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Abstract
This paper presents service-based architecture for realization of personalized and adaptive access to the knowledge in a digital library, which is based on a special IEEE PAPI and IMS LIP-oriented ontological user model whose scope, conceptions, relations, and implementation are also described. The main services aims to provide user's customized access, browsing, searching, and grouping of digitised objects and collections in order to realize personalized and adaptive content flow. They require and trace out data about the preliminary user’s knowledge level in the domain, covered by the digital library, their object observation style, cognitive goals and interests, preferences about the objects/collections presentation and grouping, physical limitations, used knowledge delivery channels (Web, mobile phone), etc., then they transform the available digitised objects into a new personalized form, and finally deliver them to the user. Other services attend to profile management, user behaviour tracking, etc. We use special usage scenarios/instructions defining a wide range of service actions dependent on the user's background, events, and non-formal learning situations, knowledge delivery channels, etc.
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1. introduction
The most essential functionalities for the knowledge delivery systems such as digital libraries (DLs) are personalization, content adaptation, and changeability of the interface according to the users' individual characteristics, preferences and behaviour in the DL environment. Our main tasks are users' acquaintance, capturing data about them, the user modelling, and developing special services for environment customization and quick access to objects/collections of users' interest and need.

Personalization in current DL tends to be concerned with remembering which digital object/collection the users have visited last, how they would like it to be presented, and different levels of completeness of the object content and versions. In most cases users are able to edit their own personal profile, to maintain their personal page which keeps track of their event transaction and to browse collections and objects in long ordered/unordered lists. However, users often get frustrated while searching because of the substantial personal effort needed to locate information of their interest and need. Observing the cognitive process in a digital library as a whole, users are very rarely allowed to get access to objects and collections which are conditioned on a wide range of personal data and preferences that are built to provide customized browse and search results. Such behaviour is absent in database systems, which always provide the same response to everyone.

This paper presents architecture for realization of personalized and adaptive access to the knowledge in a digital library, which is based on an ontological user model. We try to modify the DL content flow according to the users' individual preferences, cognitive goals and needs, object observation style, interests, previous knowledge, motivation, achievements, current circumstances, etc., determined in the personal profile. The services transform the available digitised objects into a new personalized form and deliver them to the user. Other services in the architecture attend to profile management, user behaviour tracking, etc. Special usage scenarios/instructions defining a wide range of service actions dependent on the user's background, events and non-formal learning situations, knowledge delivery channels, etc. are composed and used.
2. abstract model for realization of personalized and adaptive Logic in Digital library
The development of architecture for personalized and adaptive access to the knowledge in a digital library requires the consideration and formulation of a model for realization of personalized and adaptive logic for access to the knowledge. This model has to trace all the activities realizable by the users and the respective replies of the system.  
According to this model the users enter data about themsevses – goals and interests, knowledge level in the thematic domain, covered by the library, preferences about the system interface and the given content, knowledge delivery channels, etc. Using these data a user profile is created in the system. It is based on a special ontological model of the knowledge about the user and his/her behavior in the DL environment, also called user ontology. The profile represents a structured set of ontological metadata, part of them the users fill up and another part is generated automatically by the environment during a tracking process (Paneva (2005)) (Paneva (2006a)). The profiles are stored in a repository of user profiles.        
The development of user profile is a part of the personalized and adaptive access logic. Another important component of the model is the user query aiming at composing a personalized and adaptive information flow. With the query formulation a module defining rules for composition of the flow is activated. It takes knowledge from the user profile and follows special instructions/scenarios for creation of personalized and adaptive information flow that could satisfy the user’s wishes and needs. Thus, the user gets the desired knowledge. The next step is the presentation of the resulted personalized and adaptive information flow
Figure 1 schematically depicts the described abstract model for realization of personalized and adaptive logic in the digital library.   

[image: image1.emf]Presentation of 

personalized and 

adaptive 

information flow

Formulation of 

query for 

personalized and 

adaptive 

information flow

Determination of 

rules for creation of 

personalized and 

adaptive 

information flow

User profile

User profile 

repository

Digital objects repository

/Execution of rules for creation of 

personalized and adaptive information 

flow/

Scenarios/instructions 

repository

User profile 

creation

Personalized and adaptive logic

Data, entered by 

the user

User input

Results

Scenarios/

instuctions


Figure 1: Abstract model for realization of personalized and adaptive logic in a digital library
Before the model development starts, an analysis of the requirements that it has to satisfy is done. It will guarantee that the architecture providing personalized and adaptive access to the knowledge in the digital library will work without problems. According to this analysis the requirements for the model are the following:

· effectiveness and flexibility;

· reusability;

· provision of interoperability with other modules in the digital library;

· conformity with the requirements and the recommendations of the standards and specifications,  approved in the area of personalization, adaptation, and digital library’s architectures;
· applicability for a wide group of DL users, having various cognitive goals, interests, needs, etc.
3. architecture for personalized and adaptive access to the knowledge in the digital library
Main objects and repositories in the architecture 
Semantic-oriented architecture for personalized and adaptive access to the knowledge in the digital library manages the following types of objects:

· digital objects (also called library objects): These are media objects (text, images, video, etc.), segmented, indexed and annotated with appropriate metadata. One part of them expresses the semantic content of the objects using a domain-specific ontology and another, the administrative/technical information about the objects and its ingredients. For this aim appropriate models and language for description of the semantics and administrative information through metadata are used.    
· user profiles, developed on the basis of ontology, capturing user knowledge – demographic status, data for cognitive goals, interests, preferences, motivation, preliminary user’s knowledge level in the domain, covered by the digital library, behaviour in the DL environment. Ontological metadata about the user will be used for creation of personalized and adaptive information flow.
· scenarios/instructions for creation of personalized and adaptive information flow using digital objects in the library. They define the individual-chosen or automatically recommended digital objects, the level of their thoroughness and consecutive order according to the personal profile characteristics. 

Digital objects and user profiles are respectively stored in a digital object repository and a user profile repository. The scenarios/instructions can also be stored in a repository, but they can be directly implemented in the corresponding architectural functional modules. The access and management of the repositories, different types of objects and their descriptive metadata are provided by a set of functional modules, building up the architecture for personalized and adaptive access to the knowledge in DL. 
Main functional modules of the architecture providing services for personalized and adaptive access to the knowledge in the digital library
The architecture is based on the abstract model for realization of personalized and adaptive logic described in section 2. It includes the following set of main functional modules and sub-modules:
· Service managing the activities with the user profiles.
· Service for creation of personalized and adaptive information flow according to user profile data and preliminary formulated scenarios/instructions for creation of personalized and adaptive information flow using digital objects, stored in the DL. It contains:

· Functional sub-module, aiming at displaying personalized content (groups of selected digital objects and/or their parts) according to the preliminary knowledge level of the user in the domain, covered by the digital library (M2.1). 
· Functional sub-module, aiming at displaying personalized content/objects according to the object observation style defined by every user (M2.3).
· Functional sub-module for dynamic generation and visualization of collections of digital objects grouped by one grouping criterion chosen by the user (M2.4a).

· Functional sub-module for displaying of additional digital objects grouped according to several criteria, which are chosen by the user during a search process (M2.4b).

· Functional sub-module for tracking the rubrics: interests and cognitive goals of the user profile and deliver on demand recommended by the system digital objects and knowledge for observation from the thematic areas that are required by the user (M2.2a).

· Functional sub-module notifying the user when new objects, covering their interests and cognitive goals are included (M2.2b).
· Functional sub-module for searching, extracting, and displaying user preferred objects conformable to user’s physical limitations, for example, sound for visually impaired people, etc. (M2.6).
· Functional sub-module for displaying personalized content in language preferred by the user. (2.5).
· Functional sub-module for choosing and displaying the most suitable versions/formats of the digital objects according to the used DL content delivery channels (Web, mobile phone, and etc.) (2.7).
Figure 2 depicts the service for creation of personalized and adaptive information flow and its sub-modules. 
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Figure 2: Module for creation of personalized and adaptive information flow and its sub-modules of the described architecture. 
· Service tracing the user behaviour in the DL environment
· Functional sub-module tracking and saving the objects and collections chosen by the user, the object observation path, and time in order to recommend objects of user needs and interests. 

· Functional sub-module, tracking and saving the competence level in the thematic areas of the digital library in order to recommend more detailed or simpler objects for observation. 

The service managing the activities with the user profiles covers the following functionalities:

· development of user ontology capturing knowledge about users and their behavior in the DL environment;

· creation of personal profiles annotating and indexing the knowledge for the users using the user ontology;
· cataloguing the user personal profiles;
· management of the ontological metadata, etc.
This module is a main component of the architecture. It provides the formal explicit knowledge about the user, using the DL through the user ontology. This ontological model of the user knowledge is based on the available standards and specifications in the student modeling that are sufficiently flexible to be applicable not only in eLearning environments but in other knowledge delivery systems, too. Section 4 describes in detail the user ontology. 
Annotation and semantic indexing of the user knowledge constructs personal profiles that can be catalogued. The collected metadata will be used by the other module for creation of personalized and adaptive information flows. These metadata are dynamically changeable according to the subsequent activities of the user in the environment and any changes of his/her profile. 
The next group of modules concerns the adaptation and personalization of the content flow using different characteristics of the user profile. These functionalities are accomplished by displaying different level of detail description and presentation of the digital objects - the main tasks of the functional module that displays a personalized content according to the preliminary knowledge level of the user in the domain, covered by the digital library. The user himself or herself determines this level by filling it up in the profile. Users can subsequently change the value of their preliminary knowledge or they can use the functional module, displaying personalized content/objects according to defined user object observation styles. The style defines the way of displaying of specific criteria, describing digital objects. These two modules assist the object observation by generating new objects containing parts of the originals for every user. This activity can be determined as a process of development or modification of the information material according to individual requirements, preferences and knowledge level.    
The next module in the architecture dynamically provides generation and visualization of collections of digital objects according to a main grouping criterion chosen by the user. This grouping provides easy object observation. The selected criterion can be changed with another one later, which enables new grouping. The extension of this functionality is realized through another functional module that in a real search process shows a collection of grouped objects in addition to the returned results. The grouping criteria are chosen during the user profile development or in the search form (if this option is available).       
User cognitive goals and interests are categories that give information to the system on why the user choses it and what he/she wants to find out (learn). The architecture provides a special functional module tracking these rubrics in the profile and delivering on demand library objects and knowledge for observation. These rubrics can have a fixed or dynamically generated value. If the user does not select a value the system does not provide objects on demand. Another possibility is the system to deliver objects necessary for users with low knowledge level in the domain covered by the digital library. 

The digital libraries are environments that refresh permanently by including new objects and knowledge or replacing those created before. Therefore, in the architecture we include a functional module notifying the user that new objects are included. The input data used by this module are the values of cognitive goals and interests. 
A special module for searching, extracting and displaying of objects conformable to users’ physical limitations is considered in order to provide access to the library for the disebled people. 

In a multilingual digital library it is necessary to provide object grouping according to a user preferred language. The last module of this section – functional module for choosing and displaying the most suitable versions/formats of the digital objects according to the used DL content delivery channels – is suitable if we expect that the knowledge in our DL will be accessed not only through the Internet, but also through mobile phone and other devices. The development of such a module is dictated by the last year tendencies for realization of ubiquitous delivery of information – anywhere and anytime with various devices.  
The last service in the architecture concerns the user behaviour in the DL environment and recommends digital objects for observation. Its first module tracкs out and saves the objects and collections chosen by the user, the object observation path, and time in order to recommend objects of user needs and interests. The information from these actions is necessary in cases when the system makes inferences for the users' difficulties and the library objects and collections that are interesting to the users.  

Following good practices of the eLearning systems, the architecture can be extended including functional module tracking out the competence level in the thematic areas of the digital library in order to recommend more detailed or simpler objects for observation. The realization requires the development of quizzes and questions and testing the users during the process of object observation. The users decide if they use this non-typical option for digital library. 
According to the realization model for personalizing and adaptive logic described in the previous section, it is necessary to develop abstract scenarios/instructions for creating personalized and adaptive information flow. They include possible ways to explore the objects/collections or parts of theirs depending on the options set by the users in their profiles. Besides, the scenarios/instructions contain specific concepts used for describing the objects and collections in the library These concepts come from the ontology, capturing the knowledge of the DL's domain. These specifics of the scenarios/instructions determine their use in describing the rules for dynamic generation of personalized and adaptive information flows.
4. Ontologycal model of the knowledge about the DL user

Building a user model for a digital library, involves defining: the "who", or the degree of specialization in defining who is modelled, and what the user history is; the "what", or the cognitive goals, plans, attitudes, capabilities, knowledge, and beliefs of the user; the "how" the model is to be acquired and maintained; and the "why", including to whether to elicit information from the user, to give assistance to the user, to provide feedback, or to interpret the user behaviour. On the other hand, the interpretation of the user model does not have to be considered isolated apart from the developed standards and specifications in student area (in particular, our DL user, can be considered as a learner or a user who looks for special knowledge), because we aim to maximize its reusability and portability. 

Two of the most important and well-developed standards for student modelling are the IEEE Personal and Private Information (PAPI) (IEEE PAPI (2002)) and IMS Learner Information Package (IMS LIP (2005)). Both standards deal with several categories for information about a learner. These standards have been developed from different points of view (Dolog&Nejdl (2003)). The PAPI standard reflects ideas from intelligent tutoring systems where the performance information is considered as the most important information about a learner. The PAPI standard also stresses on the importance of inter-personal relationships. On the other hand the LIP standard is based on the classical notion of a CV and inter-personal relationships are not considered at all. 

After we found these specifics of the standards, we decided to take them into consideration, to combine some of their parts and to add some specific extensions, too (Paneva (2006a)) (Paneva (2006b)). 

To develop the user model we also trace the already created learner ontologies in several eLearning systems and projects and some DL user ontologies in order to capture the good practices and experience, because we consider that our DL user has mainly learning and cognitive goals and uses the given digital objects for intellect and knowledge enhancement. Part of this analysis is presented in (Paneva (2006a)). 
From our point of view the user model needs to cover a certain amount of information that can be divided into two main groups (Paneva (2006a)): 

· general user information such as actual and historic data (personal information), goals, interests, wishes, cognitive aptitudes, object observation styles, measures for motivation state, preferences about the object presentation method, etc.,

· information about user's behaviour in the digital library such as chosen paths for object observation, chosen objects and collections, overall competence level, difficulties during the information understanding, etc. 

User ontology


The main scope of the described ontology is to formally present the user characteristics (backgrpound) and his/her behaviour (actions) in the digital library in order to be provided personalized and adaptive access to the DL knowledge.  

In terms of the general structure of our user model for the ontology we determine the following list of basis concepts: 

· Concept in the user ontology

· User

· Personal data - name, surname, id, age, postal address,email, telephone 

· Education and experience (educational background) – preliminary knowledge level, speciality, qualification degree, validation period, year of termination, institution/university/school, course name, course description, course duration

· Preference – object grouping style, object observation style, preferred object according to physical limitation, preferred language 

· Motivation - interest, knowledge level in the DL domain

· Cognitive goal

· Behaviour in the DL  

· Object observation time

· Chosen object

· Chosen collection

· Object observation path

· Competence level in the DL domain

Main properties such as  has object grouping style, is knowledge level in the DL domain, has preferred language, etc., provide the relations between the individuals of class concepts.   

A more detailed description of the conceptualization level of the user model is presented in (Paneva (2006a)). Figure 3 depicts the main classes in the ontology. 
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Figure 3: Main classes in the user ontology. The grey rectangles depict some individuals of the classes.

Figure 4 depicts the main classes and properties relating the class ‘User’ with the classes ‘Motivation’ and ‘Preference’ in the user ontology. 
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Figure 4: Main classes and properties relating the class ‘User’ with the classes ‘Motivation’ and ‘Preference’ in the user ontology.
The language, used for formalization of the ontology is Web Ontology Language (OWL (2004)) because of its functionality, tool support (in particular, the Protégé 3.0 development tool), and status as an official W3C recommendation. 
5. Personalized and adaptive logic for creation of customized information flow in A digital library
The described in Section 3 architecture is in the process of implementation in the “Virtual encyclopedia of the Bulgarian iconography” multimedia digital library (http://mdl.cc.bas.bg) (Pavlov et al. (2006a)). It will use two types of rules: rules for creation of personalized information flow and rules for creation of adaptive information flow: 
Rules for creation of personalized information flow
Let
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 be the taxonomy of the objects in the digital library knowledge domain (in this case the set of iconographical objects – icons, mural paintings, etc., the set of included iconographic techniques, the set of iconographic schools, the set of artists, etc.) presented at (Pavlova-Draganova et al. (2007)) and (Paneva et al. (2007));
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Rules for creation of adaptive information flow

Let
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 be the taxonomy of the user’s actions in the digital library environment (selection, browsing, etc.);
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be the taxonomy of the devices, used by user to access to the digital library environment (PDA, PC< smart phone, iTV, etc.).

Then

[image: image80.wmf]m

l

r

j

k

p

,

,

,

,

,

"


[image: image81.wmf]m

im

l

il

r

ir

j

ij

k

ik

p

ip

D

d

Z

z

Y

y

X

x

B

b

A

a

Î

Î

Î

Î

Î

Î

"

,

,

,

,

,

 
[image: image82.wmf]i

im

il

ir

ij

ik

ip

i

i

g

d

z

y

x

b

a

G

g

g

®

È

È

È

È

È

Î

$

:

,


and

[image: image83.wmf]m

r

j

k

p

,

,

,

,

"


[image: image84.wmf]m

im

r

ir

j

ij

k

ik

p

ip

D

d

Y

y

X

x

B

b

A

a

Î

Î

Î

Î

Î

"

,

,

,

,

 
[image: image85.wmf]'

'

'

:

'

,

i

im

ir

ij

ik

ip

i

i

g

d

y

x

b

a

G

g

g

®

È

È

È

È

Î

$


i.e. the intersection of 
[image: image86.wmf]Z

Y

X

B

A

,

,

,

,

and 
[image: image87.wmf]D

 the following axiom may be used:
IF 
[image: image88.wmf],...)

,...,

,

(

2

2

1

1

ip

i

p

p

a

A

a

A

a

A

=

=

=

 

     AND (
[image: image89.wmf],...

,...,

,

2

2

1

1

ik

i

k

k

b

B

b

B

b

B

=

=

=

) 

     AND (
[image: image90.wmf],...

,...,

,

2

2

1

1

ij

i

j

j

x

X

x

X

x

X

=

=

=

) 
    AND (
[image: image91.wmf],...

,...,

,

2

2

1

1

ir

i

r

r

y

Y

y

Y

y

Y

=

=

=

) 

    AND (
[image: image92.wmf],...

,...,

,

2

2

1

1

il

i

l

l

z

Z

z

Z

z

Z

=

=

=

) 
    AND (
[image: image93.wmf],...

,...,

,

2

2

1

1

im

i

m

m

d

D

d

D

d

D

=

=

=

) 

THEN (
[image: image94.wmf]G

= 
[image: image95.wmf]n

g

g

g

,...,

,

2

1

)

where 
[image: image96.wmf]G

 is the adaptive technique for selection of sets of objects from the knowledge domain of the digital library and/or part of them (
[image: image97.wmf]Y

G

Ê

), that are adapted according to adaptive aims and methods and are consistant with the user model, user actions in the digital library environment, used access devices and the available library objects. 

In the more limited case - the intersection of 
[image: image98.wmf]Y

X

B

A

,

,

,

and
[image: image99.wmf]D

:
IF 
[image: image100.wmf],...)

,...,

,

(

2

2

1

1

ip

i

p

p

a

A

a

A

a

A

=

=

=

 

     AND (
[image: image101.wmf],...

,...,

,

2

2

1

1

ik

i

k

k

b

B

b

B

b

B

=

=

=

) 
     AND (
[image: image102.wmf],...

,...,

,

2

2

1

1

ij

i

j

j

x

X

x

X

x

X

=

=

=

) 
    AND (
[image: image103.wmf],...

,...,

,

2

2

1

1

ir

i

r

r

y

Y

y

Y

y

Y

=

=

=

) 

    AND (
[image: image104.wmf],...

,...,

,

2

2

1

1

im

i

m

m

d

D

d

D

d

D

=

=

=

) 

THEN (
[image: image105.wmf]'

G

 =
[image: image106.wmf]'

'

2

'

1

,...,

,

n

g

g

g

)

where 
[image: image107.wmf]'

G

 is the adaptive technique for selection of sets of objects from the knowledge domain of the digital library and/or part of them (
[image: image108.wmf],

'

,

'

Y

G

G

G

Ê

Ê

), that are adapted according to the adaptive aims and methods and are consistent with the user model, used access devices and the available library objects. 

For example:
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6. conclusions

A tendency from the last few years points to the utilization of the digital libraries as a source of digital knowledge and environment for its delivery. This tendency determines the development of new models for the user information and his/her behaviour and additional sets of personalized and adaptive services in them.
In this article we presented a service-oriented architecture providing presonalized and adaptive access to the DL knowledge using special user ontology. The modules in the architecture aim to cover a wide range of personalized and adaptive activities in the DL environment satisfying the user needs and wishes. The main characteristics of the user model such as cognitive goals, interests, preferences, preliminary knowledge level, behavior, etc. are described and several functional modules use them for the semantic reasoning and generation of personalized information flow. 
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