

Table 1 shows the related results and in particular the number of documents

that has a given value of precision (100%: all the concepts have been correctly

discovered, 66.66%: two concepts have been correctly discovered, 33.33%: only

one concept has been correctly discovered).

In the majority of cases for which precision is 33.33% or 66.66% the found
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Document size Indexing Times (s)
<50K 1,5
50k – 100k 1,8
100k – 200k 2
>200k 2,5

Table 6.2: Indexing Times

correct relevant concepts are the buyer or seller, thus in our approach the most dif-

ficult concept to discovery is that related to purchase object and its characteristics.

Table 2 shows the average indexing times with respect to the document size.

Eventually,a snapshort of a Fragment of Extensional Ontology whith the extracted

instances is reported in fig.fig:ontologyy.

6.5 Information Retrieval

For Information retrieval evaluation, let us call top keyword x TKx for short, the

set of the x more representative keywords for our category (depending on the score

associated to each word). For example, TK50 will be the set of the first 50 entries

in the score-ordered list of representative words for a given category (which also

coincide with the top 50 words in Fig.6.5
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Figure 6.5: TK sets selection
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Chapter 7

Conclusions

In this dissertation we have described an e-Government system based on a novel

multimedia document model.

The proposed documents model, represented in RDF schema, is appropriate

for the retrieval operations in different domains. The system is designed for the

management of document belonging to specialized domain. The restricted area of

specialization reduces the intrinsic semantic ambiguity of the words, related at the

generalist domain, allowing more accurate information extraction operations.

We have implemented a prototypal version of the system that realize the de-

scribed Information Retrieval and Presentation tasks for Long Term Preservation

aims.
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