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Abstract. With the advent of new media and the delivery edfent means of
communication, associated with the progress of oy the circumstances of
software use, as well as the skills and the pret@ of the users who exploit
them, are constantly varying. The adaptation of tser Interface (Ul) has
become a necessity due to the variety of the ctsiixuse. In this paper, we
propose an approach based on models for the gemewt adaptive Ul. To
reach this objective, we have made use of paraimetertransformation
principle in the framework of the Model Driven Engering (MDE) for the
transformation of the abstract interface into acrete interface. The parameter
of this transformation plays the role of the comnteikuse. The paper develops
two parts: meta-models for every constituent of doamtext of use and the
adaptation rules.

Keywords: User Interface, Adaptation, Context of use, Modelivén
Engineering, adaptation rules.

1 Introduction

The technological innovations and the evolutiothef means of communication have
opened new perspectives to guide the use of thal wpplications. Besides, the
circumstances of software use have constantly dddlowing the example of the
skills and the preferences of the users who exgiein. This is due to the appearance
of new media and the delivery of recent means ofroanication, associated with the
progress of networks. It is not only resources riériaction that can appear and
disappear, but also the objectives of the user. |atier is considered as a motive,
evolving in a varied environment, according to heeds, to diverse platforms of
interaction. That is why, in 1999 Thevenin broughhew concept: the plasticity of
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interfaces [21]. The plasticity is defined as tlagpacity of a user interface to adapt
itself to the context of use which is denoted by thriplet <user, platform,
environment>, while preserving usability.

Several approaches are proposed to make User dogsrf(Ul) adaptable to the
context of use. According to [18], these approachesclassified into four categories:
1) Translation Interface, 2) Reverse-engineeringl amigration Interfaces 3)
approaches based on the markup languages and 4)-tvaxkd approach. The latter
is adopted in this work because it has the adventd@pplying the adaptation to the
context of use of the models, leading to a strdygraction.

The proposed approach in this paper assures tipgadida of the Ul to the context
of use. It builds on the concept of transformatmarameterized by the context as
defined within the framework of the Model Drivendtmeering (MDE) [1] [8]. MDE
goes beyond the framework of Model Driven Architeet(MDA) [15], which can be
summarised in the elaboration of the Platform Ieshejent Models (PIM) and in their
transformation into Platform Specific Models (PSN), to cover the methodological
aspects. We apply the parameter setting at thd l&véhe transformation of an
Abstract User Interface (AUI) into a Concrete Usaerface (CUI), whose generation
is made on three phases. The first transformatiarpeterized by the model of
adaptation describing the user, gives rise tost @I, which in turn is going to feed
the second module of transformation. But, the laitél be parameterized by the
characteristics of the platform to generate a GatectJser Interface in agreement
with the preferences of the user and the propedfig¢be interaction platform. In the
last phase, the process of adaptation connectdd tivt environmental context is
launched to finish with a plastic Concrete Usereiifétce to conform to three
dimensions of the context of use.

The remainder of this paper is structured as falo8ection 2 presents a state of
the art on the model-based approaches for the atitaptof the Ul. Next, section 3
clarifies the concept of the parameterized trams&tion in the MDE approach. Then
section 4 describes the proposed approach in tefmsontext meta-models and
adaptation rules. Section 5 provides a case stiugstrating the approach. Finally,
section 6 draws the conclusion and provides petisgesdo future research.

2 State of theart

This section is limited to the presentation of nidmgsed approaches for Ul

adaptation. In fact, the Cameleon reference framle\®] represents an excellent

framework of Ul adaptation as it defines four esis¢stages for the development of
the user interfaces in a pervasive environment. (Ejgtasks and concepts, abstract
interface, concrete interface, and final interface.



An MDE Approach For User Interface Adaptation to the Context of Use 3
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Fig. 1. Cameleon Reference Framework [23].

In this area of research, we can quote the TERE®thad [17] that supplies the
tasks as a single model, and allows the generatiseveral interfaces for various
platforms. We also cite the Comets (COntext sesgsitMulti-target widgeTS) [4],
which proposes essentially a model for the plastieractors that can be adapted to
the variation of the screen size. Likewise, theXlifli (User Interface eXtensible
Markup Language) [23] [14] approach represents aapproach of engineering
defined according to the Cameleon reference framev®&uch an approach describes
a context model consisted of three constituentst, environment and platform. But
practically only the variant platform is consideuting the Ul generation.

Sottet [19] [20] is considered as one of the pios¢e have joined his work to the
Model Driven Engineering and the domain of Humarm@ater Interaction (HCI).
His approach makes it possible to show that theceyois of the MDE could be
successfully applied to the Ul engineering. Sofi&] proposes meta-models and
models transformations to generate adaptable Ul dafines a general context meta-
model. Based on the same approach (MDE), Hachdhiqdggests the introduction
of the context of use at the tasks level rathen tht the interactors level. This
approach is distinguished by the definition of temeric rules appropriate to all the
contexts of use. However, both approaches lack tailele description of each
constituent of the context of use. As in [20] afd][ we opt for the proposition of a
model-based approach and its transformation acogridi the characteristics of the
context. Yet, we seek to detail the context in agance with three generic meta-
models (user meta-model, platform meta-model anit@mment meta-model).

3 MDE Parameterized Transfor mation

Our objective is to handle the adaptation of thetdJthe context of use (platform,
environment, user). To do so,our work builds on plagameterized transformations
defined by [22]. Vale [22] describes a parametefrizeansformation within the
framework of the model driven engineering for a teatual development. The
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methodology proposed by [22] (left of Fig. 2) catsi in defining the
correspondences "match" between the model of théexkband the PIM to define a
CPIM (Contextual PIM). Then, an ordinary MDE trasrshation is used to define the
CPSM (Contextual PSM).

PIM metamadel specification

= ~r
Context metamodel specification

. Match and Adaptation ' cepapameterizeds:

Context

CPIM
| Mapping and transformation | T ccporameterizeds
: S
o 7 = o Context
CPSM -

L4

Fig. 2. Parameterized transformation [22].

The correspondences are assured by a parametieig safttthe transformation,
whose basic principle is to take into considerattanproperties of the context during
the specification of transformation rules (rightFig. 2).“A parameter specifies how
arguments are passed into or out of an invocatiba dehavioural feature like an
operation. The type and multiplicity of a parametestrict what values can be
passed, how many, and whether the values are aiti¢22].

The use of the parameterized transformations issaged with the aim of either
improving new features (values, properties, openadi or changing the behaviour of
an application. For that purpose, the designetdapecify the parameters which are
intended to be inserted during the phase of tram&fion. In his work, Vale [22]
proposes that these parameters are the contextat@, dhus and after the
transformation, the application will be in harmowjth this information passed in
parameter.

In the following section, we formulate the pringphvoked by Vale, in favour of
our approach to implement the notion of plasticity.

4 Proposed Approach

The proposed approach consists in generating theinierface automatically, using
the parameterized transformation technique of toel@l Driven Engineering domain
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4.1 Overview of the approach

The proposed approach in this paper is shown inJighe abstraction levels of the
Cameleon framework [5] incorporated in our approach abstract user interface and
concrete user interface.

In our approach, the Abstract User Interface allothie transition of the
specification in the modelling of the abstract camgnts of the interface. In order to
describe the Abstract User Interface and the Comdieer interface, we have resorted
to the static model of interactions [3]. Aiming applying a model-to-model
transformation, we have refined the static modehefinteractions of [3] in the form
of two meta-models: the AUl and CUI meta-modelsdeled, AUl meta-model
describes the hierarchy of the abstract componeoisesponding to the logical
groups of interactions. The AUl meta-model and dfarmations rules to obtain the
AUI from the task model are detailed in [2].

The Concrete User Interface is deduced from thetrAbis User Interface to
describe the interface in terms of graphic containénteractors and navigation
objects. We have extended the CUI meta-model pteden [2] [16] to add the vocal
components and to associate with every container tlé interface a
"PersonnalizationService" component containing prigs used to specify the
presentation of such an object as well as any oljeing a part of this container.
Quoting for example the service "useoflanguage”cthtan be active if the user
prefers a language other than French. If this send activated, the attribute language
allows the specification of the sought language.

The passage to the concrete level has for objethigegeneration of a plastic
interface adapted to the planned context. Our a@mprdéacilitates the adaptation of the
Ul to the user, because the latter is in the ceotrall the problem of the Ul and
everything revolves around him.

The first transformation (T1 in Fig. 3) allows tgeneration of the first concrete
user interface (CUI1 in Fig. 3) adapted to the gmexfices of the user having received
the information suitable to him and echoing thenthos intermediate interface.

On the other side of the coin, we are interestdtiérinjection of the characteristics
of the platform used to assure the plasticity talsahis context. Indeed, we opted for
choosing this injection order of the characterssfior multiple reasons. On the one
hand, it is around the user that revolves evergthind it is his characteristics that are
going to impose the choice of the platform. Besides the user who decides about
the device on which he even wishes to post thernmdition. Indeed, this variation is
going to require the appearance and the disappssmrah the other devices of
interaction. Furthermore, it is according to hiefprences that the modality: graphic,
hearing or even olfactive is going to be chosererillin case of change at the level of
one of the contextual dimensions, an adaptatidauached to protect the usability
[21]. Certainly, the specific properties and theawty characteristics of the target
device have to satisfy the needs of the user. §¢tsnd transformation (T2 in Fig. 3)
adapts the first CUI1 to the characteristics ofpteform which is going to welcome
the application, from which the second CUI (CUIZFig. 3) results.

So, having fixed and adapted the characteristigheftarget platform to his own
motivations and intentions, the user has now ngtlint to choose the environment
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which is going to welcome the application. In fabis environmental variant has to
be in agreement with the characteristics of the asd the target platform. It is the
profile of the user, defined as being a first gnfiitr the process of adaptation, as well
as these accompanied intentions, naturally, symgtioraf the platform that are going
to determine the environmental aspects. The lateegoing to be implemented during
the process of adaptation to succeed in the gemeratta plastic Ul while taking into
account three speeds of the context. Hence, ithile place, we are going to inject
the environmental properties in the third transfation (T3 in Fig. 3) to have the

interface (CUI3 in Fig. 3).

AUI
@ <<parameterized>>

cun

- <<parameterized>>
T2
: Platform

Fig. 3. Parameterized transformation for the Ul plasticity

Therefore, the generation of the concrete inter{@iél) is made on three phases.
To do so, we have to establish three meta-modwdsuser, platform and environment
meta-models), so as to implement the transformatrorciple to illustrate the process
of adaptation.

4.2 Context of use M eta-models

The context is identified by many teams [5] [18B]220] [12] by the triplet <User

Platform, Environment>. Thus, three categories @fitextual information can be

distinguished [7]:

- So much information pertaining to the platform @essor, memory, peripheral
equipments, connection network, the size of theldisscreen, and the available
interaction tools ...)
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— Those relative to the user (his profile, his cutrantivity, his preferences, his
habits, his cultural characteristics...)

— The information corresponding to the environmengh(, noise, geographical
localization ...)

4.2.1 User Meta-M odel

The user model has to contain information allowiihg characterization of the user.

Our meta-model (Fig. 4) builds strongly on the wark [10] and [6]. Such

information contained is classified in four catager

» Information staff (the name and the first namehef tiser, the age, the kind)

» Knowledge (The expertise level of the user in cot@pscience, the expertise level
regarding task or manipulated concept)

» Preference (The modality of interaction (graphiocal, olfactive, tactile, etc.),
police, the character size, colour and the southahve)

» Capacity (physical (sensory and engine) and cagndapacities)

8 Ecore Diagram - UserMeta-model / User¥eta-mode) |

enmeraton>s | [ <enneratons> @ tfector
Level Language =
lowrer = french del o finger : EBoolean
o O Uertodd | &, hand :EBooean
= medium = english T f—— S am - EEoolean
- hicht = arabic prefereace aE:
- i 5, eyes : Edoolean
= spanish & hodv : EBook
<cenumeration>> | | -~ ialis ® Preference = o ooan
[ender - Gemnan 5% modaliy0Communicaton : Modally | el e
= @ S volumeleval :Level smtteal EEBG0ean
- female [Cemmerstons> 1| knowtedge
odlality .
<<enumeratons> | [ - graphical 5 lengusge :Language © Knowiedgt 1 |etecor
D““‘“‘"n - offatory o color ;“;”' = computeriptitude -Level
- spo & sz cEM &
G - audive & Lol |
- commerce 2
- gustatory
- history =@ 1 | capacity, © Memory
= policy _ fpersunzllnlﬂrmzm p— = memorypz : MemonyType
Szenimerdtons> 5 name :Esfing © Capatity 5 size 1 Elnt
L=k & sumarre :EString < peiod - Emt
= perceptual ea = e = Aria 5 age :Elnt & information : TypeOfinfomniation
- motor - am - acoustic = TimashewRaman = gender : Gende:
- coynit - epec - semanic B 5 1
coynitive e Verdana = profession - ESing sensol 1| rocesso
= = ant - ahyeical - CouriertEw i1 postalCode (Elit
enumeraions> | | - — 4
T finger ey Lo ComicSansis < email ‘ESting | Gsensor @F
- bot olor & fovss Domain = visual Lol roceston
= visual 0.1 =] 50 "
. = e S = oficloy <EBudlean |2 PIES3OTType < Prrecsoype
- = = tirve :Ent
= hearing Zeemumeraton>> | |~ Red 5 aunlu:e Es;n\e‘an
o I MemoryType = Yellow |5 i (el
= ~ feon - i 5t EBoYem
= echoic = Green
- mit - Blue
=mt

Fig.4. User Meta-model.

4.2.2 Platform M eta-M odel

Although most of the work done on plastic Ul madiagtation to the platform, it
does not provide a complete and detailed meta-mdded existing approaches are
limited to its description at a high abstractiomdeor the description of the display
surface of the platform which represents the masdunteractional resource in the
adaptations made so far. However, the adaptatiorbe prepared in the presence and
absence of the other interaction devices. For el@nfpve do not have a mouse, we
can suggest as a form of adaptation using a votatactor where the activation of
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the actions will be made vocally. Fig. 5 presenis platform meta-model [16] [2].

Generally, the platform consists of;

e Calculation resources represented in Fig. 5 by "themputationalCapacities"
class. These resources does not only include therimaaspect, such as the
memory or processor but also the software aspedh@ssupported operating
system;

 Interaction resources that are the input-outputicdsvrepresented in our meta-
model by the "InteractionDevices" class. We identifvo classes of interaction
devices: the input devices (InputDevice class ig. F) and the output devices
(OutputDevice class in Fig. 5). Certain devicesenithboth classes and are thus
input/output devices, such as the touch screen.

3 Frore Diagrarm ;. del / Ple o I
<erimeration >
[Mobility alimantationsource 1.1 SRSIICIEIRIERNES)
b : EBoolear
T pebre attery : EBoolear
— Fixed |l SE (R ¢ BEEEIEET_|
etie: 0.1 G TechnicalProperie’]” @ Pocesso
[SoundType &= powel Ent
- Mono [ 5, constuctor : Elnt
- Sterio processo |5 frequency : Elnt
<<erumerdion=>
Type
- PDA memon, @ Meman,
- PC 0.1 {2 ram :Elnt
~ CellPhone ] 4 rom :Elnt
capacities 01| & ComputationCapacitie
¢ asversior 0.1 © O5versior
£, 05 :ESting
© Plateform O & Capacitie:
5 name : EStiing 5. boundNumbe : EDouble
% mabilit, - Mobility i gpre :EBoolear
5% marque : ESting commupicationcapacitie 0.1|s: 2dge : EBoolear
& type (Type 52 thirdG :EBoolear
5 infraFiec : EBoalear
3 5= bluetaoth : EBoolear
% wifi : EBoolear
mulimediapropertie: 0.1_[@ o Jide @ Videc
T 01 5 resolutionMas : Elnt
 —

intefactiondevics 0.1 [@ IneractionDavice audic 0.1 @ Audic
—— 5 sounc : SoundType

1 inputdevice
outputdevics, )1
@@ OutputDevice

@ InputDevice

0.1 | keyboar 0.1 |audioinpuidevice @
pointingdevice
@ Keyboarc [@ AudioinputDevice | - screer|1
&, Physica : EBaolear |——————| ™ % wisineasgue , | speakere,|.4
& Vitual  EBoolear O PousVieanpubeve|  |©PomingDevies| | O Screer [ G Visiocesaue ][ ® Spesker |
 Tupe - EBoolenr ) Picture\VideolnputD evie | S, size Elnt |2 visioexis - EBoolear | |5 Exist: EBoolear |
3 & nbCalar :Elnt [ il 1
0.1 picturescanne § webcan 0.1 & resolution : Elnt
£, touchscreer : EBoolear
[@ Fic | 1 © WebCar 1
| | | |
0 w¢mguss 0.1 \l/‘rar:khﬂ\ orl Vo Tl/graphi:\ab\z ) ‘J/ y . ‘\L
© Mouse |[(& TrackBal - touchpac 1 oystick

‘.:. | 1 [ @ PointingStick | [ @ GraphicTable || ® TouchPa | [@ Joystict |
| & mousesxis EBoolear | | i If B EBaolear | | |

Fig. 5. Platform Meta-model [16].

4.2.3 Environment M eta-M odel

In this meta-model, illustrated in Fig. 6, we toydover all the environmental facets
of the context susceptible to react directly oririectly on the interactive system. In
fact, we are trying to take into account the maximaf environmental aspects.
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Therefore, our meta-model consists of four clastfest explain the general
characteristics.

The first class characterizes the ambient environirfeat surrounds the interactive
system "AmbientEnvironment”. But with the invasiohthe ubiquities computer
science, the ambient conditions are changeable émoenmoment to another. This
class inherits three under classes: "ClimaticEmrivent”,
"LuminousEnvironment" and "SonorousEnvironment".

The second class composing our meta-model is #ss ETemporalEnvironment”.
As for the third class, named "SocialEnvironment"characterizes the social
environment receiving the interactive system. Titéss is decorated with a single
attribute: "atmosphere" of type "Atmosphere" enuatien.

To specify the place receiving the application, uged the fourth class named
"SpatialEnvironment". Indeed, this class gives iinfation about the geographical
location of the interactive system.

£ Ecore Disgram ; del,/ e
<<enumeration>> <<enumeration > comalEnronmen 1
[nDoorType (3 SpatialEnvironmen
= home = private =) "
o & - o o :/n:]r;sswismng 1 spatislEnvironmen [© Environmen | [ e |
- facty <<enmeration>> =, partisularity - Pariicularity |meXeimospherelEAmosphe Ml
= liary Level ]
= church - low
= mosgque = medium temporalEnyiranmen
- facully - high
= cafe 1 ® TemporalEnvitonmen
- restaurant Particulartty (® OutDoorEnvironmer 3 InDoorEnvironmer w{ia date : Month
- = MTHE S outdooype : OLIDOOITyRE . InDoorType :InDoofType i time - Time
- poal 1 b anmen

- cammon

- meansOfTransport

e | © AmbiantEnvironmer

DutDoorType | jptmosphere Montk I

- et ~ cultural = L)

- bullingSte || - seentic = fabruary 1 |climatem, 1 |luminousen, 1 |sonorousem

= park - religious © @E

- station — entettainment | | - 2P |__© ClimaticEnvironmen_| @ LuminousEnyironmen (@ SonorousEnvironmen

~ cupertfatiet || - work - may 5 sunintensity  Level £ lgntntensiy  Leved 5 nolselntensiy Lol |

~ beath = Jme a :Level [ N ——
- Juy £ season : Season

<LENUMEration <<enumeration>>

eason Time - august & humidity : EBoolean

~ summer — daytime - september & precipiation - EBoolean

= autumn ~ night = Qe

- winter = november

- e - decemper

Fig. 6. Environment Meta-model.

4.3 Generation process of CUI and adaptation rules

The generation stages of the Concrete User Inteté&m strongly on the work of [21]

and [14]. The three transformations of the approacd developed with the

transformation language Kermeta [13]. The transé&diom of anAUI into aCUI1 (T1
transformation) is implemented by the following f@tages:

Creation of the application: creation of the aptien in the
"ConcreteUserlInterface" target model by the "Aldtdserinterface” of the source
model;

Realization of the abstract containers;
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» Choice of the interactors;
 Definition of the navigation.

We have developed a set of rules allowing T1 tansation. As an illustration, in
what follows, we clarify the stage of interactarf®ice. This stage aims at associating
the adequate interactor with the abstract compooEAUI. Such a choice depends
on the properties of the abstract component: ife t{input or Output) its nature
(Specify, Select, Turn ...) and the user preferences.

The extract of the following code transforms evafystract component of the
"CollapsedUlUnit" type into a "UlField" and appedts the "UlFieldSpecification"
method for the choice of the appropriate interachorthat case, it is a question of
executing the interactor's choice for an abstraotponent of the "Specify" nature.

operation createUl Fi el d(inputnodel

Abstract User | nterface, col | apsedui unit: Coll apsedU Unit,
uiw : U W ndow) is do

Ul Fi el dSpeci fi cation(i nput nodel , col | apsedui uni t, ui w)
end

/1'U FieldSpecification

operation Ul Fiel dSpecification( inputnodel :
AbstractUserlnterface,uic : CollapsedU Unit, uiw:

U W ndow) is do

var Ink : Link

I nk := getAll Li nks(i nput nodel ). detect{c|stdio.witeln
("lI'ink"™ + c.ui conponent. nane) c. ui conponent .. nane ==

ui c. nane}

/| Speci fy

var nat @ Nature init uic.nature

var tp : AnnotationType init |nk.uiconponentannot.type
if (nat == Nature. Specify) then

createStaticFiel d(uiw, uic,]Ink)

creat eFi el dl n(ui w, ui c, | nk)

end //rest of code

end

Several existing characteristics in the model efuker can have an impact during
the realization of thé&UI. Certain characteristics have an impact on thécehaf the
concrete object of interaction to know the prefeeemf the user in terms of the
modality of communication. The impact is thus esgeal in terms of the reshaping of
the interface. The extract of the Kermeta code wdltustrates the impact of the
preference modality of communication on the reélira

operation transform ( i nput Model
Abstract User| nterface, par amvbdel : User Model )
ConcreteUserlnterface is do
AUl 2CUl := Trace <Ul El enent, CUl El enent >. new
AUl 2CUIl . creat e
result := ConcreteUserlnterface. new
var nmodpr ef : Modal ity init

get Pr ef er ence( par amvbdel ) . nodal i t yOf Comruni cati on
if (nodpref == Modality.graphical) then



An MDE Approach For User Interface Adaptation tothe Context of Use 11

stdio.witel n("G aphical Mdality")
/'l Graphi cal treatnent
else if nodpref == Mbdality.auditive then
stdio.witeln("Auditive Mdality")
/1 Auditive treatnent
end
end
Other characteristics in the model of the useruaiice the properties of the
objects of interactions rather than the choice aiccete object. The extract of the
following code shows the function allowing the diea of a service
(createServicePerso method). It shows the activataf the two services
“useoflanguage” and “useoftooltip” as example. Hiter is activated if the user does
not have strong computer capacities (computeruajs)t
operation createServicePerso(naneuiw :String, pref
Preference, knl : Know edge) : PersonnalizationService is
do
var Srv : Per sonnal i zati onSer vi ce init
Per sonnal i zat i onServi ce. new
Srv. nane :=nameui w

i f pref.language != Language.french then
srv. useof | anguage : = true
srv. |l anguage : = pref.|anguage. name
el se
srv. useof | anguage : = fal se
end
i f knl.conmputerAptitude != Level. hight then
srv.useoftooltip := true
el se
srv.useoftooltip := false
end //rest of code
result := srv

end

The obtainedCUI 1 is the source model of the second transformatian tekes as
parameters the characteristics of the platform. \&¢e addressed the impact of the
property screen size and inputting/outputting dewiof the platform. The following
code produces the testing for the required dew€gsaphical or vocal interaction.

operation transform ( inputMdel :
ConcreteUserInterface, paramvbdel : Plateformn
ConcreteUserinterface is do

CU 2CU 1 := Trace <CU El enent, CUl El enent >. new
CU 2CUl 1. create

result := inputMdel

var width : Integer init

get Scr een( get Qut put D( get | D( par anmivbdel ))) . w dt h
var height: Integer init

get Scr een( get Qut put D( get | D par anmvbdel ))) . hei ght
get CU W ndow( i nput Model ) . each{ ui wi|

i f (MouseExi st (paramvbdel ) and ScreenExi st (paranivbdel )
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and Keyboar dExi st ( par anivbdel )) or
(TouchPadExi st ( par amvbdel ) and Scr eenExi st ( par anivbdel )
and Keyboar dExi st ( par anivodel )) or

Touchscr eenExi st ( par anvodel ) t hen
/lrest of code

el se

stdio.witel n("lnexistant Device")
end}

get Vocal Group(i nput Mbdel ). each{vg|

i f VisiocasqueExi st (paramnibdel ) or

(M crophoneExi st ( par amivbdel ) and Scr eenExi st ( par amvbdel )
and t hen

get Vocal Form(vg) . each{ vf |

/lrest of code

el se

stdio.witeln("lnexistant Device")

end}

end

The third transformation injects the propertieshaf environment that will host the
application. The impact of environment propertiesesl not affect the objects of
interaction, but affects the existence or noneristeof services interface. The
following code shows the activation of service ‘afeackground”.

get Servi ce(i nput Model ). each{srv|

i f (get Lum nousEnv(get Ambi ant Env( par anivbdel )) .l i ghtlnten
sity == Level. hight) or

(get Soci al Env( par anvbdel ) . at nosphere ==

At nrosphere. religious) or

(get Spati al Env( paramvbdel ). get Met all ass() ==

Qut Door Envi ronnent and get Tenpor al Env( par amvbdel ). ti nme
== Tinme.daytine) then

srv. useof background : =true

srv. background : = BackG oundType. | i ght

end

5 lllustrating Example

The case study relates to a credit card requesi bystomer. This application is
adapted to the context of use. The following sdenilustrates this adaptation on a
precise case. Sarra is connected to the site dfahk to launch her request of credit
card. She has to log in first of all by introducingr user name and password. Then
she has to choose her type (private individual @ngany). Then, she is asked to
choose the type of card that she seeks to obtdmebélling in an information form.
In this case study, the following context of usassumed:

User={Computer aptitude="lower", font="TimesNewRamha
language="english", color="Red" size="14", Modalityof communication
="graphical},
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Platform={iPAQ HX2490 Pocket PC},
Environment={Alone, atmosphere="work", light intéys"low"}.

<Pxml wersion="1.0" sncoding="ASCII"7:
<hbstractlUsexInt HetaHodel: BbstractUsacl
smlne xmi="hotp: A/ v omng . oT gl KMI"

smlme e i SUhstp ffwmma_m2 _argd E00 1L XML S chema- instancs "

azf

wmiiwarsien="2. 0"

smlne: 3b TsezT: MetaModel ="huwp: / /&b szl Mot aModel
" xsi:schemalocation="http:// &b Tserl: Metatodel
. de1/ 8B s ex 1 Merallodel . ecoze"s

<uigroup name='Azk for a credit card's

<uiunitsuit name="Login">
<collapzeduin name="Specify login'/>
<collap=eduin name="Specify pas=sword"/>
<collapseduiu name="alidate" nature="Tuzn"/>

</uiunicmuivs

<uiunitsnit name="Detsrmine private individnal forms
<collapzeduin name="alidate" nature="Tuzn'/>

[ . - —— -
| _<enimNonit name="letermine banking information" |
Pl <coflapseduisubunit name="3elect card typs" nature="Sslecl'/ s
L’ <collapseduisubunit name="Bpecify account numbez'/ > l
P — T T R S
” <euirubunit nams="latarmins per=ornal information''>
, <collapseduizubunit name="Bpecify identity card rumbez"/
’ <collapseduisubunit name="3pecify £irst name"/>
4 <collapseduisubunit name="3pacify last name'/:
4 <collapseduisubunit name="3elsct gender" nature="Selscel'/:
,/ <collapseduisubunit name="Zelect marival scavus"
’ nature="Z%alectl'/ >
/ <collapseduizubunit name="Specify amail "3
/ <collapseduisubunit name="B8pecify phone number'/ >
’ <f anisubunit>
N «f extendaduinr
, </ uiunitsuivy
N <collapseduiunit name="Zelect customer Type" nature="Jelectl's/>
</uigzoup>
! <migroup name="Check wvalidity"s
! <collapseduiunit name="Check wvalidity" nature="Fhouw'/>
! </ uigreup>
I <links wicompoment="//Buigroup.0/Buimnitsuit.0/ Beollapzeduin. 0"
1 wicampenentannet="// Bannotation. 0"/ >
! e < o e e e R R e B e R e R === 1
1 I <annetation data="Card type" type="EEnumeratoer! <_ -
1 enumValues="Uiza/MasterCard/ dmerican Express/PayPal/Gol dMasterCazd" | N
\ I eramNE="5"/ > S
\ ST AT T e mmmmmm—————— N
\ <uispatictemporalrelationship source="//@uigroup.0" target="//Buigreup.1" ‘\
\ name=tany 3 N
\ <fLbstractUzaxInt HataHodal: b=t 41 Intact > \
\ — mm R s mm s mm R o r Em R m o E mm s Em R mm s Em s mm N mm s mm R s
v \
\ ( 7 0 P— i N "
N UISubUnit_Determine banking information ¢ << Annotation_Select card type »> 'I
‘\ data : card type
. (" UISubUnit_Select card type dataType : Enumerator )
N enumnNB : 5 b
\\ """"" | enumValues : VisaMasterCard/American Express/
~ |4 PayPal/Gold MasterCard ‘
J
o 3 = p
UlSubUnit_Specify account number <= Annotation_Specify account number »»
T data : account number
~ [ dataType : Elnt
/
|T|

Fig. 7. Abstract User Interface for the process of thelitreard possession (case of a private
individual customer).

Fig. 7 shows the abstract user interface for thecgss of the credit card
possession. This interface contains a "UIGroupledalAsk for a credit card". This
"UlGroup" gives access to two "UlUnitSuit" ("Loginand "Determine private
individual form") and "CollapsedUlUnit" ("Select stomer type").

During the detection of a context change, the sydteadapted. ThAUI adapts
itself first of all to the preferences of the uskr.the following figure, we give the
tree-based description of the use of our case siadfront of these characteristics,
the first module of transformation uses as outhattUl model (Fig. 7) and the user

model (left of Fig. 8) on which the generic tranmsfiations rules are applied, based on
their respective meta-models.



14  Wided Bouchelligual,2 , Adel Mahfoudhi2, $asd Benammar2, Sirine Rebai2,
Mourad Abed1

(" << Personnalization service_Ask for a credit card >> |
Useoflanguage="true"
Useoffont="true"
Useofvolumelevel="true"

i

Background-"ight"
Useofvibration-"false"
Useofscnorismessage="Talse™

L3 Unwindow_Ask for a credit card
sformatin/modelfseodelxri

UIpanel_Login ( UPPanel_Determine private individual form
UlPanel_Detremine information

UPanel_Determine banking information

M UlStaticField_Card type J [uluwmpnnwnu;@zmwe ]}

[ UIStaticField_Account number ] [ UIFieldEdit_Account number ]}

tae IEl}

[ uIPanet_select customer tye

[l

UlPanel_Determine personal information

Language
Madsly OF Commurica tion
5

ize
Volumelevel

Fig. 8. (Left) The tree-based description of User mod&8iglit) Concrete User Interface
specific to the user model.

The first module of transformation consists in sfanming an XML (Extensible
Markup Language) file source obtained from an alsstuser interface. This file is
automatically generated by our AbstractUserInterfaditor developed thanks to the
Graphical Modeling Framework (GMF) tool [9] of Husie. The result of
transformation is an XML file that is in harmonythlvithe CUI meta-model. Right of
Fig. 8 produces th&UI1 visualized with our ConcreteUserinterface editbhe
realization of theAUI is in graphic mode since the user has chosen alihodf
graphic communication. A set of personalizationvieess is activated giving as an
example the service "Use of tooltip" which resultem the fact that the user
possesses low computing capacities.

As a concrete example, left of Fig. 9 gives theased description of "iPAQ
HX2490 Pocket PC" realized by EMF-based editor. Ténement of theCUI1
taking into account this platform allows the getiera of a concrete interface
replying on the properties of this platform, ashia example of the value of the screen
size (height="320" width="240"). Moreover, the ct®iof the appropriate interactor
is related to the inputting devices that existhie platform. In this case, we have a
touch screen (TouchScreen) and a text input dg\iegtinputDevice). That is why
the concretisation in the graphic form is possible.
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4 @ platform:/resource/metamodel/PlatformModel.xmi
4 4 Platformiodel IPAQ HX2490 Pocket PC
4 Computaticnal Capacities
4 Multimedia Properties
< Audio Sterio
4 Video 7200
4 Communication Capacities 2
4 Technicals Proprieties
4 Alimmentation true
4 ProcessorIntel
4 Os Version Microsoft Windows Mobile 5.0

(<< Personnalization service_Determine banking information > i
Useoflanguage="true"
Useoffont="true"
Useofvolumelevel="true"
Useoftooltip="true"
Language="english"
Font="TimesNewRoman"
Volumelevel="hight"
Color="Red"
Size="14"
Background="light"
Useofvibration="false"
Useofsonorismessage="false"

15

4 Memory 64.0
4 4 Interaction Devices

4 Input Devicel Unafindow_Determine banking information

4 Pointing Device 2

4 Touch Screen TFT3,5'

4 Audio Input Device Microphene
< Text Input Device alpk i
< Out Put Device

< Screen true

“ UlstaticField_Card type J [UIUpDrupDuwnList_Cardtype j

[UIStaticFieldJ\ccnum number ][ UlFieldEdit_Account number ]

EFure SDLIFCE. UlButton_Back
[Z. Problems | @ Javadoc ii:;r, Declaration 3.‘. EMF registeres [ J
Property Value

Margue =Hp

IMohility '= Mobile

Name 'S iPAQ HX2490 Pocket PC

type = PDA

Fig. 9. (Left) The tree-based description of "IPAQ HX24%06cket PC". (Right) Concrete User
Interface specific to the platform model.

Taking into account the properties of the platfdiRAQ hx2490 Pocket PC" (Left
of Fig. 9), the transformation d€UI1 (Right of Fig. 8) produces &UI2 with a
remodelling of containers. Right of Fig. 9 presehts visualization of th€UI2 with
our ConcreteUserlInterface editor. For readabilieyvave chosen to present only the
window "Determine banking information." For the esiaf the screen "iPAQ hx2490
Pocket PC" and the number of manipulated concepdy, (the realization of the
abstract component "UISubUnit_Select card typeAdf is a "UlUpDropDownlList.

A "UlStaticField_Card type" interactor is addedicg the user does not have strong
computer Capacities (computer aptitude).

Our case study is situated in a closed environrieBtoorType). As regards the
ambient characteristics that specify this typerofimnment, it will be restored to the
intensity of light as well as that of the soundédevrhis model (Left of Fig. 10) is
going to feed the third module of transformationickhwill lead to the generation of a
concrete interface adaptable to the context ofpassing through the three elements
that define it.

Taking into account the properties of environmehefi of Fig. 10), the
transformation ofCUI2 (Right of Fig. 9) producing &€UI3 with new enabled
services, such as the background service whose sl become "gloomy" since the
light intensity was low. Right of Fig. 10 produdég visualization of the targ&iJl 3.
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(< ization service_| ine hanking information >> )
Useoflanguage="true*
Useoffont="true"
&) Environment xmi 22 Useofvolumelevel="true"”

Useoftooltip="true™
= g platform: fresourcs/First Transformationjmodel Environment Laigliage="enghsh®

=4 Environment Font="TimesNewRoman"
4 In Door Environment
4 Temporal Environment january
< Saodial Environment work
=< Ambiant Ervironment

Background="gloomy"
Useofvibration="true"

4 Sonorous Environment low Useofsonorismessage="true@ -+

Sl L i it lowe
% Climatic Enwiranment lav

1 .Dietacmine hanking i

= praperties 2 Bl Console | #). EMF registered packages

Froperty Yalus
Light Intensity =lov

[ UlStaticField_Card type J [IJIIJpDrnpannLisLCamlwe j

UlStaticField_Account number [ UlFieldEdit_Account humber J]
UlButton_Back
[=], )

Fig. 10. (Left) The tree-based description of environmeradsi. (Right) Concrete User
Interface specific to the environment model.

6 Conclusion

In this paper, we have presented a methodologthtodevelopment of the plastic Ul
of an Information System. To apply "model to modedihsformations, we set up two
meta-models: Abstract User Interface meta-model@macrete User Interface meta-
model. The characteristic of the interface adaptatp its context of use was our
primordial objective. In order to reach this objeet we proposed three meta-models
describing the context of use. Encountered by a cawext, a definition of a model
for this context will be enough. So, our transfotioms rules are generic.

We foresee multiple perspectives for our work, Wwhéoncern the integration of
the ergonomic properties in our transformations Hrel determination ofausality
between the three components of the context of use.
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