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ABSTRACT 

Adaptive hypermedia systems (AHS) combine hypermedia, user modeling techniques and a certain type of 
artificial intelligence that modifies the structure and contents of hypermedia documents according to each 
user. We have many Internet users now a days and also there are more number of webpages, it is very 
difficult for the surfers to find the information they need. Users must  browse through a large hierarchy of 
concepts to find the information for which they are looking for.  Users should be provided with web 
content/links based on their interests and preferences, thus allowing for more efficient and relevant 
information access. User’s interests are based on his/her browsing behavior, the sites he/she visits, his/her 
prior history, and detailed interactions on web sites of interest to form a user interest profile. This paper 
focuses on providing adaptive presentation to the surfers which involves personalization, building  and 
updating user profiles by monitoring and storing the users’ browsing habits, recommending content/links 
by web usage logs and providing dynamic links via graphical objects. There are many Hypermedia Systems 
available which are related to a specific Application. In this paper we study the general purpose Adaptive 
Hypermedia System (AHLARM) for an application-independent architecture. 

KEYWORDS: Adaptive Hypermedia, User Modeling, Recommender Systems, Adaptation, Link 
Annotation 

1. INTRODUCTION 
 A hypermedia system is basically one that 
allows users to freely scan on information network 
in order to retrieve items of information structured 
by means of nodes and links. With the increasing 
volume of data, however, various problems are 
surfacing. One such problem concerns the accuracy 
of information retrieval : users have difficulty in 
obtaining their requested information, or the 
information they receive does not satisfy their 
needs. Another is that the network structure of 
hypermedia is static, and users can search only in a 
previously to acquire the user model information 
and realize its user adaptation, and how to support 
the network structure desired by the authors and 
users.The adaptation can be classified into two types 
: adaptation of contents and adaptation of links. 
Whichever method is taken, many problems still 
remain, such as how meaningful user model 
information, and realizes dynamic and flexible user 
navigation. 

Adaptive Hypermedia System (AHS) is defined as 
hypertext and hypermedia systems that reflect some 
characteristic of the user in a model and adapt 
several visible aspects of the system for final user. 
Adaptation can take 3 forms [1]: 

• Adapted Systems: in which adaptation is 
hard-wired by the application designer; in 
this case, the system is customized to a 
particular user profile, which is created at 
design time. 

• Adaptable system: in which adaptation is 
explicitly required by the user. More 
precisely, the user can specify her/his own 
preferences or adaptation can be provided 
by recommender systems. 

• Adaptive systems: in which adaptation 
initiative belongs to the system itself, based 
on continuous observation of user 
preferences and needs. The user’s profile is 
no longer static, it is dynamically updated 
by the system, after tracking and analyzing 
user behavior. 
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Adaptive hypermedia systems (AHS) combine 
hypermedia, user modeling techniques and a certain 
type of artificial intelligence that modifies the 
structure and contents of hypermedia documents 
according to each user. 
Adaptive Hypermedia for All! (AHA!) was created 
at Eindhoven University of Technology. 
Architecture AHA! is based on reference model 
AHAM [2], which was designed to provide abstract 
structure and functionality for Adaptive Hypermedia 
Systems. 
In this paper, section 2 describes web 
personalization, section 3 explains the user 
modeling techniques, section 4 gives details about 
recommender system and section 5 explains 
AHLARM Architecture. 

2. PERSONALIZATION 
Generally, personalization is a development of 
matching the object to specific needs. Hanson and 
Crayne[3] stated the specific needs are distinct to 
every person since different person has different 
identity and personality. Personalized systems have 
become increasingly popular since the beginning of 
the 1990’s with the rise of the World Wide Web 
(WWW).  
Users may spend a large amount of time at 
particular types of sites, e.g. movie related, science, 
or finance sites. Users will expect specific 
personalization on these sites that cannot be 
provided by a general-purpose behavior mining 
algorithm. For example, a plugin should be able to 
track the user’s interaction with these sites, observe 
which movies he/she likes and dislikes, and update 
his interest profile to reflect these preferences. 
The website content is personalized when only the 
relevant content displayed on the web. The relevant 
content should be based on individual user 
preferences which can be obtained implicitly or 
explicitly. The  information is so called to be 
retrieved implicitly if the information obtained 
without acknowledging the user. As example, to 
track customer purchased or usage habits in order to 
know the types of products or services that a 
customer likes, dislikes, needs or wants without 
user’s consent. The information that obtained 
explicitly is where the information is retrieved by 
getting the input from the user. 
There are several browser add-ons (toolbars) that 
perform data collection and user behavior mining. 
Perhaps the most popular among them is the Alexa 
Toolbar, which for each user collects a complete 
browsing history, search engine query list, and 
summary of the advertisements presented to the 
user. This information used by Alexa to compute a 

number of analytic functions, some of which are 
returned to toolbar users as a service. Among the 
analytics are traffic statistics (including a 
comprehensive, internet-wide ranking of popular 
sites), related links, audience demographics, and 
clickstream statistics. Similarly, Bing, Google, and 
Yahoo all offer toolbars, although they vary in the 
amount of mining and automatic personalization 
that they perform. 

A. The Problems of  Personalization 
Personalization needs the user information to be 
processed. Eirinaki and Vazirgiannis [4] stated the 
techniques for collecting and analyzing the user 
information: (1) content-based filtering to make 
recommendation by tracking individual user 
behavior, (2) collaborative filtering to make 
recommendation by tracking individual user 
behavior and returning relevant information, (3) 
rule-based filtering to use decision trees of questions 
to determine the wants and needs of the user, (4) 
web usage mining using certain methods such  
Association rule mining, clustering and 
classification to derive useful information. 
Therefore, in order provide the  Personalization 
service, the user should have the willingness to 
share the information to certain degree. If the 
propensity of information sharing from the user is 
low, no data can be processed and analyzed to build 
personalization. If data provided is inaccurate or 
false information supplied, the personalization will 
be useless because it would not match to anyone. 
This issue is arising since there is significant 
number of Internet users has supplied false or 
fictitious information in personalization application. 
The non-sharing behavior is the major problem and 
yet become the barrier to website personalization.  

3. USER MODELING 
User modeling, often Addressed as user profile and 
a simple way of Capturing his/her references, plays 
key role in Adaptive Hypermedia Systems[12]. 
Modeling user behavior is an ongoing challenge in 
different application domains, including Knowledge 
Management, e-commerce, decision support, e-
learning, and marketing. Such advanced systems 
allow having a better knowledge of the user (in 
terms of needs, preferences, or goals) in order to 
offer him/her enhanced services and better support  
users. Modeling human behavior, by learning from 
humans, may be also applied to achieve realistic 
agents’ models in various domains [6]. There are 
many dimensions and elements that need to be 
considered when building a user model for a 
specific application domain [7]. Most of the studies 
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of Internet user behavior are based on statistics of 
user traces and traffic measures [8]. In this case, 
user behavior characterization takes into account 
statistics of user session duration, data rates, 
application popularity, and user mobility in order to 
predict trends or make recommendations to the 
users. Researchers often make use of theories from 
sociology or psychology in an attempt to reveal the 
hidden rationality of the user browsing behavior [9], 
to understand individual differences and cognitive 
styles. From a social perspective, user behavior has 
been studied in online communities in relation with 
behavioral patterns of collaboration in order to 
understand different forms of motivation [10], to 
evaluate knowledge-sharing dilemma in order to 
design interventions to successfully manage 
organizational knowledge [11], or to understand the 
different categories of users and their motivation for 
participation in online communities [11]. 

A. User Modeling Overview 
User modeling is the whole process of constructing 
user models, and creating, updating or deleting user 
profiles. It contains the functions which are to 
incrementally build up a user model, to store, update 
and delete entries in instantiated user profiles, and to 
maintain the consistency of the model. We introduce 
two important processes of user modeling [13]: 
collecting data about users and processing the data 
to build or update user models. 
There are also various ways for collecting data from 
a user. The traditional way is to let the user directly 
provide information (for example, age, location, 
gender, occupation, income) by filling in a form. 
However, the user may withhold information 
because of privacy issues. Usage information is the 
information that can be tracked for observing users’ 
behavior. It is perhaps the most important user data, 
and is extracted from a web server log, which is the 
primary source of data in which the activities of web 
users are captured. Usage information may be 
described in terms of simple page views, 
transactions (which are “significant” events, and 
may combine multiple page views), and sessions 
(which are combinations of page views or 
transactions that together represent users’ behavior) 
[14]. In addition to the simple sequence of events, 
information about time of access and frequency of 
access can also be captured as usage information. 
However, usage information is not fully reliable. 
The page clicked by a user does not guarantee that 
the user attentively reads its content. To make user 
modeling simpler and more reliable, it is necessary 
to involve the user in the process of user modeling 
to acquire additional information from the user. 

Widely used Machine learning techniques to build a 
user model include linear models, TFIDF-based 
models, Markov models, neural networks, 
classification and clustering techniques, rule 
induction techniques, and Bayesian theory-based 
techniques.  

B. User Profile 
A user profile is defined as a collection of 
information about a user, including demographic 
information (name, age, location, to name a few), 
usage information (for example, pages visited, 
frequency of visit), and interests or goals (either 
explicitly stated by the user or implicitly derived by 
the system). It is an instance of a user model for a 
particular user. There are really two types of user 
profile data: those that describe individuals and 
those that describe groups of users[15]. 

C. GUMSAWS 
We propose the GUMSAWS (A Generic User 
Modeling Server for Adaptive Web Systems)[15]  
framework, as illustrated in Fig 1. 
 
 
 
 
 
 
 
         
 

 
 
 
 
 
 
 

Fig.1. GUMSAWS Framework [15] 
 
The Model Description (MD) consists of two 
components, the User Model Description (UMD) 
and the Group Model Description (GMD). These are 
data repositories that store domain-dependent 
Intermediate Format Vocabularies (IFVs) and 
application-dependent description for user and 
group models. The IFV is the schema in 
intermediate format for describing concepts and 
relationships related to an individual user or group 
of users existing in adaptive web systems. 
The Model Maintainer (MM) offers user modeling 
functions, including instantiating a user or group 
profile; storing, retrieving, updating and deleting 
entries in profiles; and inferring user missing 
property values. Two components, the User Profile 
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Manager (UPM) and the Inference Engine (IE), are 
grouped into this sub-system. The Information 
Source Generator (ISG) generates the information 
sources of groups information and association rules 
for the MM to update users’ missing property 
values. Two components, the Usage Group Handler 
(UGH) and the Association Miner (AM), are 
included into this sub-system. 
User groups are generated by the UGH according to 
users’ visiting history. Association Miner discovers 
Association rules. The System Repository (SR) is 
used to store usage data, user profile data, and group 
profile data. It also stores information sources of 
direct information, groups information, association 
rules, and general facts. The SR also connects some 
system components together. It is constructed in the 
initialization stage by some system components, 
such as the UPM and the UGH. It will also be 
updated by them during the system activity. Note 
that some system components are not grouped into 
any of the four sub-systems. They provide interfaces 
for interactions. For example, the Modeling 
Interface (MI) is an interface between adaptive web 
systems and GUMSAWS. The main function of the 
MI is to forward adaptive systems’ requests to 
components of GUMSAWS. The communication 
between the MI and the sub-systems is through a 
network. The Authoring Tool (AT) accesses model 
description and provides an interface for authors 
(i.e. system administrators) to specify the 
application-dependent user or group model 
description. Through the AT, authors may define 
user and group models, and default user and group 
profiles. The Profile Editor (PE) is implemented as 
an interface to allow users to see information held 
about them, and to modify their information. 
Requests from users received through the PE will be 
handled directly by the UPM as direct information 
about users. The PE makes adaptive web systems 
transparent in that users have full control on their 
information[15].  

4. RECOMMENDER STRATEGIES 
Increasing availability of portable web-enabled 
devices fuels further growth in the volume of 
consumer web traffic. Traditionally users can pull 
content from the web via mechanisms such as 
search engines. However, personalized delivery 
mechanisms, which take user behaviors into 
consideration when preparing web content 
recommendations, can be very useful. To capture 
web users’ access habits and behaviors, one possible 
approach is web usage mining [16] which discovers 
interesting and frequent user access patterns from 
web usage logs. Many web usage mining techniques 

[17] focus on mining common access patterns, 
which have occurred frequently within the entire 
duration of all access sessions. 
There are some [18] techniques which mine periodic 
access patterns, that occur frequently in a particular 
period, directly from web usage logs. Such periodic 
access patterns are very useful for understanding 
users’ web access behaviors. With such knowledge, 
we can deduce and prepare the resources that the 
user is most probably interested in during a specific 
time period without the need of the user’s current 
web access information.  
Fuzzy logic is applied to represent real time 
concepts and requested resources of periodic 
pattern-based web access activities. The fuzzy 
representation is used to construct a knowledge base 
of the user’s web access behaviors. This is then used 
to provide timely and personalized 
recommendations to the consumer. 

A. Personalized Recommendation 
Personalized recommendation aims at minimizing 
ambiguity and unwanted information that is 
presented to the user, thereby reducing the effect of 
information overload that is often encountered by 
web surfers. An effective personalized web content 
recommendation system should present the most 
relevant suggestions to the user in the most timely 
manner.  

B. Web Usage Logs 
The process of creating the user behavior knowledge 
base begins with semantically enhanced web usage 
log as input. As Table 1 illustrates, each requested 
URL in web usage logs is manually or semi-
automatically annotated with semantic descriptions, 
i.e., one or more predefined topics, concepts or 
categories such as News and Sports [18]. 
 
Table 1 Semantically enhanced Web Usage Log [18] 

UserID Timestamp URL Semantic 
Annotation 

User1 21/03/2011 
09:20:02 URL1 #Topic1,#Topic2, 

#Topic5… 

User2 21/03/2011 
09:25:51 URL2 #Topic1,#Topic4, 

#Topic9… 

User3 21/03/2011 
09:31:08 URL3 #Topic8,#Topic2, 

#Topic3… 
 
Each entry in the web usage log can be interpreted 
as “A certain user has accessed specific resources at 
a specific time”. From this log entry we can predict 
user preferences and interest and recommend links. 
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C. Content Recommendation 
Using Web usage log content, User preference can 
be identified and web content can be recommended 
for the user/group. In order to recommend useful 
content for known Users/groups, SEKO. MOTEGI, 
YAGI, MUTO algorithm prunes useless content for 
the group using ratings list of individual preference 
between group members. Fig.2 shows system flow 
of Shunichi SEKO, Manabu MOTEGI, Takashi 
YAGI and Shinyo MUTO recommendation 
strategy[19] 
 

 
 
Fig.2 System Flow Of Recommendation Strategy[19] 
 
Here along with the delivery of preferred content by 
the content provider, unwanted content filtering also 
done. History of watched content is used to generate 
Recommendation Content List. 

5. AHLARM ARCHITECTURE 
The web is a medium for accessing a great variety 
of information stored in various locations in the 
whole world. As the data on the web grows rapidly 
and different Internet users have different 
requirements for the information they want to get 
from the Internet. So, it has lead to several problems 
such as increased difficulty of finding relevant 
information, extracting potentially useful knowledge 
and learning about consumers or individual users. 
Web personalization improve the Web search 
experience by using an individual’s data e.g. user’s 
domain of interest, preferences, query history, 
browser history etc.  
AHLARM is domain independent Adaptive 
Hypermedia System which provides personalized 
content based on users’ preferences. The major 
components of  the system are User modeling,  
Recommendation strategy, Content filtering, Search 
Engine, Link Annotation for dynamic links in the 
form of graphical objects. 

To personalize means to make or change something 
so it is suitable for a particular person. 
Personalization is defined as the ability to deliver 
content and services  to individuals based on their 
preferences and behavior. Web personalization is 
about personalizing aspects of web resources - the 
content itself, links, web page structure and 
navigation. User preferences are collected using web 
usage log records and History of user watched 
content. Fig.3 shows the overall design of 
AHLARM architecture which explains the major 
components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Architecture Diagram Of AHLARM 
 
User Profile is created and dynamically updated 
using the browsing history. From the semantic 
annotation collected from web usage log and 
history, User preferred keywords are generated. 
Those keywords are supplied to the search engine in 
order to generate User Preferred URLs. Using 
Filtering technique, URL filtering is done as the 
next step. 
Personalized recommendation systems have come 
into the big picture now-a-days. Recommender 
system produces individualized recommendations 
based on user’s individual characteristics, which can 
be used in many domains including books, music, 
web pages and news. From the Recommender 
strategy mentioned in this paper recommended web 
URL list is generated. 
From the generated URL list, Link annotation 
technology is applied which produces dynamic links 
in the form of Graphical Objects. Dynamic linking 
allows adaptive modification of links dependent on 
users and provides navigation for each user. 
Web pages contain links that have connections 
between them which represent the relations among 
the concepts they represent. Currently people follow 
links blindly without knowing what these links point 
to, or what kind of relationship this link represents. 
To make links more meaningful, instead of 
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providing hypertext links, Links can be generated 
using Graphical Objects  which gives more user 
friendliness.  

6. CONCLUSION 
Personalization requires collecting and using 
information about the user for showing the relevant 
URL while browsing. Dynamic link generation 
refers to the production of new links of interest to 
the user on the  information network that have not 
been defined in the authorship. Several adaptive 
hypermedia techniques have been introduced so far. 
In this paper, AHLARM introduced a framework of 
adaptive Hypermedia system  for domain 
independent architecture A dynamic linkage method 
uses two types of user model nformation. One using 
web usage log records and the other by gathering 
past history of user content. This study paper makes 
use of recommender model developed from 
previous research to generate recommended URL 
list from which dynamic links in the form of 
graphical objects can be created. The framework of 
the system is developed in this paper. In future, we 
will conduct research on the above Adaptive 
Hypermedia System. 
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