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Abstract. The proposal of this article is to present an architecture for Generation of Adaptive Interfaces (GAl)
which aims at creating user interfaces adjustable to the characteristics of the mobile devices in run time,
considering the classes of devices, the platform types, aspects of user contexts, among other factors. It was used
one way of identifying mobile devices proposed by World Wide Web Consortium (W3C), named Composite
Capability Preference Profile (CC/PP).
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1. INTRODUCTION

The increase of mobile devices diversity and its instotal dynamic environments for some typess&rs and
the adaptation of an interface to this new conbedame a necessity. The development of interfamesébile
devices involves some challenges, as heterogensmuisonments, physical limitations of the deviceozg
others. The adaptive interfaces present thems@hasising in the attempt to surpass the currenbleros of
complexity in the interaction of man and compufies.improve this interaction, it is necessary iraeds that are
capable of adjusting themselves to the user neeesssivhere the system analyzes this user’s actindgrofiles
adapting itself automatically.
The reusability of code is a basic aspect on thigext. The reuse of interfaces is complex to {hyeearing of
new models of devices with several characteristicemake more flexible this process it is necessarmgreate
and to use development forms that are less dependehe properties of a specific device.
So that a site can be visualized either in persco@puters or in mobile devices where the developarchoose
one of the following approaches:

* To develop a site for each type of device;

* To develop only once the code of a site and adaptdaugh the generator to be shown in other device
On the first approach, the effort demanded on theelbper part is great, therefore it must modeteafer each
device that can effect the request. On the secppdbach, the site is only modeled once and the rgeareof
interfaces based on the information of the devies &ffects the solicitation, generates the codehs layout is
adapted in agreement with the device screen. Inr&sinto the previous approach, on this one octhes
reusability of code, once it will not have the resity that several sites would have to be remade.
This work aims to present the proposal of architecfor the Generation of Adaptive Interfaces (GAhjich has
as objective the creation of interfaces that attainselves to the characteristics of mobile deyiagsing from
a generic model that answers the requests of @ivessrs for only one application. It has as goaldyically
return the elements from the interface in accordamith the distinct characteristics of each device.
It will be used a form of recognition for mobileviees proposed by the Consortium World Wide Web QN3
named Composite Capability Preference Profile (BEARhich has the purpose of providing a structmealiand
universal mechanism to describe and transmit inédion about the characteristics of a mobile devarea
server. It will be presented tests with the remogibf stored data locally.

2. ACQUIRING DEVICESCAPABILITIES

The Composite Capabilities/Preferences Profile BEQ/is a specification of the W3C to express chartics
of the devices and the preferences of users. ToféepCC/PP is a description of the device potditigs and the
user preferences, Hanumansetty (2004).

It has as objective to provide a structuralized and/ersal mechanism to describe and transmit inédion
about the capacities of a Web client for a sereethat the content is directed to these charatityisThe
profiles can be stored in a local or remote WelbeseButler (2002). Each form of storage presedisaatages
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and disadvantages, however the use of both in ange sapplication can become the recognition of more
efficient, productive and faster mobile devices.

The CC/PP is based on Resource Description FrankefRDF), a language used for the W3C for modelifg o
metadata and document description eXtensible Matlaqmuage (XML), allowing a bigger flexibility fathe
creation of new vocabularies, Sila and Swick (1999)

The profile CC/PP is constructed in a hierarchywar levels, the first, is named components of dilerand the
second as attributes of a profile. A componentommosed of at least one attribute, which can bevere,
software or browser. As a hardware example therddssize of the screen, processor, memory, etoufAb
software, the version of the operational system brmvser name, version, fabricant, etc. The usehef
architecture where the profile is stored locally lzs main advantage to the speed of reply on tneese of
profiles CC/PP.

However the database of profiles becomes obsolateta the quickly appearing of new devices. So that
recognition of devices becomes efficient and itédsessary that for each new device its profile didal added in
the local repository. In the architecture where phefiles are in remote servers, there is the bieoéfthe
constant update of the fabricants, but the acsesswer.

3. ARCHITECTURE FOR GENERATION OF ADAPTIVE INTERFACES (GAI)

The environment of the mobile computation credtesnecessity of a bigger flexibility of softwaregosing new
challenges for the modeling and development. Ctlyreliverse studies are being carried out in seéocimore
dynamic interfaces, that help the user realizersdeetivities in a more pleasant and efficient way
The architecture GAI was constructed based on Mydak Control (MVC), that establishes a separafimm
the structure of the interface in three distinat@aVodel, Vision and Control. The vision manatfes graphical
and textual output visible for the user. The Cdntmterprets the input of mouse and keyboard, condimag the
Vision and the Model to alter themselves of appiedprform. The Model manages answering the requadsiat
its state, to the instructions the behavior chamgessalso the domain data of the application.
The studied works, MUSA by Menkhaus (2002), and ibyg by Coninx and Luyten (2003), had used the
concept of separation for layers, having made ardkéstinction between the model of implementatdreach
level: interface of the user and logical model. @erand Lores (2004) affirm that the MUSA and Dygsrare
limited, therefore these consider aspects as lbgiwadel, users and models of platforms, leavingheuit
modeling the contextual aspects, except in someifgpeases.
For the authors, architectures for the anticipatidncontextual changes, are the ones of the mags ga
literature. For this fact, the authors developedaachitecture that provides a dynamic adaptatisingsa
reflexive architecture. In this model, the separatimong concepts is used, where the developer @ilyson
the functionality of the application, without woimg about the interface. This way, it is emphasized
reusability of code, where an application can bedusgith multiple interfaces.
The proposal of architecture GAl is the generatidrinterfaces that adapt themselves to the moleiéces
characteristics, using the description of a genmterface. It has as main purpose to attend theests of
diverse users for only one application and dynalfgicaturn elements from the interface accordingthie
distinct characteristics of each client on realetimonsidering the type of mobile device and thetext of the
user. Another prominent factor of the architectis¢o allow an implementation that is directed tonalti-
platform environment where only one application ogenerate many interfaces dynamically. The main
advantages of the architecture GAIl use can be:
e The adaptation process of the interface to the tfpkevice that will happen in real time;
« Easiness for the development process of interfdbessfore the developer will create just one faie
that will be presented in multiple devices;
« The interface designer and the application develoge work separately in the project of a system;
« It will have the device recognition thought autdimdorm;
e The architecture will provide easiness of code teaiance, since the alterations (in case that new
models appear) could be made updating only thedatianes;
e The architecture will be used through a graphidétbe who will supply an environment of development
with visualization in the emulator of the requestiedice, as well as a metadata manager;
The interface can be generated for diverse plaga@nd languages, being based on the metadata’s.
The figure 1 illustrates composed architecture @#*ltwo levels: client and server. Users can retjgesvices
provided with many types of PDAs amongst them Palogket PCs or smart phones. In the server aetdd,
metadata’s proxy of interface and interface a®¥ll
« Metadata: They will be stored in a database containing ther profile , the interface description and
the components of the interface description;
e Proxy of Interface It contains the control that retrieves the metad#te device profile and the
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generator of interface that is the responsiblefonthe adapted interface generation;
< Interface: It contains the interfaces of the application. Tingt one will be adapted and the others will

be adapted. In case that the profile in the mothdeices is not found all the interfaces will hate t

system standard.
To illustrate the use of architecture GAl, it isased that the user requests some type of sexvitetserver.
This service will be sent through the layer of caimination Hyper Text Transfer Protocol (HTTP). Thebile
client through browser directs for the control lagree heading HTTP. The control retrieves the jpedfie device
in the repository CC/PP and user profile if the saamists. In case that it does not exist a stangeofile is
considered .
The control then analyze the specification therfate and the language definition supported leydbvice, e.
g., Hypertext Markup Language (HTML), Extensible géytext Markup Language (XHTML) or Wireless
Markup Language (WML) and sends these informatmrihe "Generating Interface" that will implement an
adaptation algorithm carrying through the alteraianodifications and appropriate render and caresaty will
generate in the interface for the mobile devicarreng it for the client.
If the device profile requested by the service a$ found, the system will return an standard isteef This
process can be visualized on figure 1. Through phizedure, it will not be necessary the code dpraént
every time that changes will happen in the domaigte the alterations can be gotten in the databi@sed
models through the metamodel that will be impletad.
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Figure 1. Architecture for Generation of Adaptive Interfaces (GAI)

4. GAI LAYOUT MANAGEMENT

The adaptation process does not guarantee thatexface keeps the usability principles. It mustchgied out
in a way that minimizes the impact up on the u€#m. the other hand it is necessary to guaranteeathmat
modification on the interface keeps its usability.

In case it is necessary to reduce the shown corttemiprocess of a data choice should be madeudigrafot
occulting or removing important parts that will hecessary for the understanding, execution anghiimj of
some tasks. Next some requirements related toaymul management are described and will be apptied
architecture GAl for the interface adaptation gngea.

4.1. Screen Mapping

The interface will be divided in regions to facli¢ the adaptation process. Each region couldbesmmposed

w



INPE ePrint: sid.inpe.br/ePrint@80/2006/12.08.02.36 v1 2006-12-09

for sub-regions and for visual components as téxtgpns, links, combos, etc, that could be locaatiem.
The figure 2 illustrates a site interface compolgdome components, while the figure 3 shows igsidin in
regions. The regions could be divided or not, Veree (2005). All the components came from the sgmep,
on hierarchical form, keeping a logical relationvizeen them in accordance with the functionalityed®ined by
the developer, as shows figure 4.

4.2. Layout Management

It is the process to determine the size and positibthe visual objects that are part of the irsteef Two
restrictions will have to be applied:

e Re-dimension: used to modify the size of images and compondifits.minimum width and height can
be kept and also the ratio of the object when #meeswill be diminished. It must be verified if thsslegible or
not.

e Displacement: used to modify the figures and components locadima When it is desired to prevent
the use of horizontal scrolling bar. Also it is dsghen components and figures are not adjustedegian and if
exists space on the left/right in another region.

e Figures and Components: With the size reduction, figures and components lm@arome unreadable.
Therefore some rules must carefully be analyzedrbdieing applied. They are:

o0 Maodification: modify the appearance of the compdsaen figures;

0 Replacement: replace for some similar figure or gonent in case that the browser does not
have support;

o Removal: it removes the object or component in taaedevice does not have support to show
it, as for example, figures on the cellular.
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5. RELATED WORK & POSSIBLE SOLUTIONS
A servlet was developed to test the device recmgnitts function is to integrate the mobile devrefile and a

Web application. For these test it was used theesépache Web TomCat 5.0, the Palm simulator 6dbhalt

and the Web browser 3.0.
Profiles had been stored in a local repositorythedntegration was proportionate by Delivery Cahtabrary
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(DELI). This library was developed by Hewlett Paeka/ (HP) which allows the servlet to deal with des
requests that possess CC/PP profiles, Butler (2@0Z)C/PP profile is composed by the platform haadsy the
software and the browser components with their@etsge attributes. These attributes have charatiesias
Resolution, Collection and Type. Each one has aeval

For demonstration, the first test presented thelaamuprofile detected in a HTML site, as illusgdton figure 6.
Using a local profile repository, the tests preshatspeed advantage in which they are accessed.

The CC/PP profile can be observed on figure 5, vtsbows the archive generated content by the servie
according to the client request. This figure alschoves the hardware component in
http://www.wapforum.org/profiles/UAPROF/ccppsche2@310430 # FramesCapable, that contains the dtribu
in the address http:// www.wapforum.org/profiles®RROF/ccppschema-20010430#FramesCapable informing if
the browser used by the client supports frames.

Other attributes indicate the browser fabricant driie same supports images, tables, the langtgge the
screen size and diverse characteristics that wilbbgreat importance for the interfaces adaptapimtess in
mobile devices.
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Figure 6 - CC/PP Profile of Pocket PC

Based on profiles captured for a personal comprndra PDA a second test was taken using a sitgefektop,
as figure 1 shows. The site was elaborated usingrdes, text figures, boxes, links and a buttonewaccessing
the same site in the simulator, the complete laj@only visible with the use of horizontal scrotli bar and in
the majority of the cases it is difficult to visizd what is shown on the mobile device screenfigaee 7 (a).
Some navigation problems can be perceived, asconple, the left menu presents itself extremelyced, so it
needs the horizontal scrolling bar for readingressrhain menu. As the logo was not reduced it ioossible to
visualize it totally. On figure 7 (b), the visuaizon with 50% of zoom was used, this resource praportionate
by the browser. However the reading of the corttecsbmes an onerous process due to the size aftinees
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Figure 7. (a) Palm Site (b) Site with reduced layout (c) Adapted Site

The figure 1 site was adjusted to the Palm simulsitte of the screen, as figure 7 (c) shows. Thbilmaevice
interface is better visualized if programming tlmmponents of vertical form in contrast to the depkivhich
presents a horizontal layout. The CC/PP profile wsed informing if the browser supports or not ismdrames
and the screen size.

The same site was accessed through a cellularaionds showed on figures 8 (a), (b) e (c). Thainscreen
presents four links, one for each frame, whereuter can choose which of them desires to have f.cths top
screen illustrated on figure 8 (b) sample the legs practically unreadable. The left menu can baalized on
figure 8(c).

The biggest difficulties found on the site navigatin the cellular emulator were the division ofidar screens.
The figures that own texts became practically utabte. In this case the site did not present themeptions,
turning more difficult the navigation process.

According to the use of components after the @stemplishment it be concluded that:

Scrolling Bar: the use of the horizontal scrolling bar in onlyeatirection must be limited. The use of
the vertical scrolling bar in PDAs is indicatedfailitate the reading of the site content. It dkoloe
avoided the horizontal bar due to the difficultycohtent visualization.

Colors:. avoid the use of many colors in the same site. Sdreens are small and the mixture of diverse
colors can confuse the user.

Images: Use small, simple images, and without text. With teduction size process the texts can be
totally unreadable;

Navigation: It must kept one link for the main menu in all g8ies to facilitate the navigation, however
the user will always have to type the site addiessich navigation;

Tables: Not to use very long or bigger than screen sibiet

Texts: In small screens the use of texts is more indit#tan graphical in headings because they are
easier to be adapted and visualized. The pags sitleuld be short. It is indicated not to use ntbaa
three types of letters, avoiding to pollute theifdace layout;

Usability: In the mobile information essential devices muestshown on the first screen, therefore the
faster the user finds what he desires, more usaltile site will have. To the end of all the praces
adaptation carried out for the architecture, thecfionality will have to remain unbroken. This wile
possible due to the use of the described restnistio section 4 together with the techniques of the
layout exhibition as follows:
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5.1. Layout

Two forms of content exhibition will be adopted@AI architecture to turn possible the visualizat@ther in a
personal computer as in mobile devices: reduceslitsgnd original layout.

e Original Layout: On this form of content presentation the origilagiout will be shown by complete,
or either will be shown the site as it was projdcié can be problematic for the amount of inforimat
that must be visualized in the mobile devices, icgushe lack of application usability, navigation
difficulty and the content visualization, therefatewill be used for devices with bigger screers far
example the PDAs.

¢ Reduced Layout: This form of exhibition diminishes the amount ofarmation in the site sending only
the relevant parts. All the sites are presentedafiiee another in only one column, without the resdy
of the horizontal bar clod roller. This way theyutsb be visualized depending on the HTML site
structure or based on the user preferences. A miéthbe adopted on this approach is the priordes
On design time the developer can determine whigions will have to be shown, which one is more
excellent, adding to the code the priority levekath region, in case the layout is reduced. This bf
exhibition will be used for cellular devices.

6. CONCLUSIONSAND FUTURE WORK

This paper presented architecture for Adaptiverfates Generation for mobile devices based on tMCM
model. This work is on development probation. Thsults gotten on the first stage referring to thabile
devices identification had been presented and B&E characteristics for an application that presidhe
mobility resources, as well as, the accomplishesistbad been shown with mobile devices simulatod a
emulators which are presenting the interface visatbn on them.

Future work on this area has to include impleméntadf GAI architecture, providing an adaptatiomgess on
execution time, to the type of mobile device coesith the class of devices, the platform type, aspkcts of the
user context among other factors. This way, withdbvices identification using the CC/PP, assodiatith the
user interfaces adaptation in mobile devices, d@dsired to contribute for a bigger usability oérhin the web
environment.
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