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Abstract—In this paper we present a model-based approach exploring monuments, tourist spots, etc. When he is in front of
for the development of physical hypermedia applications, i.e. a monument which is PH aware (i.e. the user can be sensed to
those mobile (Web) applications in which physical and digital ¢ iy its vicinity and the application has information on that

objects are related and explored using the hypermedia paradigm. . N .
We describe an extension of the Object-Oriented Hypermedia object) he can read data about the monument in his mobile

Design Method (OOHDM) and present an improvement of the device, for example in a Web page; by following links, he
popular Model-View-Controller (MVC) metaphor to incorporate  can also explore some meaningful relationships which this

the concept of located object; we illustrate the idea with a monument has with other objects (its history, information
framework implementation using Jakarta Struts. We first review about the architect, etc). In this way, the user traverses the

the state of the art of this kind of software systems, stressing the diaital h b iqating to oth lated d t
need of a systematic design and implementation approach; we igital hyperspace by navigating to other related documents.

briefly present a light extension to the OOHDM design approach, Some links, however, may point him to other tourist spots
incorporating physical objects and “walkable” links. We next in the same city. Instead of navigating in the usual digital

present a Web application framework for deploying physical way, he has to “walk” the link [20] to visit the corresponding
hypermedia software and show an example of use. We evaluateyq rist spot. In this case, the software system should react to
our approach and finally we discuss some further work we are his intention to navigate by providing him a map showing the
ursuing.
P g best way to access the target place and eventually some active
help to guide him.
. INTRODUCTION Notice that this application behavior, while somewhat sim-

. : . jlar to existing families of location-based services [35], is
Physical Hypermedia (PH) extends the idea of hypermed(_:'3mpletely based on the well-known ideas of hypermedia

navigation to the real world; in a PH application, the (m(?navigation that became popular with the advent of the Web. It

bile) user can explore physical objects and their relatlonshlf%snot surprising then that the physical hypermedia paradigm

with other physical or digital objects. Real world objects a"Ras been considered to be a good vehicle to integrate the Web
augmented with digital information which allows that, when
and the world [19].

Fhfe usetr_ IS In tr?e V'C'E.'lty gf an Ol?i\eCt' hhe_caln z;:_:cetss thISDeveloping PH applications is hard as we have to solve the
information in Aiis. moptie device. AS physical ObJects arg,p qmg typical of hypermedia and Web software [8], [9],
considered nodes in a hypermedia network, and therefore

) : . . . . 8] and besides we have to face the challenges in mobile
information corresponding to such an object may include lin $1d context-aware applications [1]. Summarizing, these are

and thus the user can follow a link to navigate to other relat% me of the engineering problems one need to consider for
objects, either virtually, e.g. when the links are implemente veloping this kind of software:

using a Web browser, or physically by moving to the target . Modeling and Design Aspects: While modeling and

object. design issues have been widely discussed in the Web
PH extends the idea of Location Based Software [35] by gn 1s . y .
e . ,  Engineering community [3], [4] and some issues related
not only providing information access based on the user's . 2
with context-aware and ubiquity have been also the focus

location but also providing a sort of information structuring f h oroi 231 1241, th bl f bini
mechanism (namely hypermedia graphs) which allows users to orresearc pr01e9t§ [23], [24], the problem of combining
the real and the digital world has not been tackled from a

explore information with the well-known navigation paradigm modelina point of view so far. We must be able to clearl
of the World Wide Web, and unifies the ideas in hypermedia gp C X . y
express the physicality of some objects, the nature of

with some of the new concepts in ubiquitous and pervasive “walking” links, the semantics of physical navigation, etc.

computing [31]. Modeling of context-aware functionality is also critical.

Th'z T:;neeletrzczlrgptlre" (;su a;] n:r(])snehtosl:g;t gufci SL:?Ch a; [c?t] « Implementation and Deployment: These concerns involve
9 phy P @g. ) a myriad of problems; while the implementation of Web

* This work has been partially funded by Project PICT 2003, Nro 13623, software is now considered a We”'known domain gnd
SeCyT there are mature frameworks for creating performing



applications, software which deals with mobility issues « We present an easy to use and practical framework for
must deal with some specific issues such as sensing deploying PH applications.
the user’s position in different coordinate systems (e.g.. By describing the implementation of a simple application
latitude/longitude, local location models, etc), mapping we introduce a set of good design practices that help the
this position to the application’s semantics (e.g. in terms  implementer to cope with the difficulties that arise while
of street names and numbers), relating the user’s position building this kind of ubiquitous web software.
with appropriate application objects (e.g. a building in
this address), etc. At the same time we must decide whichThe rest of the paper is organized as follows: In Section
components will run in the server side and which in the e survey related work in this area; in Section 3 we
client deVice; we have to deal with pI’OblemS related Witgummarize our approach and in Section 4 we present the
unreliable network connections, etc. design framework. Section 5 is devoted to describing the
« User Interface Aspects: The user interface of applicatioggvelopment framework by both describing the conceptual
running in small devices (like phones or PDAs) is difficulextension to the MVC and one specific implementation. In
to design; they must simplify the user’s task, thereforgection 6 we present a running example and in Section 7 we
providing an easy to use interaction style, but at the samgefly evaluate our approach. Section 8 concludes the paper

time they can not involve much information to avoidyith the presentation of some further work we are pursuing.
cognitive over-head. Usability is even more critical than

in Web applications [22], [44].

« Placement Issues. Making real-world objects application
aware, implies either enriching them with an IR emitter Physical Hypermedia has its roots in the well-known fields
(such as beacons [25]), or expressing their locations &f Hypermedia and, Augmented Reality and Ubiquitous Com-
terms of geographical coordinates (e.g. with GPS-baspdting. The idea of adding Web presence to real world objects
sensing is used). In either case, we have to deal witlave been early explored in [25]; the use of these ideas to
new problems: can we be sure that IR emitter will baénprove collaboration in social settings by using some kind
“seen” by the user’s device and also correctly identified® augmented reality have been explored in [12]; a good
how do we deal with objects which can change thegxample of providing hypermedia functionality to the mobile
positions (e.g. in a museum or exhibition)?. user has been shown in [6]. However the term PH has been

coined in [17] and later elaborated in [19]. Topos [17] allows

Many of these problems have been discussed and Sol\pganipulating_and m?i”tai”ing spa_tial r(_alations_hi_ps be_tween
in the broader fields of mobile and context-aware computir{glxed materials (digital and physical) in a tri-dimensional

[21], [34], [38]; some of them have been already dealt with ifi vironment. It is a physical hypermedia system providing

the hypermedia community (as discussed later in the Relaféﬁ?r‘?’ with a d'g'ta.l wor.kspa}cg which is famlhar to they
Work section). physical workspace in which digital representations of physical

We have been working on different aspects of the ow'iterla| can _be linked to pure digital objects and grouped in
mixed collections.

application's life cycle. In [16] we presented a modeling HyCon [19] meanwhile is an object-oriented framework

and design approach that allows a high-level specification v%ose goal is to extend the Hypermedia paradigm with the

the intended functionality of a PH application. In [15] we__": . . . ;
. . L manipulation of real World objects. In particular, it has been

analyzed a more complex engineering aspect of this kind 0 : o

used to create context-aware hypermedia systems; it supports

software: how to clearly decouple the most critical CONCerNS. i 2l mechanisms of Hypermedia such as navigation, in-

that designers face when building PH software. We defined the . . . . .
|oermatlon searching, notations and implementations of guided

concept of concern-driven havigation to support the user Whl urs in the physical (real) world. In addition to the facility

exploring different application themes and to clearly separattga extend digital with physical objects, HyCon supports au-
digital from physical navigation. '

. . tomatic collections of contextual and social information and
In this paper we describe the whole development approagh .\ < with different types of mobile devices

particularly, we descrip €a software_ fra}meworK that allows In [32] meanwhile, an object-oriented framework called
segmlgss implementation Of.PH applications. This frameworll-(]yperReaI, based on the Dexter hypertext reference model
which |mplem_ents an extension of the popular MVC metaph L presented. HyperReal allows building augmented reality
_has been built on top of the well-known Jak_arta Struts Ja plications, using the basic abstractions mechanism of the
mfra_stru_cture [41] and therefore can be easily used by W xter model [18]. HyperReal uses concept from adaptive and
appllcatlor_l deS|gr?ers_. _ . spatial hypermedia to integrate, in the same setting, virtual
The main contributions of this paper are the following:  jocyments, 3D environments and the physical world to build
« We describe the process of developing PH applicationsixed reality applications.
from a Web Engineering point of view and present an In [20] the authors describe proXimity, an approach for
original model-based approach which covers the whoieproving user’s accessibility to real world objects by giving
development life cycle. them a hypermedia presence. The main goal of proXimity is to
« We show how to incorporate the concept of location iextend the metaphor of links to the real world and to show how
the MVC metaphor for interactive applications. the basic ideas behind adaptive hypermedia can be applied to

Il. RELATED WORK



physical hypermedia spaces. The idea of “walk” the link if82]. Our objective meanwhile is to provide a modeling and
proXimity inspired our WLinks (described in Section 4.2). design approach and a development framework by reusing and

Closely related with this field we can mention the UWAextending existing methods and software. We have carefully
project [43], which has aimed to the design of ubiquitousnalyzed the main requirements for a development approach;
Web software. The UWA design model, described in [23jn summary it should:

[24], comprises different sub-models covering the various,
aspects of a typical customizable Web application: the core
domain model, the user’s context (which itself comprises the
technical, location, social and other sub-contexts) and the
adaptation rules. All these components are modeled using g
light-weighted extension of the UML [42].

Our research is different from the work in [19], [20], [32]
because it has been initially oriented towards the modeling
and design of physical hypermedia applications more than the,
run-time support. We have emphasized the need to produce
implementation-independent descriptions of PH applications;
while [19], [20], [32] describe software substrates for imple- ,
mentation, we aim to produce design documents that can be

Simplify the development of this kind of software, pro-
viding reusable classes and semi-complete application
structures together with “hot-spots” in which developers
can add the specific aspects of their own applications,
Allow a clear separation between application objects and
the lower level aspects needed to indicate their physical
position and to check whether a user is in front of an
object,

Support different navigation strategies, such as digital (as
in the Web) or physical, allowing the designer to easily
implement both of them,

Provide ways to maintain basic contextual information,
e.g. when the user navigates digitally, keep the physical

later implemented in any run-time setting. Once the intended
structure and behavior of a PH application has been specifieq
using the extended OOHDM, it could be implemented for
example using HyCon or HyperReal. From the implementation
point of view, we believe, that for these technologies to

become mainstream, some standardization at the level ofjnq)y applications built using the development framework
implementation architectures is needed. To fulfill this objectivg, 14 also support conventional access, e.g. from a desktop
we made a proof of concept by both extending a well-knowt} o\ ser. In the following sub-sections, we briefly describe
standard paradigm for interactive applications, the MVC ang, .o background concepts that we will use throughout the

materializing this gxtension in a popular framework for WeBaper, namely the philosophy underlying our design approach,
software, Struts. Different from UWA we decided to keep thg,q the basic concepts behind the MVC metaphor.

design approach compact and to rely on the mature OOHDM
by devising a light ex-tension which supports physical objects )
and walking links. A. Design Issues

links corresponding to the current location visible,

Be easy to learn for Web developers; this means that it
should not depart too much from existing Web software
infrastructures.

We define a PH application as a hypermedia application (i.e.
the access to information objects is performed by navigation)
In this section we summarize the most important aspe i? WhiCh al! or some gf the objects of intergst are real-world
of our approach and give an overall view of the Whol%Bjects whlch are visited by the user “'phy3|cally". Thg most
development process. In Figure 1 we show a graphical re sual scenario for these applications involves a mobile user

: £ Physi .I H di d its relationship wi d some location sensing mechanism and underlying software
\r/(\a/zgnstif‘ltevnaroe ysical Hypermedia and 1is relationship W'E at can determine, for example, when the user is within

' interaction range of one of these objects. Objects of interest

can also move and eventually the user may not be mobile and
explore objects which are put in his interaction range (e.g. a
production line in a factory in which application objects like
products move through the line and the user is standing in
some place). A good example of this kind of application is
presented in [17].

For the sake of conciseness, we also assume that digital
information (data about physical objects and links) is obtained
from a Web server and navigated using a browser (see Figure
1).

We chose to extend the Object-Oriented Hypermedia Design
Method (OOHDM) [37] by incorporating the concept of physi-
cal objects and “walking” navigation [20]. In a PH application,
we aim at expressing, in an implementation-independent way,
which are the objects of interest and their properties (including

As previously discussed, researchers have emphasizedttier location), how they are linked, which links should be
feasibility of the PH paradigm by building software infrasimplemented as conventional and which should be “walked”
tructures that support the ideas underlying PH [17], [19%y the user. Following our approach, a PH application is

IIl. OUR APPROACH IN A NUTSHELL

Physical Objects

Hypermedia Network

[oiior |

rver

“Pure” Digital Objects

Digital Counterpart of
Physical Objects

Fig. 1. Physical Hypermedia and the Web



developed in a four stages process: application modelingetaphor, used in every modern middleware platform for Web
navigation design, user interface design and implementati@pplication development. Our extension basically enhances the
In Figure 2 we show the basic OOHDM approach togethepntroller component of the MVC making it location-aware,
with the hot-spots in which PH specific features are modeleahd therefore being able to respond to requests containing
physical locations.
In the following sections we describe our approach in more
detail; for the sake of conciseness we concentrate on the
Physical Hypermedia server-side. Details on client side aspects such as providing

Hot-Spots

Conceptual Model o communication mechanisms between sensing hardware and
D ibi We must indicate
lescribin . .
Appicaton Classes opinich classes software and Web browsers, though important in our research,
an ehaviors : . . . .
objects and stors are outside the scope of this paper. When some functionality
has to be assumed in the client side, we will make it explicit
o in the paper.
Conceptual Objects
S'orpe‘ qodfs are
Navigational Modiel P hers s for IV. THE DESIGN APPROACH

Indicating
Hypermedia Classes
(structure and
topology)

physical objects
As previously described we have adapted the OOHDM
Conventional and development framework by including some features which are

“Walking” Links must

"o onode. be specifed specific to PH software. We limit our discussion to these novel
Interaction behaviors . . . s
ke roces and features and ignore the use of basic OOHDM primitives to
nterface Mode! qetnoss improve the design of PH applications. Further information
Specltingthe D D on these aspects can be read in [15].
Feel and Interaction O
eel al SM: actio D D D 5
~_ A. Application Modeling
During application modeling we produce a two-layered
Fig. 2. The OOHDM approach for Physical Hypermedia model; the first layer contains the application objects, their

properties, relationships with other objects and behaviors,

described in UML [42] as in the standard OOHDM approach.

B. The implementation approach In the secon_d layer, and for these glasses_ Whosg instance
] _ may have physical presence, we describe their physical coun-

One of the key requirements in our research was to cregé@parts. Physical classes are described as roles, in fact deco-
a development frame-work which was stralghtforwa_rd to U$8tions [39], [14] of base application classes and contain, by
for developers of Web software and also not to tight to @fault, the object’s location, geographical relationships among
specific development platform (such as .Net or J2EE). Wgem, and the basic behaviors needed to manipulate positions,
therefore decided to rely on the MVC metaphor, which igych as determining if the user is in front of the object or
widely supported in different platforms and then to instantia@ammaﬂng how to reach a physical object. In Figure 3, we
our solution in each specific environment. The Model-Viewshow these two layers.

Controller [27] is perhaps the most established paradigm forthe two physical classePH_A, and PH.B) wrap appli-
developing interactive applications. Originally developed fQfation classesA and B, thus obliviously adding them their
plesktop software in the_cont_ext of the Smalltalk envir_onnjerﬁhysicm properties. As shown in Figure 3, concrete physical
it has evolved and it is widely used in Web applicationg|asses inherit location properties which are further decoupled
development. It proposes to partition the concerns of @Ry the abstract cla®hysicalObjectnd included in abstract
interactive application in three components. class Location and their sub-classes. Details about location

« The Model, which contains the basic application’s dat@odeling, location properties and behaviors can be read in

and behaviors. [28].
« The View(s) which comprises the user interface objects. Physical classes may also exhibit geographical relationships
« The Controller(s) which is in charge of managing us&juch asnear, besidg etc; some of them will be expressed
interaction, and coordinating the View and the Model. explicitly between specific objects, others will be calculated
on the fly when needed.

The MVC has been implemented in different platforms and Physical classes may also have attributes which describe
there are dozens of tools supporting software developmeig physical object and which don’'t make sense in its digital
with the MVC, for example [26]. counterpart: in a painting we can describe information about its

We chose to extend the MVC model for several reasorectual placement, surroundings, data about recent restorations
first, MVC provides a reasonable model for separation @fhich may be unnecessary in a “pure” digital access (other
concerns in (mobile) Web applications; besides, we have usadamples are shown in Section 6). This layer may also contain
MVC-based architectures to support the implementation stagfgiects which do not make sense in the digital world, such as
for OOHDM models [11], and finally it is a well-known streets, corridors, and other “pure” physical objects.



property of Decorators, see [14]). This allows that all nodes are

Physical Application

which means that the semantic of digital links is similar
to a conventional link in hypermedia, i.e. when the link is
activated, the target node is opened. Physical or “walking”
links (WLinks) express a relationship in which the target object
is physical, and therefore exploring the object implies that
the user must change his current position. When the user
activates a WLink, he is indicating his intention to explore

By separating physical from digital properties we agthe target; the system response may be a map or plan to guide

modularity to our design and therefore simplify applicatioffim t0 the target object. He then has to “walk” through the
evolution. For example, a navigational model can be built Bik @and when he arrives to his destiny, he is sensed and
solely considering digital objects, thus yielding a “converf® corresponding node is opened. Physical links might be
tional” Web application. As technology evolves and we hayderived from both conceptual and geographlcal relationships.
new possibilities for object sensing, we can add new Physicl” €xample, while we are exploring a monument we may
classes without disrupting base classes with the new, physidgve links to other objects of interest which are “near
features. (which means a geographical relationships) or to other spots
Our approach also allows greater flexibility with respect tyhich have a stronger semantic relationship, for example a
the process of adding physical presence to application objeffnument which was built by the same architect. o
Roles (and their lower-level counterparts, object decorators)/VLiNks are not a particular meta-class of OOHDM links;
are handled at the object instead of the class level. TiSt€ad we decided to engineer them by refining the default
schema in Figure 3 implies that we can decorate individugghavioral response of links, which in OOHDM is defined as a
objects with physical properties. This means that a particuf§fParate class (using the Strategy pattern [14]). This solution,
application class (e.@Church can have some instances whictf€scribed with detail in [15], allows defining the “walking
can be explored physically, i.e. they have a location (whidtfture of a link in an instance basis. In Figure 4, we show
means, of course, that there are ways to sense the uself, relationship between two navigational classesst and
front of them): however, there may be churches which c&ppurchand a linkworkedInwhich allows navigating from the
not be explored physically, for example because they are dgscription of the artist to those churches in which we can see

restoration, they are far from the place in which the applicatidhs 2rtworks. Thecw> 'tgg indicates that ins’tances of this link
runs or simply they do not exist any more (though we may/@sS may be WLinks; in this way we dc_Jnt need to deflne_ a
have digital information describing them). ifferent class for targets (churches) which are not accessible

Treating the physical counterparts of application objects RBYsically (e.g. they have been destroyed) though we still have

roles, that they can play, is a better solution than deﬁniﬁﬁformation on them. Of course it is possible to define a digital

specializations of application classes; in this latter case Wk Which connects this two node classes; in this case the link
pollute the application class hierarchy with location issues aifill b€ traversed “just” digitally.
besides an object belonging to a “physical” sub-class can not

loose this peculiarity for example if the object is not longer

available physically because physical properties are defined at ArtisiNode ChuchNode
a class level. In the role-based solution, an object can play > >
the physical role or not dynamically because to cease playing workedin
the role means just changing the value of an attribute; this is

important if we want an object to be temporary not accessible

in the real-world (e.g. an artwork or monument in restorationy!9- 4. Walking Links vs. Conventional Links

Layer i Layer built similarly, i.e. there may be no essential difference among
Physicaloniect v | Digitalobiect viewing digital or physical application objects (an interesting
location | . . . . . .
fihnn'%mgo T ! exception can occur with links outgoing from a physical object
A ﬁ%ﬁ | as described later).
Geographic | [ Symbolic i A B ° ° Links meanwhile can be digital or physical. A digital
] H “ 1 ” 4 4 H H
i - ’ link allows “conventional” navigation (i.e. as in the Web),
! .
|
1
I
|
T

Fig. 3. The products of Application Modeling

o ] Similar to the base OOHDM approach we can define
B. Navigation Design navigational contexts, i.e. set of nodes with some common
The navigation model specifies which nodes the user wiltoperty, according to geographical properties to allow the

explore and the links connecting these nodes. Nodes aer to explore them physically. For example the conltéom-
defined as views on application objects or on their physicaments near the river Seirmntain all instance of navigation
counterparts and contain the information to be displayed to tbkass Monument whose corresponding physical counterpart
user. As physical objects act as decorators of digital objecsstisfies the predicateear with the objectSeine The context

a node which is built on a physical object has access to bd@fhurches by Neighborhooihdicate all Churches which are
physical and “pure” digital information (as a consequence oflacated in the same neighborhood. In this case the property



fulfilled by all churches is not necessarily represented withimated in the user's movement, and to manage the triggering
geographical relationship (but perhaps with an attribute whidf physical links.
contains the name of the neighborhood); traversing the node§he main rationale behind this decision is that we found
in the context implies traversing WLinks. Physical Guidethat both the View and the Model components can support
tours as those shown in [6] are also described as navigatioR&l functionality, without modifying their essence. Notice that
contexts. More examples on navigational contexts related witillowing our approach, a software engineer builds a slightly
physical properties can be read in [15]. more complex model (which contains physical classes); how-
Once we have specified the application and navigatioreMer the responsibilities of the model component are still the
models, we can proceed with the abstract interface modgime as in the standard MVC.
which, for the sake of conciseness, we don't describe inAs explained before, the Controller acts as a coordinator
this paper; details on our interface primitives can be read @mong the Model and the View. In our extension, the controller
[29, 37]. The application can then be implemented; thougtill need to identify if a request implies managing a location,
OOHDM does not prescribe any particular run-time settingnd it will be in charge to process those requests that do
we next show our strategy to implement PH applications anvolve location information. We next describe some high-
top of the MVC model. level issues in our extension.

V. A MVC FRAMEWORK FORPHYSICAL HYPERMEDIA A. A conceptual view of the Location-Aware MVC

A PH application has two main differences with a con- "€ fwo main components of the controller, in a Web
ventional Web application: the first one, which implies th&€tting, are according to [26]: thiaputController and the
strongest requirement for a development framework relatBPlicationController Their main responsibilities are the fol-
with the mechanism for opening pages. While in Web softoWing:
ware, nodes (i.e. pages) open as the result of the triggering The InputController extract relevant request information
of a link, in PH the node corresponding to a physical object and cooperate with thapplicationControllercomponent
opens when the user stands in front of that object; in other to specify whichActionwill be executed, invoking it in
words, as the result of the user movement, a node might need the appropriate context.
to be opened. The second one is that the triggering of WLinkse The ApplicationController component coordinates the
does not imply that new information is presented to the user, application logic flow, the error handling, maintains
but that a path to the target object should be provided by the long-terms states and decides which view will be shown.
system. In both cases, there is a request to the application:
the first one should be generated (implicitly, via a push or Our extension involves mainly modifying thimputCon-
pull mechanism) when the user is sensed to be in front wbller, since it deals with resolving a parameter of the request,
a meaningful object, the second one has to be mappedirigarticular the recognition of the physical object in the user’s
the process of triggering a link. The solution presented iricinity. For the sake of modularity and compatibility with the
this paper involves the extension of the MVC architecturgtandard MVC, we avoided changing this component but we
pattern to support some kind of location-based behavior. iAtroduced a new separated one, thecationController In
slight extension of client software (e.g. the browser) is alshis way, we didn’t clutter the standard controller with new
necessary to provide the corresponding information on sengadctionality and, besides, both of them can evolve separately.
data. The LocationControllerwill deal with those implicit or ex-

As explained before, in the MVC metaphor, the responsgiicit parameters which correspond to requests that involve lo-
bilities of the application are divided in three coarse grainethtion information. Considering that the kind of pre-processing
components: the Model which contains the application objectsseded by a broader range of applications might eventually
the View which deals with interface issues and the Controll@wolve other issues, we devisedDaspatcherControlleras a
which handles interaction. In a simplified interaction, the us@acade [14] to determine which specific controller receives
perceives the information of the model; this information isontrol; i.e. depending on the nature of the application the
shown in interface objects (which comprise the view). WhebispatcherControllerestablishes which Controller will be the
he exercises the interface (e.g. clicking on a button, selectiagtuallnputControllefs collaborator as shown in Figure 5. In
an option, filling a form, etc), the interface event is handleithe case of requests which do not need any pre processing,
by a controller object, which in turns decides which is thtéhe DispatcherControllerdelegate control directly to thAp-
model object that will provide the application’s response. OngdicationController.
the model returns control to the controller, it generates a newThe DispatcherController analyzes the request. If it
view and the cycle begins again. As a consequence, in tke a pure digital request it delegates control to the
Web applications domain, controller objects handle part of tipplicationController If the request involves location
application logic flow. information it delegates to théocationController which

We have thoroughly analyzed the standard responsibilitiedll analyze the location issues. A complete diagram of the
and concerns of each one of the MVC's components; vextended MVC architecture is shown in Figure 6.
decided to extend the scope of the Controller component to
support location-aware requests, those requests which are orig-



This functionality corresponds to the case in which the
DispatcherControllerdelegates control to eithéocationCon-
troller or to the ApplicationControllerin Figure 6.

Both, the configuration of the ne®ervlef and the format
of the location-compliant URL are configured in the Struts file
web.xml as shown in Figure 7.

Application
Controller

XController
Location
Controller

YController

Input Dispatcher
Controller Controller

Fig. 5. A new Controller Schema <web-app>

<servlet>
<servlet-name>action</servlet-name>
<servlet-class>org.apache.struts.action.
ActionServlet</servlet-class>
</servlet>
Businnes — <servlet>
<servlet-name>location</servlet-name>
<servlet-class>org.apache.struts.location.
LocationActionServlet</servlet-class>
</servlet>

object

. . . <servlet-mapping>
Fig. 6. Extended MVC for Physical Hypermedia <servlet-name>action</servlet-name>
<url-pattern>*.do</url-pattern>
</servlet-mapping>
<servlet-mapping>

The LocationControlleris activated to analyze a request <servlet-name>location</servlet-name>
. . . . . . . <url-pattern>/location/*</url-pattern>
which implies location. Therefore, it will have to deal with </serviet-mapping>

that location using the same location techniques (and models)
which the actual application uses. Once the location has been
analyzed the processing proceeds as an ordinary request. If
this, theLocationControllergives control to theApplication-
Controller, which itself works oblivious from the nature of the We next examine how to carry out thecationControlleis

request. task. PH applications may use different location models (e.g.
To make this discussion more concrete we detail one specg bolic, geometric, etc): this means that the location con-
materialization of this idea: and extension to the Struts [43]iheq in the request has to be interpreted in the corresponding
implementation of the MVC. location system to obtain a correct result. To achieve this goal
we decoupled the corresponding functionality and create a

hierarchy ofLocationFinderclasses.
LocationFinder is an abstract class which describes the
There are basically three standard ways of extending tbemmon functionality of all location finders. Concrete sub-
Struts framework: classes (e.gSymbolicLocationFindgrallow the developer to

« Creating aPlugln; this option is used if we want to adgspecialize this functionality.

some customized business logic at the beginning or eng'he ConcreteLocationFinderis configured in the file
of an application. web.xml as an additional initialization parameter of the servlet

. Create aRequestProcesspif we want to execute some LocationActionServlefThis is specified as shown in Figure 8.
business logic during the processing of the request.

</wet;.-.app>

Description of Struts configuration file

B. Adding Location-Awareness to Struts

<web-app>
« We can also extend thActionServlet if we want to
execute some business logic either at the beginning <serviet>
or end of an application or during the processing of <init-param> _
the request. However, we should use thetionServlet e e o er
only for those cases in which neithdé?lugins, nor ~ <Iparam-value>
RequestProcessorsan fulfill the intended functionality. </init-param->
In the case of ouDispatcherControlley none of these <Iserviet>
extensions can provide its functionality. </web-app>

By distinguishing the format of a URL contained in &Fig. 8. Specifying a ConcreteLocationFinder
request, Struts allows to define more than one cor8sol/let
In our implementation, a URL with the traditional format Concrete sub-classes afocationFinder must implement
(*.do), will be dealt by theActionServiet Meanwhile, a at least two methods: one to identify the physical object
URL with a location-compliant form (in our case /location/*)the user is facing ifFrontOf), and the other that returns
will be analyzed by thelLocationActionServletThis is an the path between two physical objectsowToReachFrom
easy and straightforward way to implement the task of thgach concrete sub-class implements this functionality using
DispatcherController the concrete location model and interacting with physical



(application) objects defined in the Model component. The In this method we process the request, determining if it
abstract specifications of these methods L{@tationFinde) involves a search for a path or for an object. Depending on
are as follows: the nature of the search, it will invoke the appropriate method
in the corresponding.ocationFinder
public abstract Object inFrontOfObject(HttpServietRequest To determine how the controller establishes whether the
obj); request involves an object or a path, we @sionMappings
in which all information about the request is stored. Struts
public abstract Object howToReachFrom(Object fromallows definingActionMappingswith additional information
HttpServletRequest to); besides the default one, provided by the framework itself. We
therefore defined a customizettionMapping namely, the
As the objects returned by these methods must be used biodzationActionMappingThe LocationActionMappingyill be
by the Actionsand by the JSPs (the View) we make themassociated with th&ocationActionServigtwhile the Action-
persistent by storing them in the Struts’s session, under tBervietwill be still related with the defaultActionMapping
name specified by the developer in the configuration file @sovided by Struts.
shown in Figure 9. The LocationActionMappingbesides the default properties,
<web-app> defines a new onepcationEvent which allows to specify

o which of the finder methods will be invoked by thecation-
<servlet>

RequestProcessoWe indicate this as shown in Figure 11.

<init-param> ociNamec This property is defined in the configuration file location-
< -| > < ~| > . . . . . .
<paramvalues Name of the physical abject struts-config.xml, (the configuration file dfocationAction-

i </param-value> Servle}. It is worth noticing that this property is mandatory,

</init-| > . . . .

<init-param> because without this information the request can not be
<param-name>travelName</param-name> processed.

<param-value> Name of the travel object
</param-value>

</init-param> <location-action-mappings>
</ser\./.lét> <location-action
... locationEvent="inFrontOf" .../>
</web-app> <location-action

...locationEvent="howToReachFrom" .../>

Fig. 9. Specifying session’s names for physical and the travel objects </location-action-mappings>

Following the standard way to extend Struts with specifigg. 11. Specification of the locationEvent's property in the configuration
business logics, we decided to create a specialRequest- file
ProcessoytheLocationRequestProcessavhich is configured
in the file location-struts-config.xml as shown in Figure 10. All configuration files are related with DTDs, determining
the internal structure of these files. When adding a new
property in location-struts-config.xml, we need to define a
<controller processor-class= new DTD ( location-struts-config_1.dtd ) including this new
orgapachesuslocan, property, in the file siructure.

To change the file structure it is necessary to consider
that parsing rules of this file change; therefore we define
new rules in the_ocationConfigRuleSetllowing to parse the
location-struts-config.xml file.

<struts-config>

</stru.t.s.—config>
Fig. 10. Specification of LocationRequestProcessor

In Struts there must be a one to one correspondenceI the relationshio bet the MVC el t q
between a control servlet and &RequestProcessor n summary the refationship between the elements an

Therefore, the existing StrutsActionServiet will  still those that arise from the extension of Struts can be represented

correspond with th&RequestProcessdo assure compatibility, as shown ”,] F'gt?re 12. o
and the LocationActionServietwill correspond with the The relationships between the conceptual specification and

LocationRequestProcessor the Struts implementation is determined as follow:

The LocationRequestProcessorcollaborates (with the « The behavior of th®ispatcherControlleiis solved using
mediation of thelocationActionServig¢twith the concrete the structures of the URLs.

LocationFinder to implement the pre-processing of the « The functionality of theApplicationControlleris solved
request. LocationRequestProcessoris a sub-class of using the Struts Framework.

RequestProcesspand redefines the following method: « Responsibilities of thd_ocationControllerare obtained

by defining component’s specializations of the Struts
protected boolean processPreprocess(HttpServietRequest Framework which in turn, collaborate with new
request, HttpServletResponse response) components.



will be used to store them in session for physical objects
Foquest ! and paths.
Servit = i « Create the _appll_cat|oAct|ons_and configure them in the

! corresponding files depending whether they are related
» st;ugsmnﬁgxm. | with location issues or not (location-struts-config.xml and
Locationtontoter e ] struts-config.xml).
Request Action « Create the corresponding JSPs depending the information

we need to show.

Request

Action

*.do

ocation
»{ Config
RuleSet

Concrete

@3]
location-struts-config.xml Location

E location-struts-config_1_1.dtd Finder

VI. A RUNNING EXAMPLE

To illustrate our ideas, we next present a simple example
in which we show the modeling and design approach and the
instantiation of the framework in practice.

As a proof of concept we have instantiated the framework

Figure 13 shows how control flows through the elementd & Natural Sciences Museum, which contains skeletons of
involved in solving a request. prehistoric animals. Our prototype uses a particular sensing

device (infrared sensors) and location model (symbolic). How-
ever, most design decisions can be easily understood while
analyzing the example independently of these specific features.

Mapping 1 Mapping 2 Mapping 3 .
. A. Design

We first produced a conceptual model, including the location
enrichment. In Figure 14, we show a simplified conceptual
model including some attributes and relationships for animals
and the period in which they lived. THecation attribute has
been simply defined as an identifier, because we used a sim-
ple symbolic location model. The clag&ysicalAnimalalso
includes some attributes corresponding to the physical object.
Objects in the conceptual model have been instantiated and
mapped into a Java implementation which finally represents
the model of the MVC triad; the specifications of nodes in

Fig. 12. The complete Struts extension for handling location data

5.]

1.

Location 2 Location
Action [—»  Request
Serviet 8. Processor

4

3.
View 2
9.
Location
Finder

Fig. 13. The control flow of a request that involves location the navigational model were used to produce a set of JSP
specifications (some of them are shown in Figure 20.a and

In Figure 13 the following event/transitions occur: 20.b).

1 The request is handled by thecationActionServlet

2 LocationActionServletlelegates control to thieoca-
tionRequestProcessor e S

3 LocationFindergets the control. phseaReatersp E—

4  LocationFinder localizes the physical aspect and | " f : i ‘
returns control to thé.ocationRequestProcessor (e lemenmersimg | (| [

5 LocationRequestProcessajueries the correspond- — . =0 B —
ing LocationActionMappinggo determine the cor- 0 anma o0 {non ] 1 - osngsto
respondingAction

6 LocatlonRequeStPrOCESSQNeS control to the ade- Fig. 14. Application and Physical Models for the Museum
quateAction

7 TheActionrealizes the corresponding model opera- The classPhysicalRelationshipmodel the path between
tions and returns control to theocationRequestPro- gitferent physical objects. For simplicity, in this example the
cessor _ _ path is expressed astvelMapthough it could be enhanced

8 LocationRequestProcessgives control td_ocation- g pe further more elaborated. Notice thaavelMaps are
ActionServlet objects with no digital counterpart in the model.

9 Control is forwarded to a new view. An oversimplified navigational schema is presented in Fig-

ure 15. Nodes for animals show the same attributes defined in
One of the advantages of our approach is that the framewehg¢ conceptual model; they are described as views on class
is very easy to instantiate for a specific application (i.e. RhysicalAnimalin Figure 14. All links pointing to animal
particular model in the MVC). We only need to: nodes are tagged as WLinks; when populating the information
« Specify a Finder to get physical objects and to compubmse one could treat one instance of those classes as a digital
paths between two physical objects; specify the name thiak (if the animal’s skeleton is not in the Museum).
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<struts-config>

<W>

<action-mappings>
AnimalNode

<action path="/DigitalRelationship"

type="example.actions.
W W DigitalRelationshipAction"/>
PeriodNode EraNode

</acti.c;.n—mappings>

</struts-config>

Fig. 15. Navigational Schema of the Museum example
Fig. 17. The configuration of file struts-config.xml

B. Instantiating the framework The configuration file location-struts-config.xml, contains

For the sake of understanding we separate the configuratiflg configuration of physical information as shown in Figure

step from the explanation on the dynamic aspects. 18.
Path and type attributes have the same semantics than in

1) Configuration IssuesThe following steps are necessaryrigure 17. The attributebcationEvenindicates which method
to create a running application using our framework: firstnust be invoked in the Finder.
we need to create a Struts project with the framework asPackage example contains another package namely loca-
the library; second we need to implement a specific findgonActions in which classemFrontOfActionand HowToRe-
(we will call it ExampleLocationFindgmwith two outstanding achFromActionare specified. The first one is used to handle
methodsinFrontOfObjectandhowToReachFroniThe first one requests when the user is in front of a physical object, the
identifies the object the user is facing, the second searchesegond one is used when walking a link. Claskd#gontO-
path between two objects. fAction HowToReachFromActiop DigitalRelationshipAction

In our prototype each physical object (skeletons of animadge subclasses dfction
in the museum) has been assigned a code and the beacdrinally we have to specify the JSP according to the infor-
placed in the object emits a signal with that code. For exampteation we want to show; in this case we need to define one
the Herrerasaurus emits “1”, while the Diatrina emits “2"for presenting digital information and another one to present
The implementation oinFrontOfObjectreturns the associatedthe path to an object.
object by querying each object with the code which has been

i i <struts-confi
received in the request. struts-config>

The web.xml file is configured as shown in Figure 16. <location-action-mappings>
;iocation—action path="/InFrontOf"
<web-app> locationEvent="inFrontOf"

- type="example.locationActions.
<init-param> ' InFrontOfAction"/>
<param-name>finder</param-name> <location-action path="/HowToReachFrom"
<param-value>example.finder. locationEvent="howToReachFrom"
ExampleLocationFinder</param-value> type="exmple.locationActions.
<finit-param> HowToReachFromAction"/>
<init-param>
<param-name>objectName</param-name>
<param-value>physicalObject</param-value>
</init-param>
<init-param>
<param-name>travelName</param-name>

~_<param-value>physicalTravel</param-value> Fig. 18. The configuration of the location Actions
</init-param>

</location-action-mappings>

</struts-config>

<fweb-app> 2) Dynamic AspectsTo complete the description of our
running case, we will show how things work in the framework
Fig. 16. Specifying the initialization parameters of the application as the user moves. We assume that the client is running the

needed software to map the signal of a sensor into a browser
In the specification of Figure 16, “exam-request; this functionality can be performed by an applet in
ple.finder.ExampleLocationFinder” jeans that in the packagee JSP or a java application embedded in the browser.
example there is a package named finder containing the Clas$he client must check if the beacon has emitted some
ExampleLocationFinder PhysicalObjectand physicalTravel complete signal (e.g. because the user is facing a physical
are the names in which a physical object and path are storssject).
in the session. To achieve reusability of the client software we can either
The configuration file struts-config.xml indicating actionset a variable in the applet, which will contain the specification
related with digital information looks as shown in Figure 17of the application and path to send the request, or the path can
The attribute path allows specifying how the action will bée obtained directly from the browser which is embedded in
invoked in the corresponding JSP. The attribute type indicaté java application.
the Action class which will handle the request, in this case Suppose that the user is in front of a Herrerasaurus (whose
DigitalRelationshipActior(in package actions). corresponding beacon emits the identifier “1”). The client



11

software generates a request of the form: composite or atomic). In this case the page is composed of
two sub-views: one for the digital and the other for physical
.../location/InFrontOf?id=1 information. We use the View Helper pattern [7] to express that

each view delegates code processing to helper classes. Helpers

In Figure 19 we show how this request is handled. When tive our case are custom-tags which have been used in our
request arrives, the framework detects (from the configuratilamework to present both physical and digital information.
file) that the URL corresponds to a location and therefoféinally, Builder [14] is a creational pattern used to represent
it gives control to theLocationActionServletThis delegates the JSP which is visualized by the user from the digital and
in the LocationRequestProcessdhe pre-processing of the physical information which are stored in the session. Physical
request. The.ocationRequestProcessmvokes in theExam- information is stored under the nanpdysicalObject while
pleLocationFinderthe methodinFrontOf(HttpServietRequestdigital information is stored after the execution of tAetion
req). This method searches the physical object which corrender the nameligitalObject Figure 21 shows a schema of
sponds to the code “1” by collaborating with model objectshis collaboration of pattern instances.
The ExampleLocationFindedetects the corresponding physi-
cal object (in our example the “Herrerasaurus”) and stores it
in the session under the namhysicalObject e

Once that the request pre-processing is finished, control Herrorasaurus T Ra
returns to thelLocationRequestProcessavhich queries the ZT”h”y.qw?m‘ K'“y%;"gb%éé“
LocationActionMappingio detect whichAction corresponds Trassic Period Mesozoic Era
with the URL. ’ gioso\rancﬁ;ed downstairs, :;iosolrt:‘cl’::/ted downstairs,

According to the configuration of location-struts-config.xml, Diatina Diatina

Iguanodon 1 Iguanodon

this request must be handled byFrontOfAction Afterwards
the corresponding JSP is generated (Figure 20.a), it retrieves
the information from thephysicalObject which has been

stored in the session. Fig. 20. a) Exploring a physical object. b) Pure Digital navigation
Location Location Example Location
Action Request Location Action InFro_n tOf JSP 7
Servlet Processor Finder Mapping Action -
.../location/ Herrerasaurus Composite JSP
inFrontOf? Small canivorous dinosaur, - PN
id=1 with an antiquity of 210 Digital JSP // o \\
inFrontOf(request) million years oo / ~ 0\
:I Triassic Period | Custom-Tags | 1 \
. . . i ( |
createActioninstance() o ;;:ﬁ?}eu GRS, ] Physical JSP \ /,/""’7""\\ /
. - Diatrina | Custom-Tags | A phisicalObject ) /
o Actigninstance D, \o——
perform() N forwardTo() / \ I
Composite View Helper View Builder
Fig. 19. Viewing information on a physical object Fig. 21. Using patterns during framework instantiation

The generated JSP (Figure 20.a) contains in its upper parf\s previously discussed Physical links pose another im-
digital information and links; in the bottom we have place@lementation challenge. For example when the user selects
physical information and links. Though this separation is arbiDiatrina” (another physical object in the museum), he should
trary and can vary for different applications, it is useful whehe instructed on the best way to reach the object, e.g. showing
one wants to preserve physical links (those which depend bifn @ map as shown in Figure 22.
the user’s location) while the user navigates through physical
information; this allows us to provide digital navigation (e.g.
the user clicks on “Triassic Period”) without changing the
physical links exposed to the user. This means that while
the user stands in front of the Herrerasaurus, he can navigate
digitally and the bottom pane does not change, as shown in
Figure 20.b.

The views in Figure 20.a and 20.b are obtained by using
several collaborating design patterns during framework instan-
tiation, namely Composite View, View Helper and Builder.
First, we applied the Composite View pattern [7], which i§ig. 22. The physical path to reach an object
a specialization of the Composite pattern [14]. According to
this pattern each view is itself composed of sub-views (eitherIn this case, the request is generated by the user when he
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chooses a physical link. The URL which represents this request VII. DISCUSSION
has the form:

.../location/HowToReachFrom?id=2

The control flow is similar to the one in Fig-
ure 19 except that thd.ocationRequestProcessanvokes
(in the ExampleLocationFindgr the method howToReach-
From(HttpServietRequest requesthis method will find the

While our approach is original and it does comprise the
whole life cycle of a PH application, we still believe that there
is place for improvement, both regarding the design method
and the implementation setting.

The evaluation of a development approach involves many

th bet th t ohvsical obiect and the obiect h.dgferent aspects, some of them rather technical, others more
path between the current physical object and the object Wigl) oy 15 the underlying process. We limit our evaluation
is referred in the link (in this case the one with identifi:

. - o to the specific foci of the paper: the design approach and
Cﬁtlo.n 2| D{Etrlnr?).h'IfheEtxan:jpl_eLt(l)qcatlonF_mdede;cecttsh the the supporting framework. We do not address interface or
phys!calTpa IWS'IC'I IS tS Otrr? ]'cn € session unterl etl nawgability issues because they are beyond the scope of our
f ¥§|C|_a ra;\_/e lel artPo € ‘;me]r case, ct?]r;_ro tr_e UM% urrent research; however the interested reader can find a
0 theLocationkequestrrocessamich queres ocation- thorough analysis of some of these issues in specific projects
ActionMappingto detect whichAction corresponds with the .

: : : ) n [17], [19].
actual URL. In this case the file Iocatlon-struts-conflg.xm|,
indicates that it must be handled bjpwToReachFromAction

The corresponding JSP is generated, showing the pathAtoEvaluation of the design approach
Diatrina (Figure 21). A sequence diagram with the previous To evaluate a design approach we must analyze its goals,
control flow is presented in Figure 23. modeling primitives, products, how easy it can be learned,
the supporting tools, etc. A good framework for comparison
of methodologies for ubiquitous applications (which includes
“acion || Reaues oo || acton || "eherom | | sse OOHDM) can be found in [23]. In the past we have used
oL St [ Proceeer Fincer | [Mappho | Acren the bare OOHDM model to specify personalized applications.
In [36] we showed that using the base OOHDM query

HowToRea
chFrom?

howToReach
id=2 process()

M’[] language for defining nodes and links, and applying some

crestoActionlnstance() | advanced object-oriented principles, we don’t need to extend
Acﬁ»nmstanceﬂ the modeling vocabulary to cope with personalization and

Seomo | T ool adaptation functionality. In this sense we consider that the base

OOHDM is adequate for applications which involve some kind
of customization.

Our current extension of the OOHDM approach for PH is a
light-weighted extension of OOHDM and therefore it is easy to
learn for OOHDM designers as it introduces only some new

Digital links are processed a bit differently. In Figure 24 w&odeling primitives. As an example, roles (used to specify
show the sequence diagram corresponding to the proces$ifiySical aspects) are well-known mechanisms for achieving
of the request generated when the link Triassic Period ¥Namism in assigning behaviors to objects and their use
triggered. Notice that this sequence does not imply any pré-considered a good practice in object-oriented design [39].
processing as we are dealing with a pure digital request. Therefore,. as the co_nceptual modeling armory is basically the

same as in the native OOHDM approach, it does not need
further analysis.

Fig. 23. Viewing information of how to reach a physical object

ncton || Request cion |[ oo 2imat [ WLinks meanwhile imply an important departure from the
Serviet || Processor Mapeing || ™4 ction concept of a link in hypermedia. Their behavior is different

.../Digital
Relationsh
ip?id="Tria
ssic
Period”

from the usual link's behaviors. However, their implementation

in OOHDM is straightforward and does not require important
modifications in the underlying meta-model; as a consequence,
the learning process is not substantially modified. Once un-

} mardTon derstood, the documents we produced while modeling the
> . navigational aspect of a PH application are concise and not

much complex than a usual OOHDM model.

We have not yet developed a tool for model-based derivation

of running applications from the OOHDM design documents.

Fig. 24. Viewing information as a result of digital navigation Some other further extensions which will improve the method

o _ are discussed in Section 8.
Summarizing the previous example, we were able to develop

the whole application by thinking in terms of a typical Web .

application, modeling it using the light extension of OOHDMP- Framework Evaluation

and using just a set of pre-defined classes of our StrutsA critical consideration when developing the extended
extension. Struts framework was to keep the existing implementation,

process()

| createActionInstance()

ActionInstance

perform()
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and use the basic Struts’s extension mechanisms to atidllenges had been early indicated in the broader field of
location-awareness. In this way, we preserved all benefitsiquitous computing [1]; others have been reported in the
of the base framework and simplified the learning processeminal work presented in [17].

Besides, the migration of a “conventional” Web application to | this paper, we have presented a design and implemen-
the new framework (for example to include physical objectgtion framework for developing physical hypermedia appli-
and user's mobility) is straightforward; we just keep thgations. We have detailed a light extension to the OOHDM

base classes and obliviously add the machinery for locatigBsign approach which adds physical objects and walking links
description and objects finding.

TABLE |

EVALUATING L-STRUTS

Evaluation Criteria

Results

Customs Tags

L-Struts allows the use of Struts
tags libraries and provides a set of

specific customized tags to suppqg
physical information presentation

during the development of L-Struts

applications.

Post and Redirect

Double-posting is managed by L
Struts both for physical and digita
requirements.

Internationalization

L- Struts (as Struts) allows loca
ResourceBundle.

Page Decoration

The use of tiles is possible in L

Struts, allowing the use of visual-
ization Templates to separate dig

ital from physical information and
links.

Tools (particularly IDE)

Any IDE which supports Struts
could be used to create a L-Stru
application.

Development

L-Struts provides the needed su
port for physical and digital re-
quirements.

Pattern MVC

L-Struts extends MVC for support
ing physical hypermedia applica
tions.

Configuration

L-Struts adds complexity in the
configuration steps, as physical fe

rt

Validation L-Struts keeps the possibility
(available in Struts) of using
Common Validators.

Testability The StrutsTestCase can be used

[s

D-

tures must be specified separately

from digital ones. Though the con

figuration is modular, the process

implies some additional difficulty.

to the basic set of modeling primitives.

We have also shown how to slightly extend the MVC
metaphor to support location-aware controllers; we have then
presented an implementation of our ideas on top of the well-
known Struts framework; we presented a simple proof of
concept for a physical hypermedia in a Natural Sciences
Museum.

Our research in this area continues in several directions; we
are now:

« Studying how to provide better modeling primitives with-
out compromising simplicity; particularly we are inter-
ested in obtaining more expressive navigational models
in which we can indicate which links are maintained
visible while navigating physically or digitally. We are
also studying the use of UML-like stereotypes to improve
the notation of WLinks. The notation for context-aware
navigation is rather limited in OOHDM; it must be
improved for this specific field.

« Researching on how to specify orientation and navigation
aids for WLinks; it is evident that when traversing a
WLIink, the user can deviate from his path eventually
loosing his way to the intended object (or just changing
his mind). Providing physical navigation services (the
equivalent of their counterpart in the Web) we can help
him in his detour. We have already defined a framework
for pervasive services [33], which we are currently im-
proving.

« Devising model-based development tools to simplify the
creation of a running application, using L-Struts.

« We are working on an open source Web browser to adapt
its basic set of features to the PH domain. For example,
while the “back” operation has well understood semantics
in digital documents, it is not clear what it means in the
physical world. Similarly other well-known features of
our browsers should be analyzed to make them PH-aware.

o Exploring other possible implementation settings;
particularly we are studying how to adapt an architecture
for context-aware software [13] with physical hypermedia
services [5].

As a summarized evaluation, we use the framework in [40] Model-based design of Physical Hypermedia and other
by adapting it to our location-aware Struts; the results afdmilar kind of ubiquitous Web software is not a new area as
shown in Table 1, where our framework is called L-Struts. Wéescribed in Section 2; however many problems in this area
are also exploring alternative implementations and analyzifll need further research. In this paper we have presented
with more detail client-side issues as described in Section 8me of these problems together with our solutions; we think

VIIl. CONCLUDING REMARKS AND FURTHER WORK

The construction of physical hypermedia applications allows that existing developers can migrate their application
presents several challenges to the developer; some of theasily to support the mobile user.

that the strategy of seamlessly improving existing standard
development tools is a key to the progress of this domain, as
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