This work out of University. The aimof the is to context-sensitive visitors to the city of Visitors with units which in information the visitor’s context. In to existing systems information in is using we focus on the of model. The model is by virtue of the it both information to be The development of efficient mechanism which visitors’ information to be quickly the 1. IntroductionThis work out as part of at University. The aimof the is to a visitors to the city of will the form of units which users on profiles information unit’s physical location other The aims thus similar to those the work of Long et al. on the project [Long,96]. More the work has much common with that of Schilit [Schilit,94] in the of the from these The is an application which to meet the of tourists by a which being continually(ii) The on a the as they the city. This highly information [Cheverst,98]. In this location to the thus obviating the aseparate location system such as GPS. The project utilises an object which the of with functions commonly ’Caches in the Air’: Disseminating Tourist Informationin the Guide System with information systems The system comprises a number cells, of which 1). cells local to them to their of The themselves run which a of information tourist booking facilities. The of the us to support information such as availability of information on activities. Furthermore, the that the systems have network connectivity also allows us to such as ticket booking as well as In this our information the information mechanisms that employed in GUIDE. Section 2 the major of our into the of city Following this, section 3 our information the city in section 4 in some aprotocol information to This protocol to client of the communications section 5 the implementation status of work in Finally, in section 7 some 2. Application requirementsFollowing a of with of Tourist to a set of system. The key the of the system studying the various visitors flexibility this is critical. For example, visitors often city tours or trails interests as as history, activities, cotton In this information is at levels: from to school in a of languages. which a visitors of tour/trailthe to be of the tour, the of the visitor etc.), availability of forms of transport The also a the support of For example, Castle is toursonly when the court is not in session. Since this change on an hourly basis on a number e.g. a plea, information be by the TIC to be of Further of

GUIDE cell serverwireless linkcellGUIDE web serverupdate consoleFigure 1 : The GUIDE System Architecture.

news, (iii)the in which tourists with the TIC. that asurprising number of visitors visits the TIC, often the of a single most this is they information on activities or landmarks or they ato ask a of the TIC. addition, visitors would sometimes to the in to use of a bythe TIC, such as the booking of using city visitors the ability to information whilst Modelling context-sensitiveinformation in GUIDE3.1 Information modelThe information by to or store the following distinct of information :- information which be to a context. this is often information which to events such as �it which be in geographic terms (e.g. �location a is at x,y�) or symbolic terms (e.g. �location a is in hypertext information, which can be global internet such as the or components, which of storing as a visitor�s of Interestingly, although type has any systems which the full complement of information thatsupporting information, e.g. not managing information. mechanisms they to be of about proximity of such as locations me Similarly, the by the well [Coyle,97]. In particular, such systems the triggering mechanisms the The of availability of an satisfying the of motivation our own information an object of The object contains two distinct object objects that locations navigation points. Location objects a location object might be a specific caf�. This its physical location the city, opening times, the menu links to other locations. Location objects support which state information to For example, a selection of This is to a list of objects that of the object (in this example, the Using this list of object the system to about the location object on the visitor�s For example, if the visitor to be a tourist then this a information on the in tailoring of the to profiles. Fine tailoring This method enables the system to determine object also a of allowing, example, the modification of its menu.

The type of object, i.e. navigation objects, are only to support the construction of route purposes by information be by relationships These relationships attributes to them to example, the twoobjects by a of means of transport. Using applications as a tour relationships to example, neighbouring locations optimal between points.In to the object to information the GUIDE system. This allows information to be The object with the use of ainformation repository an the at the of this section. The key feature of our is that support a high of coupling the the information shown in In more the object amechanism much the same as a users applications multiple entry points into the hypertext information base.Crucially, we also enable hypertext pages to the object model. This an author to awhich the state of within the model. The thus be on such as the number times a visitor has been to a location or the of the attraction.Welcome to <GUIDETAG INSERT POSITION> <P>From here you can visit the locations of:<GUIDETAG INSERT NEIGBOURS> <P><GUIDETAG INTEREST ((HISTORY > 50) (ARCHITECTURE > 50))The following fetaures will be particular interest to you �. <P>Figure 3 : Examples of GUIDE TagsIn to allow to the authors of augment their with tags which control the of the information (figure 3). tags the form instructions which to the object model. For a tag might be the time of was then the menu be to that

castle caf�gallery prioryWelcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to the GUIDE system.Welcome to

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Welcome to

the GUIDE

system.

Location ObjectsHTML PagesHTML Page ReferenceHypertext LinksObject ReferencesFigure 2 : The GUIDE object model.

shown if the time of day was the that breakfast is only available in the morning).The information allows us to tailor to users without the of a to the information on abasis. A of this is that the system using information 3.2. Supporting software infrastructurethe object comprises a number of is the object. This to the components in the system. in the object by the component. This location objects as (in a similar fashion to ainformation via a in the application. This uses a passed to the filter component prior to display. This component other components the visitor’s

Visitor�s

Figure 4 : The GUIDE software architecture.components to application functions such as the creation of tours.The following steps illustrate the in objects in to information to city visitors while they roam:The position sensor object listens On a the position sensor notifies the control object of the visitor�s The control object an of object (e.g. the The object a to object, a On a to the object, control object invoke on the For example, on arrival in the cell, the on the Castle object. would result in the posting of a to the browser object instructing it to inform the visitor their location the ’visited’ count in The visitor then use their local information such as, the This be by the location object a to of information. this be by the filter object view of the object be at a to 4. Information propagation4.1. OverviewThe system on the timely information to as users roam through city. More specifically, the system must information via the In the system must such that system not as number of users in cell Since our implies that a fully functioning system aiming to support in the order of 100 users in the Since most of the information in GUIDE is this, at first sight, to be the familiar problem of times. since is a single system, the reduction in access times is the sole This may be with the in times must be

usage. As a result, to in to times byemploying a to dissemination [Franklin,96], [Zdonik,94].The system may be as athat mobile clients via network. In to improve the of the system in cell a subset the contents of cell’s to users within the In this way, users who a cell ontheir mobile unit) the Many of the which users will their mobile unit times will be extremely since only local Since clients many of the they without transmission the system well as number of The extent which the system on the of The employ in less than transmitting. the clients to in The of this on anumber of Most crucially, in a situation there is a of uniformity of most users request the same subset of system scales extremely well to support numbers users. As the uniformity of diminishes so In the worst (no commonality) the system since time be a significant problem in a system, that in a user’s will by their physical location. As acontaining information relating the physical location of the cell.which often the of systems the to the with which in the be to match application It is our opinion that these factors are less than most other systems. particular, our key objective is to the time the they waiting pages, i.e. the number which not the attempts to them. that system has an in-memory of, example, 6 then this is ample to almost all of the relating to a given cell (the being which not support). a it 30 completely fill the substantially less time than relating to a given Furthermore, information to a about a until since the has nomeans of telling that they a cell they of the by the application. assuming a not substantially from normal they will almost noin information. The to fine tuning 4.2. Engineering issuesour system using proxies which run on the mobile The proxies up transmit these within their cell. An index of the to be of transmission so thatmobile units are to the contents the information is multicast proxies listen fill upwith the contents of the latest athrough a will only partially fill its but will be which it missed but which will be retransmitted next cycle.all via the proxies. the be from client not it transmission soon from index) then it can issue a the This is by the proxy which will if it is not locally then the page for transmission in the next cycle.

We are not running mobile IP or in the transmit to 5. Implementation status5.1. End-system selectionthe Fujitsu 7600 as This is a unit 8"x9"x1.5", is based on a 486 100 MHz processor to from the is of little to us since anticipating running CPU intensive tasks. the slow of the the unit function up to hours on a single battery. Further on the be 5.2. Application developmentThe system comprises the components: a HTTP running Linux, awhich supports the The client is on technology the has using the HotJava HTML Component.Figure 5 illustrates the main of the prototype. The text box in the bottom the user’s location is as aresult of the position sensor a main is to information in example, shows a welcoming the to location. The has to that the has not previously the is physically at the site than taking a tour). The buttons at the top of the local information navigation buttons at the bottom of the allow invocation of interactive services such as making a a to groups of users.5.3. Cell deploymentWe are in the process of installing cells in the city cell consists of an HP acting as a cell a ISA link to University network. This link is via a lineor, this is not the has by University to provide internet access to local schools.Our is that the with a of 200m in the signal has poor through buildings in a city cells to be by the city Within the context of this is a positive since it allows us to smaller, more position information the to support roaming. not it possible to in resulting the cell. For example, cells in citythe five cells hope in the in to of many of the main tourist 6. Future work6.1. User interface designto to in their environment. In as users move the city of they information which to their physical location. Furthermore, information may existing information with implication this for the design of the is significant it the problem of integrating in location with in information within the

Figure 5 : The Guide Prototype.

[Davies,98]. For example, if the system a button local one might this to information to the which the is users systems likely to be by a in which to previously the same information. Furthermore, since a might wish to out the local to than their location a means simulating in their physical location must by navigation The of suitable information applications will form a6.2. EvaluationThe is to trials of the system next the of the system is With respect to performance, the key issue is that main system i.e. time, is on behaviour. the users to wait to information in the system will both on the number of users of by these users.unlikely to be to systems the trial to be to test scalability of the system will be looking simulation of the system. of these is heavily on obtaining suitable typical of the system it is these that to obtain from our trials. of the of the system will investigate in more information dissemination such as those by Wong in [Wong,98].Evaluating from a is also likely to In like to using with the system the of their visit without, of influencing behaviour. not to out such evaluation ourselves but, instead, hope to utilise the of the HCI community in this area and we are in with a number of groups 7. ConclusionThe is tourist visitors to the city of novel of the is that information to visitors via a high as they the city. This us of which as important such systems.In this on the of information within system. information which combines of information with with systems. This us to objects events, tailor their their context, to about the relationships these objects. The object provides access points into a collection of pages. be a user’s context through the use of to the object at run-time. This a set tools which information to be easily support context-sensitive operation.The of information within the system is by a custom protocol the use of ais with on the mobile units in to allow themimplementation the main components in the cells within the city of hope trials with of the public in 1999 to use the results of these trials to This work was out as part of the (GR/L05280) in City Council has support 8. References[Brown,96] Brown, P.J. "The stick-e document: for creating context-aware applications." Proc. Palo Alto, U.S., Pages 259-272. 1996.[Brown,97] Brown, P.J., J.D. Bovey, X. "Context-aware applications: from the laboratory to market place." Personel Communications, Vol. 4No. 5, Pages 58-64. 1997.

[Cheverst,98] Cheverst, K., N. Davies, K. Mitchell Blair. "The Design of an Object Model for Sensitive Tourist Proc. Interactive of Mobile Computing (IMC’98), Rostock, Pages 25-29. 1998.[Coyle,97] Coyle, M., S. Shekhar, D. Sarkar "Experiences with Object Models in Information Systems". Communications of the ACM ,Vol. 40, No. 4, Pages 103-111. April 1997. Report TR95-10, Univ. of Minnesota, Computer [Davies,98] Davies, N., K. Mitchell, K. Cheverst, Blair. "Developing Context-Sensitive Tourist Proc. 1st Workshop on Human-Computer Interaction Mobile Devices, Glasgow, U.K., Pages 64-68. 1998. [Forde,97] Forde, B., "Lancaster�s Lancaster�s Schools to the Internet", Panel at MobiCom97, Budapest, Hungary, September 1997. for slides available [Franklin,96] Franklin, M., S. Zdonik. based Information Systems." Bulletin, Vol. 19 No. 3, 1996.[Fujitsu,98] Fujitsu TeamPad Technical Page.[Imielinski,94] Imielinski, T., S. Vishwanathan, Badrinath. "Energy Efficiency Indexing on Air." International Conference on 94, U.S., Pages 25-36. 1994.[Leonhardt,98] Leonhardt, U. "Supporting Awareness in Open Distributed Systems" Department of Computing, Imperial College of Technology and Medicine, University of London. 1998.[Long,96] Long, S., R. Kooper, G.D. Abowd, Atkeson. "Rapid Prototyping of Mobile Applications: Cyberguide Case Study." Proc. International Conference on Mobile (MOBICOM), Rye, New York, U.S., Pages 97-108. 1996.[Schilit,94] Schilit, B., N. Adams, R. Want. Computing Applications." Proc. Workshop Mobile Computing Systems Applications, Cruz, CA, U.S. Pages 85-91. 1994.[Wong,98] Wong, T., T. Henderson, S. Raman, A. Randy Katz. "Policy-Based Tunable Multicast for Periodic Information Submitted to WOSBIS’98[Zdonik,94] Zdonik, S., M. Franklin, R. Alonso, Acharya. "Are Disks in the Air Just Pie in the Sky?" Workshop on Mobile Computing Systems andApplications, Santa Cruz, CA, U.S., Pages 12-20. 1994.