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ABSTRACT

Adaptive web has emerged as a new challenge fosehmantic
web. One of the aims of the adaptive web is to tidaget of web
resources to users. Over the last few years, thptation problem
has been studied in the field of Adaptive Hyperrae®everal
systems working on closed corpus resources have dmeloped.
Currently, there is a real challenge: integratiegpurces available

on the Web into these systems. More and more ntetada

describing resources are available on the Web uSieigantic
Web languages, and can be reused. Our objectite lisild an
open corpus AHS by, on the one hand, reusing AldBn&ogies,
particularly the adaptation engine which is the rhed these
systems and, on the other hand, reusing resouncdstteeir
descriptions which are available on the Web. Moeepwe want
to allow the creator of an adaptive system not dolyreuse
adaptation strategies that come with the systeirtobaiso be able
to specify his own ones.

We address the problem of adaptation specificabiaging it on
user characteristics. Existing systems either basedules or
ECA languages are complex and not easy to undelrstan

In this paper, we propose a pattern-based apprtaa@xpress
adaptation strategies in a semi-automatic and sinmay. This
allows the creator of an adaptive system to deél@mentary
adaptations by using and instantiating adaptatiattems. These
elementary adaptations can then be combined, alfpta specify
adaptation strategies in an easy and flexible manhkée

distinguish adaptive navigation according to twammaiteria: the
selection operations performed in order to obtasources being
proposed to the user and the elements of the dommaidel

involved in the selection process. We present artamy of

elementary adaptive navigation techniques. Our aamgir has
been validated using the GLAM adaptation engine. dewed
that the GLAM rules can be automatically generdtech pattern-
based adaptations.

Categoriesand Subject Descriptors

[Artificial Intelligence]l: Knowledge Representation Formalisms
and Methods; H.5.4 fformation Interfaces and Presentation]:
Hypertext/Hypermedia - architectures, navigatiomeory, user
issues; E.1[Data]: Data Structures, graphs and networks;

General Terms
Design, Theory
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1. INTRODUCTION

Adaptive web has emerged as a new challenge fosegh@ntic
web [4]. Unlike traditional “one-size-fits-all” websystems,
adaptive web takes into account interests, goald, peferences
of individual users in order to adapt them to a sktweb

resources.

Over the last few years, the adaptation problembezs studied
in the field of Adaptive Hypermedia [17]. Severajstems
working on closed corpus resources have been dezelo
[6][9][16][19]. Currently, there is a real challge: integrating
resources available on the Web into these systeahgcabe able
to propose them to the end-user. This means thana all the
possible adaptations in AH systems, we considely adhe
navigation adaptation.

Our objective is to build an open corpus AHS by, tha one
hand, reusing AHS technologies, particularly theapdtion
engine which is the heart of these systems anth®other hand,
reusing resources and their descriptions whictaeadable on the
Web. Moreover, we want to allow the creator of atapive
system not only to reuse adaptation strategiescivaie with the
system, but to also be able to specify his owrtegjias.

We address the problem of the adaptation of thegaton
specification according to user characteristicschviis often very
dependent on a particular adaptation language. d%erein most
existing systems either based on rules [6][16]EQA (Event-
Condition/Action) [9] languages are complex and eaky to
understand.

This paper presents our efforts to create a framewor
expressing adaptation strategies. Based on a senomatic
approach, it enables the creator of an adaptiviersyso express
adaptationat a high level, regardless of any adaptationuagg.
The resulting adaptation strategies can be autoaligtiranslated,
thus, executed by any adaptation engine.

In our framework, we broke-down the traditional pi@dion
problem to a set of elementary adaptation problems.
elementary adaptation problerdéefines what criterion is used in
order to propose a particular set of resources amdime web'’s
resources”

For modeling those elementary adaptation problemsropose a
set of elementary adaptation patterns in the fradiof design

patterns [11]. These elementary adaptation pat@mgpresented
in a taxonomy based on “the selection operationfopeed to

obtain resources” and “the criterion on which thEemtion was
done” in order to facilitate their use. Instantigti elementary
adaptation patterns on specific elements desigiyethd creator
allow defining elementary adaptations in an aut@enaay.



These elementary adaptations are exploited to fgpeomplex
adaptations. One aspect of the originality of oontdbution is
that by simple associations between a user chaistteand
either elementary or complex adaptation, the cred&fines
adaptation strategies. The most difficult part leé tomposition
process of elementary adaptations is done autoatigtic

This paper is organized as follows: First, in satt2, we present
the main aspects of our approach. Section 3, teenemitary
adaptation pattern-based approach is describedioBfes, the

definition of elementary adaptations and their comation in

order to obtain adaptation strategies are detafedtion 5, we
discuss the validation step using the GLAM adaptagngine. In
section 6, we describe closely related works. Binaection 7
concludes the paper.

2. THE APPROACH

Given two models, a domain and a user model, wpqs® a
pattern-based approach to support the definitioraddptation
strategies. This approach is based on a set oflibgilblocks
which can be reused and instantiated to defineifspstrategies.

The main steps of the approach are the following:

1- Selection, by the creator, of the elementary adimpta
patterns which are necessary to express adaptttategies

(cf. (1) Fig.1).

Instantiation, by the creator, of the selected eletary
adaptation patterns by considering the elementshief
domain model. This step allows the creator to @efirset of
elementary adaptations (cf. (2) Fig.1).

Composition, of elementary adaptations in orderbtold
more complex adaptations in an automated way, and
specification by the creator of associations betweser
characteristics and adaptations corresponding &ptatdon
strategies (cf. (3) Fig.1).

/ Selection of elementary
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¥
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Fig.1 Main aspects of the approach
We propose the following definition of an adaptatgirategy:

Definition 1: “An adaptation strategy defines what resources are
to be proposed and how they will be proposed feetof users
who share the same characteristics.

Indeed, often the user has multiple characterisiizfining an
adaptation strategy consists in associating useracteristics to
adaptations.

This paper addresses each step of the approach.

3. ELEMENTARY ADAPTATION
PATTERNS

We propose the following definition for elementaagaptation
patterns, based on the definition of design padtfta].

Definition 2: An elementary adaptation pattern describes a
generic solution of a generic elementary adaptapooblem.

3.1 Description of Elementary Adaptation

Patterns

Similar to the description of the design patterrsppsed in11],
the characteristics ‘Name, Intent, Solution and €ituents” have
been retained to describe elementary adaptatioterpat We
define below each of these characteristics when #ne used to
describe elementary adaptation patterns.

An elementary adaptation pattern is characterized b

- Name the name of the elementary adaptation pattern
described.

Intent: the intent is a short statement about an elementa
adaptation problem. It answers the following questi what

is the elementary adaptation pattern supposed ® i@o
what is its goal? Indeed, it indicates the wayr#smurces are
selected and the way they are presented: the pabpbshe

set of resources are all being considered in thesaay, or
being ordered or completed with recommendations or
preferences.

Solution: the solution includes two elements:

» Expressions. expressions denote a set of resources to be
proposed to the user, and the conditions havinigeto
satisfied. These conditions can be representedéno
more logical expressions. Those to be considered
simultaneously are gathered in the same expression
while excluded conditions are expressed in differen
expressions. An expression is a conjunction of
predicates expressed on the elements of a domain
model. In the presence of multiple sets of resairce
(defined through multiple expressions) we need to
specify the way they have to be considered. This is
done using meta-expressions.

> Meta-expressions. a meta-expression is a binary
relation between two expressions. We propose three
relations defining, respectively, an order, and a
recommendation or a preference on the sets of
resources (defined by the expressions):

E; has priority over E, means that the set of
resources denoted by, BEhust be proposed before
the set of resources denoted by Ehe set of
resources denoted by ®ill be proposed once all
resources denoted by Bre consulted.

E; is recommended rather thdh, means that both
sets of resources are proposed, but the set of
resources denoted by, Bvill be suggested when
the set of resources denoted byvill not.

E, is preferable toE, means that the set of
resources denoted by &will be proposed when the
set of resources denoted by Will not, except if
the set of resources denoted by B empty,.



Instances of the class Concept if there is at leastrelation
in which the class Concept is involved as the doraaid the
range.

Consequently, in that case, only one set of -
resources will be proposed to the user.

- Congtituents: they describe the elements of the domain
model used in all the expressions described insthetion -
pattern.

Instances of the class Resource if there is at traesrelation
in which the class Resource is involved as the doraad
the range.

We consider both depth-first-search and breadst-$iearch
expressed either of being on the graph of conaapts being on
the graph of resources.

3.2 Typology of Elementary Adaptation

Patterns
Here, we propose a typology of elementary adaptataiterns for

the adaptation of navigation for open corpus AHSexploits H

available web resources and it doesn’t modify themlike, the B

. . . . o m

Brusilovsly typology [17], which is proposed in skd corpus By 8o

AHS (for instance: hiding links). %E g §'
m.

Adaptation consists in proposing a subset of thailable 5’ g B

resources. For instance, we need to select resoarmkto define L ; B

the way they are proposed either by ordering, recending @g

them, or by expressing preferences relative to them R

Proposed resources can be obtained by performing fo 8

operations. Each operation is done according toadicplar 9 Q 0 E_Bo

criterion. Here are the different operations thext be performed " b g L o

on the available resources: %E %g E_ g 2 %

h B " 9 T

- Selection onlyneans that some resources are chosen in order B"Eé §'g Z 6 " E

to be proposed to the user according to a criterion g E % % _E ;
. ]

- Ordered selectiormeans that the resources to be proposed ﬁm
are selected and sequenced according to a critefibis . ----f-bonnonoL B . N O Ty
defines a partial order between resources. Foarigst in the B
e-learning domain, resources can be selected atherent i i i s %ﬂ

: _requisi - ¢|lallE] |3]|a]lE 3llol|E A
using the pre-requisite relation between resources. LA S| # S & || & o E i
ella Blle]le Bila]le ] &
- Recommended selectiomeans that the resources to be % & E 2108 § 2108 E 3 ;g
proposed are selected and some of them are recatedhen |° * ? gn
according to a criterion when others are not. We ese _ J__ _ R N N S s
different colors to distinguish between recommended 80
resources, for instance, we can recommend defisitiather P o g o 2o i B
than exercises. The user will be able to acces bot 0|2 A I g b
definitions and exercises and a typographical atibo may E -':3 5 5 5 v?_% B
be used to express which resource is recommendezl mo ! E
- Preferred selectiomeans that the resources to be proposed | I/ Ty T YV I T T YTy reg-
1]
to the user are selected and some of them arerginédeto ol (@(e wilg||w|(o ule|u B2
. o . i o o gn
others according to a criterion. Only one set sbteces is m "g‘; g i D 'g m 'g B 'g [ 'g B R
proposed to the user. The set of preferable reseuix g b | o & b A i 2 b B b Ba
proposed as a priority. The other resources wilptmposed E | E a E a E d E il B2
only if this first set is empty. II II EE II I II B

The criterion cited above can be based on eitherctasses (e.g. Y I ¥ Y vy T EY Y § 9§ ¥ A¥Y ¥¥Y ¥¥ ¥ 0° -*u- )
Definition), or characteristics related to clas@eg. the format of :E | | :E ol |99 el el (=lm] (el e] ()Rl (=] e el e &
: i B ol e fwfle ) |t g ] s e e e s g
a resource) or relations between classes (e.g.pteeequisite ||| t G (v ([ ] [ [ n] [ f| | {Eo]|ie @l ] e fl S| B fl e | {4 | 0] | 6] |- §

relations between resources). All available resesiere described

as instances of the class Resource or of one epésializations.
So, relations in which the class Resource is iralioth as the
domain and the range, generate links between icstaof the
class Resource (i.e. links between specific rees)yand define a
graph on which navigational paths can be specified.

Often, in systems like AH, we don’t consider theaerces only,
but also concepts associated with them. A coneephiabstract
notion to which resources are related, and concepfs be
organized in a hierarchy. A concept is linked byidirectional

relation to one or more resources. Hence, navigatipaths can
be defined either as:

Fig.2 Typology of elementary adaptation patterns.

Fig.2 presents the typology of elementary adaptatithat we
propose. It is built according to (1) the selectioperations
performed in order to obtain the proposed resour(2s the
elements of the domain model involved in the s&acprocess
(3) the type of navigation on the resources or ephgraph. This
typology is presented as a tree. Each leaf of tee {s an
elementary adaptation pattern referenced by a ttatethe name
has been built as follows:

The selection operation - the element of the domaaalel - the
resources or concepts graph - the type of navigatio



3.3 Some Elementary Adaptation Patterns

Due to lack of space, we describe here only thiementary
adaptation patterns proposing different operationsresources
and based on different elements of a domain model.

In the following, we use:

- r:to denote a variable that is a resource. It isnatance of
the class Resource or of one of its specializations

- goal to denote a particular resource that the usertsven
reach.

We recall that resources are the concrete objemting to be
presented to the user.

3.3.1 Order of resources to be proposed
Here is the description of the elementary adapigpattern “A2-
5: Ordered - Selection - Classes”

- Name: Ordered - Selection - Classes

- Intent: This pattern proposes ordered resources belonging

only to the following subclasses of the class Resau
Class;i=1..n and i<j.

- Solution:
» Expressions

= E;instanceOf (r, Clag}
» Ej instanceOf (r, Clas}

»  E; instanceOf (r, Clas$
» Meta-expressions

* E has priority over Fi<j,i=1.nandj=1..n.

E; indicates that only the resources of the classLae
selected.

- Constituents:

» 1. a variable which represents an instance of thssc

Resource or of one of its specializations.

» Class a variable which represents a sub-class of

Resource.

3.3.2 Recommendation of resources to be proposed

Here is the description of the elementary adapigpiattern “A3-
3: Recommended - Selection - Resource”.

- Name: Recommended Selection-Relation-Resources-Depth

First

- Intent: This pattern proposes resources linked by tregiosl

relation-precedence and recommending those related to

the current document.
- Solution:

» Expressions

= E; relation-precedence* (r, goal) " relation-

precedence (r, currentDocument)
= E,: relation-precedence* (r, goal)

» Meta-expression
= E; isrecommended rather thap E

E, denotes the resources that are linked to the murre
document with the relatiorelation-precedence and lead
to the goal.

E, denotes the resources that lead to the goal usieg
relationrelation-precedence.

- Constituents:;

> r: a variable which represents an instance of thesc
Resource or of one of its specializations.

> relation-precedence: a variable which represents a
relation defined between instances of the class
Resource or of one of its specializations. Thiatieh
is transitive.

> relation-precedence*: the transitive closure of the
relation relation-precedence.

» goal: a variable which represents a resource kieatiser
wants to reach.

» currentDocument: a variable which represents the
resource being currently studied by the user.

3.3.3 Preference of resources to be proposed
Here is the description of the elementary adapigtiattern “A4-
6: Preferred-Selection - prop”.

- Name: Preferred - Selection - Property
- Intent: this pattern proposes resources that satisfy some
values of the propertyrop with prop = valug are proposed

first, if no resources are available prop=valaee proposed
and so on.

Solution:
» Expressions

= E;: prop (r, value)

= E, prop (r, valug)

= Eq prop (r, valug)
» Meta-expressions

= E is preferable rather thanik j, i=1.nand j =
1.n

E; indicates that only the resources with prop = eglare
selected.

- Constituents:;

» r. a variable which represents an instance of thesc
Resource or of one of its specializations.

» prop: a variable which represents a property ofctass
Resource or of one of its specializations.

» value;: a variable which represents a value among the
allowed values of the property “prop”.



4. DEFINING ADAPTATION STRATEGIES
Each elementary adaptation pattern allows the @rdat define
one possible manner to propose resources. For ithags to
instantiate the elementary adaptation patterns ospecific
application domain model. For instance, if he wantgpropose
definitions before exercises, he has to reuse rstdntiate pattern
2.5.

However, often adaptations are more complex andl rieebe
expressed using multiple elementary adaptationepett For
instance, the creator may want to propose defimstid®efore
exercises, all proposed resources being only vatess. In that
case, in addition to pattern 2.5, the creator Wdle to reuse
pattern 1.4. That means that the instantiationhef tvo reused
patterns will have to be combined.

Besides, the selected resources to be proposée wser must be
according to his particular profile. A user mustnsolt only
resources he is interested in and these resouraes e
understandable. This is precisely the goal of adapgation
strategy” which aims at linking user characteristiz adaptations.

The process we used to build adaptation strategieescribed
below. First, we introduce adaptations in sectioh. Zhen, we
describe the combination process of adaptationsettion 4.2.
Finally, we present adaptation strategies in speti@.

We note : the expression number j of the adaptation i.

4.1 Definition of Elementary and Composed
Adaptations

Elementary adaptation patterns are generic andyalwaed an
adjustment phase to specific problems. Here, wepqs® the
definition of an elementary adaptation.

Definition 3: An elementary adaptation is obtained after
instantiation of an elementary adaptation pattemaparticular
domain model

An elementary adaptation is characterized by theradteristics
“Name, Intent, Solution and Constituents” that iastantiated on
elements (classes, relations and properties) of agicplar
application domain model.

The generation of the elementary adaptation is domematically
(not detailed in this paper). The creator has dnlyselect the
elementary adaptation pattern and to specify teenehts of the
domain model on which the elementary adaptationulshde
expressed.

Here is an example of an elementary adaptatioy). (A is an
instantiation of the elementary adaptation patter2-5
“Ordering-Selection-Classes”.

Name: Ordering - Selection - Definition - Exercise.

Intent: This pattern proposes ordered resources belonging
only to the following subclasses of the class Resmu
Definition before Exercice.

Solution:
» Expressions

E;.1: instanceOf (r, Definition)
E,.,: instanceOf (r, Exercise)

» Meta-expression:

E;., has priority over E,
Constituents:

» r: a variable which represents an instance of thssc

Resource or of one of its specializations.

> Definition: a direct or indirect specialization thie class
Resource.

» Exercise: a direct or indirect specialization of ttlass
Resource.

Often, multiple elementary adaptation patterns rteebe reused
to express adaptation, and then they are combifteel.result of
the combination process is a composed adaptation.

Definition 4: “A composed adaptation is obtained by combining
elementary adaptations”

From a structural point of view, a composed adapiahas the
characteristics: “Name, Intent, Solution and Cdustits”. It is
not different from an elementary adaptation. In filleowing, we
use ‘adaptatiori to refer to either an elementary or a composed
adaptation.

The following section presents the combination pssc of
adaptations.

4.2 Combining Adaptations

An adaptation has multiple characteristics. The ldoation
process of a set of adaptations consists in comdpittigether each
of the characteristics of this set. We propose:

A manual process to combine the characteristicsni®a
Intent” as it needs natural language processing detailed
in this paper).

An automatic process to combine the characteristics
“Solution, Constituents”. The combination of the
characteristic “Constituents” is simple. Constitiseooming
from the different adaptations are gathered togetherder

to obtain a unique set of “Constituents”.

Here, we describe the combination process of thardditeristic
“Solution”. It includes expressions and meta-expi@ss:

As expressions denote the selected sets of resounee
propose combining them together. However, those cat
be disjoint or not, i.e. resources of a similarunatthat don’t
satisfy the same constraints lead to different getesources
and can’'t be combined. So, during the combinatian w
differentiate between disjoint sets of resources #ose not
disjoint. Two combination steps are proposed.

As meta-expressions denote how the selected sets of
resources are organized, we propose combining them
together and they are combined differently accardineach
combination step.

For instance, the adaptation “Ordering-Selectioffifliteon-
Exercise” can be combined with the adaptation “Swla only -
format”, but it can’t be combined with the adapiati‘Selection
only - Example”.

Given a set of adaptations, our objective is toenatke composed
adaptation that includes all the initial sets ofpatations. To
achieve that, we propose two successive steps:



Step 1: Build different sets of adaptations, eaet Iseing
composed of adaptations based on excluded criteria.

Step 2: Build one adaptation from the sets of adapts built in
step 1.

4.2.1 Step One of the Combination
Adaptations are defined by exploiting the elemafitthe domain
model which are relations, classes and properties.

- Relations are used to define different search typesgraph
of resources or of concepts. For instance, adaptatbased
on the “prerequisite” or “Part-Of” relations defimtfferent
adaptations for searching in a graph of resources.

- Classes are used to define a classification ofuress. For
instance, adaptations based on definitions andcesess;, or
adaptation based on examples and Details. Theyealefi
distinct adaptations exploiting the classificat@fimesources.

- Properties define characteristics of resources.ué&lof
properties are constraints that have to be respduyethe
proposed resources. For instance, the format nmeausgxi or
image or video, the knowledge level must be higHoar.
Each property is independent from the other. Howeve
adaptations defined on values of the same proptafine
distinct adaptations.

We partition the set of adaptations having to bentwoed in
several subsets, each subset being composed datdap based
on excluded criteria. We group all adaptations eitjplg
relations, whatever they are, in the same set. \Weripg all
adaptations exploiting classes and gather adapsaérpressed on
the same property (there are as many sets as fiesper

After, we build one adaptation from the multipleapthtions
belonging to each subset. The expression part isfrésulting
adaptation is the union of the expressions of tlhdsat
adaptations and the meta-expressions part is then uof the
meta-expressions of the subset adaptations.

The result of the first step is a set of adaptatiane per subset.
The second step aims at combining them.

4.2.2 Step Two of the Combination

Let P be the number of adaptations obtained dfterfitst step.
Let A;with i = 1..p, be an adaptation composed of n esgions
and m meta-expressions. Let e the adaptation built from the
combination of the p adaptations according to #eosd step of
the combination process.

The combination of expressions of adaptations in step 2
consists in building conjunctive formulae from taeressions of
the p adaptations in order to obtain the exprespian of the
resulting adaptation ALet:

- The set of expressions of A& 1y with j; = 1... n.

- The set of expressions of.A& ., with j, = 1... .
The expression part ofcAs built from: E h= E1jp * Epp ™ ..
Ep-p With h=1...n*ny * ..* n,,

The combination of meta-expressions of adaptationsin step 2
consists in determining the meta-expressions on Hey
expressions. This process exploits the meta-express the P

adaptations obtained from step 1 of the combinatitey are
obtained as follows:

Let E .y and Ep, be two expressions belonging to the adaptation
A, as:

- Em=B g Bpt N Epwithjp=1.n, =1 . s
=1..n

- En=EBua "B’
h=1l..n

We deduce meta-expression betweeg, Bnd E p, from existing

meta-expressions defined between the expressionsheofP
adaptations.

A BunWithki=1..n, kb =1... np...

A meta-expression is a binary relation between éxpressions,
which is anti-symmetric. The generation of a relatand its anti-
symmetric entity creates a conflict. For instangg:; has priority
over E., andE;., has priority over E;. The generation of two
meta-expressions between two identical expressidss makes
for a conflict. For instanceE;.; has priority over k£, andE;; is
recommended rather than k£

In order to facilitate the combination process tioe creator, we
propose retaining only one meta-expression of thoseonflict
and we propose a selection criterion for each tf®nflict.

We choose to process these conflicts automatic@lymbined
adaptations are ordered. We propose a default dvdérthe
creator is free to change it according to his nedtie default
order that we propose is the following:

- Criterion 1: Navigational path of the graph.
- Criterion 2: Type of resources.
- Criterion 3: Characteristics of resources.

While a criterion includes multiple adaptationsysh adaptations
are arranged randomly.

This first solution allows resolving the two typesconflicts, but
we choose a finer criterion to resolve the secgpeé bf conflict,
which is to consider meta-expressions at diffedentls. This
means that the different priorities are allocatedthe meta-
expressions according to the represented relat{@p$riority (2)
Recommendation (3) Preference. Once more, it isfautt order
which can be modified if needed.

The goal in this step is to deduce the meta-exjmessof the
adaptation A. For that, we perform the following steps:

The meta-expressions are ordered according to wtyiph of
relation they belong. The deduction process iseimemtal: we
add meta-expressions in a set that do not genewaftcts. When
a meta-expression generates a conflict of the fype, it is
automatically not considered and the deduction gsscwill
continue. When it generates a conflict of the sddygpe we retain
only one meta-expression according to the ordeine@fin the
associated solution of the second conflict.

4.2.3 Example of a Combination of Adaptations
Here is an example illustrating the combinationcess. Due to
lack of space, we will give only an extract frontleadaptation.

Let Ay, A,, Az be three adaptations having to be combined:

- A is the elementary adaptation Ordering — Selection —
Definition - Exercise described in 4.1.



- A,is an elementary adaptation defined by instangathe
elementary adaptation pattern A2-6:

» Name: Ordered - Selection - Format.

» Intent: this adaptation proposes resources that satisfy

some values of the propefigrmat with format = text
before format = image.

» Solution:
=  Expressions:

e E,.,:format (r, text)

e E,,:format (r, image)
= Meta-expression:

* E,.; has priority over E,

- Azis an elementary adaptation defined by instantiathe
elementary adaptation pattern A3-6:

» Name: Recommended - Selection - difficulty-level

» Intent: this adaptation proposes resources that satisfy

some values of the propergifficulty-level with
format = high rather than format = low.

» Solution :
=  Expressions:

« Ea; : difficulty-level (r, low)
* Es,: difficulty-level (r, high)

=  Meta-expression:
¢ Ez,is recommended rather thap £

Step 1 of the combination. The adaptations /A A, A; are

grouped in different sets according to the elemehthe domain
model they are expressed on. This step consisteipartitioning

of the adaptations. Here, we have three adaptatigpsessed on
three different elements of the domain model: odaptation

Aexpressed on classes and two adaptationsAdexpressed on
two different properties, so we get three sets: adeptation per
set.

Step 2 of the combination. The set of adaptations obtained in
step 1 are combined together in order to get onaposed
adaptation A

The expressions in the solution part gfake the following:

- Eci= EL"Ex" Es4= instanceOf (r, Definition)® format (r,
text)Mdifficulty-level (r, low)

- EcrE"E;1" Es=instanceOf (r, Definition)* format (r,
text)difficulty-level (r, high)

- Ecs Ei® Eo” Es = instanceOf (r, Definition)® format (r,
image)"difficulty-level (r, low)

- EcFEiq "B M Eso=instanceOf (r, Definition)® format
(r,image)"difficulty-level (r, high)

- Ecs B Ex® Esq= instanceOf (r, Exercise)® format (r,
text)difficulty-level (r, low)

- EceELEx M Esp=instanceOf (r, Exercise) format (r,
text)"difficulty-level (r, high)
Ec~= Ei.* E»™ Esq= instanceOf (r, Exercise) format (r,
image)"difficulty-level (r, low)

- EcgFEi, "Bt EgpminstanceOf (1,
(rimage)"difficulty-level (r, high)

Exercise) format

The meta-expressions in the solution part gfafe obtained by
the exploitation of the meta-expressions comingnfrd, then
those of A, and after, those of A This is because, ;As
expressed on classes and, aAd A;on properties.

Among the deduced meta-expressions and
expressions, we hav& ¢ ; has priority over Ec 5 E ¢ 1has
priority over Ec 3 E ¢ ;has priority over E; s, E ¢ ;has priority
over E3 E ¢ 3 is recommended rather than &4 E ¢ 5 is
recommended rather than E¢ E ¢, 7 is recommended rather
than Ec g

However, among the deduced meta-expressions andurthe
retained meta-expressions, we hawe; shas priority over E s,
E ¢ shas priority over E 4 E ¢ nghas priority over E; ;andE ¢,

¢ has priority over K 4 E ¢ 1is recommended rather thandg,

5. VALIDATION

For validation, we choose the complex system GLAM][ and
we integrate our pattern-based adaptation above NGLA is

easier to define adaptation using our frameworkerathan using
GLAM, and the adaptation is automatically generatedthe

GLAM format.

GLAM (Generic Layered Adaptation Model) platform dsfined

for an entire class of adaptive hypermedia systérhs. platform

is made up of a generic adaptation model relyinggemeric user
and domain models. Specific systems can be obtaimgd
specializing the GLAM generic user and domain Medel

We found the essential elements of our framewor&liAM: the
modeling of resources, of concepts, of relationsveen either
resources or concepts and between concepts andgeespand of
properties.

Besides, in the GLAM adaptation, the creator hasaoually find

all conditions that must satisfy the proposed resesi and to
manually compose the different conditions, thiexpressed using
rules in GLAM, so one must write all the neededesuln the
system. Then, he has to define which rules willdpplied to

which user, (which is expressed by meta-rules i\K8), then he

also has to manually write these meta-rules. Whikng

elementary adaptation patterns, the creator just tbachoose
those to use and on which elements of the domaidehto use
them. The instantiation of elementary adaptatioss done
automatically. These adaptations can be used ay tivaes as
needed in his adaptation strategies and the cotigof the

difficult part is done automatically for him.

Moreover, the GLAM rules include repetitive pamg example
of an adaptation had been defined using 30 ruléSLiAM [15],

while its needs only 12 ‘elementary adaptationsttoit. There
are 9 rules proposing a depth search [15], i.e.stime condition

retaineda- met



selecting resources according to depth first isteni 9 times.
Similarly, there are 11 rules selecting the type re$ource
explanations [15], etc.

5.1 Adaptation Strategiesin GLAM

An adaptation strategin GLAM is described on two levels:

- A Level based only on domain-related knowledge.
concerns data about the domain model and the posit
the user in the domain model. It is exploited usuigs.

- A Level based on user-related knowledge. It corcerser
characteristics. It is exploited using Meta-rules.

5.1.1 GLAM Rules
Rules are expressed using a condition-conclusiamégb as
Predicate; ~ ... ~ predicatg = Action (resource degree)

The condition part describes the condition that tnines satisfied
by the resources proposed to the user. Usuallg, ¢hbice is
composed of: a particular navigational path ofdbenain model,
perhaps a type of resourcesid perhaps restrictions on the
resource format using concepts or resource atégbut

The conclusion part describes what will be doneHey selected
resources. Itincludes two elements:

- Action: describes the activity that will be propds® the
user for the resourge

- Degree: can be used in different treatments. In BLA is
used to describe the relevance of resources rel&iveach
other. It allows proposing several resources feruber with
a code of degrees of relevance (color). It is inmgeted in
five values (very high, high, medium, low, and véoyv)
where each value is associated with a particularco

Here is an example of one rule in GLAM.

Rule 1: ¥R e {1/ type(r, explanation)}, abstraction(r, Concept)
prerequisites_ (Concept, goal) ~ abstraction (catEocument,
Concept2) ~ hierarchy (Concept2, ConceptRead(r, degree)

Its condition part includes two subparts:

- Subpart 1: «/type(r, explanation)» describes resources
defined as instances of the Explanation that weraeeested
in and which would be proposed to the user.

- Subpart 2: abstraction (r, Concept)® prerequisites_
(Concept, goal) ” abstraction (currentDocument, Capt2)
~ hierarchy (Concept2, Concept)characterizes Concept and
concept2 compared to the resource r and to theemurr
document. These conditions are those that mustatisfisd
when we choose to propose resources according to-an
depth navigational path.

5.1.2 GLAM Meta-rules

Meta-rules allow describing mechanisms for the gudelection,
scheduling, and excluding in order to select rfitesa given user
according to his profile. Let RR, be two sets of rules, where
four types of meta-rules are proposed. Each mégaisua binary
relationship between rules:

- Preference meta-rules between &d R means that we
prefer to execute Rather than R noted R> R,.

- Requirement meta-rule between R1 andnans that the
execution of Rneeds the execution offoted R > R,.

- Exclusion meta-rule between Bnd B means that either,R
or Ry is executed, noted;R.

- Order meta-rule between,Rnd B mean that Ris executed
before R. The order meta-rules define a strict order betwee
elements on which they are expressed, noted R..

it We note that in GLAM, two types of orders can bepmsed. A

partial order expressed using the degrees of desirability and a
total orderexpressed using the order meta-rules.

5.2 Automatic Generation of GLAM
Adaptation

In this section, we demonstrate how our adaptafituse that
are obtained after instantiation of elementary tatagn patterns
and eventually, after their combination) can bengfated
automatically into the GLAM format.

GLAM had been designed for closed corpus AHS, tkimto
account several possible actions. But here, irctimext of open
corpus AHS, we consider only the “read” actions.

The process we used to automatically generate andsmeta-
rules in GLAM is described below.

5.2.1 Translation of Expressions in GLAM

For each expression Belonging to the set of all the expressions
composing an adaptation strategy, we generate @ Rulas
follows:

- The condition part of s made of E

- The conclusion part of Rs generated with a desirability
degree set to “medium”.

5.2.2 Translation of Meta-expressions in GLAM
For each meta-expression, Melonging to the set of all the meta-
expressions composing an adaptation strategy, vierpe

- If the kind of M, is “E; has priority over Ej”, and if Rresp.
R) is the rule obtained from; Eresp. ), we generate the
following meta-rule R< R,.

- If the kind of M, is “E; is preferable to Ej”, and if Rresp.
R} is the rule obtained from; Eresp. ), we generate the
following meta-rules R< R,and RR».

- If the kind of M, is “E; is recommended rather than Ej”, and
if R; (resp. R is the rule obtained from;Hresp. B, we
modify the conclusion part of jRresp. B as follows: R
takes a degree of desirability higher than the rebsity
degree of Rand eventually higher than its previous degree of
desirability (resp. Riakes a degree of desirability lower than
the desirability degree of;Rnd eventually lower than its
previous degree of desirability). Desirability degs are
bounded, when two rules have a desirability degreey
high, they can’'t have a higher degree of that, lainfor a
desirability degree very bad.

. RELATED WORKS
There are no directly related works about elemgnaaiaptation
patterns and their composition, in building compbaptation
strategies, independent of any adaptation languddewever,
allowing a creator of an adaptive system to simppecify
adaptation strategies in an open corpus contextampddressing
some issues. They are discussed in the followinggpaphs.



Typology of adaptation

Concerning the classification of the adaptatiomégues, there is
the reference taxonomy of Brusilovsky [17]. It dlifies existing

techniques in three groups: adaptive presentaticontent

adaptation and adaptive navigation support. Bothapide

presentation and content adaptation techniques puiatée

knowledge fragments that can be processed and nethde a

variety of ways depending on user preferences. @édseadaptive
navigation support techniques manipulate the links, it focuses
on aspects of navigational hyperlinks such as atiapt guiding

and link hiding. The typology of Brusilovsky reliem the fact
that the available resources can be modified amstfuctured
during the adaptation process. Hence, it is sugtdbt closed
corpus AHS, but, it isn’t for open corpus AHS whéhmere is no
control of the distributed resources.

Generic adaptation languages

Some generic languages (independent of any systeis) to

specify adaptation strategies [6][9][16][19][20]m&ng them, the
LAG language [6] is an implementation of the speaifon of an
adaptation language defined in the LAOS model [i].is

independent of any AH system. Conversion to WHURILH]

and to AHA! adaptation engines have been propodedvever,

the expression of adaptation strategies is compiex;fact,

adaptation has to be specified in a sequentialwsayg a context-
free grammar, which is not very suitable for cresto

One of the most well-known AH systems is the AHp$tem [9],
which is proposed in an open source and mainly usethe
educational domain. It supports adaptation in a bemof
different ways, for instance: adaptation guidingl dimk hiding.
Among the aid it provides, there is a template-bas®l| called
“Graph author” that associates a predefined setttoibutes and
adaptation rules to each newly created concephbycteator, it
also exploits different types of relations defindmbtween
concepts. The creator doesn’'t have to specify thepttion
explicitly; it is done automatically for him fromish domain
model. However, the creator is obliged to choosevéen the
adaptation strategies provided by the system, anchh’t specify
his own.

Recently a new Generic Adaptation Language GAL besn

developed for describing adaptive hypermedia [20hroposes
abstract constructs (for instance: concepts, ateg) to describe
the navigational structure of a web application.LG#ants to be
independent from any adaptation engines and plargenerate
concrete adaptation rules for the AHA! adaptationgiee.

However, the description of the navigation adaptais difficult

to specify, because the creator has to write thé. @rogram

according to the formal description of GAL, no asdproposed
for creators.

In conclusion, none of these languages proposmpleiway for
the creator of an adaptive system to create his ataptation
strategies.

Hypertext and adaptation patterns

Some design patterns for building personalization web

applications have been proposed [10]. They arechasesome
recurrent design structures found, but they aretHer designers
and developers of adaptive systems and not foctbators of a
particular adaptive hypermedia using an adaptiséesy.

In the e-learning domain, adaptation design paitérave been
proposed [7][12]. Garzotto et al. [12] have progbssome

patterns for designing adaptation strategies in pfatde

Educational Hypermedia Systems. These patternealefatching

learning styles with application design solutioAtso, Cristea et
al. [7] had proposed a taxonomy for AEH design grat.

However, they just identify different types of maitts according to
a learning style and there were no reel formaliratand no

support for an automatic generation to a particaldaptation

language. Moreover, they consider that one stratesy be

expressed using one pattera-thatl this can be more difficult to
reuse.

Open cor pus adaptive systems

In the adaptive hypermedia community, researcheéninitegration
of open corpus content into the consideration afpéile systems
has been put in perspective for several years (ynosthe field of
education [2]). Most of the existing systems ardthuypon an
existing Adaptive Hypermedia System (e.g., [14]top of [4]).
Multiple issues are to be faced in order to devedppn corpus
based adaptive systems ([7][15][16]): automatic emigxt
creation, indexation of open corpus resources, ecdnt
preparation... But none of them face the problenhefdefinition
of adaptation strategies, by a creator, in a simpled
understandable way. The issue of adding knowledgevailable
resources (to describe them, to index them or tbradtadata to
them, depending on the community you belong tayugial. The
adaptation process relies on the description afabla resources.
Manual indexing approaches ([14]) are very timestoning but,
the result is generally of good quality. And fonrs® kinds of
metadata (for example, the difficulty of educationesources),
there is no other solution. Automatic indexing tseaper and
faster ([14]). Another approach is to exploit conmities of users
by taking into account the use of the resourceshbyAH users
and then to attach information to these resourdés (n order to
take advantage of both solutions, hybrid approadfE3]) are
being developed. Even if the description of thebfem of
available resources is not completely solved, wesicter (for this
work) that we can have access to the required rattad

7. CONCLUSION AND FUTURE WORKS

In this paper, we propose a solution enabling tteator of an
adaptive system to easily define adaptation stiegegvhich is not
the case in most of the existing systems whichcaraplex and
not easy to understand.

Our approach relies on the creator to start thege®m He has to
select a set of elementary adaptation patterns fhantatalog of
elementary adaptation patterns. Then, the creadtects the

elements of the domain model on which the system ca
automatically instantiate the elementary adaptatmatterns.

Obtained elementary adaptations can then be cochbineorder

to produce composed adaptations. The most diffigaft of the

composition process is done automatically. Eitherkementary
or a composed adaptation can be associated to aisene
characteristic. Hence, an adaptation strategy fisett by taking

into account multiple- user characteristics.

We conducted a first validation using the GLAM [dam. The
validation showed that using elementary adaptapiatierns, we
can define all adaptations allowed in GLAM and @&ieAM rules
can be automatically generated from pattern-badegtations.

Our future work, therefore, will be in the directiof proving that
our system can be plugged in on top of multipld different
systems. This means that, using elementary adaptpétterns we



can automatically generate adaptations in otherptatian [10] Danculovic, J., Rossi, G., schwabe, D., Miaton,Ratterns
languages, like LAG, AHAL. for Personalized Web Applications. IBuropean Conf.

We also plan to do scale-up testing. We are cuyrent Pattern Languages of Program- EuroPLoP (2001)344#3.

implementing a graphical tool allowing the creator define [11]Gamma, E., Helm, R., Johnson, R., Vlissides, JDdsign

adaptation strategies based on our approach andt aofs Patterns: Elements of Reusable Object-Oriente&dlitware

elementary adaptation patterns. Addison-Wesley Professional Computing Series, 2003

(Hardcover)
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