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Abstract The context information is used to provide the most rel-
evant results for a user upon her request. For instance, the
A framework has been developed as a basis for designuser model may determine the level of the user’s knowl-
and implementation of adaptive Web systems. This frame-edge based on which appropriate content is chosen to be
work and the respective architecture support the idea of presented. The client device characteristics, such as screen
high-level synthesis and facilitate different types of adap- size, supported color depth, and supported markup lan-
tation. In this paper, we describe main components in guage, can be used to generate the appropriate response for
the framework, and introduce an example application from that device. This can be accomplished by scaling and con-
e-News domain, a personalized electronic news systenverting images and text to compatible format. The context
(PENS). PENS is implemented as the proof of concept andnformation can be obtained through monitoring the users’
to demonstrate how Web pages are synthesized with differbrowsing behavior, mining the Web server log, querying
ent attributes from the same description, and to show adap-the device characteristics, and so on. Besides, various Al
tation based on users’ behavior and client-side character- techniques are used to extract useful and usable information
istics. from this raw data.

Adaptive Web systems use various context information
keywords: Adaptive Web Systems, Automated High-level to tailor the response of the system to the user’s request
Synthesis, Web Information Management, E-News. through three different types of adaptation: content adap-
tation, navigation adaptation, and presentation adaptation.
While there is some overlap between these types of adap-
tation, they are different in what they target. Content adap-
tation adds and/or removes information fragments to/from

As the World Wide Web becomes larger in size and more the page based on the current context. Navigation (struc-
complex in structure, it becomes more crucial for websites ture) adaptation adds, removes, hides, sorts, and changes the
to guide the users to the relevant information, taking into ac- color of the links in a page, in order to provide the best nav-
count their background, interest, and goals. Adaptive Webigation structure in the current context for the user. Adding
systems are systems that adapt their response based on tleerecommended item at the end of a page, falls in this class
context in which they are used [13]. The context is a set of of adaptation. Finally, presentation adaptation reformats the
system’s parameters and variables that can change at aninformation fragments to achieve the appropriate final pre-
point of run-time. In adaptive Web systems, three main sentation for the current context. Resizing the images for a
sources of information that constitute the context have beenmobile device falls into this kind of adaptation.
identified: user, environment, and technology [7]. The user  Not all adaptive Web systems make use of all informa-
preferences and browsing behavior are referred tosas tion context. Neither do all of them apply all three types
mode] which is the focus of most of the adaptive Web sys- of adaptation. However, it is expected that a general frame-
tems. The environment-related parameters such as the locawvork for adaptive Web systems provide facilities for the au-
tion of the user, or the time, might be considered as addi- thors of such systems to harness the context information, to
tional context information. Finally, technology-related pa- the extent that they need, to make a website as adaptive as
rameters, such as client device characteristics and networlpossible.
bandwidth, are the other important elements of the context The rest of the paper is organized as follows. In Sec-
in an adaptive Web system. tion 2 some of the related works are reviewed. Section 3

1 Introduction



explains the motivation of our work. Then, in Section 4,the  Automated Website Synthesis [8] is an approach for de-
architecture of the proposed framework is described. Sec-sign and maintenance of website applications, which is
tion 5 describes an implemented example application basedased on computational logic. The website code is derived
on our framework. System components designed for thefrom its content via automated synthesis. The synthesizer is
mentioned application are discussed in Section 6. Finally,arranged in three different levels; it starts from a high level

the conclusions and future work are presented. description of the website and produces an intermediate rep-
resentation for the application using a domain-dependent
2 Related Work formal language. Then the website code is automatically

generated from the intermediate representation. The key

Th ite a f dative Web svst devel idea in this approach is separating information content from
ere are quite a few adaptive Web Systems developeq, presentational form. Hence, different visualization de-

by researcher_s dunng t_he last d_ecade (see [15]). Thesescriptions are supported for the same site description.
systems vary in application domain, platform, development

methodology, levels of adaptivity, and so on. Some of them o
are specialized for a particular domain (e.g. online course),3 Motivation
whereas others offer a more general framework. In this sec-
tion, some of these systems are reviewed. The result of any sort of adaptation, i.e. content adap-
AHA! [5] is an adaptive hypermedia framework for de- tation, navigation adaptation, or presentation adaptation,
veloping educational applications. AHA! provides con- should be eventually reflected in the pages that are returned
tent adaptation (conditional fragments) and link adaptation to users’ Web clients. This requires any adaptive Web sys-
(link coloring). In this framework, the domain is modelled tem to prepare pages dynamically based on adaptation rules
through concepts and relationships between them. Conceptand context information. Many systems (see Section 2) use
can be related to a resource (e.g. a page). AHA! adapts thepre-styled templates and populate them with actual data in
pages based on the user model. It has a predefined pagerder to render the final page. The modifications related to
structure in the sense that the pages are not synthesizedydaptation can range from changing the attribute of a page
however, the author can include conditional fragments socomponent, such as changing the color of a link that is being
that if some conditions hold, the fragment is not shown. accomplished in AHA!, to adding or removing a composite
InterBook [14] is a tool for authoring online adaptive page component, like what is being performed in the page
textbooks. It uses a domain model of concepts and a usegeneration process of SeAN.
model to provide adaptivity. In addition to regular navi- Although most of the adaptive systems and frameworks
gation support (back and forward), InterBook provides an are designed for a particular application domain such as e-
adaptive set of links between the textbook and the glos-Tailer or e-News, the website designer should still think and
sary based on the current user’s knowledge. It also providesdesign in terms of hypermedia concepts, e.g. Web pages and
visual cues about each link (adaptive annotation) and di- hyperlinks, and manage the Web system in terms of Web
rect guidance about the suggested next page the user shoukcbmponents. The adaptation rules are also specified to act
visit. on the page and page components. Separation of the role
SETA [4, 3] is a prototype toolkit for building adaptive of application designer and manager from the role of Web
Web stores. It dynamically generates the pages of a Webdesigner requires automated Web synthesis for adaptive hy-
store catalog and selects the content of the pages based gmermedia, where a complete synthesis process starts from a
user interest and familiarity with the products. Also, the high-level description and results in dynamically-produced
system sorts the available items for a product class based ofwWeb pages. Because of the adaptation needs, some web-
user preferences. site features, like layout of the pages, should be generated
SeAN [2] is a an adaptive system for personalized accesson-the-fly and some other features, like the structure of the
to news. It uses a structured hierarchy to represent newswebsite (to be shaped by inter-page links), should be alter-
Each piece of news is a composite entity that has severakble.
attributes that define its components. For example, title, ab-  We believe that presentation adaptation must be the least
stract, full text, author, pictures, or video can be attributes concern of the website designer. Each synthesis process
of a piece of news. Based on this representation, differ- should consider the capabilities as well as limitations of the
ent detalil levels can be used for news according to the userclient browser, and perform some automatic adaptation ac-
model. SeAN adapts to the context in three ways; it selectscordingly. As an example, the page that is generated for a
the news topics relevant to the user; it presents an appropridesktop browser is not appropriate for showing on a hand-
ate level of detail of the news based on the user model; ancheld device; the hand-held devices have screen size and
it provides advertisement most relevant to the current pagepage size limitations, and many of them require a differ-
and the user. ent markup language coding such as WML. The page syn-



thesizer should be able to generate code for different usersolely the name of website (like the one which is usually

clients from the same site description. received as the first request from a user) then the Synthesis
Engine will look for a page with the “Default Page” prop-
4 Framework for Automated Synthesis erty, and start the page composition from that point. If the

incoming URL contains a specific requested page, then the

PENS has been developed based on a framework forSE will query the SD for that particular page definition.

adaptive Web systems [9].This framework provides an ar- The S E knows only semantics that are dgfined in the In-
chitecture based on which adaptive Web systems, for dif- termediate Format Vocabulary (IFV), including the hyper-

ferent domains, can be built. The core components in themedia concepts and the defined relationships. Itis presumed

architecture are the Synthesis Engine, the User Front-Endthr‘?lt g]g applica?i(r)]nhwglk;sitelis defined ir;]_tehrr_ns ?f the IFV.
and the Conceptual Tasks. The architecture also defines thJ € SE starts with the ‘base’ concept (which is often a page

communication protocol between these components. In thec_oncept) and explores all the defined pr'operties and re!a-
following sections, these component are explained. tlopshlps of that concept down to the point that all consti-

tuting components of that concept are known and all page-
population data is present. At this point, all properties of all
page components have final values except for those proper-
ties that are related to the page layout.

As the SE goes through the mentioned process, it con-
structs a graph with a hierarchy pretty much the same as the
concept hierarchy defined in the SD. Despite the SD, this
constructed graph does not have any uncertain relationships
in which the rationale behind such a centralized point of '(relationships thgt define the alternatives in realization of a

component or bind the presence of a component to a con-

access is well explained. The UFE basically transforms as’[raint) and represents a page that observes the defined con-
Web request into a synthesis request and sends it to the Syn-_ . P bag :

: . . - straints. If data of a component (e.g. a text component) is
thesis Engine. Then, the response of the synthesis engine

o . ; . supposed to be provided by a CT, then that CT will be con-
which includes the page and its components, is retrieved : )
L tacted to retrieve the data. Note that all constraints and all
and stored to be sent back to the browser upon individual

, system operations (like those that specify how and which
requests. Hence, the UFE creates a level of abstraction beCTs should be contacted) are parts of the SD.

tween the Web tier and the adaptation server. Moreover, the Page lavout generation brocess encompasses solving two
UFE keeps track of sessions and generates user and device ge ayoutg ) P P 9

. essential problems:
IDs for the new users and devices that connect to the sys-

4.1 User Front-End

The User Front-End (UFE) component is the initial point
of contact where HTTP requests arrive. This front con-
troller provides a centralized entry point that controls and
manages Web requests from different clients. It is designed
based on the core J2EE Front Controller design pattern [16]

tem. 1. Placement: the relative position of each page compo-
nent, in other words, the order the components are go-
4.2 Conceptual Tasks ing to be placed in the page.

Formatting: issues related to the appearance of each
component. For example, for text components, the
appropriate values for properties like font, color, size
and so on are decided. For an image component, this
may include properties like resizing factor, converting
to B&W, and so forth.

Conceptual Tasks are sources of data that shape the dy- 2
namic aspect of the system. The SE uses data provided by
CTs in order to make decisions for adaptation. It also might
be used for populating the under-construction page. CTs
are application-specific in general, and can be provided as
ready-to-run applications plugged-in to the system or can be
generated by the compiler from the high-level description. A page might include one or more tables to implement the
Some CTs, like the User Profile Managers, are application-placement algorithm. The tables can appear at any level of
independent and present in almost all adaptive Web sys-page hierarchy, and they can be nested. There is a set of

tems. constraints in the IFV that are related to page-layout. These
constraints are used to describe guidelines for the layout
4.3 Synthesis Engine generator to determine the appropriate place of each com-

ponent in the respective table.
Synthesis Engine composes a Web page based on the in-
coming request, current context, and various information 4.4  Site Description in Intermediate Format
sources. For each synthesis process, the start point is finding
the correspondence between the incoming URI and a con- The Intermediate Format Vocabulary provides the au-
cept in the Site Description (SD). When the URI contains thor or compiler with the schema to describe the structure



and content of a website in terms of hypermedia concepts
and relationships. A typical site description contains user

D Hews UM - University of Mew Brunswick - Microssft Internct Fxplorer
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e Concepts and relationships related to system opera

tions that instruct the SE how to achieve data required
for adaptation decisions and page population.

Concepts and relationships related to presentation ang
final code generation. Structure and tags of different
markup languages fall into this category.

Concepts and relationships for user modeling and user

hdapting to residential life is not always the easiest challenge for studemt
& variety of temptations can limit physical activity, which is suwprising
considering UNB Fredericton iz considered ...
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group modeling. Only those parts that are shared &

across all application domains will be introduced into
the IFV.

The IFV and site description are described using Resource
Description Framework (RDF) serialized in XML. RDF and

RDF Schema [17] are extensible and scalable standards in
tended for description of meta-data as well as machine un-

Figure 1. The Front Page

derstandable semantics.

5 Example Application

Our system partially imitates the NEWS@UNB website,
which news items are gathered from. Two different types of
pages, the front page and the full news page, are generate
by the system. As shown in Figure 1, the front page lists
three most recent news items with their titles and first few
statements in the “LATEST NEWS” section and four other
news items with only titles in the “MORE TOPICS” sec-
tion. Clicking the title of the news will lead the user to the
full news page. As shown in Figure 2, the full news page
presents full information of a news item, including its topic,
publication date, correspondent, and news body. The newq
banner is located at top of both front page and full news
page.

Users may see different pages because of adaptation prg
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vided by our system. Different criteria have been used for
adaptation, including user location, user navigation history,
and different types of devices. Detailed explanation of the
adaptation is presented as follows.

Figure 2. The Full News Page




5.1 Adaptation to User Location
10

User location is detected by one of the conceptual tasks, BLACKBERRY
the IP Locator. Our system detects users from UNB'’s two -u..i.. e
major campuses, the Fredericton campus and the Saint John . bl
i 1 i LUMBE RESEARCHERS PROMOTE ACTIVE
campus. Users frpm @fferent campuses will see dn‘fgrent A
front pages. The first difference is the news banner. Without .
s . apting to residential ife is not
adaptation, news items on the front page are sorted based on | duaus the easest chalenge for J
their publication date. Since we can assume that users from A variety of temptations can lmit ¢

the Fredericton campus are more interested in Fredericton
news, those news items related to the Fredericton campus
will be placed above news related to the Saint John campus

20000000008
if the user connects from the Fredericton campus. Similarly, % ® % %, % @ 0 @ é

users from Saint John will see news related to the Saint John . Q % % %% Q @ @ @ b |

campus at top of the “LATEST NEWS" section. 7

5.2 Adaptation to User Navigation History

User navigation history keeps track of news items that )
the user has read. It also indicates how much the user is Figure 3. The front page on a Blackberry de-
interested in each news category. We provide two types of ~VIC€
adaptation based on user navigation history. In the “LAT-
EST NEWS” section on the front page, the first few state-
ments of the news item that the user has read will not bepage. The banner images have been converted to WBMP
shown any more. This adaptation is based on the assumpand delivered along with the WML page to the device. Fig-
tion that users would be not interested in reading the first ure 3 shows a Blackberry device accessing the front page of
few statements again if they have already read the full bodythe sample application. Since Blackberry prefers content in
of the news. The example is the second news item in theXHTML format, the page has been delivered in XHTML.
“LATEST NEWS"” section as shown in Figure 1. Another Also, the banner images have been resized.
adaptation is news recommendation, which is an example of
navigation adaptation. As indicated by the cursor in Figure 6 Conceptual Tasks of e-News Application
2, there is a link to a related news item at the bottom of the
full news page. This news item is the recommendation pro-g. 1 |P Locator
vided by the Association Miner (to be explained in Section

6.5). The user’s geographical location, as part of context in-
_ _ _ formation, can be used in Web applications for various pur-
5.3 Adaptation to Different Devices poses such as geographical access control and content and

advertisement targeting. In adaptive Web systems, the loca-

Mobile devices have a smaller display compared to the tion of the user can be used to provide more relevant infor-
desktop PCs. Therefore, the components of a page shouldnation. For instance, the sample application provides each
be adapted to the client device, so that the final presentatioruser with the most relevant news items at the top of the page.
remains elegant. Besides, some devices accept pages in diffhe IP Locator conceptual task provides a service through
ferent markup languages such as WML. Thus, if a device’s which the location code for an IP address can be retrieved.
preferred language is WML, then the final presentation will
be generated in WML. On the other hand, recent mobile 6.2 Hand-held Profile Manager
devices also support XHTML pages, so that richer content
can delivered to the device. In either case, the images in In contrast to desktop PCs, which have all the necessary
the presentation need to be converted to the proper formatmeans to support rich Web features, hand-held devices suf-
For instance, devices that only accept WML code, cannotfer from hardware (and as a consequence, software) limita-
show images in formats other than WBMP. Hence, the sys-tions, some of which are small screen size, limited process-
tem dynamically converts all the images to WBMP at run- ing power, and small memory. The need for Web support
time. In addition, the images are resized to fit the device’s for hand-held devices on the one hand, and the existing de-
screen. Figure 4 shows a Nokia device that prefers WML vice limitations on the other hand, have pushed researchers



reads the description of the user model and the default val-
ues, creates database tables for the user model, and inserts
default values into the database. It also provides a list of ser-
vices, such as checking the existence of a user, creating and
deleting a user profile, updating and retrieving a property
value, and so on.

The user model is described in intermediate format for
describing concepts and relationships existing in the appli-
cation based on the User Model Vocabulary. The vocab-
ulary is domain dependent but application independent. It
contains ontology in a specific domain (e-News domain in
our case).

6.4 Usage Group Handler

Figure 4. The front page on a Nokia and also

an Openwave device The Usage Group Handler (UGH) is composed of
two components, the Usage Group Miner and the Group
Matcher. Like the user model, the group model and the

and developers to develop new technologies to enable Wetflefault values are described in RDF format based on the
access for hand-held devices. Different protocols and lan-Group Model Vocabulary for the e-News domain. The
guages have been developed during recent years to fulfillYGH reads the descnpn_on of the group_model Q”d creates
Web access requirements for hand-held devices. database tables for storing user group information. Then,
In order for Web content servers to provide content for the UGH groups users together through the Usage Group
a wide range of devices with different capabilities, the ca- Miner and assigns a user into an existing group through the
pabilities of the target device should be taken into account Group Matcher based on the evaluation of the user's dis-
when generating the content. However, there are too manyt@nce from the groups’ centers. o _
types of devices to keep track of, and there are many new AS mentioned, the Usage Group Miner is responsible for
devices appearing in the market. Therefore, it is not prac-9roupPing existing users tpgether according to thelr.mtere.st
tical to store different versions of content to be served for in different news categories. The number of news items in
different devices. The solution is to inquire about device ©aCh néws category that have been read by the user repre-
capabilities from the device itself so that an application can S€Nts the user's interests. Moreover, the earlier the news
optimize the content based on the stated capabilities of thdt€m has been read, the less weight it will have in the cat-
device. egory that the news story belongs to because the user’s
The User Agent Profile (UAProf) [6] is the proposed interest might change over t.ime. . A new clustgring tech-
standard, by the WAP Forum, for device capabilities speci- Nique called K-means+ algorithm is used in the implemen-
fications. The UAProf describes the capabilities of the hard- tation of the Usage Group Miner. K-means+ algorithm has
ware, software, supported technologies, and the browser of€en developed based on the K-means algorithm [10, 11].
the device. This information is communicated in an XML The number of user groups will be generated by the Us-

document to the server to be used to tailor the response fo2d€ Group Miner. As explained earlier, a user's interests
the device. are represented by a vector of which each element is the

The Hand-held Profile Manager (HPM) component, re- Number of news items that the user has read in each cate-
quests information from the client device UAProf and stores 90Ty- The Group Matcher determines how close the user is

the attributes of the device in the database. Later on, thel® €ach group center by calculating the Euclidean distance
HPM responds to the requests of the SE for device at- between the vector of the user’s interest and the vector of

tributes. each group center, which is the mean of all users’ interest
vectors in the group. Finally, the user will be assigned to
6.3 User Profile Manager the group whose center is the closest to the user.

The User Profile Manager (UPM) is responsible for pro- 6.5 Association Miner
viding information about users and their navigation pat-
terns. The UPM is also in charge of instantiating users’  The Association Miner (AM) here is used to recommend
profiles from the user model and the default values, and laternews items strongly related to the news stories that users are
on, updating the profile. In the initialization stage, the UPM currently reading. Recommendations are provided based



on association rules discovered by the AM. The associationNational Science and Engineering Research Council of
rules are mined from visiting histories of the users in the Canada (NSERC) to Dr. Ali A. Ghorbani.

same group. User’s visiting history is made up of visited

news items in all previous sessions. The association ruleReferences

here indicates, given a particular news item read by users
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port and confidence values. Moreover, some popular news
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if the number of qualified news items for recommendation
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7 Conclusions

We introduced a framework and architecture as a basis [9]
for design and implementation of adaptive Web systems.
We also discussed those parts of the framework that have
been implemented, including the User Front-End, Con-
ceptual Tasks, the Synthesis Engine and the Site Descrip-[lo]
tion. An example application, PENS, was implemented and
demonstrated as the proof of concept. It currently adapts to
user location, user navigation history and different devices.
Conceptual tasks of PENS, including the IP Locator, the [11]
Hand-held Profile Manager, the User Profile Manager, the
Usage Group Handler, the Association Miner and the News
Feeder, have been also described. Currently, we are work {12l
ing on the language for high-level description, and develop-
ing a compiler for that language is on our research agenda.
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