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Development of the Library Software 
System BISIS 

Surla, Dušan; and Konjović, Zora 

 

Abstract – The System BISIS is under 
development since year 1993. The first version 
of the system was developed and deployed in 
several faculty libraries in year 1996. The 
current, fourth version is now in use in 44 
faculty, city and specialized libraries. In this 
paper we are presenting an overview of the 
development of this system as well as an 
overview of the research related to cataloguing 
editors, download of the bibliographic records 
and circulation of library holdings. The 
advantages of these researches over other 
publically available library systems are 
highlighted.  

1. INTRODUCTION 

HE distinct section containing an overview 
of the library software packages [2] exists 

on the Internet presentation of the Library of 
Congress for MARC standards [1]. Most of 
these software products are commercially 
available and consequently not available for 
free download. Only user manuals are 
available for analysis of functional 
characteristics of the software. Some of these 
products are ALEPH 500 [3], Voyager [4], 
Atriuum [5], Concourse [6], CyberTools for 
Libraries [7], EOS.Web [8], Polaris Library 
Systems [9], SirsiDynix Symphony [10], 
SirsiDynix Unicorn [11] etc. There are also 
software products like Evergreen Integrated 
Library System [12] and Koha [13] which are 
available free of charge and whose functions 
can be completely analyzed by downloading 
installation packages.  

In Republic of Serbia several library software 
systems are currently in use and BISIS is one 
among them. The BISIS system is under 
development since 1993, it had several 
versions and the fourth version is the current 
one.   
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Within the framework of the development of 
BISIS system 16 MSC theses and 6 PhD 
theses are done and about 200 bibliographic 
units are published. The system is in use in 44 
libraries (24 city libraries, 15 libraries of higher 
education institutions and 5 specialized 
libraries). BISIS is running under public 
operating systems (various versions of Linux) 
and data bases (SAP DB, MySQL, 
PostgreSQL). It is also running under vendor 
operating systems (Windows, UNIX and 
others) and databases (Oracle, Microsoft SQL 
Server, and others).  

2. VERSIONS OF THE SYSTEM BISIS 

The first version of the BISIS system 
appeared as a part of the results of the project 
“A System for Information Creation and 
Retrieval.” During the period 1993 – 1996 this 
project was financed by Ministry for Science 
and Technology of the republic of Serbia. The 
head of this project was late professor dr 
Branko Lazarević from the Faculty of 
Organizational Sciences (FON) Belgrade. The 
methodology applied for development of this 
project was structural system analysis and 
object oriented software development. The 
CASE tool ARTIST developed at FON and 
supporting this methodology was used.  

 
The software system BISIS ver. 1 was 

implemented in C programming language, 
while the database management system used 
was  db_VISTA. Version 2 is implemented in 
programming language Java and in Oracle 
environment from which the text server 
supporting Unicode text was also borrowed. 
The following versions of the system are all 
developed using Java programming language. 
The main difference between Version 2 and 
Version 3 is the text server for bibliographic 
records indexing and searching.  In Version 3, 
the novel, original text server was developed 
which is specialized for indexing and searching 
bibliographic records in UNIMARC format. 

 
Development of the fourth version is based 

on XML technologies. The cataloguing editor of 
the fourth version is described in papers [14-

T
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16]. In papers [17-20] the segment of the 
system dealing with use (circulation) of library 
holdings is described. An editor for creating 
queries according to Z39.50 protocol is 
presented in papers [21-24]. 

 In the fourth version of the BISIS system the 
text server is created for indexing and 
searching bibliographic records utilizing Lucene 
library (http://lucene.apache.org/). Description 
of this text server is given in paper [22]. In the 
paper [25] the solution in the form of 
standalone software package aimed at creating 
catalogue cards is proposed.  

3. CATALOGUING EDITORS 

Cataloguing editor is an important 
component of the cataloguizer work station 
which was subject of numerous researches. 
Historical development of the cataloguer work 
station was the subject of the paper [26]. In the 
paper [27] the influence of the Web 
development on cataloguing was described. 
The paper [28] deals with general principles of 
cataloguer work station. 

 
Within the project BookMARC [29] significant 

research was done which is related to 
specification of XML documents describing 
bibliographic formats. The schemes for 
UNIMARC and MARC 21 format are developed 
[30]. The result of this research which is related 
to UNIMARC format is published in the paper 
[31] and the complete scheme of UNIMARC 
format is given in [32]. The subject of the paper 
[33] is creation of XML scheme for MARC 21 
format, and in [19] the complete scheme of the 
MARC 21 format which is developed within the 
same project is given.  

A considerable improvement comparing with 
existing solutions of the cataloguing editor in 
BISIS system is presented in M.Sc. thesis [14]. 
The result obtained in this thesis is a 
cataloguing editor for processing bibliographic 
units according to UNIMARC format. 
Implementation of this editor is based on XML 
technologies. This editor is integrated within 
the fourth version of the BISIS system.  

 
The subject of the research which is 

described in PhD thesis [34] is further 
development of the editor for bibliographic units 
processing according to MARC 21 format. The 
basic idea is to implement editor that supports 
entry of the structured data of MARC 21 
records following the principles of the 
contemporary programming languages editors.  

 

Results of the research in PhD thesis [34] 
 
The original scientific contribution is 

implementation of the editor which supports 
data entry for structured data of the MARC 21 
records in the form which is imminent to the 
modern programming language editors.   Such 
an approach to implementation of the editor for 
MARC 21 records was not found in available 
literature sources.  

 
It is shown that by utilizing Eclipse plug-in 

technology one can create applications for end 
users. Use of Plug-in technology for 
applications development enables use of large 
library of user interface components of the 
Eclipse platform thus providing for avoidance of 
the program code generation even when 
developing additional functionalities. In 
addition, plug-in technology enables 
development of easily extensible applications 
by using the concept of the extension point. 
That way the software components are created 
that can be reused by a large number of 
different information systems.  

 
The suggested mean for generating an 

editor based on specification of the grammar in 
Xtext framework can be also used for 
generating editors for other information 
systems.  Xtext framework offers considerable 
opportunities for specifying advances for 
generated editor likewise constraint 
specification, data transformation, creating user 
help for data entry, etc.  All these advances 
provide for creating modern user interface only 
specifications based, without need for writing 
the program code.  
 

An important contribution is the practical 
implementation of the obtained results that will 
be the starting point for creation of the version 
of the software system BISIS based on MARC 
21 format.  

4. DOWNLOADING BIBLIOGRAPHIC RECORDS 

 
The latest development of the library 

information systems is directed towards end 
user which strives for simple and unique acess 
to holdings of different libraries In order to 
achieve the necessary interoperability diverse 
library standards are designed such as Z39.50 
[35], SRU [36], OAI-PMH [37].  

 
It is a common scenario that multiple library 

standards are used together in different 
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projects. One possible conjoint implementation 
is to build a central catalogue that could be 
retrieved via SRU protocol, while 
simultaneously filling the same catalogue with 
bibliographic records from various holdings via 
OAI-PMH protocol [38]. This model is used for 
implementation of the European libraries portal. 
This portal which is described in papers [39, 
40] is aimed at connecting the leading 
European libraries and creating an integral 
central catalogue. Yet another example of 
interconnecting digital repositories is the 
project NORA [41] which is under development 
in Norway. Similar approach to combination of 
OAI-PMH and SRU protocols is also used in 
project Оckham [42]. This is the project which 
has digital libraries as its subject, jointly 
developed by Emory University, Oregon State 
University, Virginia Tech, and University of 
Notre Dame. In the paper [43] the system 
Ockham Alerting Service aimed at retrieving 
other OAI-PMH repositories is described. 

 
Taking into account that implementation of 

the services supporting SRU protocol is much 
simpler than those supporting Z39.50 protocol, 
many libraries are implementing SRU protocol. 
One of the first libraries that have accepted this 
protocol is the Library of Congress. 
Nevertheless, the libraries that opted for 
services utilizing SRU protocol, still want to 
keep the option of Z39.50 search if already had 
that service implemented.  

 
An example of the software component that 

implements SRU service is the ОCLC SRU/W 
component [44]. In the paper [45] the systems 
that have integrated this component in their 
existing frameworks are described.  

In regard to the fact that diverse standards for 

bibliographic records exchange exist, the goal 

of the BISIS development is to create such 

software system that will enable integration of 

new standards without changes to existing 

architecture of the system. The results of these 

researches that are extension of the research 

initiated in M.Sc. thesis [22] are presented in 

the PhD thesis [46]. 

 
Results of the research in PhD thesis [46] 

 
It is shown that type-1 query (of the Z39.50 

protocol) can be transformed into query defined 
by CQL query language (protocol SRU). 
Transformations of the type-1 queries to CQl 
query language are defined as well as 

transformations of the CQL query language to 
Lucene query language. The software 
component which mediates between existing 
library system and service for search and 
download is created.  

 
Both server and client side of the SRU 

protocol are modeled and implemented. An 
extension of the SRU standard aimed at using 
this same standard for communication between 
client and server when writing data into remote 
database is proposed. The procedure for 
integrating implemented system into library 
system BISIS version 4 is described.  

5. LIBRARY HOLDINGS CIRCULATION 

Library holdings circulation comprises all 
activities related to work with library users like 
user records keeping, borrowing and 
discharging, generating diverse statistics, etc. 
In the paper [47] the role of the librarian related 
to cooperation with users is described. 
Experiences that are presented in papers [48] 
and [49] show that electronic services expedite 
more efficient use of library holdings. In the 
paper [50] several such services are described 
as well as how these services improve library 
operation.  In the paper [51] the results of the 
research claiming that advances achieved in 
users’ search influence increase of the use of 
library holdings and interlibrary loans. Increase 
of the operative work with library users that is 
achieved by using RFID (Radio Frequency 
Identification) technology is described in paper 
[52]. In the papers [53] and [54] the role and 
the importance of the statistical reports on use 
of library holdings for improvement and 
extension of library holdings is presented.  

 
The most widely used and the most popular 

service for interlibrary loans is OCLC service 
[55]. The OCLC (Online Computer Library 
Center) organization was established in year 
1967 at Ohio University with goal to make 
access to libraries   easier. Today, the OCLC 
services are used by more than 69000 libraries 
from 112 countries. In the paper [56] the 
features of the software for interlibrary loan 
which is used at Michigan University are 
described. The practice of interlibrary loans in 
universities and colleges in Israel is presented 
in paper [57]. The paper [58] presents the role 
of the central catalogues in the process of 
interlibrary loans. Development and 
implementation of the services that consolidate 
retrieval and borrowing of the books from 
national, regional and provincial catalogues in 
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Norway are described in paper [59]. The 
interlibrary loan situation in Great Britain is 
presented in paper [60], while the paper [61] 
presents interlibrary loans situation in 
Australian libraries. The paper [62] presents 
two systems for interlibrary loans that are used 
in Mexico.  

The system BISIS version 4 fulfills all 
requirements of electronic library operation for 
users’ records keeping and serving library 
users only within the local library holding. The 
researches related to this segment are 
presented in [17]. The continuation of these 
researches is presented in PhD thesis [63] 
aimed at extending the system for circulation in 
order to support circulation within the 
consortium of several libraries.  

 
Results of the research in PhD thesis [63] 

 
Particular scientific contribution in this 

research is the pattern oriented software 
architecture of the subsystem for client/server 
communication. By appropriate combination of 
several design patterns the architecture which 
enables uniform communication between client 
and server within diverse network 
environments and via different transport 
protocols was reached.  The very same 
architecture also enables conversion of the 
data under exchange into diverse formats that 
satisfy specific needs. The clients which use 
this subsystem are communication 
independent in a sense that they always send 
to the subsystem the data that is conformant 
with the same format, while the communication 
is adapted in the configuration which is 
forwarded to the subsystem. The subsystem is 
independent of system’s business logic; the 
system uses subsystem in a way to enable 
integration within any system which needs 
client/server communication. The changes of 
the system’s functionalities do not require any 
changes in communication subsystem.  

 
Integration of the communication subsystem 

into circulation system the uniform 
communication mode of client application with 
server side is achieved both for local (intranet)  
and global (Internet) servers. The same 
communication model is used when 
communicating with remote libraries within the 
BISIS library network. The same system is 
integrated in all other parts of the BISIS system 
where there was a demand for client/server 
communication.  

 

An additional extension of the software 
system for circulation was implemented 
through NCIP protocol. The protocol is 
implemented within the system for client/server 
communication thus providing client with an 
option to access other libraries via NCIP 
protocol. For extension, the adapter pattern 
was used. Also, the NCIP service aimed at 
serving other libraries access to the data 
according to NCIP protocol is implemented.. 

6. CONCLUSION 

In this paper a brief overview of library software 

systems is given, stressing the development of 

the BISIS system.  

These systems are developing in conformance 

with development of information and 

communication technologies.  Information and 

communication technologies have significantly 

influence development of other systems for 

creating and searching electronic content and 

their meta data. The most significant among 

them are digital libraries, research information 

systems, institutional repositories, information 

systems of publishing institutions.  

The latest development of the BISIS system is 

directed towards integration of above 

mentioned systems for creation and utilization 

of digital content. 
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Developing Editors in Xtext Framework 
 

Bojana Dimić Surla 

 

Abstract – The article presents one approach in 

development of editors as an alternative to 

standard screen forms for entering data. That 

approach relates to specifying Xtext grammar of 

the text that will be entered and generating EMF 

model and editor on the basis of that 

specification. Advanced functionalities of the 

editor, such as generating help during editing and 

control of correctness of entered data are realized 

as extensions and constraints on generated EMF 

model. Such an editor was verified on the example 

of entering data in library information system. Two 

editors are shown, one for entering structured 

data of MARC 21 records and one for entering 

holdings data.    

Index terms - grammmar, Eclipse, EMF, Java  

 1. INTRODUCTION 

 NE of the most important aspects of 
information systems is digital content 

creation, and most common way of creating 
digital content is by entering data in screen form. 
In contemporary information systems data input 
is usually done in screen forms full of visual 
components, such as labels, text fields, combo 
boxes, etc.     

In this paper we give the suggestion for 
development of editors that enable different way 
of entering data, the way that resembles to 
entering data in text editors such as Microsoft 
Word and editors for writing source code. In such 
editor user write data in big text area while editor 
provides help and control of data correctness. 

Those editors are created in Xtext framework 
without writing source code. They are realised 
using model-driven software development by 
specification of data model as Xtext grammar 
and generating EMF model and editor.  

Two editors are presented in this paper. Both 
are used for entering data in library software 
system BISIS.  
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The first one is editor for entering structured 
data of MARC 21 bibliographic records, and 
second is editor for entering holdings data in 
database.  

Those editors represent the improvement of 
editor in fourth version of system BISIS 
described in [1], [2] and [3]. 

 

2. SOFTWARE ENVIRONMENT 

For development of editors described in this 
paper we were using Eclipse platform. Eclipse 
was chosen as software environment for 
specification of the editors and as software 
environment for running the editors.  

Eclipse is an open source project that 
represents environment for software 
development. It enables work with various 
programming languages and on various 
platforms. Eclipse provides plug-in framework for 
integration of additional software tool.   

EMF - Eclipse Modelling Framework [4] is 
environment for software modelling and code 
generation. EMF enables software development 
by generating source code based on structured 
data model [5]. EMF model can be built on the 
basis of UML models, XML schema and set of 
Java classes [6]. Moreover, EMF represents the 
support for model-driven software development 
and is the base for other project in this area such 
as OpenArchitectureWare (oAW) [7].    

OAW is a platform for model-driven software 
development that provides parsing of models 
and family of languages and generating source 
code on the basis of that. Basic characteristics of 
this platform are that it is developed as a set of 
plug-ins for Eclipse, it is based on EMF meta-
modelling concept and all transformations and 
generations are specified as workflows. 
Description of oAW usage is given in [8].   

The part of oAW is software tool Xtext for 
creation of domain-specific languages and 
generation of Eclipse text editor for those 
languages. Furthermore, oAW platform provides 
language Xtend for writing extensions of domain-
specific languages, language Check for 
specifying constraints and Xpand for writing 
templates for language transformations. Xtend is 
used for defining content assist i.e. predefined 

O
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set of acceptable values for input in editor. 
Constraints written in Check that is similar to 
Object Constraints Language (OCL) are used for 
control of correctness of data entered in 
generated editor.     

Xtext uses ANTLR – Another tool for language 
recognition [9] for implementing parser. ANTLR 
is a tool that provides framework for language 
recognition, interpretation, compiling and 
translation. ANTLR has excellent support for 
syntax tree construction.   

In June 2010 the new version of Xtext 1.0 was 
released as a part of Eclipse. This version 
supports development of complex programming 
languages, editors for those languages as well 
as complete integrated development 
environment based on Eclipse [10].    

3. EDITOR FOR MARC 21 RECORDS 

A MARC 21 bibliographic record describes 
one publication (book, serial, article, etc.) and 
has exactly defined structure. MARC 21 record 
starts with record leader followed by fields 
labeled with three digits. There are two types of 
fields, control fields and data fields. Control field 
can contain either singular data about 
publication, either set of fixed-length data on 
specific position. Data field has up to two 
indicators and set of subfields marked with letter 
or digit. Subfields contain bibliographic data as 
their content.     

  

Listing 1. Xtext grammar for MARC 21 records 

Existing editors for MARC 21 records that 
are available at Library of Congress Internet 
site [11] can be divided into two groups. The 
first group includes those editors that provide 
standard screen forms with labels and text 
fields (Concourse [12]). The second group 
relates to editors that support input of MARC 
21 record as a free text (MarcEdit [13]). Editor 

described in this chapter belongs to second 
group, except that it supports the control of 
entered data which is not the case with other 
editors in this group. Described approach of 
development of editor for MARC 21 records is 
discussed in [14].   

The first step in realisation of editor is 
specification of grammar for MARC 21 records 
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in Xtext environment. This specification is 
shown in Listing 1.  

Rule Record in grammar from Listing 1 
describes one MARC 21 record. By this rule, 
MARC 21 record consists of leader represents 
by attribute leader of type Leader, set of 
control fields represents by attribute 
controlFields that is the list of elements of 
ControlField type and set of data fields 
represents by attribute dataFields that is the 
list of elements of DataField type.  The order in 
which those elements are listed in the 
grammar is the order in which those elements 
should appear in the editor. 

On the basis of the grammar shown in 
Listing 1 EMF model of MARC 21 record and 
editor for input of MARC 21 records were 
generated. In Xtext environment it is possible 
to specify constraints on generated EMF 

model that are used in generated editor for 
control of entered data. All that constraints 
were written in single file as an expression in 
Check language. One example of those 
constraints is number of field with the same 
name in the record. Some fields in MARC 21 
can appear more than once in the record (so 
called repeatable fields), while others can 
appear only once. Check expression that 
control this condition is:  

 
Context DataField ERROR 

"Field"+this.name.toString(). 

subString(2,5)+"is not repeatable!"  : 

isFieldOccurenceOK(this); 

This expression specifies the massage that will 

appear in the editor in context DataField if 

expression isFieldOccurenceOK is false.  

 

Figure 1. Editor za MARC 21 zapise 

On generated EMF model of MARC 21 

records it is possible to specify extensions that 

are used in the editor for content assist i.e. 

generate list of possible values for input on 

cursor position. Those extensions are written 

in Xtend language. One example of those 

extensions is the content assist for entering 

name of the field in the editor that is specified 

with the following expression: 

List[Proposal] 
completeDataField_name(emf::EObject 
ctx,String prefix) : 
 {newProposal("010 - Library of 
Congress Control Number", "010 # #"), 
  ... 

  newProposal("210 - Abbreviated 
Title", "210"), 
  newProposal("222 - Key Title", 
"222"),   
  newProposal("240 - Uniform Title", 
"240"), 
  newProposal("242 - Translation of 
Title by Cataloging Agency", "242"), 
  newProposal("243 - Collective 
Uniform Title", "243"),      
  newProposal("245 - Title Statement", 
"245"), 
  newProposal("246 - Varying Form of 
Title", "246"), 
  newProposal("247 - Former Title", 
"247") 

 ...};  

The appearance of the generated editor is 
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shown in Figure 1. Figure 1 illustrates input of 
field name with list of possible values offered 
to user.   

4. EDITOR FOR HOLDINGS DATA 

Holdings data relates to single copy of 
publication in the library. Every copy has its 
own inventory number, signature, acquisition, 
etc. Within BISIS library software system those 
pieces of information are stored in database 
tables. In this section we give the suggestion 
of creating editor in Xtext for those types of 
data.  

Listing 2 shows grammar for entering 
holdings data. The rule Inventory represents 
data type that describes one copy of 

bibliographic item. Each piece of information 
about holdings is presented by its own rule. 
Elements declared with “=” are mandatory 
while optional elements are declared with “?=”. 

Rules that describe single holdings elements 
consists of the label which is the key word 
written in the quotes in Xtext grammar and 
data itself that is entered in the editor. That 
data can be of simple type such are String or 
Integer or can be of complex type such is Date 
which is also presented as a rule in the given 
grammar.  

Listing 2. Grammar of the language for input of holdings data
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Figure 2. Editor for holdings data  

 

On the basis of the grammar shown in 
Listing 2 EMF model of holdings data and 
editor for those data were generated. On the 
generated EMF model we specified constraints 
by which editor controls the correctness of 
entered data and shows appropriate message. 
One example of those constraints is check if 
entered codes belong to the set of acceptable 
codes for coded holdings elements, such as 
status, acquisition type or sub location. Check 
expression that controls the correctness of 
code for acquisition type is:  

   
context  AcquisitionType ERROR 

"Unknown code for acquisition type!" :    
acquisitionTypeCodes().contains(this.sifra); 

List[String] acquisitionTypeCodes(): 
{"a","b","c","d","f"}; 

 
The expression given above specify the text 

of an error message that will show in the editor 
if user enter acquisition type that is not in the 
set of defined code for this element.   

Like it was for the MARC 21 record editor it 
is possible to define content assist for holdings 
data model. One example of this is a list of all 
codes defined for coded element.  

Figure 2 shows editor for holdings data 
generated on the basis of the grammar from 
Listing 2. Labels that are presented as key 
words in the grammar are highlighted. Next to 

the label there is an entered data that relates 
to one copy of a publication.    

5. CONCLUSION 

Editors described in this paper are realised 
as Eclipse plug-ins. Those editors can be 
extended by advanced user interface 
functionalities in Eclipse plug-in technology 
using SWT and JFace packages. Moreover, 
those editors were built as independent 
application by using Rich Client Platform 
technology. 

The advantage of suggested solution for 
building screen forms for entering data is that 
they are generated by the grammar of the text 
instead of writing source code. In addition, 
some advanced functionalities such as content 
assist and content control are realised on the 
basis of specification without writing source 
code.   

Another advantage of suggested solution is 
the way of editing. Entering data in the single 
text area is closer to the users that use text 
editors such as Microsoft Word or editors for 
programming. Nevertheless, going through the 
entered data as well as copy-paste methods 
are facilitated in editors described in this 
paper.  

For structured data such as MARC 21 
records this solution for editing naturally 
arises, but this paper showed that it can be 
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used for data that does not have structured 
form and are stored in database tables.  
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Abstract — This paper presents creation of 
metadata about scientific-research outputs using 
the system CRIS UNS. That system is CERIF-
compatible research management system which 
has been being developed for the needs of 
University of Novi Sad. Unlike other system of this 
type CRIS UNS stores metadata about research 
outputs in the MARC 21 bibliographic format. 
Therefore, input of additional metadata about 
published research outputs is enabled. User 
interface of the system enables researchers to 
input metadata about their own outputs without 
the knowledge of the underlying bibliographic 
format. It means that CRIS UNS is interoperable 
with other CERIF compatible systems as well as 
librarian information systems based on MARC 21 
format and enables researchers to input metadata 
about their own outputs. 

 
Index Terms — CRIS UNS, MARC 21, metadata 

about scientific-research outputs  

 

1. INTRODUCTION 

Y 2010, published scientific-research outputs 
in digital form along with associated metadata 

are available via various applications such as 
research management systems, digital libraries, 
information systems of publishing activity 
(Springer - http://www.springer.com/, Emerald - 
http://www.emeraldinsight.com/), institutional 
repositories, etc. The importance of open-access 
to published scientific-research outputs in digital 
format for further development of science is 
discussed in papers [1, 2, 3, 4, 5, 6, 7, 8]. 

The integration of various systems which 
contain research outputs such as institutional 
repositories, research management systems and 
librarian information systems has been discussed 
in recent years [9, 10]. Aim of that integration is 
avoiding or reducing duplicated inputs of 
metadata on the two platforms, as well as 
increasing quality level of services based on 
those metadata. Rich data model for storing 
metadata about scientific-research outputs 
increases interoperability with other systems  

 
Manuscript received December 20, 2012. The research presented 

in this paper was supported by Ministry of Science and 
Technological Development of the Republic of Serbia,   Grant III 
III43007: “Technology Enhanced Infrastructure for eLearning in 
Serbia”. 

Ivanović Dragan is with Department of Computing and 
Automation, Faculty of Technical Sciences, University of Novi Sad, 
Serbia (e-mail: chenejac@uns.ac.rs). 

 
which also contain metadata about scientific-
research outputs.  

Research management systems take 
significant role in the development of science 
[11]. Those systems collect, preserve and 
disseminate data about institutions, researchers, 
research projects, equipment, published results 
and other relevant data for scientific-research 
activity. Standardization of data used in those 
systems is necessary to enable scientists and 
researchers to find the desired data in various 
research management systems and to enable 
exchanging data between those systems. CERIF 
(the Common European Research Information 
Format) is standard which enables interoperability 
between research management systems [12]. 
The European Union encourages the 
development of national research management 
systems in accordance with the CERIF standard 
because the European Union wants to achieve 
maximum competitiveness of Europe at all levels 
of scientific-research activity. Common term for 
CERIF compatible research management system 
is CRIS (Current Research Information System). 
Due to specific local or national requirements, 
CRIS systems are built on different modifications 
of CERIF data model.  

An important part of the research management 
system is input of metadata about scientific-
research outputs. This paper presents input of 
those metadata using the research management 
system which has been being developed at the 
University of Novi Sad since 2008. This system is 
built on the CERIF-compatible data model based 
on the MARC 21 format. Metadata about 
scientific outputs are stored in the MARC 21 
bibliographic format which enables more detailed 
description of those outputs. Due to a large set of 
metadata about research outputs, this system is 
interoperable with the institutional repository as 
well as with librarian information systems. 

2. CRIS OF UNIVERSITY OF NOVI SAD 

CRIS UNS is a CERIF compatible research 
management system which has been being 
developed since 2008 at the University of Novi 
Sad in the Republic of Serbia. Experience gained 
from developing of the BISIS library information 
system (http://www.bisis.uns.ac.rs/) is used for 
developing CRIS UNS. The BISIS system has 
been being developed since 1993 at the 
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University of Novi Sad. The current version 4 is 
based on XML technology. Within the version, an 
XML editor for cataloguing in the UNIMARC and 
MARC21 format [13, 14] that uses the component 
for generating catalogue cards [15] and text 
server [16] is developed. The paper [17] 
describes an XML editor for searching and 
downloading bibliographic records in accordance 
with Z39.50 standard, and the papers [18, 19] 
describe a library circulation system. Distributed 
library catalogues in BISIS are discussed in the 
paper [20]. The papers [21, 22] describe 
modelling and implementation of web-based 
system for entering data about published 
scientific-research outputs in the UNIMARC 
format. 

The first phase of developing of CRIS UNS 
covered developing a subsystem for entry of 
metadata about published scientific-research 
outputs in the following forms: papers published 
in journals, papers published on scientific 
conferences, monographs, papers published in 
monographs, theses and dissertations. The 
second phase covered evaluation of scientific-
research outputs. The third phase covered the 
integration of the institutional repository of the 
University of Novi Sad in the existing CRIS UNS 
system; it means implementation of subsystems 
within the CRIS UNS system which allows input 
of scientific-research outputs in digital format as 
well as associated metadata.  

CRIS UNS is built on the CERIF compatible 
data model based on the MARC21 format which 
is presented in the paper [23]. The system 
implementation is described in papers [24, 25]. 
Moreover, the system meets requirements 
prescribed by Ministry of Science and 
Technological Development of the Republic of 
Serbia in the field of scientific-research outputs 
evaluation. Therefore, the system data model is 
extended with necessary entities [26]. The paper 
[27] specifies the set of metadata about theses 
and dissertations which are necessary for 
membership in NDLTD (Networked Digital Library 
of Theses and Dissertations - 
http://www.ndltd.org/). Also, previously mentioned 
paper presents how those metadata can be 
stored in the data model of CRIS UNS. 
Integration of the institutional repository of theses 
and dissertations in the system CRIS UNS is 
presented in the paper [28]. 

Data model and architecture allows an easy 
integration of the system with librarian information 
systems as well as interoperability with CERIF-
compatible national research management 
systems of European country. Scientific-research 
outputs from the system are available via 
Internet. Researchers can input metadata about 
those outputs without knowledge about underlying 
the standard CERIF and the format MARC 21.  

3. METADATA CREATION 

The application can be accessed by all modern 
browsers supporting HTML 4 and JavaScript 
(Internet Explorer 8.x, Mozilla Firefox 3.6.x). 
Registration was implemented for creating user 
accounts. User can sign in to application 

selecting “Login” item from the application main 
menu (Figure 1). 

 
Figure 1. Sign in to application 

Option “I forgot my password” (Figure 1) can 
be used for sending email with user account 
details to the user who forgot her/his password.  

The main menu for an authenticated user is 
shown in Figure 2. 

 
Figure 2. Main menu 

Adding the scientific-research output is 
invoked by selecting the appropriate item 
located in the “My publications” submenu 
(Figure 3).  

 
Figure 3. “My publications” submenu 

Hereinafter, the part of application related to 
input of metadata about paper published in 
journal is shown. Adding the paper published in 
the journal is invoked by selecting the item 
"Papers published in journal" located in the "My 
publications" submenu. First of all, the author 
has to choose the journal in which the paper is 
published. When a user starts to type journal 
name the application provides all journals which 
names start with typed letters (Figure 4). The 
user can choose a needed journal from the 
provided list of journals.  

 
Figure 4. Journal search 

If the journal is not in the list, the user can start 
advanced (fuzzy) search by clicking the button 
“Next >>”. The system then searches journals 
from database and displays all journals which 
meet the criteria of similarity with the entered 
name (Figure 5). The user can shorten words in 
the name of the needed journal, but in this case 
the full stop has to be added to the end of each 
shortened word. For instance: Elec. Lib. 
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Figure 5. List of similar journals 

 Similarity criteria for two strings are defined as 
follows:  

 Each not shortened word in one string is 
not different for more than 2 letters from 
some word in another string. If word in 
one string is shortened then some word 
in another string starts with shortened 
word.  

 If one string contains more than 5 words, 
the previous criterion is satisfied for at 
least 80% of words. 

 Cyrillic and Latin alphabet are equal. 

In this way, the possibility of multiple entries of 
the same journal is decreased but not eliminated. 

If the journal is not yet registered in the system, 
the user can input the basic metadata about 
journal by clicking the button “Next >>”, otherwise 

the user can choose it by clicking the button  in 
appropriate row. After journal is added, an email 
containing journal details is sent to the system 
administrator (Figure 6). 

 
Figure 6. Email notification 

If the system administrator determines that the 
added journal is multiple input of the same 
journal, administrator can delete the added 
journal, and the system reconnects all papers to 
the appropriate journal.  

After choosing the journal, the system shows a 
list of all papers from that journal authored by the 
current user (Figure 7). 

 
Figure 7. The display of existing papers from a journal

The user can change paper metadata ( ). 

Clicking the button  opens the form for adding 
a paper. Entry of metadata is carried out through 

two dialogues; the first dialog is shown in Figure 
8. 
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Figure 8. Entry of metadata about paper 

Paper title, subtitle, keywords, note and abstract 
are multilingual data. Their translations into other 
languages can be updated by clicking appropriate 
button (“Title translations...”, “Subtitle 
translations...” etc). The dialog for updating 
translations of title is shown in Figure 9.  

 
Figure 9. Translations of title 

Clicking the button “Next >>” (Figure 8) opens 
the second dialog for adding a journal paper. The 
dialog is shown in Figure 10. Using this dialog 
user inputs paper authors. The logged-in user 
must be one of the authors. It means that the 
logged-in author (Dušan Surla in example shown 
in Figure 10) cannot be deleted. Other authors 
can be deleted from the list of paper authors ( ). 

A name variant presented on the paper must be 
chosen for each author from the list (personal 
names in various languages and letters). If there 
is no appropriate name variant, it can be added 
( ). The ordering of authors is arranged by 
clicking the arrow buttons ( ). 

 
Figure 10. The dialog for inserting paper authors 

Clicking the button “Add...” opens the form for 
looking up an author from the database. If a 
needed author is not yet registered in the system, 
the logged-in user can input the basic metadata 
about that author (first name, last name, 
affiliation). 

The other parts of the implemented system, 
related to entering data about paper published in 
conference proceedings, monographs, papers 
published in monographs, theses and 
dissertations are similar to the part of the system 
presented in this section.  

Users can update their personal information, 
password, as well as list of their personal name 
formats. Those activities users begin by selecting 
the appropriate submenu item located in “My 
Data” (Figure 11).  

 
Figure 11. “My data” submenu 

Using the option “Display and update of 
bibliographic data” the users can view all their 
own bibliographic data (Figure 12). Update of 

data can be started by selecting the button  
from the appropriate table row.  
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Figure 12. Display and update of bibliographic data

The author can sign out from the system by 
selecting the item "Log out" from the main menu 
of the application. 

4. CONCLUSION 

Creation of metadata about scientific-research 
outputs using the system CRIS UNS is presented 
in this paper. Metadata about outputs are stored 
in the MARC 21 bibliographic format. The system 
is compatible with systems based on CERIF data 
model. Moreover, the system can exchange data 
with librarian information systems based on the 
MARC 21 format. The main feature of the system 
is the fact that the researchers can add metadata 
about their papers by themselves without the 
knowledge of the underlying MARC 21 format and 
CERIF standard. Metadata which contain a lot of 
text are indexed using Apache Lucene 
information retrieval library, therefore, fuzzy 
search is enabled. 
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Abstract — This article presents a formal model 
of general legal norms modeled in OWL. It is 
intended for automatic creation of draft general 
legal acts and their retrieval. Most existing 
solutions model legal norms using formal logic, 
rules or ontologies. Nevertheless, they were not 
intended as a basis for the automatic generation of 
draft legal acts. The proposed model defines 
classes of legal norms using classes of legal norm 
elements that are part of those norms and classes 
of legal relation elements those norms regulate. 
This model is verified by applying it to norms 
contained in an existing legal act.  

Index Terms - legal norms, legal acts, ontology, 
OWL, XML 

1. INTRODUCTION 

HIS article describes a formal model of legal 
norms written in Web Ontology Language 

(OWL). It is connected with formal model of 
general legal acts modeled as described in [1]. 
Those models are used as a basis for  
development of expert systems for creation and 
retrieval of general legal acts. 

WL was used as a modeling language 
because of its inference semantics, open 

world assumption and distributed nature. 
Inference semantics allows the use of existing 
tools (OWL reasoners and RDF data stores) as 
the basis for the development of expert systems. 
Open world assumption is a natural state of 
affairs in the legal field. This model has to be 
distributed since different people will 
(presumably) model different parts of a legal 
system. 

he quality of legal acts and procedures for its 
creation is questionable, to say at least. Creation 
of legal acts starting from their semantics (as 
proposed in [2]), with the automation of the 
application of legal drafting guidelines, will 
improve the quality of legal acts  (its consistency, 
intelligibility and usability) and the procedure of its 
creation (its efficiency and effectiveness). 
In order to make decisions, lawyers are using 
legal acts as a knowledge base of legal norms, 
since legal norms are applied as they are 
formulated in legal acts.   
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One legal norm can be contained in different 
parts of  one legal act or even in different legal 
acts.  
As a consequence, retrieval of textual 
formulations of legal norms can be quite 
troublesome. Semantic retrieval of legal acts, 
based on legal norms it contains, is a promising 
solution to this problem. 
This article is structured as follows. The first 
section defines basic legal concepts that are used 
in the formal model of legal norms and overviews 
related research efforts. Section 2 describes the 
proposed formal model of legal norms. Section 3 
gives an example of use of the proposed model 
as applied to norms contained in Privacy Law [3]. 
Finally, the last section gives concluding remarks 
and proposes directions of future research. 

1.1. Basic Legal Concepts 

Definitions of basic legal concepts found in this 
subsection are based on legal-theoretic views 
presented in [4], [5] and [6]. Nevertheless, 
interpretation of those views are solely authors'. 
A legal norm is a rule of conduct of people that 
may contain a rule on the application of a 
sanction in the case of its violation.  
Each legal norm consists of two main elements: a 
disposition and a sanction. A disposition is an 
order of conduct of people. A sanction is a rule 
of conduct of both the subject that has violated 
the disposition and the state agency that is 
mandated to use the appropriate measure on the 
violator. 
Subsidiary elements of legal norms are 
disposition hypothesis and sanction hypothesis. A 
disposition hypothesis is the condition under 
which a subject has a duty or a right to act 
according to the disposition. A sanction 
hypothesis is the condition of the application of 
the sanction. Violation of disposition (a delict) is 
the necessary condition for the application of the 
sanction, but not necessarily the sufficient 
condition since further conditions may apply.  
There are several classes of dispositions. A 
categorical disposition is a disposition that 
orders one and only one conduct. An alternative 
disposition is a disposition that orders one 
conduct from a set of alternative conducts that 
subject can choose. A discretionary disposition 
is an alternative disposition that empowers a 
subject to regulate behavior of other subjects. A 
dispositive disposition is a disposition that 
orders a conduct, but empowers a subject to 
create another disposition instead. The subject 
has to comply with the order of conduct only if 
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he/she does not create another disposition.  
Sanctions can also be classified into categorical 
sanctions, alternative sanctions, discretionary 
sanctions and dispositive sanctions, although 
categorical sanctions are almost exclusively 
used. Sanctions can further be divided into 
different subcategories. 
According to elements they contain and relations 
they regulate, legal norms can be classified into: 
conditional norms (they contain disposition 
hypothesis), unconditional norms (they do not 
contain disposition hypothesis), norms of 
competence (they contain discretionary 
disposition), norms of conduct (they do not 
contain discretionary disposition), provisonary 
norms (they contain dispositive disposition), 
peremtory norms (they do not contain 
dispositive disposition), general norms (they 
regulate abstract social relations), individual 
norms (they regulate concrete social relations), 
entitling norms (they regulate legal relations that 
contain right), injunctive norms (they regulate 
legal relations that contain duty), obligational 
norms (they regulate legal relations that contain 
obligation) and prohibitive norms (they regulate 
legal relations that contain prohibition). Those 
classes of legal norms are not necessarily 
mutually exclusive.  
A legal relation is a social relation that is 
regulated by a legal norm.  
The elements of the legal relation are right and 
duty. Each legal relation has both right and duty, 
although both elements do not need to be 
explicitly stated. The right  of one subject is the 
duty of another, and vice versa. A right is the 
possibility of a particular action of a subject that is 
protected by the state. A duty is the necessity of 
acting according to a particular disposition. An 
obligation is a duty that orders particular action. 
A prohibition is a duty that forbids particular 
action. A competence is a right that one subject 
uses to protect interests of another subject. Since 
the first subject has to act in the interests of the 
second subject, it is a right and a duty at the 
same time. 
A legal system is a set of legal norms arranged 
in a series of units that are connected with each 
other in a non contradictory whole. Those units 
are legal areas, legal branches and legal 
institutions. A legal area is a set of legal 
branches (e.g. public law, private law, national 
law, international law, etc.). A legal branch is a 
set of legal institutions (e.g. civil law, criminal law, 
etc.). A  legal institution is a set of legal norms 
that regulate the same legal relation (or few legal 
relations) with the same policy. 
The term legal act has two main connotations. 
The first connotation of this term is a mental act, 
which takes place in people's psyche, and is 
inaccessible to other people. The second 
connotation of this term is a materialized act of 
psyche, usually expressed by natural language. 

The first connotation of this term is its content, 
the second connotation is its form. 
The content of a legal act is its subject matter. It 
has two parts. The main part of its content is a 
statement of will that has legal consequences. 
Subsidiary part of its content is the naming of the 
act itself so its place in the legal system can be 
designated as precisely as possible. The naming 
usually consists of: the type of the act, the subject 
that enacted it, legal grounds for its enactment, 
place and time of enactment, procedure by which 
it was enacted, goal for its enactment, etc. 
The second connotation of this term is the subject 
of this paper. The form of a legal act is a set of 
material means with which it is created and 
expressed. Legal theory distinguishes three main 
elements of its form: subject, procedure and 
materialization of form. A subject is the body that 
is authorized to enact a legal act. A procedure is 
a procedure needed for its enactment. A 
materialization of form is the accommodation to 
sensory perception and expression of legal act. 

1.2. Related Work 

Most commonly used formalisms for the 
representation of legal norms are formal logic, 
rules and ontologies. Some logical formalisms for 
their representation are described in [7], [8] and 
[9]. 
Biagioli and Grossi in [7] present a logic-based 
approach to legislative meta-drafting. They 
introduce classes of meta-data, corresponding to 
specific classes of legal provisions. Such meta-
data are then formalized using a simple and  
tractable description logic. Provisions in the 
model are divided into two main families: rules 
(constitutive and regulative provisions) and rules 
on rules (modificatory provisions). Constitutive 
provisions lay out the components of relevant 
pieces of legislation by introducing new types of 
entities, defining new terms or procedures, 
creating new institutional bodies, and attributing 
powers.  Regulative provisions concern deontic 
concepts. Modificatory provisions manage the  
dynamics of laws and are divided into 
modifications and applications (derogations). 
Sartor in [8] gives a formal reconstruction of 
some fundamental patterns of legal reasoning. 
Legal norms are represented as unidirectional 
inference rules which can be combined into 
arguments. The value of each argument (its 
qualification as justified, defensible, or  defeated) 
is determined by the importance of the rules it 
contains. Applicability arguments, intended to 
contest or support the applicability of legal norms, 
preference arguments, purporting to establish 
preference relations among norms, and 
interpretative arguments are also formalized. 
Gordon in [9] presents Legal Knowledge 
Interchange Format (LKIF). LKIF is an XML 
schema for representing theories and proofs 
constructed from theories. A theory in LKIF 
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consists of a set of axioms and inference rules. 
The language of individuals, predicate and 
function symbols used by the theory can be 
imported from an ontology represented in the 
Web Ontology Language (OWL). 
Some ontologies that model legal norms are 
Conceptual frame-based ontology of Law [10], 
FOLaw [11], LRI-Core [11], DOLCE+CLO [12], 
Ontology of Fundamental Legal Concepts [13] 
and LKIF-Core [14]. 
The conceptual frame-based ontology is 
constituted by three frame structures. The 
structures are the norm frame, the act frame and 
the concept-description frame. A legal-theoretical 
analysis has determined the form of the 
structures. 
Every norm must comprise a norm subject, a 
legal modality and an act description. Dependent 
on the type of norm, categorical or hypothetical, 
these three elements can be supplemented with 
conditions of application. Some additional norm 
elements are the norm identifier (used as a point 
of reference for a norm), the norm promulgation 
(links a norm to its source) and the scope (limits 
the range of  application of a norm). 
FOLaw and LRI-Core ontologies were developed 
at the Leibniz Center for Law. FOLaw specifies 
functional dependencies between types of 
knowledge involved in legal reasoning.  At the 
same time it also expresses the role of the legal 
system as controlling the actual social behavior of 
individuals and organizations in society (it 
presents a legal-sociological view rather than a 
perspective from the law itself). The following six 
types of knowledge are distinguished: normative 
knowledge (most typical category of legal 
knowledge, norms express (un)desirable 
behavior using deontic operators permission, 
obligation and forbidden), meta-legal knowledge 
(knowledge needed to solve conflicts between 
individually applicable norms), world knowledge 
(contain description of the behavior in the world of 
discourse), responsibility knowledge (establishes 
a relation between the violation of a  norm and an 
agent who is responsible for its violation), reactive 
knowledge (specifies which reaction should be 
taken when the norm has been violated) and 
creative knowledge (allows creation of social 
institutions and legal persons) [11]. The authors 
have developed a new representation and 
inference formalisms for the normative 
knowledge which are an alternative to deontic 
logic [15]. 
LRI-Core is written in OWL. One may distinguish 
many concepts in law, but not many are typical 
for law. These concepts are usually 
specializations of common sense concepts. 
Therefore, LRI-Core contains two levels. The 
most abstract level is a foundational ontology that 
covers concepts from  physical, mental, and 
abstract worlds and roles. The more concrete 
level is legal core ontology. The legal core 

ontology is used for development of domain 
ontologies. 
The major categories of LRI-Core ontology are: 
physical concepts (object and process), mental 
concepts analogous to the physical ones, roles 
that represent notions about social behavior, 
abstract concepts for simple ideas and finally a 
number of terms to talk about occurrences. 
The Ontology of Fundamental Legal Concepts 
has been developed under the ESTRELLA [16] 
project which aims to develop and validate an 
open, standards-based platform allowing public 
administrations to develop and deploy 
comprehensive legal knowledge management 
solutions. The formal language chosen to 
express this first version of the ontology is OWL 
DL. 
The first classification of legal concepts includes 
two main classes: norms and normative 
judgments. Norms state normative judgments. 
Norms can be unconditional, that is their 
judgment may not depend upon any antecedent 
condition. Usually, however, norms are 
conditional. Conditional norms are distinguished 
into rules, which make a normative judgment  
dependent upon sufficient conditions: initiation 
rules (rules stating that a certain normative 
proposition starts to hold when the rule’s 
conditions are satisfied), termination rules (rules 
stating that a normative proposition ceases to 
hold when the rule’s conditions are satisfied) and 
supervenience rules (rules stating that a 
normative proposition holds as long as the 
conditions are satisfied). 
Core Legal Ontology (CLO) is a result of 
collaboration between ISTC-CNR and ITTIG-
CNR. It organizes juridical concepts and relations 
on the basis of formal properties defined in 
DOLCE+, an extension of the DOLCE 
foundational ontology developed in the 
WonderWeb and Metokis projects.  
In CLO, a legal norm is a subclass of the social 
norm, which is expressed by normative text, and 
is realized by a (physical, electronic, etc.) 
document. Constitutive and regulative norms are 
distinguished. Constitutive norms introduce new 
entities in the ground ontology, while regulative 
norms provide constraints on existing ground 
entities. Definition and power-conferring rules are 
subclasses of constitutive norms. Regulative 
norms define behavior courses, and have at least 
one modal description as a proper part. 
LKIF-Core is a core legal ontology that is a part of 
a generic architecture for legal knowledge 
systems. It plays an important role in the 
translation of existing legal knowledge bases to 
other representation formats, in particular into 
LKIF [9]. The ontology consists of several 
modules, each of which represents a relatively 
independent cluster of concepts: expression, 
norm, process, action, role, place, time and 
mereology. Concepts in these modules were 
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formalized using OWL DL. 
It is divided into three layers: the top level, the 
intentional level and the legal level. Top level 
clusters of the ontology provide definitions of the 
context in which any legally relevant fact, event or 
situation occurs. Those definitions are 
consequently used to define intentional and legal 
concepts in other modules. Modules at the 
intentional level include concepts and relations 
necessary for description of mental state and 
behavior of agents. At the legal level, the LKIF-
Core ontology introduces a comprehensive set of 
legal agents and actions, rights and powers, 
typical legal roles, and concept definitions which 
allow expression of normative statements.  
The Norm is a statement combining two 
performative meanings: it is deontic, in the sense 
that it is a qualification of the (moral or legal) 
acceptability of some thing, and it is directive in 
the sense that it commits the speaker to bringing 
about that the addressee brings about the more 
acceptable thing, presumably through a sanction.  
Yet another formalisms for the representation of 
legal norms are described in [17]. Olbrich and 
Simon in [17] discuss visualization and formal 
modeling of a legally regulated process. They 
explicitly derive a process structure which is 
implicitly specified within the paragraphs 
themselves. The Semantic Process  Language 
(SPL) is used to translate paragraphs into 
process models, since it enables articulation of 
language structures into executable workflow 
models. 

2. ONTOLOGICAL MODEL OF LEGAL NORMS 

This section presents our ontological model of 
general legal norms developed on the basis of 
review of legal-theoretic literature and related 
work on modeling legal norms described in 
Section 1. Legal concepts were modeled as OWL 
classes while relations between those concepts 
were modeled as OWL properties.  
The most important classes and properties of the 
model are described in this section. They are 
formulated in N3 notation. Due to space 
constraints, namespace prefixes and disjointWith 
property are omitted. The full version of the 
ontology is available at [18]. 

2.1 LegalNorm 

The central class of this model is LegalNorm. It is 
a subclass of SocialNorm and 
ClassificationElement, has one or more 
NormElements, regulates one or more 
LegalRelations, implements one or more Policies, 
is a part of a LegalInstitution, is contained in a 
LegalAct, comes into force, is repealed and has 
efficacy on particular dates. Definition of this 
class and its properties is shown in Listing 1. 
LegalNorm 
   a owl:Class; 
   rdfs:subClassOf SocialNorm, 
   ClassificationElement; 

   rdfs:subClassOf [ 
      a owl:Restriction; 
   owl:cardinality "1"^^xsd:int; 
      owl:onProperty hasDisposition ]. 
 
hasNormElement 
   a owl:ObjectProperty; 
   rdfs:domain SocialNorm; 
   rdfs:range NormElement; 
   owl:inverseOf isNormElement. 
 
regulates 
   a owl:ObjectProperty; 
   rdfs:domain SocialNorm; 
   rdfs:range SocialRelation; 
   owl:inverseOf isRegulated. 
 
hasPolicy 
   a owl:ObjectProperty; 
   rdfs:domain LegalNorm; 
   rdfs:range Policy; 
   owl:inverseOf isPolicy. 
 
isLegalNorm 
   a owl:TransitiveProperty, 
   owl:ObjectProperty; 
   rdfs:domain LegalNorm; 
   rdfs:range LegalInstitution; 
   rdfs:subPropertyOf isPart; 
   owl:inverseOf hasLegalNorm. 
 
isContained 
   a owl:ObjectProperty; 
   rdfs:domain LegalNorm; 
   rdfs:range LegalAct; 
   owl:inverseOf contains. 

Listing 1: Definition of a legal norm 

Different subclasses of legal norms are defined 
according to norm elements they contain and 
legal relations they regulate. ConditionalNorm is a 
LegalNorm that has DispositionHypothesis 
element. UnconditionalNorm is a legal norm that 
does not have DispositionHypothesis element. 
EntitlingNorm is a norm that regulates legal 
relation that has Right element. InjuctiveNorm is a 
LegalNorm that regulates LegalRelation that has 
Duty element. ProhibitiveNorm is a LegalNorm 
that regulates LegalRelation that has Prohibition 
element. ObligationalNorm is a LegalNorm that 
regulates LegalRelation that has Prohibition 
element. PeremtoryNorm is a LegalNorm that has 
CategoricalDisposition, AlternativeDisposition or 
DiscretionaryDisposition as an element. 
ProvisionaryNorm is a LegalNorm that has 
DispositiveDisposition as an element. The 
definition of provisionary disposition  is shown in 
Listing 2. 
ProvisonaryNorm 
   a owl:Class; 
   owl:equivalentClass [ 
      a owl:Class; 
      owl:intersectionOf ([ 
         a owl:Restriction; 
         owl:onProperty hasDisposition; 
         owl:someValuesFrom 
DispositiveDisposition ] 
         LegalNorm )]. 

isting 2: Definition of provisionary legal norm 

2.2 LegalNormElement 

NormElement has a textual formulation that can 
be plain text or an URI reference of the XML 
element that formulates the norm. There are four 
different classes of norm elements: 
DispositionHypothesis, Disposition, 
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SanctionHypothesis and Sanction. Subclasses of 
Disposition are: CategoricalDisposition, 
AlternativeDisposition, DiscretionaryDisposition 
and DispositiveDisposition. Subclasses of 
Sanction are SanctionAgainstPersons and 
SanctionAgainstActs. The definition of legal norm 
element and its subclasses is shown in Listing 3. 
NormElement 
   a owl:Class. 
 
DispositionHypothesis 
   a owl:Class; 
   rdfs:subClassOf NormElement. 
 
Disposition 
   a owl:Class; 
   rdfs:subClassOf NormElement. 
 
SanctionHypothesis 
   a owl:Class; 
   rdfs:subClassOf NormElement. 
 
Sanction 
   a owl:Class; 
   rdfs:subClassOf NormElement. 

isting 3: Definitions classes of legal norm elements 

2.3 LegalRelation 

LegalRelation is a SocialRelation that is regulated 
by some LegalNorm.  
LegalRelation may be a subclass or a superclass 
of another LegalRelation. For example, in Privacy 
Law [3], reading data is a subclass of accessing 
data, while accessing data is a superclass of 
reading data. It has one or more legal relation 
elements. The definition of legal relation and its 
properties is shown in Listing 4. 
LegalRelation 
   a owl:Class; 
   owl:equivalentClass [ 
      a owl:Class; 
      owl:intersectionOf ( [ 
            a owl:Restriction; 
            owl:onProperty isRegulated; 
            owl:someValuesFrom LegalNorm] 
         SocialRelation)]. 
 
hasRelationElement 
   a owl:ObjectProperty; 
   rdfs:domain SocialRelation; 
   rdfs:range RelationElement; 
   owl:inverseOf isRelationElement. 

isting 4: Definition of legal relation 

2.4 LegalRelationElement 

LegalRelationEelement can be either a Right or a 
Duty. Right can be SubjectiveRight. Duty can be 
either Prohibition or Obligation. Competence is 
both Right and Duty at the same time.  
Right has a right subject while Duty has a duty 
subject that is a LegalSubject. 
Right of right subject of LegalRelation implicitly 
corresponds to Duty of duty subject of 
LegalRelation and vice versa, although need not 
explicitly. One LegalRelation can contain more 
that one Right/Duty pair. 

2.5 Policy 

Policy class represents the social policy that is 
implemented by the legal norm. There are 
different subclasses of social policies: abstract 
policy, concrete policy, educational policy, 

corrective policy, protective policy, basic policy, 
special policy, temporary policy,  permanent 
policy, regulatory policy, creationist policy. 
Different classes of social policies are 
implemented with different classes of legal 
norms. For example, temporary policy is 
implemented with a norm that has a date of 
repeal. 

2.6 ClassificationElement 

ClassificationElement can be a part of another 
element or can have other elements as its parts. 
Subclasses of ClassificationElement are 
LegalSystem, LegalArea, LegalBranch, 
LegalInstitution and LegalNorm. 

2.7 LegalAct 

LegalAct is a subclass of MentalAct that is a 
subclass of Action that is a subclass of LegalFact. 
Subclasses of LegalAct are CompleteLegalAct, 
IncompleteLegalAct, NormativeLegalAct and 
UnnormativeLegalAct. LegalActs can further be 
divided into more subcategories. The definition of 
legal act and its properties is shown in Listing 5. 
LegalAct 
   a owl:Class; 
   rdfs:subClassOf MentalAct. 
 
hasSubject 
   a owl:ObjectProperty; 
   rdfs:domain LegalAct; 
   rdfs:range LegalSubject; 
   owl:inverseOf isSubject. 
 
hasProcedure 
   a owl:ObjectProperty; 
   rdfs:domain LegalAct; 
   rdfs:range Procedure; 
   owl:inverseOf isProcedure. 
 
hasMaterialization 
   a owl:DatatypeProperty; 
   rdfs:domain LegalAct; 
   rdfs:range xsd:anyURI. 

isting 5: Definition of a legal act 

3. PRIVACY LAW AS A CASE STUDY OF THE 

MODEL'S APPLICATION 

The ontological model of legal norms is applied to 
legal norms contained in Privacy Law [3]. This law 
regulates collection and processing of data with 
the goal of protecting privacy of individuals. 
Furthermore, this law is modeled as a legal act 
using MetaLex/CEN compatible model of legal 
acts as described in [1]. Minor changes are 
applied to the cited model in order to comply with 
legal drafting guidelines [19], but due to space 
constraints those changes are not described 
here.  
Models of legal norms and legal acts are 
connected with hasURL property of NormElement 
class and its subclasses. The value of hasURL 
property is URL reference of the XML element 
that formulates that norm element. 
The formal model of the Article 36 and Article 57 
is presented in Listing 6. Due to space 
sonstraints, type, LocalNamingConventionMethod 
and  Local-NamingConventionScope attributes 
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have been omitted. 
<article id="art36"> 
<proposition id="art36-prop1">If the data 
collection is established by contract or by 
consent in writing, in case of termination of 
contract or withdrawal of consent in 
writing,</proposition><proposition id="art36-
prop2">the operator is required to delete 
data within 15 days from the date of 
termination of contract or withdrawal of 
consent, unless otherwise stipulated or 
agreed upon.</proposition> 
</article> 
...   
<article id="art57"> 
<item id="art57-item1"> 
<proposition id="art36-prop2">A fine of 
50,000 to 1,000,000 RSD shall be imposed on 
the operator or a user who is a public 
person.</proposition> 
... 
<point id="art206-item1-pt8"> 
<proposition id="art36-prop2">do not delete 
data from the data collection contrary to the 
Article 36 of this law;</proposition> 
</point> 
... 
</item> 
<item id="art57-item2"> 
<proposition id="art36-prop2">For the offense 
referred to in Item 1 of this Article, the 
entrepreneur shall be fined from 20,000 to 
500,000 RSD.</proposition> 
</item> 
<item id="art57-item3"> 
<proposition id="art36-prop2">For the offense 
referred to in Item 1 of this Article, the 
natural person or person responsible for the 
actions of public persons, state agencies, 
public bodies or bodies of territorial 
autonomy and local self-government shall be 
fined from 5,000 to 50,000 RSD.</proposition> 
</item> 
</article> 

Listing 6: Formal model of Article 36 and Article 57 

Legal norm contained in Article 36 and Article 57 
is modeled as as RDF triplets written according to 
OWL schema presented in this article. Its 
formulation in N3 notation is shown in Listing 7. 
Art36 
   a ProvisonaryNorm; 
   hasDisposition Art36d; 
   hasDispositionHypotesis Art36dh; 
   hasSanction Art57; 
   regulates Deletion; 
   hasPolicy ProtectionOfPrivacy; 
   isLegalNorm Privacy; 
   isContained PrivacyLaw; 
   hasEfficacy "2009-01-01"^^xsd:date; 
   hasEnteredIntoForce  
      "2008-11-04"^^xsd:date. 
 
Art36d 
   a DispositiveDisposition; 
   hasURL 
"http://informatika.ftn.uns.ac.rs/rs/odluka/2
008-10-23/1/sr@2008-10-23/main.pck#art36-
prop2"^^xsd:anyURI; 
   isDisposition Art36. 
 
Art36dh 
   a DispositionHypothesis; 
   hasURL 
"http://informatika.ftn.uns.ac.rs/rs/odluka/2
008-10-23/1/sr@2008-10-23/main.pck#art36-
prop1"^^xsd:anyURI; 
   isDispositionHypotesis Art36. 
 
Art57 
   a Fine; 
   hasURL 
"http://informatika.ftn.uns.ac.rs/rs/odluka/2
008-10-23/1/sr@2008-10-
23/main.pck#art57"^^xsd:anyURI; 

   isSanction Art36. 
 
Deletion 
   a LegalRelation; 
   hasRight DeletionRight; 
   hasDuty DeletionDuty; 
   isRegulated Art36. 
 
ProtectionOfPrivacy 
   a ProtectivePolicy; 
   hasURL 
"http://informatika.ftn.uns.ac.rs/rs/odluka/2
008-10-23/1/sr@2008-10-
23/main.pck#art2"^^xsd:anyURI; 
   isPolicy Art36. 
 
Privacy 
   a LegalInstitution; 
   hasLegalNorm Art36; 
   isLegalInstitution CivilLaw. 
 
PrivacyLaw 
   a Law; 
   contains Art36; 
   hasProcedure LegislativeProcedure; 
   hasSubject NationalAssembly; 
   hasMaterialization 
"http://informatika.ftn.uns.ac.rs/rs/odluka/2
008-10-23/1/sr@2008-10-
23/main.pck"^^xsd:anyURI; 

Listing 7: Formal model of legal norm contained in Article 36 and 
Article 57 

4. CONCLUSION 

This article describes a formal model of legal 
norms. The proposed model is intended for 
semantic retrieval of legal acts and automatic 
generation of draft legislation from a set of legal 
norms it contains. Its main contribution is that it 
defines different legal norm elements and legal 
relation elements that are used for defining other 
concepts. To the best of our knowledge, no other 
model of legal norms used this approach. 

Future work is directed in several directions: 
towards semantic retrieval of legal acts and 
elements of legal acts according to legal norms 
its contains and automatic generation of draft 
legislation from formal model of a system of legal 
norms. 

The extension of the model to cover individual 
legal norms and legal relations, legal cases and 
modeling of business processes using 
dependencies between elements of legal norms 
is also considered. 
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Abstract — This paper presents an implementa-
tion of the digital signature module for document 
management systems. The presented solution 
enables signing documents using smart cards. 
The module consists of a server side component, 
installed as a plug-in for web-based document 
management systems, and a client side 
component which is automatically downloaded 
and executed on the user’s computer in order to 
create signature. Generated document signatures 
are in accordance with the XML Signature 
specification. The signatures are stored as XML 
documents in the same document management 
system. Validation of created signatures can be 
performed inside document management systems, 
but also signatures can be validated if document 
leaves this system. The proposed solution is 
tested on the Alfresco system. 

 
Index Terms — Alfresco, digital signature, 

document management systems, smart card, XML 
signature  

1. INTRODUCTION 

HE growth of the Internet, and thus the 
growth of e-business as well as systems for 

electronic document management has brought to 
the fore the need for an electronic equivalent of a 
handwritten signature. 

 
One of the most significant problems, in the 

early stages of the document management 
systems (DMS) use, was that most documents 
had to be signed by a hand. As a consequence of 
this, document management systems, beside 
original electronic documents, also contained a 
scanned copy of documents with handwritten 
signatures. This caused many problems of which 
the most striking were unnecessary redundant 
data as well as “breaking” workflow at the phases 
before and after signing. The lack of a valid digital 
signature for electronic documents prevented the 
full utilization of document management systems, 
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i.e. an organization functioning without the use of 
paper (paperless office). The reason for this was 
primarily a legal issue, not technical, because 
there was no legal act that would equalize an 
electronic signature with a handwritten signature. 
 

In June 2000, the U.S. Congress approved the 
Electronic Signatures in Global and National 
Commerce Act (E-SIGN Act) [1]. This broad 
legislation gave electronically generated 
signatures a new legitimacy by preventing contest 
of a contract or signature based solely on the fact 
that it is in the digital form. In other words, an 
electronic transaction can not be denied 
authenticity because of its electronic nature alone 
[2]. 

 
Currently one of the important functionality that 

is being developed in modern document manage-
ment systems is the support for digital signing of 
documents. 

 
In this paper we propose the solution for 

creation of digital signatures in a web-based 
environment. The proposed system is based on 
Java platform and can be easily adopted for use 
in different Java web-based applications, 
especially in web-based document management 
systems. The system creates the signature on a 
user (client) computer, while the signature is 
stored on the DMS server in the form of an XML 
document that complies with the XML Signature 
specification [3]. The signature key which is used 
for a signature generation is stored on a user’s 
smart card. The proof of concept for the proposed 
system is carried out through the implementation 
of a digital signature module used for the Alfresco 
document management system [4]. Alfresco is 
currently one of the widely used open source 
document management systems with the variety 
of functionality, but without support for digital 
signatures in the standard distributions. 

 
The rest of the paper is structured as follows. 

Section 2 presents related work while the XML 
Signature specification is presented in Section 3. 
Architecture of our digital signing module is 
specified in Section 4. Creation of the Java Web 
Start file is discussed in Section 5. Section 6 
explains the client application for signing. The 
creation of the XML Signature document is 
presented in Section 7, while validation of signa-
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ture is analyzed in Section 8. Section 9 concludes 
the paper and outlines future research directions. 

2. RELATED WORK 

The paper [5] suggests a security mechanism 
for establishing a secure electronic document 
repository system. Authors in the paper [6] 
suggest the architecture to provide protection of 
authorship and temporal information in grid-
enabled workflow management systems. The 
proposed architecture can be used in the 
resolution of conflicting intellectual property 
claims and in the reliable chronological 
reconstitution of scientific experiments. The 
application of digital signatures and PKI 
infrastructure in the agent-based application for 
distance learning is presented in the paper [7].  

 
Long-term archival of signed documents is 

analyzed in the paper [8]. Authors propose a 
protocol that deals with the weakening of 
cryptography over time and the need to re-
validate signed documents and their certificates.  

 
The work presented in the paper [9] describe a 

solution to add an XML digital signature capability 
without modifying existing XML-based B2B 
systems by using the signature proxy between 
applications that watches for XML messages 
exchanged on the network. By utilizing the 
structure predominance of the XML documents 
and the security of conventional digital signature, 
the paper [10] propose a multi-signature scheme 
of XML documents based on RSA scheme.  

 
The paper [11] emphasized on the research 

and implementation of the integrity protection 
mechanism on web pages by the customized 
middleware which is embedded in the web server. 
Authors in the paper [12] address the design of 
the RSA-based blind decoding protocols for 
providing the user’s privacy when shopping for 
electronic documents.   

 
Methods and risks involved in creating digital 

signatures on workstations other than the user’s 
primary workstation are examined in [13]. The 
challenge is to allow the user to create a digital 
signature, which requires their private key, at 
workstations where the key’s security cannot be 
guaranteed. The framework for the protection of 
mobile users from untrusted terminals is 
proposed in [14]. It allows a user to generate 
conditional digital signatures at untrusted 
terminals, to review signed documents form a 
trusted terminal before a certain deadline, and to 
revoke unintended signatures.  

 
The paper [15] proposes a new digital 

signature scheme which focuses on the situation 
of document reviewing applications with a 
designated reviewer order. Model of the El-
Gamal-based digital signature scheme suitable 

for a digital copyright protection is proposed in 
[16]. A scheme of digital signature in electronic 
government is proposed [17]. This scheme 
settles some specific problems such as spilling 
out secret and forging or denial. 

3. XML  SIGNATURE SPECIFICATION 

Portability of XML as a data format, and its 
growing use in electronic business communica-
tions were the main reasons for creating the 
specifications for the representation of the 
electron signature using the XML syntax - XML 
Digital Signature [2]. 

 
XML Signature is the result of a joint effort of 

the Internet Engineering Task Force (IETF) and 
the World Wide Web Consortium (W3C) to create 
a highly extensible syntax for the digital signature 
over the electronic media (including XML 
documents). The proposed specification should 
provide a consistent means to handle composite 
documents from diverse application domains. 
XML Signature is itself an XML document 
containing all of the information needed to 
process the signature including the verification 
information. Besides the syntax (XML Signature 
scheme), the XML Signature specification defines 
the rules for generating an XML document that 
represents a digital signature as well as rules for 
verification of signatures represented as such 
document [3]. Based on the relation of an 
electronic resource which is signed and the XML 
document that represents digital signature of the 
resource, there are three types of signatures, 
where the first two exist only in the case when the 
signed resource is an XML document: 

 Enveloped type: Signature is located within 
the signed document, i.e. the root element of 
the signed document is the immediate parent 
element of the root element of a digital 
signature. 

 Enveloping type: A signed document is 
located within a document that represents a 
digital signature, i.e. the root element of the 
original document is child of the root element 
of a digital signature. 

 Detached type: The signed document is kept 
apart from the document representing the 
digital signature, i.e. there is no content-wise 
parent-child relationship between them. 

4. THE ARCHITECTURE OF THE DIGITAL SIGNING 

MODULE 

The digital signing module is implemented as a 
client-server application. The server side of the 
module is practically an extension (plugin) of the 
of a web-based DMS to support a digital 
signature, while the client side application 
enables the user to create a digital signature on 
her/his local computer and to forward it back to 
the DMS server. The client application is used to 
support signing of documents using keys on 
smart cards that are physically located with the 
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user. 
The sequence diagram in Figure 1 describes 

the conceptual process of digital signing of 
documents in a DMS. A user initiates a document 
signature creation by selecting the digital signing 
action on the appropriate document. The result of 
this activity is a web page for the digital signing. 
By choosing the appropriate options on this page 
the JNLP (Java Network Launch Protocol) [18] 
file is created and passed to the user. This JNLP 
file describes the digital signing client application 
and also contains the parameters for that 
application. Launching the JNLP file via Java 
Web Start technology on the user’s computer 

causes a download and start of the digital signing 
client application on the computer. Then, the user 
enters the PIN code required for access to her/his 
smart card. Upon the execution of this activity, 
the application will perform digital signing, and 
then forward the signature along with the 
certificate used for signature validation back to 
DMS server. 

 
The DMS server, i.e. its digital signing module, 

by using the received parameters (signature and 
certificate) creates the XML document according 
to the XML Signature specification, and notifies 
the client about the result. 

 

 
Figure 1. Client-side digital signing of documents in a web-based DMS 

 

5. JNLP FILE CREATION 

The process of the JNLP file generation for the 
digital signature application is initiated by 
choosing the appropriate option on the digital 
signature page (Figure 1). The selection of this 
option will cause execution of the 
JPGeneratorServlet servlet (Figure 2) which will 
generate the JNLP file and forward it to the client. 
To generate the JNLP file, JNLPGeneratorServlet 
relies on the JNLPGenerator class. This class 
generates the JNLP file using an appropriate 
template. The example of a template which is 
used to generate the JNLP file is shown in Listing 
1. Template parameters, i.e. the variables that 
JNLPGenerator will replace by theirs values are 
marked with $ {param name} declaration. In the 
presented example, the JNLP template parame-

ters are: 

 host: the DMS server name, 

 locale: the locale of the digital signature 
application, 

 hashCode: the hashCode created form the 
document that is signed, and 

 cookie: the cookie of the current user’s 
session with the DMS application. 

 
For the purpose of generating a hash code 

JNLPGeneratorServlet uses the ExtendedXML-
Signature class that is an upgrade from the 
XMLSignature class available in the Apache XML 
Security [19] library. The ExtendedXMLSignature 
class enables creation of the XML Signature 
document where the process of the signature 
creation is separated into two phases (steps). 
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Figure 2. Classes used to create JNLP file 

 

The first phase, which takes place during the 
JNLP file generation, is the process of forming 
the <ds:SignedInfo> element [3], i.e. generating 
its hash code. Hence, the <ds:SignedInfo> 
element contains hash code of the document that 
will be signed [3], the document’s hash code must 

be generated before generating  the 
<ds:SignedInfo> hash code. The class 
DocumentResolver is used by ExtendedXML-
Signature to access the required document in 
DMS for document’s hash code generation. Its 
specialization AlfrescoDocumentResolver is used 
for accessing the document stored in the Alfresco 
system. A user signs the <ds:SignedInfo> hash 
code by using the client application for digital 
signing and thus indirectly signs the document 
which she/he wants to sign [4] (the 
<ds:SignedInfo> contains the hash code of the 
document). 

 
The second phase, which occurs when 

generating the XML document with the digital 
signature, is the process of adding the digital 
signature and the certificate for the signature 
validation into that XML document. 

 
<jnlp spec="1.0+" codebase="http://${host}/alfresco/signature"> 
  <information> 
    <title>Digital Signature</title> 
    <homepage href="http://forge.alfresco.com/projects/digsig/" /> 
  </information> 
  <security> 
    <all-permissions/> 
  </security> 
  <resources> 
    <j2se version="1.6+" /> 
    <jar href="signature-client.jar" /> 
    <jar href="commons-httpclient-3.1.jar" /> 
    <jar href="commons-logging-1.1.1.jar" /> 
    <jar href="miglayout-3.6-swing.jar" /> 
    <extension name="bcprovider" href="jnlp/bcprovider.jnlp"/> 
  </resources> 
  <application-desc  
    main-class="rs.ac.uns.ftn.informatika.dms.signature.client.Signature"> 
    <argument> 
      -c yu.ac.ns.ftn.informatika.dms.signature.client.SmartCardPanel  
    </argument> 
    <argument>-l ${locale}</argument> 
    <argument>-h ${hashCode}</argument> 
    <argument>-r http://${host}/alfresco/signature/response</argument> 
    <argument>-s ${cookie}</argument> 
  </application-desc> 
</jnlp> 

 
Listing 1.  JNLP file template 

 

6.  CLIENT APPLICATION FOR DIGITAL SIGNING 

The application for digital signing is modeled 
with the classes represented in Figure 3. The 
Signature class represents the basic class of the 
application. This class uses the appropriate 
specialization of the SignaturePanel class. If the 
signature is done using smart cards, the 
specialization of SmartCardPanel is used. The 
proper implementation of SignaturePanel requires 
the users to enter relevant authentication data 
specific to a particular type of storage keys. For 
example, in the case of smart cards, the user 
must enter her/his PIN code. In the case of key 
store files the user must select a key store file 
and enter the password. Also, each Signature-
Panel specialization must implement the digital 
signing process which usually depends on the 
type of the key storage. The ValidationException 
and ExecutionException classes model the errors 
that can occur when the entered data are vali-

dated, or during the execution of digital signing.  
 
The class Message provides access to 

application’s labels of the specified locale 
(language). The parameters for the application 
(for the Signature class), are following: 

 Name of class that represents an appropriate 
implementation of SignaturePanel. In this way 
it is possible to define the medium for the key 
storage that the application uses. 

 Application locale, i.e. language that will be 
used for displaying labels and messages of 
the application. This locale can be the same 
as the locale of DMS.  

 The return address, i.e. the address of the 
DMS server. The application will send back 
the digital signature and the certificate to that 
address. 

 Cookie of the current session under the DMS 
server. This cookie is passed to the 
application so that it can send the digital 

29



 

signature and the certificate to the same 
session which is established between the 
user’s web browser and DMS server.  

 

 
Figure 3. Class diagram of client application 

 

After the digital signing was done, the 
application (the Signature class) sends back to 
the DMS server the created digital signature and 
the certificate (Figure 1) via HTTP (Hypertext 
Transfer Protocol) or HTTPS (Hypertext Transfer 
Protocol Secure) protocol. 

 
In order to start this application, Java and 

appropriate PKCS#11 library must be installed on 
the client computer. Also, the computer must be 
equipped with a PCSC-compliant smart card 
reader. 

7. THE CREATION OF XML  SIGNATURE DOCUMENT 

The address to forward the digital signature 
and the user’s certificate, listed as parameters of 
digital signature application, is in fact the address 
of SignatureServlet (Fig. 4). This servlet uses the 
appropriate specialization of the Signature-
DocumentCreator class to create a new XML 
document in DMS, which contains the digital 
signature of the requested document. To create 
this document SignatureDocumentCreator relies 
on the ExtendedXMLSignature class. At this 
moment, the second phase of the process of 
generating the XML signature document is 
performed. The created signature and 
appropriate certificate are inserted in this XML 
document. 
 

 
Figure 4. Classes for XML Signature document creation 

8. DIGITAL SIGNATURE VALIDATION 

The class diagram in Figure 5 models digital 

signature validation. The verification of the digital 
signature under a DMS is implemented with 
SignatureValidationBean. The subclass Alfresco-
SignatureValidationBean is a specialization used 
for signature validation under the Alfresco DMS. 
This class adapts signature verification to 
Alfresco and its GUI. The class Signature-
ValidationBean relies on the class XMLSignature 
to verify signature. Access to document under a 
DMS is carried out with the appropriate 
implementation of the DocumentResolver class. 

 

 
Figure 5. Classes for signature validation 

9. CONCLUSION 

The adoption of legal regulations which ensure 
the legal validity of digital signatures has led to 
increasing importance for the existence of digital 
signature functionality in modern document 
management systems.  
 

This paper presents the architecture of the 
digital signature module that can be used in 
different document management systems. The 
complete module has been developed in JEE and 
XML technology. By using this module it is 
possible to create digital signatures of documents 
stored in document management systems using 
smart cards. Formed digital signatures are 
created by the XML Signature specification and 
can be verified not only in the document 
management systems but also outside them. 
 

We plan to integrate this module with the PKI 
systems for certificate issuing, and with the 
timestamping systems. Generation of a digital 
signature within a document to be signed, in 
cases where this is supported by the document 
specification (e.g. PDF documents), is also under 
way. 
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Abstract — Digital libraries provide large, 
accessible knowledge bases that allow us to 
quickly retrieve relevant information. The largest, 
most easily available repository of digital 
information is the Web, but accurate automatic 
classification of its content is needed for its 
integration into digital libraries. In this paper we 
propose a method for automatic classification of 
documents downloaded from the web. In text 
categorization problems, such as this, acquiring a 
large amount of labeled data is a tedious and time 
consuming job. Co-Training is a semi-supervised 
learning technique which overcomes this problem 
as it only needs a small amount of labeled data 
and sufficiently large amount of unlabeled data in 
order to induce a good-quality classifier. However, 
Co-Training setting depends on the existence of 
the natural separation of the features into two 
disjoined sets, which is rarely found in real-life 
data. Therefore in this paper we use RSSalg, a 
technique that we have developed, that addresses 
the problem of the application of Co-Training on 
datasets without the natural feature split. We 
demonstrate the good performance of this 
algorithm on the news classification problem by 
comparing it to different Co-Training settings, as 
well as to traditional supervised approach. In the 
experiment conducted in this paper we show that 
RSSalg exceeds the performance of the settings it 
was compared by. 

 
Index Terms — Digital libraries, Content-based 

text categorization, Co-Training, Genre 
classification, Semi-supervised learning 

1. INTRODUCTION 

IGITAL  library initiative
1
 focuses on 

collecting, storing and organizing information 
in digital formats and thus creating the large, 
accessible knowledge bases available for 
effective searching, retrieval and processing via 
communication networks. The ability to quickly 
retrieve current topical information and channel it 
towards the appropriate users is of great 
importance in many aspects of everyday life such 
as economic, scientific, cultural, social, etc. [1]. 
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The largest, most easily available repository of 
digital information is the Web, therefore promising 
to be a powerful information source for digital 
libraries.  
The accurate classification of Web content is 
considered to be fundamental to its integration 
into the digital library. However, it’s exponential 
growth and fast pace of change along with the 
unstructured and sometimes unreliable nature of 
present information hardens the possibility of 
relevant information retrieval in the right time. 
This introduces a problem of automatic retrieval 
and categorization of documents from the Web, 
making it a more competent source for digital 
libraries.  
 In this paper we will focus on the issue of 
automatic categorization of text documents useful 
in the cases where manual organization of 
documents is too expensive or not feasible given 
the time constraints of the application or the 
number of documents involved. 
 In order to automate a text categorization task, 
we must firstly define a list of categories and 
prepare the sample of labeled documents as the 
training set for the learning process [2]. The 
quality of the classification model obtained in the 
learning process depends to a great extent on the 
training set used for it’s creation – in order to form 
a model with high generalization ability (i.e. 
capability to predict the class of previously 
unseen examples with the high degree of 
success), a vast amount of various labeled data 
is necessary. However, this is a tedious and time 
consuming process that requires a large amount 
of human effort. 
 In order to overcome the problem of laborious 
hand-labeling of a large training set, we turn to 
semi-supervised learning techniques which can 
induce classifiers from only a small number of 
labeled data and sufficiently large number of 
unlabeled data. One of the most promising semi-
supervised learning methods is Co-Training. It 
was first introduced by Blum and Mitchell in [3], 
where a theoretical and experimental proof that 
Co-Training is able to boost the performance of a 
weak initial classifier trained on the small set of 
labeled data, whilst only using a sufficient amount 
of previously unlabeled data, is presented. The 
Co-Training setting is shown to perform the best 
on the datasets with features that naturally 
separate into two disjoined sets (views). For 
example, Blum and Mithcell in [3] used Co-
Training to classify Web pages using the text on 
the page as one view and the anchor text 
of hyperlinks on other pages that point to that 
page as the other view. 
 Basically, Co-Training employs two base 
classifiers, trained on different views, which use 

Semi-supervised News Genre Classification 
Slivka, Jelena; and Kovačević, Aleksandar 

D

32



 

unlabeled data to boost each others performance. 
However, in most practical settings, the natural 
split of features that describe the dataset does 
not exist [10]. In this paper we use Random Split 
Statistic Algorithm that we have developed earlier 
and presented in [4], which can be applied to 
such settings.  
  Random Split Statistic Algorithm runs the Co-
Training algorithm for a predefined number of 
times, each time using a different random feature 
split. Thus, the result of Co-Training is different 
each time and it consists of initially labeled 
examples and examples labeled in Co-Training 
process. Processing all of these Co-Training 
results we select the examples that appear in 
most resulting sets and for which most of the 
resulting Co-Training classifiers agree on the 
label. The final training set is formed from these 
selected results and it is used for learning a 
model with much higher classification 
performance then the initial model learned only 
on labeled examples. 
 We evaluate the performance of our solution by 
using dataset composed from newsgroup 
postings

2
. We compare it to the performance of 

the classic Co-Training algorithm applied using 
the natural feature split, random feature split and 
artificially created maxInd feature split used in [6], 
as well as the performance of the supervised 
Naive Bayes classifier trained on the labeled 
version of whole dataset. Our experiments show 
the good performance of Random Split Statistic 
Algorithm applied on the task of automatic 
classification of newsgroup postings, which in the 
experiment conducted in this paper even exceeds 
the performance of settings it was compared by. 
 The paper is organized as follows: section 2 
presents the related work. Section 3 presents the 
Co-Training algorithm. Section 4 describes 
maxInd algorithm which we use as the 
benchmark for testing the performance of our 
solution. Section 5 describes our Random Split 
Statistic Algorithm. In sections 6 and 7 we present 
the experiments we conducted and achieved 
results. Finally, section 8 concludes this paper 
and gives possible directions of future work. 

2. BACKGROUND 

 There has been a lot of research in the field 
of automatic content classification for the purpose 
of digital libraries creation. Finn et al. [6] see 
WWW as a vast resource of digital information, 
but state that its anarchic nature presents a 
challenge for information extraction and 
categorization. They have described the Body 
Text Extraction (BTE) algorithm as a pre-
processing step in their application for classifying 
news articles on the web. This algorithm extracts 
the relevant part of the Web page, as they are 
often filled with clutter such as advertising, links, 
etc. They have shown that it is possible to 

 
2 

http://kdd.ics.uci.edu/databases/20newsgroups/20newsgroups.html 

accurately classify documents according to 
weather they represent facts or opinions. Thurlow 
[7] also considers classification of web content 
into digital libraries by developing a prototype 
classifier which assigns subject categories from 
the ABI an Inspec

3
 controlled vocabularies to 

content retrieved from the Web.  
Several authors considered employing semi-

supervised learning techniques in text 
categorization problems due to the fact that 
obtaining training labels for text categorization 
problems is expensive, while there are large 
quantities of unlabeled documents available. 
Blum and Mitchell [3] proposed the Co-Training 
algorithm for class label extraction given a large 
set of unlabeled and a small set of labeled 
examples. They have demonstrated the good 
performance of Co-Training algorithm on the 
Web page classification problem. Nigam et al. [8] 
combine Expectation-Maximization (EM) and a 
Naive Bayes classifier for the purpose of text 
classification and demonstrate the performance 
of their algorithm on web page and news article 
categorization problem. In [9] semi-supervised 
approaches for online news classification which 
only rely on a small amount of positive examples 
and a sufficient amount of unlabeled data are 
presented. 

The performance of the original Co-Training 
algorithm, as proposed by Blum and Mitchell [3], 
is dependent of the existence of the natural 
feature split in the data. This limits the application 
of Co-Training and consequently it has initiated 
research directed towards finding the ideal 
artificial feature split. Nigam and Ghani [5] have 
proven that Co-Training using a truly independent 
view outperforms Co-Training applied to the 
randomly divided views. However, Feger et al. 
[10] reported that the performance of Co-Training 
does not always become better by simply 
choosing truly independent views. They have 
proposed a new graph-based feature splitting 
algorithm called maxInd which creates two 
feature splits maximally independent given the 
class. Their experiments has shown that maxInd 
does not always outperform random split, 
depending on the classifier used. This was 
explained with the sensitivity of Co-Training to the 
dependence of the features within each view. 
Terabe and Hashimoto in [11] showed that the 
requirements stated by Blum and Mitchell in [3] 
are not valid in some cases. They have 
concluded that the aspects affecting the 
performance of Co-Training have not been 
sufficiently investigated yet. 

3. THE CO-TRAINING SETTING 

 Obtaining a large training set of labeled data for 
text categorization task is a laborious and time 
consuming job. Using a small set of labeled data 
along with the traditional classification algorithm 
would result with the poor performance model 

 
3 http://www.iee.org/publish/support/inspec/document/thes/ 
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that has low generalization ability. However, a 
large amount of unlabeled text documents are 
easily accessible on the Web. Co-Training 
algorithm can use this unlabeled data and to 
boost the performance of the model learned on 
the small set of labeled data.  
 The original Co-Training setting [3] is 
applicable on the datasets with features that 
naturally separate into two disjoined sets (views). 
Each of these views separately must be sufficient 
for a correct classification. In the Co-Training 
algorithm, two classifiers are trained, one for each 
view. Then, each classifier is applied on the set of 
unlabeled examples. Each one is allowed to label 
those examples from unlabeled set for which it 
predicts the label with most confidence. Such 
labeled examples are then added to the initial 
training set and both classifiers are re-trained on 
the enlarged training set, so that they learn form 
the newly added data. We can think of this 
process as employing two base classifiers that 
use unlabeled data to boost each others 
performance. 
 Co-Training algorithm runs for the predefined 
number of iterations and incrementally builds 
classifiers over each feature set. As a result, final 
classifiers induced from labeled and unlabeled 
data together are significantly improved. We can 
deduce the class of the previously unseen (test) 
example by multiplying the probabilities output by 
these classifiers, and choosing the class 
predicted with most confidence. Table 1, taken 
from [3] presents the Co-Training algorithm 
proposed by Blum and Mitchell. The given 
algorithm labels examples with the respect to 
their membership in one of the two classes – 
positive and negative.  

 

4. MAXIND SPLITTING ALGORITHM 

 Since our aim includes developing a Co-
Training based algorithm that can be applied on 
the settings where there is no natural feature split 
available, we use the Co-Training setting given in 

[10] as the benchmark, since their goal is similar 
to ours.  
 The Co-Training setting described in [10] 
applies the method called maxInd for creating the 
artificial feature split, and uses this split when 
running the Co-Training algorithm. MaxInd 
algorithm strives to maximize the independence 
between the two feature sets (given the class), as 
this is one of the requirements stated by Blum 
and Mitchell [3] for the successful application of 
Co-Training. 
  Feger et al. [10] considered Conditional Mutual 
Information (CondMI) [13] as the measure for the 
class-conditional dependence between the views. 
In the ideal feature split for Co-Training, with two 
views conditionally independent given the class, 
conditional mutual information should have the 
value of 0. Thus, maxInd splitting algorithm 
strives to minimize CondMI between the views. 
 However, computing CondMI for all candidate 
feature splits is computationally intractable. Thus 
in [10] CondMI is estimated as the sum of pair 
wise CondMIs of all the pairs made from features 
from different sets. 

4.1. MaxInd splitting algorithm 

 As the first step in maxInd algorithm, CondMI is 
calculated between every pair of features. The 
result is presented as undirected graph with 
features for vertices and CondMI for pair of 
features as weight on the edge connecting 
vertices that represent those features. In the 
second step this graph is cut into two disjoined 
parts of the same size in such a matter that the 
sum of cut edges is minimized. Thus, the 
dependence between two parts of graph is 
minimized. 
 The split in the second step is produced by 
using the graph partition heuristic proposed by 
Kernigham and Lin [14]. This split is then used as 
the feature split in Co-Training setting without 
changes for all Co-Training iterations. 
 The Co-Training setting requires only a few 
labeled examples. Since CondMI calculation 
requires the class label, only the initial labeled 
data can be used for the calculation of pair wise 
CondMIs in order not to violate the Co-Training 
setting. 

5. RANDOM SPLIT STATISTIC ALGORITHM 

 The main part of our text classification 
methodology is the Random Split Statistic 
Algorithm. We developed this algorithm earlier 
and presented it in [4]. As Co-Training algorithm it 
can boost the accuracy of a weak initial classifier 
trained only on small amount of labeled data by 
using only unlabeled data. However, unlike Co-
Training, it can be applied to the datasets without 
the natural feature split. 
 The first step in Random Split Statistic 
Algorithm (RSSalg) is to apply the Co-Training 
algorithm on the same dataset for a predefined 
number of times, each time using a different 
random split. Each random feature split is created 
by randomly choosing half of the features as the 
first feature set (view), and treating the remaining 
features as the second feature set (view). In the 

TABLE 1.  
THE CO-TRAINING ALGORITHM 

Given: 

 A set L of labeled training examples 

 A set U of unlabeled examples 
 Two feature sets (views) 

1x  and 
2x  describing 

the examples 
Create a pool U’ of examples by choosing u examples 

at random 

 from U. 

Loop for k iterations: 

 Use L to train a classifier 
1h  that considers only 

the 
1x portion of x. 

 Use L to train a classifier 
2h  that considers only 

the 
2x portion of x. 

 Allow
1h  to label the most confidently predicted  

p positive and n negative examples from U’. 

 Allow 
2h  to label the most confidently predicted  

p positive and n negative examples from U’. 
 Add these self-labeled examples to L. 

 Randomly choose 2p + 2n examples from U to 
replenish U’. 
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end of each Co-Training algorithm we have an 
enlarged training set L consisting of initially 
labeled examples and examples labeled in Co-
Training process. We will refer to such training 
set as Co-Training result set Lres. For each Co-
training run, this enlarged training set is different 
as different feature split is used. Statistic on the 
level of examples appearing in these result sets is 
recorded – the number of appearances of each 
example in Co-Training result sets (number of 
Lres sets that contain this example) and labels 
given to it by Co-Training classifiers are recorded. 
We will refer to this statistic as Stats. 
 In the second step, for each example contained 
in the Stats, the number of example appearance 
is divided by the number of all Co-Training result 
sets (the number of times the Co-Training 
algorithm was run) to calculate the example’s 
occurrence percent. The majority label C for the 
example is found and assigned to it. We will refer 
to the label C as the most voted label. We 
calculate the label agreement percent as the 
number of times example was labeled C in the 
statistic divided by the number of times it appears 
in Co-training result sets. 
 Following the assumption that the examples  
appearing in most Co-Training result sets are the 
most profitable ones, and that those examples 
that have the highest label agreement among the 
resulting Co-Training classifiers are the most 
reliable once, we select examples for the final 
training set creation based on their example 
occurrence percent and their label agreement 
percent. This is done by defining two thresholds – 
label threshold and example threshold. Only 
those examples that have higher example 
occurrence percent then example threshold and 
higher label agreement percent then the label 
threshold are selected for the final training set 
creation. 
 Finally, the classification model is trained on 
the training set output by RSSalg (features from 
both views are used without separation), and we 
use this model to classify previously unseen (test) 
examples. . 

6. GOLD STANDARD DATASET 

 We tested the performance of Random Split 
Statistic Algorithm on News2x2 dataset proposed 
by Nigam and Ghani in [5] that is also used by 
other authors [10, 12] for testing Co-Training 
algorithm and its variations.  
 News2x2 is a semi-artificial dataset created 
from newsgroup postings. Following other 
authors, we used this dataset instead of the 
original newsgroup postings because it offers a 
truly independent split in a two-class problem, 
which we need in order to test RSSalg against 
standard Co-Training algorithm with natural 
feature split. 
 News2x2 is created by selecting 4 newsgroups 
from the 20Newsgroups dataset (which contains 
20000 newsgroup postings sorted in 20 classes 
(by genre), 1000 postings each). Two artificial 
classes are created – Pos and Neg. Examples of 
the class Pos are created by random selection 

and joining of pairs of examples from the first two 
newsgroups, and examples of the class Neg are 
created by random selection and joining of pairs 
of examples from the second two newsgroups (as 
described in table 2, taken from [10]).  

 
 Pairs of examples are joined in such a way that 
the words from the first and third newsgroup 
come from the first vocabulary, while the words 
from the second and fourth newsgroup form the 
second vocabulary. Thus, the word “career” from 
the first newsgroup is a distinct feature from the 
word “career” in the second. 
 News2x2 dataset contains 2000 examples, 
1000 for each class. The most important property 
of the News2x2 dataset is that the feature sets 

1x  and 
2x  (see table 2) are truly independent 

given the class. Each of these views is sufficiently 
redundant for accurate classification with Naive 
Bayes classifier (as shown in [10]). Thus, all the 
requirements for successful application of Co-
Training stated in [3] are met.  
 In order to reproduce the results given in [10] 
and compare them to results achieved by 
RSSalg, a same preprocessing and text 
representation technique is adopted. For text 
representation, a bag of words model with tfidf 
measurement [15] is used. The use of this text 
representation technique results in high-
dimensionality sparse feature space. In order to 
reduce the dimensionality whilst maintaining as 
much information as possible, the following pre-
processing steps for tfidf calculation are applied: 
a string tokenization of the text, a stop-words list 
filter for the removal of 319 frequent words from 
the data, and finally stemming using the Porter’s 
stemming algorithm [16]. Secondly, for the further 
reduce in dimensionality, a feature selection in 
which the document frequency measure is used 
to select the top 200 words for each split is 
applied. Document frequency of a term is 
calculated as the number of documents in the 
dataset in which the term occurs. This measure 
considers more frequent words as more 
important then the less frequent ones. It was 
chosen as it is class independent and therefore 
does not violate the Co-Training setting. 

7. EXPERIMENTAL RESULTS 

In order to compare the performance of 
RSSalg to the performance of Co-Training 
algorithm applied on the news classification 
problem, we adopted the evaluation procedure 
resembling the 10-fold-cross validation described 
in [10].  
 In the standard procedure of 10-fold-cross 
validation, experimental data is divided in 10 
folds, and in each of the 10 rounds in the process 

TABLE 2.  
THE NEWS2X2 DATASET 

Class Feature set 
1x  Feature set 

2x  

Pos 
1:comp.os.ms-
windows.misc 

2: 
talk.politics.misc 

Neg 
3:comp.sys.ibm.pc. 

hardware 
4: 

talk.politics.guns 

 

35



 

of validation, one different fold (10% of the data)  
is used for testing, while the remaining 9 folds 
(90% of the data) are used for training. Applying 
this procedure on Co-Training would result in 
many examples to be omitted from both testing 
and training data as Co-Training setting uses only 
a small amount of both labeled and unlabeled 
data. A better utilization of the available data is to 
increase the size of the test set which will improve 
the evaluation of the classifier without significantly 
reducing its quality. 

Thus, in the experiment, data is divided into 10 
stratified folds. In each round of 10-fold-cross 
validation, a different fold is selected for random 
selection of required number of labeled training 
examples. The remaining data from that fold, as 
well as 5 adjacent folds are used as unlabeled 
training examples, and finally, the remaining 4 
folds are used as testing examples. Thus, in each 
round, 60% of the data is used for training and 
remaining 40% of the data is used for testing. 
Each fold is used exactly once for the selection of 
labeled data, five times it is included as unlabeled 
data and four times it is used as a part of the 
testing set. 

The measure of performance used in this 
experiment is the accuracy measure: 

)()( fntnfptptntpaccuracy  , 

where tp and tn represent the number of 
examples correctly predicted as positive and 
negative, respectively, and fp and fn represent 
the number of examples falsely predicted as 
positive and negative, respectively. 
 The base classifier used in Co-Training 
algorithm is Naive Bayes that has shown good 
performance in multiple text categorization tasks 
[17]. 
 The experiment was performed on the news 
classification problem, on the News2x2 dataset 
described in chapter 6. The baseline accuracy of 
this dataset, achieved when classifying all test 
examples to the majority class of the training set, 
is 50%, as number of positive examples and 
number of negative results are equal. 
 For comparison, four different settings are 
used: a traditional supervised Naive Bayes 
classificator trained only on labeled examples, 
Co-Training setting which uses a split that 
naturally divides features into two views (see 
Table 2) contained in the News2x2 dataset, Co-
training setting using a maxInd split which was 
created as described in chapter 4, Co-Training 
setting using a random split created by random 
selection of half of the features in the first view 
and using the remaining features as the second 
view, and finally, the RSSalg. Implementation of 
these settings relies on WEKA

4
 framework as in 

[10]. 
In the experiment the initial labeled set L is 

created from 5 examples labeled as Pos and 5 
experiments labeled as Neg. In each Co-Training 
iteration, each of the Co-Training inner classifiers, 

 
4 http://www.cs.waikato.ac.nz/ml/weka/ 

1h and 
2h , are allowed to add 5 newly labeled 

examples from each class to the training set L 
(p=5, n=5). The size of the unlabeled pool |U’| is 
50 (u=50). Number of iterations for Co-Training 
algorithm is 20 (k=20). All of these settings were 
taken from [10]. 

For the purpose of this experiment we set the 
label threshold to be 61%, the example threshold 
to 40% (on the scale of minimal example 
occurrence percent to maximal example 
occurrence percent), and the number of different 
random splits used in RSSalg to be 30, as these 
were empirically determined to be the best 
solutions in experiment presented in this paper. 

The results achieved by different settings used 
in this experiment are presented in Table 3. The 
first column in Table 3 shows the final accuracy 
achieved by the algorithm. For Co-training 
settings run with natural, random and maxInd split 
this is the accuracy achieved at the end of Co-
Training algorithm, i.e. after its 20

th
 iteration. For 

RSSalg this is the accuracy achieved on the 
training set which resulted from choosing best 
examples from Co-Training resulting training sets 
(Co-Training was run on 30 different random 
feature splits, each time for 20 iterations). The 
second column in Table 3 (“Increase”) shows the 
difference between the final accuracy achieved by 
the algorithm and accuracy achieved by Naive 
Bayes classifier trained on small initial labeled set 
L only. Thus, the positive results show the 
improvement, while negative results show the 
degradation in accuracy. Finally, the third column 
(“Gap”) shows the difference between the goal 
accuracy and final algorithm accuracy. We refer 
to the goal accuracy as the average accuracy 
achieved by Naive Bayes classifier trained on the 
labeled version of all training data (both views) in 
10-fold-cross validation. In this experiment the 
goal accuracy was determined to be 89.6%. 

 
 Thanks to the implementation of experiment 
conducted in [10] sent to us by Dr. Feger, we 
were able to reproduce the results presented in 
[10], concerning the natural, random and maxInd 
Co-Training setting. The results presented in 
Table 3 show that the best performance among 
classic Co-Training algorithm settings is achieved 
by Co-Training setting with random feature split, 
followed by Co-Training split with natural split, 
and finally Co-Training with maxInd split, which 
even results in degradation of the initial accuracy. 
It should be noted that Feger in [10] achieved 
better results with maxInd split by using other 
base classifiers such as SVM and RBF net. This 
is not surprising as paper [18] indicates that the 
accuracy of Naive Bayes is not directly correlated 
to the degree of feature dependences measured 
as the class-conditional mutual information 
between the features. 

TABLE 3.  
ACCURACY[%] OF CO-TRAINING  SETTINGS ON  

NEWS2X2 DATASET 

 
Final 

accuracy 
Increase Gap 

Natural 81.0 1.9 8.6 

Random 81.3 2.1 8.3 

MaxInd 79.4 -3.2 10.2 

RSSalg 89.0 8.0 0.6 
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 The best performance of compared settings in 
this experiment was achieved by RSSalg which 
shows the increase in accuracy of 9.9%, almost 
reaching the goal accuracy. RSSalg has a greater 
time complexity than any of the settings it was 
compared by. However, models are mostly 
trained offline which makes the time complexity 
less of a problem.  

8. CONCLUSION AND FUTURE WORK 

 In this paper we have proposed the method for 
automatic categorization of news articles by 
genre which could be used as a part of automatic 
retrieval and categorization of documents from 
the Web, making it more semantically structured 
and therefore a potent source for digital libraries.  
 The proposed method, RSSalg, is based on 
Co-Training algorithm, a semi-supervised 
learning method which allows us to induce a good 
quality classifier while using only a small amount 
of labeled data and a sufficiently large amount of 
unlabeled data. But, unlike Co-Training, RSSalg 
can be applied to the single-view datasets. 

 While the classic Co-Training algorithm 
chooses examples which will be labeled and 
added to final training set based on the 
confidence output by its inner classifiers, RSSalg 
uses the more complex approach by choosing 
examples that are statistically most frequent in 
the Co-Training resulting training sets and have 
the high label agreement among Co-Training 
classifiers.  

In the news categorization experiment 
performed in this paper on the semi-artificial 
News2x2 dataset we demonstrate the good 
performance of RSSalg compared to different Co-
Training settings, as well as supervised Naive 
Bayes trained on labeled data alone.  

The methodology presented in this paper can 
serve as the bases for automatic acquisition of 
information from the Web for the purpose of 
target spidering, domain specific classification 
(e.g. for digital library creation, computer-
understandable knowledge bases, categorization 
of documents as a part of an ontology, etc. ), and 
a trainable general purpose text categorization engine. 

Our future work includes further testing of this 
algorithm on other datasets and improvement of 
RSSalg in finding a more general way of 
determination of its parameters (i.e. example 
threshold and label threshold).  
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Abstract — This paper proposes an approach to 
the semantic annotation of digital content in e-
Learning systems aimed at enabling 
implementation of the Competence-based 
Knowledge Space Theory. For that purpose, the 
format of learning objects has been adopted as 
well as standards for the specification of learning 
object metadata and specification and 
organization of learning objects. Besides, a 
semantic web based mechanism for the semantic 
annotation of learning objectives has been 
proposed. Additionally, a case study of a Web 
Programming e-Learning course illustrating the 
proposed approach is presented.  

 
Index Terms — Digital learning objects, 

Semantic annotation, Competence based 
Knowledge Space Theory, Ontology, e-Learning  

 

1. INTRODUCTION 

LASSICAL educational settings primarily rely 
on the monolithic educational resources, e.g. 
textbooks. Such educational resources are 

inappropriate to use with personalized instruction 
and individualized learning aims. For that reason, 
the usage of monolithic learning resources can be 
inadequate in technology-enhanced learning 
environments which tend to enable the 
personalization and individualization of learning 
process. Therefore, the need has been identified 
for small, durable and reusable educational 
resources, namely learning objects [1]. When 
learning objects are properly defined, the creation 
of a course can be reduced to the collection and 
organization of learning objects [2] and the same 
learning objects can be used in numerous 
courses. In order to simplify the collaboration in 
the process of course creation, learning objects 
should be sharable, digital, modular, 
interoperable and discoverable [3].  In this paper, 
any digital content created for acquiring  

 
Manuscript received December 20, 2012. The research presented 

in this paper was supported by Ministry of Science and 
Technological Development of the Republic of Serbia,   Grant III 
III43007: “Technology Enhanced Infrastructure for eLearning in 
Serbia”. 

Savić Goran is with the Department of Computing and 
Automation, Faculty of Technical Sciences, University of Novi Sad, 
Serbia (e-mail: savicg@uns.ac.rs). He is the contact person. 

Segedinac Milan is with the Department of Computing and 
Automation, Faculty of Technical Sciences, University of Novi Sad, 
Serbia (e-mail: milansegedinac@uns.ac.rs). 

. 

 
knowledge as well as for the evaluation of 
students’ achievement is called learning object. 
We focus on the learning objects discovery, 
which is storing learning objects so that they can 
be identified and delivered in accordance with the 
current instructional demands. The learning 
objects discovery can be simplified by introducing 
additional information through external 
components, such as metadata [4].  

This paper addresses the discovery of learning 
objects aimed at implementation of Competence-
based Knowledge Space Theory. For that 
purpose, we have adopted the uniform format of 
learning objects, as well as standards for the 
specification of learning objects metadata and the 
specification and organization of learning objects. 
Besides, a mechanism for the semantic 
annotation of learning objects which enables the 
implementation of Competence-based 
Knowledge Space Theory has been proposed. 
The proposed framework has been illustrated on 
the case study of a Web Programming e-
Learning course.  

2. LEARNING OBJECTS 

2.1 Format 

There are various globally adopted learning 
object formats, such as PDF and Office 
documents, HTML pages, and audio and video 
content. For easier management of learning 
objects in an e-learning system, it is useful to 
unify their format. The unification means 
conversion of all learning objects to adopted 
format/formats. We have chosen the appropriate 
format of learning objects considering that 
learning objects should be used in different e-
learning systems and that current e-learning 
systems are designed for the internet 
environment, which requires that learning objects 
should be readable in the standard internet 
browser [5]. Besides, such format of learning 
objects is suggested by currently adopted e-
learning standards (SCORM [6], IMS LD [7]). 
Therefore, we propose HTML documents as 
unified format for learning objects.                 

2.2 The specification of learning objects 

For the programmatic management of learning 
objects, it is necessary to formally specify 
learning objects and their organization. In this 
paper, learning objects are formally specified 
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using IMS Content Packaging (IMS CP) standard 
[8]. The standard specifies the way the learning 
objects are organized in packages. The package 
contains all learning objects in the course and 
additional manifest file which defines the list and 
the organization of the learning objects. The 
structure of an IMS CP package is shown in 
Figure 1.    

 
 

Figure 1. IMS CP package structure [6] 

 
Manifest file is an XML document, which 

specifies learning objects, their description, 
organization and other elements defined by IMS 
CP. The organization of learning objects is 
defined using <organization> tags. Learning 
objects are defined in the <resource> tags, and 
each <resource> tag is related to the specific 
content file in the package. The organization 
contains the hierarchy of <item> tags. The leaf 
<item> tags reference appropriate <resource> 
tags.  

2.3 Learning object metadata 

The semantic of learning objects may be 
described using metadata. The purpose of 
metadata is to provide a common nomenclature 
which enables describing learning objects in a 
standardized way. Metadata defines various 
attributes of a learning object: type, format, 
pedagogical attributes, etc. Metadata may be 
included in the IMS CP manifest file. It is possible 
to use any metadata set, but IEEE LOM [9] is 
recommended. LOM specifies both the technical 
and pedagogical attributes of learning objects. 
However, some analyses express serious 
criticism about the adequacy of pedagogical 
aspects of the LOM [10, 11]. Considering all 
critical arguments, we decided to use IEEE LOM 
extended with CLEO [12] metadata specification. 
CLEO adds some new elements to LOM 
metadata set and extends the vocabulary of 
existing LOM elements.   

3. EDUCATIONAL OBJECTIVES AND COMPETENCE-
BASED KNOWLEDGE SPACE THEORY 

Educational experiences in e-Learning 
systems, available through learning objects, are 
planed in accordance with predefined educational 
objectives [13]. Therefore, the specification of 
educational objectives plays an important role in 

the creation of learning objects. For example, in 
[14] has been proposed that the process of 
learning objects creation should start with the 
specification of intended educational outcomes 
and resulting competencies.  

IMS consortium developed RDCEO [15] 
specification for specifying learning 
competencies. Information about competencies is 
stored as an unstructured textual description. 
Such approach is considered inappropriate [16], 
since this unstructured definition is not suitable 
for machine processing. Likewise, when using 
RDCEO it is not possible to hierarchically 
organize competencies [17] and RDCEO doesn’t 
consider the mapping between competencies and 
learning objects [18]. In this paper we have tried 
to overcome these shortcomings by using 
semantic web techniques for representing 
learning objectives.   

Semantic web techniques enable users to 
represent the semantics of web content in a 
standardized way. For that purpose, the web 
content must be properly annotated [19]. 

When learning objects are to be semantically 
annotated with educational objectives, 
educational objectives should be appropriately 
represented.  Numerous taxonomies for the 
representation of learning objectives have been 
proposed [20]. For example, in [13] Bloom’s 
taxonomy [21] has been used to represent 
educational objectives in a semantic web model.   

 This paper addresses the semantic annotation 
of learning objects in accordance with 
Competence-based Knowledge Space Theory. 
Knowledge Space Theory is a mathematical 
formalism which describes preconditions in the 
set of assessment problems [22]. The key 
concept of Knowledge Space Theory is surmise 
relation. If assessment problem q1 surmises 
assessment problem q2, then from knowing that a 
student has solved q1 the fact that the student 
can solve q2 can be inferred. The set of 
assessment problems together with surmise 
relation defined on it form a knowledge structure. 

Since it has been developed as a behavior 
model, Knowledge Space Theory puts the focus 
on the students’ performance, and does not 
concern with the underlying competencies [23]. 
Competence-based Knowledge Space is a 
generalization of Knowledge Space Theory, which 
enables the formal and explicit representation of 
students’ competencies [24]. It supports 
educational objectives and learning objects 
management in the adaptive tutoring and 
assessment procedures. 

Original Competence-based Knowledge Space 
Theory defines following sets: 

 The set of assessment problems 
 The set of learning materials 
 The set of educational objectives 

(competences) 
In each set one surmise relation is introduced, 

defining following structures: 
 Knowledge structure, defined on the set 

of assessment problems 
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 Learning structure, defined on the set of 
learning materials 

 Competence structure, defined on the 
set of learning objectives  

The knowledge structure is the basis for the 
adaptive techniques of students’ achievement 
evaluation, while the learning structure combined 
with the set of learning objectives a student has 
achieved allows the creation of personalized 
learning paths.  

The start point in the process of competence-
base knowledge space construction is the 
identification of competence structure. 
Afterwards, knowledge structure and learning 
structure are formed using appropriate mappings. 
Knowledge structure is formed by assigning to 
each assessment problem competences required 
for its solution. Learning structure is formed 
through two mappings: one which assigns to 
each learning material competences required for 
its usage, and the other which assigns to each 
learning material competences which will be 
developed by its usage. 

Since this paper treats learning objects 
intended for acquiring knowledge and for the 
evaluation of students’ achievement in a 
uniformed way, we have implemented 
Competence-base Knowledge Space Theory 
through three mappings between the set of 
educational objectives and the single set of 
learning objects. We have defined the following 
mappings: 

 contributes – learning object contributes 
to the achievement of educational 
objectives 

 assesses – learning object evaluates the 
achievement of educational objectives 

 requires – learning object relies on the 
achievement of educational objectives 

Since the mappings do not rely on any of the 
educational objective taxonomies, an arbitrary 
taxonomy or a combination of taxonomies can be 
used when representing the objectives. The only 
requirement is that the surmise relation can be 
represented in the set of educational objectives.   

In this paper OWL language [25] has been 
adopted for representing learning objectives 
ontology. Such approach has been extensively 
used in similar contexts, for example in [13, 26, 
27].  

4. THE SEMANTIC ANNOTATION OF LEARNING 

OBJECTS 

Semantic annotation defines mappings 
between web resources and ontologies [19]. In 
[28] following approaches to the semantic 
annotation have been analyzed: 

 Embedding metadata into web 
documents 

 Including references to the web 
documents in ontologies 

 Separate representation of the web 
documents, ontologies and mapping 
components 

Following the arguments presented in [28], we 
have decided to use detached mapping 

component to define mappings between the set 
of learning objects (i.e. web documents) and the 
ontology of educational objectives. The proposed 
approach is presented in the figure 2.  

Learning objectives Learning objects

Mapping Component

 
 

Figure 2. Mapping component   
 

Diverse technologies can be used to implement 
mapping component. For example, in [13] the 
mappings between the set of learning objects and 
educational objectives are achieved through an 
XML file. Concerning the advantages of 
ontologies, especially the flexibility of SPARQL 
[29] queries, we have implemented our mapping 
component using RDF. For that purpose, an RDF 
Schema presented in the figure 3 has been 
created. 
 

assesses

requires

contributes
LearningObjectiveLearningObject

 
 

Figure 3 – RDF Schema of the mapping component  
 
Listing 1 presents XML file which represents 

the RDF Schema of the mapping component. 
  

 
Listing 1 – XML file representing the RDF Schema of the 

mapping component 
 
There is a link among surmise relation defined 

by the competence structure and the requires and 
contributes mappings. Namely, if educational 
objective o1 surmises o2, and if learning object r 
contributes to the achievement of o1, then 
learning object r requires o2.  This rule expressed 
by SWRL [30] is presented in the Listing 2. 

<?xml version="1.0"?> 
<rdf:RDF ... > 
  <owl:Ontology rdf:about=””/> 
  <rdfs:Class rdf:ID=”LearningObjective”/> 
  <rdfs:Class rdf:ID=”LearningObject”/> 
 <owl:ObjectProperty rdf:ID=”assesses”> 
    <rdfs:domain             
   rdf:resource=”#LearningObject”/> 
    <rdfs:range              
   rdf:resource=”#LearningObjective”/> 
 </owl:ObjectProperty> 
 <owl:ObjectProperty rdf:ID=”requires”> 
    <rdfs:domain             
   rdf:resource=”#LearningObject”/> 
    <rdfs:range              
   rdf:resource=”#LearningObjective”/> 
 </owl:ObjectProperty> 
 <owl:ObjectPropertyrdf: ID="contributes"> 
    <rdfs:range              
   rdf:resource="#LearningObjective"/> 
    <rdfs:domain             
   rdf:resource="#LearningObject"/> 
 </owl:ObjectProperty> 
</rdf:RDF> 

40



 

 
 

 
Listing 2 – SWRL rule defining requires relation 

5. CASE STUDY 

Proposed semantic annotation is applied to the 
Web Programming course held at the Faculty of 
Technical Sciences in Novi Sad, Serbia. Learning 
objectives in the Web Programming course 
determine that a student should learn the basic 
techniques of network and internet programming 
using Java programming language. This implies 
that students ought to learn Java and network 
communication among Java applications. Within 
the scope of internet technologies, a student 
studies creating web pages (HTML language, 
JavaScript and CSS basics), HTTP protocol, Java 
servlets, JSP technology, and Java web 
applications based on the MVC2 design pattern.        

As mentioned in section 3, we have used 
ontology to represent learning objectives in the 
course. The objectives are hierarchically 
organized using is-a relation.  The root of the 
hierarchy is the learning objective named „Web 
programming“. This objective represents the 
whole course. On the second hierarchy level are 
two main course sections – HTML with Java 
fundamentals and Network programming. Each 
section contains learning objectives that refer to 
lessons in the course. For each lesson, its topics 
are represented through separate learning 
objectives. At the lowest hierarchical level, there 
are learning objectives for each concept studied 
within the topic. 

The course is organized so that students first 
learn basic concepts. With this knowledge, they 
subsequently learn the techniques for developing 
web applications. Such organization is defined in 
the learning objectives ontology by the surmises 
relation. For example, in the Web Programming 
course, there is the surmises relation between 
the learning objective „Servlets” and the objective 
„JSP“. The knowledge of servlets is the 
precondition for learning JSP, because JSP 
technology is based on servlets.  

The OWL ontology of learning objectives is 
created using open-source ontology editor 
Protege [31].  Figure 4 shows the ontology of 
learning objectives for the Web Programming 
course.  

 
 

Web_programming

HTML_and_Jav a

Network_programming
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HTML
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DHTML

CSS
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Concurrent_programming

Serv lets

JSP

Session
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Learning goal

is-a
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Figure 4. The ontology of learning objectives for Web 

Programming course 

 
Listing 3. shows a segment of the created 

ontology in OWL language. 
 

surmises(?o1,?o2), contributes(?r,?o1) 
 -> requires(?r,?o2) 
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Listing 3. OWL ontology of learning objectives for Web 

Programming course  

 
Learning objects in the Web Programming 

course are created in different formats. Lecture 
notes are created as Microsoft PowerPoint 
presentations, whilst code examples are given as 
HTML pages or Java source code. Exercises are 
listed in an HTML page on the course web site. 

First step in the creation of IMS CP package for 
this course has been the conversion of the 
learning material into the HTML format. Then, the 
IMS CP manifest file has been created. We have 
used RELOAD editor [32] for creating the 
manifest file. Finally, manifest file and learning 
material have been archived as a zip file that 
represents IMS CP package.  Listing 4 shows a 
fragment of the created manifest file for the Web 
Programming course. 

  

 
Listing 4. IMS CP manifest file for the course  Web 

programming 

 
Learning objects in the Web Programming 

course have been annotated with 
learningResource-Type metadata which 
defines the type of the learning objects. This 
metadata is part of IEEE LOM specification. 
However, the vocabulary specified for this 
element is not sufficient for describing all the 
pedagogical aspects of a learning object. 
Therefore, we have used extended vocabulary for 
this element provided by CLEO specification. 
CLEO defines 29 possible values of the 

learningResourceType element among which 
we used:  additional resource, assessment, 
example, illustration, outline, 

presentation and summary. Additionally, we 
have used the value  narrative text adopted 
from LOM specification. Listing 5 shows an 
example of the learning object in the manifest file 
annotated with metadata.  

 
Listing 5. The annotation of learning object in the IMS CP 

manifest file  

 
After creating the ontology of learning 

objectives and IMS CP package, we have created 
the RDF file that specifies the mapping of 
learning objects to the learning objectives. Listing 
6 shows a part of this RDF file. 

 
Listing 6. RDF file for mapping learning objects to learning 

objectives 
 

 These semantically annotated learning objects 
have been used for the creation of e-course of 
Web Programming in the IMS LD format. Figure 
5 shows a screenshot of the created course in the 
Reload LD Player [33] tool.   
 

 
Figure 5. A screenshot of the Web Programming e-course 

 <ele:LearningObject            
  rdf:about="ele:io_ini_res"> 
        <rdf:type rdf:resource="owl:Thing"/> 
        <ele:contributes  rdf:resource=    
     "ele:Ini_files"/> 
 </ele:LearningObject> 
  
 <ele:LearningObject            
  rdf:about="ele:introduction_res"> 
      <rdf:type rdf:resource="owl:Thing"/> 
      <ele:contributes            
    rdf:resource="ele:HTML_and_Java"/> 
 </ele:LearningObject> 

<item identifier="exercise1"  
identifierref="exercise1_res"> 

<title>Exercise 1</title> 
 <metadata> 
  <lom:lom> 
   <lom:educational> 
    <learningResourceType> 
     <source> 

http://www.cleolab.org/vocab/ 
learningResourceType 

</source> 
     <value>assessment</value> 
    </learningResourceType> 
   </lom:educational> 
  </lom:lom> 

</metadata> 
</item> 

<item identifier="lesson_jsp"> 
<title>JSP</title> 

 <item identifier="topic_jsp_beans"> 
  <title>JSP beans</title> 
  <item identifier="jsp_beans"  

identifierref="jsp_beans_res"> 
   <title>JSP beans</title> 
  </item> 
 </item> 
... 
<resources> 

<resource href="jsp_beans.html" 
identifier="jsp_beans_res" 
type="webcontent"> 

<file href="jsp_beans.html"/> 
 </resource> 
... 
</resources> 

<owl:Class rdf:about="#Jsp"> 
<rdfs:subClassOf> 

<owl:Restriction> 
<owl:allValuesFrom> 

          <owl:Class rdf:ID="Mvc_pattern"/> 
</owl:allValuesFrom> 
<owl:onProperty  

rdf:resource="#surmises"/> 
</owl:Restriction> 

    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:allValuesFrom> 
          <owl:Class rdf:about="#Lesson"/> 
        </owl:allValuesFrom>         
      </owl:Restriction> 
    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Class rdf:about=  

"#Network_programming"/> 
    </rdfs:subClassOf> 
</owl:Class> 
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6.  CONCLUSION 

The paper presents a method for the semantic 
annotation of learning objects which enables the 
implementation of Competence-based 
Knowledge Space Theory. We have adopted the 
format for the specification and organization of 
learning objects. Learning objects have been 
described using the combination of metadata and 
semantic annotation with learning objectives. 
Semantic annotation has been done by using 
semantic web techniques, and learning objects 
have been mapped to learning objectives by 
using a detached mapping component. The 
proposed approach has verified by creating 
semantically annotated Web Programming 
course, held on the Faculty of Technical Sciences 
in Novi Sad. 

Future work is concerned with the 
implementation of graphical tools for the formal 
specification of learning objectives and manual 
semantic annotation of learning objects. We also 
plan to create the system for automatic 
annotation of learning objects using data mining 
techniques. All implemented components will be 
integrated into an e-larning system which 
manages learning process using Competence-
based Knowledge Space Theory. 
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