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Abstract. mSpace Mobile is an application that provides sede location-

based information while on the move. Especiallyligpple to those unfamiliar
with their surroundings, the application providesormation about topics of
chosen interest, based upon the location, as detednby an optional GPS
receiver. Described below are both the context+zoser interface and the
abstracted, layered, system architecture that alldar such access to
information stored the Semantic Web.

1 Introduction

mSpace Mobile is a Semantic Web application thst people explore the world
around them by leveraging contexts that are meé&uiig them in time, space and
subject. Someone in an unfamiliar city, say Londimm example, may find their
physical location to be the main context aroundclvhithey wish all other queries to
circulate — queries like “where is a cinema neaslhgwing the films | said I'd like to
see; and where are sushi restaurants nearby thdtcan have dinner before the
movie? In the meantime, what historical sites aoeiiad me right here, and are any
near good coffee, or where my trusted source sa&iould get a good local beer?”
Currently, such queries would have to be managedaba time with a search engine;
another application would need to be availabledpycand paste times, places and
locations. Multiple maps would need to be availablsupport compound queries like
“show me restaurants and cinemas.”

The mSpace Mobile application (Fig. 1) combinesimmovative interface and
architecture to support ready exploration of ricfiormation spaces. Rather than
forcing iterative, discrete keyword queries, it mains the context of associated
information while supporting the rapid exploratioha wide variety of semantically
associated sources. It utilises the mSpace Softweamework [1], which supports
the coordination and representation of distribuigethantically associated resources.
Further, the application supports the lightweighiblgation of new information:
comments, annotations and recommendations canrbansieally published on any
element discovered through the interface; as welfeaised by any other Semantic



Web applications and services. In these respecangSMobile’s use of Semantic
Web technologies provides an effective informagaploration experience while also
contributing to the growth of knowledge storestfte Semantic Web.
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Fig. 1. There are five features within the user interfa&e: the columnar mSpace
browser; B — the information box; C — a preview eopp; D — an mSpace selector
and E — a favourites list.

In the sections below, we describe the applicaticderms of its functionality, user
interface and supporting architecture. Related vimdiscussed throughout the paper.

2 mSpace Application

The mSpace Mobile application features three cammponents: (1) a custom
small-screen specific interface (Fig. 1) to suppgbg mSpace interaction model [2]
for contextual exploration of large information epa, (2) the mSpace framework to
support coordination of distributed semantic wetsoteces and (3) location
awareness. This combination means that physicaltitot a critical variable in
mobile activities, can be used as an additionalteodnto support exploration of
associated information resources. While the apfprdacgeneric, we describe the
features in terms of a specific embodiment: the ae8Mobile London demonstrator.

The mSpace approach looks at an information spaeedmmain with dimensions.
In the case of the mSpace Mobile application detnates, London is the domain,
and some of the main dimensions are Cinemas, Rastay Public Transportation,
Places of Interest and History. We use the locatibthe mobile device to act as a



primary context and a map as a core reference pmirgssociating information from
dimensions.

There have been a variety of travel-oriented, locabware mobile applications,
including the City Wide project from Equator [3]Jca€RUMPET [4] to name two.
Information for these applications (and most othpplications in the tourist/travel
space) is stored and controlled by one sourcegsendce. It is important to note that
mSpace Mobile, in contrast, is an effort to work “afeb scale” - to associate
resources distributed across the Web. There arerous Web sources of data used
within the mSpace Mobile application such as the®@uide to Londdn- which
publishes semantic information through RDF for all its London related
information.

Another distinction between mSpace Mobile and theist/traveller applications
is that while location acts as the default confexpresenting information, location is
not the only context. For instance, a person caweneasily from the context of
Albert Hall as a location and related informatidroat what is playing there to a new
context focusing on the composer, where the emphlascomes to explore the
composer’'s music, or the music of the composerfgaroporaries, to samples of the
music, to another new context like the historytaf period in which the pieces were
composed. In other words, mSpace mobile is desigoeslipport the context and
focus of interest for the person using the appbcat

Below we describe both the mSpace Mobile interacttmd architecture that
supports these context-based transitions throughnnation.

2.1 User Interface

The mSpace Mobile interface is designed to letsusérsmall screen devices run
complex queries through direct manipulation — npirty required. To this end, the
application utilises the primary features of thepa& interaction model. The 5 key
features of the mSpace interaction model are:

A spatial browser, maintaining persistent displéylomain dimensions, for
browsing information within a domain

User-determined organization of dimensions presernteey can be added,
removed and swapped.

Information area, providing contextual informatiabout selected items in
the column browser

Preview cues [5], which provide typical examplesirdbrmation within a
domain

Triage area, allowing the user to save items from domain that are of
particular interest for further exploration in theure.

The mSpace approach does not primarily attempisigaly web pages. Rather, the
spatial browser (Fig. 1 A) acts as a kindafetted browsef6-8] which foregrounds
presentation of the metadata about entities, rdtieer the entities themselves, first.

1 http://london.openguides.org — The Open Guidedndon



Each of these columns represents dimensions frenculrent domain, as mentioned
above. This part of the Ul is larger than the adheecause of the constant focus and
interaction with the columns.

The rationale for this approach has been discustseavhere [9, 10] but suffice it
to say that the multicolumn approach supports twitical attributes: persistent
context of information surrounding current selectipersistent view of path through
the information. In other words, a rich contextriaintained. A person is able to rely
more on recognising what is currently availablehia interface than having to recall
what was previously selected — using a web browsésllow numerous links from a
Google search to a cinema website, its films aed to film reviews, means losing
the context of your original Google search. Retugnto Google’s search results,
users then have to recall cinemas that were shothiadfiim they wanted to see.
Recognition, we know, reduces cognitive load ok fsesformance over recollection.
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Fig. 2. Six screens from a developing scenario — browBinginemas and films.
A — The user views a list of cinemas and their fiocais shown on the map. B —
This map can be expanded. C — The user then detohfilms on at the cinema.
D — These actors in these films can be exploresutiit an associative link to an
alternative domain. E — Any entity, including thiémf Sin City, can be rated
through the simple Ul. F — These and the ratingstbérs can be explored in an
alternative mode.

Using mSpace Mobile to explore the cinema scen@ig. 2), the multicolumn
browser allows the user filter through the localation information to find instances
of both Japanese restaurants and cinemas showgadieular film (Fig. 2 A); these
appear on the map (Fig. 2 B). Alternatively therus®ild move the movie column to
before the cinema and start with the film they wislsee; the cinemas showing this
film would be listed and shown on the map. Withalagse restaurants also showing
on the same map, it would be clear to see an apptepsolution for the problem
described in the introduction.

As selections are made in each column, contexifiatfration is displayed in the
Information box (Fig. 1 B, seen throughout Fig. @jjen a particular film has been
selected - listing related actors (Fig. 2 D) - tireema’s website may be shown here.
Figure 1 E shows the Favourites list, used for ipnst storage and triage of
important items; possible cinemas and Japanesaurasts can be dragged here for
later attention, so that the user can quickly vik®ir locations on the map.

2.3 The mSpace Fisheye Interface: Focus+Context Tretques

Our challenge in wanting to maintain the cognitixsdues afforded by a spatial
layout is how to create this kind of view in a shs&reen. The result is a combination
of Focus+Context techniques to support user-deterthifocus while maintaining
persistent context. There have been many exampléais+Context techniques
being applied to classical user interface tasks [P], however there has been less
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research into the use of these techniques in theilenapplication field, with one
notable exception, DateLens [13] - an applicatibat thas taken the fisheye lens
Focus+Context technique and used it to improveecdual awareness of surrounding
calendar events. Developed for small screens,ables animated compression and
expansion of areas within the calendar. The mSpéalgile application, in a similar
way to Datelens, uses a three level zoom fisheys kechnique to provide a
contextual overview of each section of the Ul, dhe ability to focus in on each
section individually (Fig. 3). This interaction cde viewed in the brief mSpace
Mobile videg.

A B C

Fig. 3. The ‘mSpace: Where Am |I?’ zooming interface: Basic starting layout.
B — The zooming panels can be individually expanded- A zooming panel in
full-screen mode. The user determines degree ofegbwvisible, but context is
persistently recoverable.

2.4 Map as Additional Coordinating Context

In the Where Am | application, mSpace Mobile udes map as a supplemental
view of the context of currently selected informoati(Fig. 1 C). It is a location-
oriented display summary of current selectionshim interface in the same way that
the information box is a textual display/summarytted current selections. This is the
location-aware implementation of Preview Cues;|tdoation can be set manually or
through GPS. Different cinemas would show withire tmulticolumn browser as
constrained by the current bounds of the map; @snidip has expanded in Figure 2 B,
it includes the extra option of ‘Apollo Cinema Wé&std’ over Figure 2 A.

2 http://mspace.fm/mobile/mov/mspace-mobile-montage.
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2.5 Local Ratings/Extended Trust

mSpace Mobile supports a variety of lightweight e, annotation and
recommendation mechanisms to support decision makivhile exploring
information. For the cinema-going user, the infation pane provides descriptions
of the different cinemas; including textual destiops, images and/or multimedia
(Fig.1 B). Whereas the information box is populated the click/selection of the
cinema, a preview cue is triggered by brushingctimsor over a preview cue icon by
the cinema. Preview cues [14] specificalgsociate multimedia samples of an area of
a dimension for inspection. For instance, if viegvimovie genres, preview cues of
Film Noir would make one or more trailers of filnoin films available for rapid
inspection. These previews help a person determireher or not this kind of film is
of interest for further exploration.

As an additional context for decision-making supponSpace Mobile also
supports comments and recommendations. A lightweighlishing method lets users
add ratings or comments to any item — such as @nditm or actor - in just a few
clicks; Figure 2 E illustrates the ability to raefilm. These annotations are stored
semantically and become available instantly too#ler users who are browsing the
knowledge base. mSpace Mobile takes a dual viere¢ommendations: it enables
anonymous ratings by anyone using the knowledgeesbas be viewed; it also
supports user ‘buddy’ lists, containing people tthegty trust, or have similar tastes.
Along with the ratings and comments of the commynihe view of the user’s
‘buddies’ can be shown simultaneously; Figure 2hBws community, buddy and
user ratings given for a set of cinemas and films.

2.6  Exploring Multiple Domains

The user interface, along with the back end archite described in Section 3,
facilitates the exploration of multiple domains information and the relationships
between them. These connections facilitate moverfremt one domain of interest
(like London places, including cinemas) to anoth@ike movies). The mSpace
selector component of the application (Fig. 1 Dysed to provide a list of alternative
domains of information that are relevant to thereotr domain and the current
selection within that domain. By selecting colunfrem a related domain, a user
could then browse the actors from a particular filsmg the IMDB knowledge base
(Fig. 2 D); the user is still connected to the wréd context of London.

While the connection between a selected film ardIMiDB mSpace is apparent,
the semantic relationships in the data can be tesgdroduce the user to more subtle
links. If the user was again browsing films at &adlocinema within the London
services domain, or within the IMDB domain and thegme across the Film
‘Wimbledon’, the semantic relationship would expdise link between this film and
the sport tennis, more specifically the Wimbledoangl slam tournament. If there
was an available information repository dealinghwtgénnis related subjects then the
user would be able to see this within the mSpatecte. If Wimbledon itself was
currently in progress, that information would abeofound in a local events area.
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3  System Architecture

Above we discussed the need to function at welesomhere the user can
seamlessly flow between domains. To make theseciasise leaps, we need to be
able to draw across multiple sources. The architeadescribed below is designed to
qguery multiple triplestores, as well as supporbiporation of resources, which may
not yet be referenced in triplestores. Specificallyg allow the user to select their
source of information through the system interface.

3.1 The Architecture Layers

The proposed system abstracts the internal conadptyuery generation and
triplestore querying in order to distribute the teys, taking load away from low-
power mobile devices. This allows multiple hetemggus and distributedxternal
data sources to be browsed from one mSpace Moleilécel under one view.
Specifically, we have developed a three-layer #echire: The mSpace Mobile
application (MA) queries the mSpace Query Servid€®), which is connected to
RDF triplestore knowledge interfaces (MK).

Fig. 4. mSpace Architecture of MA, MQ, MK layers

The MK makes it possible and tractable to use a WVd@yproach to data
provision: to have multiple providers that remaamtolled separately. The approach
also supports other Web features like author-ligkof resources, ease of creation of
new data, simple distribution and user chosen datarces. The MK approach
provides a generic interface to knowledge with atqwol that maps onto any
triplestore implementation.
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In order to allow client software to be written famultiple platforms, and to
facilitate the use of the mSpace querying architegtthe concept of the client is
described in the architecture as a generic mSpguaication (MA). These are
separated from querying operations, which are kated to an mSpace Query Service
(MQ). In order to: facilitate maximal compatibjliemong possible (Semantic) Web
applications; enable applications to interact wtitis service easily, and to keeps the
complexity of the protocol low, two specific acceasthods Simple Object Access
Protocol(SOAP) and HTTP, are used for the communicatiowéen the MA and the
MQ. Hypertext Transfer Protocol (HTTP) is the cpretocol for the Web and Web
communication. SOAP is the open communication paltéor Web Services. Using
SOAP/HTTPallows all servers to be accessible on the Web ab Bervices for
maximum compatibility and interoperability.

The MA communicates initially with the MQ, which tacas a broker (or,
effectively, a distributed link-base), with knowfgl of domains and of relevant
mSpace Knowledge Services (MKs). The MA conceptésigned such that the
application can take any form that can implemeatabmmunication protocol. In this
structure, the MKs communicate with the Mter consultation with an MQ. An MK
is the equivalent of the triplestore in the currer@pace implementation, and in the
case of initial implementations, the MK communicatda HTTP-RDQL with a
3store triplestore. The immediate purpose of the, ldikce discovered by the MQ as
an appropriate repository, is therefore to constancRDQL query using constraining
triples that are specified by the MA.

The equivalent of this to the WWW is that for aremt affairs service, you might
go to BBC News, who have aggregated content fragir thwn reporters, as well as
their own choice of articles from Associated Prédsyters and more. The choice to
select a particular news site such as BBC Newsaisdf the person. Similarly, if one
wanted to get information about a place to eaty thay visit a general-purpose local
information supplier (such as Thomson Local) oroandin-specific restaurant guide.
The same applies for the MQ model; the choice of d&@rmines the content. This is
equivalent to the ability to choose what links ymave on your WWW site, making
the information relevant, as well as preventingrdarmation overload scenario. The
key to this is that the client queries the MQ asdiach, the client is only aware of the
links provided by the MQ.

4  Future Work

4.1 Data Sources

We have used a variety of sources for the mSpaceldro demonstrator. One
premium source is the Open Guide to London [15]jclwhs creating localized
information on London; for future development, tBpen Guide network extends to
other cities and countries. The information produoa a page can be freely updated
by anyone, so that as people experience Londog,dde share their views publicly.
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This information is stored semantically through RRRd has been used by the
mSpace project as an example knowledge base; ghas iexample of an existing
knowledge base that we expect to become incregsoghmon as the widespread
adoption of the Semantic Web develops. Other ssume have used have been
converted from available XML, or screen-scrapeth RDF.

For the Semantic Web to have widespread adoptioh Wieb users, it must be
easy to create and publish Semantic Web resoureegects such as Piggy Bank, a
FireFox¥ extension, [16] are working on this part of theuatipn by distributing a
complex screen scraping module and converting RD&. As websites are browsed,
pages can be ‘captured’ by request of the user laeld semantically. This
information, initially stored locally, can be vied@sing a faceted browser taken from
the sister project Haystack [17]. However, the iinfation can be published onto
servers, using the Piggy Bank server side compaiemantic Bark which allows
the material to be accessed by the wider commuWiy.are working on an addition
to Semantic Bank so that it can also broadcastegsurces as an MK. Indeed a
mission critical part of the architecture in getésao make it easy for any triplestore
to be automatically detectable as an MK.

4.2 Trust

One of our primary considerations for the projacthie inclusion of concepts such
as trust. Trust is a concept that is concerned Wwitth the credibility and the
reliability of information. Reliability could be pwided by corporate status:
information provided by the government or throughirses such as the BBC might
be considered both reliable and credible. Estingataliability may be affected both
an estimation of expertise, or even by humour @&mperament. Here, mSpace is
concerned assisting this calculation of trust asraidrowse seamlessly between
knowledge sources and when reading recommenddtiomsfriends.

To address this problem, mSpace is planning a lumigive study with Jennifer
Golbeck at the Mind Lab, University of Maryland #xpand on her work in
FilmTrus®. In FilmTrust, the project is concerned with thedaiser’'s confidence in
film recommendations, based upon semantic Friend &fiend (FOAF) networks
[18]. In collaboration we expect to draw upon thien@ples for anything that users
experience through mSpace and mSpace Mobile afiphisa

4.3 Real Mobility

The mobile application needs to communicate witlrexs in order to be updated,
a network connection needs to be available in om@eo this. With the introduction
of GPRS and 3G capabilities, this - even multimetti@nsfer - is becoming
increasingly feasible while on the move. Furthenuember of projects are looking
towards open-wireless networks and so it is ouiebéhat this will be even less of a

3 http://www.firefox.com — FireFox.com
4 http://simile.mit.edu/semantic-bank/ - SemantionBa
5 http://trust.mindswap.org/FilmTrust/ - FilmTrust



mSpace Mobile: A Mobile Application
for the Semantic Web 11

problem in the near future [19]. Therefore, we amncerned mainly with the
distribution of workload across the architecturs.mentioned above, our architecture
already allows for the complex query processingh¢odistributed away from the
mobile device, giving the workload to powerful M@reers. However, we must still
transfer media, such as maps, preview cues andmatmn-box content to the user.
Preliminary versions of the software include mimeches, yet there is still limited
power on handheld devices. In future versions wshwb streamline our transfer
protocols by exploring bandwidth-determined transéé resources, as well as
utilizing periods of low transfer in high-bandwidtheas.

5 Conclusions

In this paper we have presented the mSpace Molpldication for easy
exploration of compound queries via small screericgs; end user interactions have
been illustrated through a developing scenaridghis application, we have extended
the existing mSpace Software Framework to inclidedbviously relevant additional
context of physical location/location-awarenesgsiBeent context of the information
explored is provided to encourage the seamlesetin of associated domains,
while supporting publication of annotations on thaterial in Semantic Web form.
mSpace Mobile is able to present these associabienause it uses Semantic Web
protocols which foreground relationships withindmhation spaces.

This application demonstrates three main contrimgtito the Semantic Web. First,
a framework has been developed to provide effeetoeess to the Semantic Web for
many applications and users, including those onntlowe. Second, a novel user
interface has been developed in order to allowigters context and exploration of
information on a small screen. Finally, mSpace Mpliupports the lightweight
publication of new information, contributing to tlggowth of reusable knowledge
stores on the Semantic Web.
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