Underst anding and Using Context

A NIND K. D EY

Fu ture Comp uting Environ men ts Grou p

Colleg e of Compu tin g &GVU Cen ter

Georgia In stitute o f Techn olo gy

Atla nta, GA, 30 33 2 - 02 80 , USA

Tel:+1 - 404 - 894 - 5103

Fax: +1 - 404 - 894 - 2970

E - mail:anind@cc.gatech.edu

Abstr act

Context is a poorlyusedsourceof information in our computingenvironments. As a result, we have an impoverished understandingof what context is and how it canbeused. In this paper, we provide an operational definition of context and discuss the diffe rent ways that context can be used bycontext - aware applications. We alsopresent the Context Toolkit, anarchitecture that supports the buildingof these context - aware applications. We discuss the features and abstractions inthe toolkit that make the tas k of buildingapplications easier. Finally, we introduce a new abstraction, a situation, whichwe believe will provide additional support toapplication designers.

1. Introduction

Humans are qu ite successfu l at conveying id eas to each other and reacting a pp rop r i ately. This is d ue to manyfactors: the richness of the language theyshare, the co m mon understand ing of ho w the world wo rks, and an implicit understand ing o f ever y daysitu ations. When humans talk with hu mans, theyare able to u se imp licit sit u atio n al information, o r con text , to increase the conversational band width. Unfort u nately, this abilityto conveyideas do es not transfer well to humans interacting with co mp uters. In traditional interactive compu ting, u sers have an imp overished mech a nism for p r ovid ing inpu t to compu ters. Conseq uently, compu ters are no t currentlyenabled to take full advantage of the context of the hu man - compu ter dialo gu e. Byimproving the compu ter´s access to context, we increase the richness of co mmunic a tio n in human - compu ter i nteractio n and make it p ossib le to prod uce more useful compu tational services.

In ord er to u se co ntext effectively, we mu st understand what context is and ho w it can b e u sed , and we must have architectural sup po rt. An understand ing of co ntext will enable app lication designers to choo se what context to use in their app lications. An und erstanding of how context can be u sed will help ap plicatio n designers determine what co ntext - aware b ehavio rs to su pp ort in their app l i cations.

Finally, architectural su pp ort w ill enable d esigners to b uild their ap plications more easily. This architectu ral sup po rt has two parts: services and abstractions.

In this paper, we will review previou s attemp ts to define and p rovide a character i zation of co ntext and co ntext - aware compu t ing, and then present o ur own definitio n and characterizatio n. We then discu ss ho w this increased understand ing informs the d e velo pment of a shared infrastructu re, the Co ntext

To olkit 1 , fo r context - sensing and context - aware app lic a tio n develo p ment. We disc uss b oth the services o ffered bythe too lkit and the programming abstractio ns it provid es to d esigners.

1 The Context Toolkit canbe downloaded at http://www.cc. gatech. edu/fce/contexttoolkit

2. W hat is Context

To develo p a sp ecific d efinition that can be u sed prescriptivelyin the context - aware compu ting field, we will lo ok at ho w researche rs have attempted to define context in their own work. While most peop le tacitlyunderstand what context is, theyfind it hard to elucid ate. Previo us d efinitions of co ntext are d one by enu meration o f exa m ples o r b ychoosing synonyms fo r co n text.

2.1 Previo us Definitions ofContex t

In the wo rk that first intro du ces the term `context - aware,´ Schilit and Theimer [7] refer to co ntext as location, identities of nearb ypeop le and objects, and changes to those ob jects. These types of definitio ns that define co ntex t b yexamp le are difficult to ap ply. When we want to d etermine whether a type o f information not listed in the d efinition is context or not, it is no t clear how we can u se the definitio n to so lve the d i lemma.

Other d efinitions have simp lypro vid ed syno nym s fo r co ntext; fo r examp le, refe r ring to context as the environment or situatio n [1 ,4 ,8]. As with the d efinitions byexample, definitio ns that simplyu se syno nyms for co ntext are extremely difficult to ap plyin p ractice. The definitio ns b ySchilit et a l. [ 6] and Pasco e [3 ] are clo sest in sp irit to the o perational definitio n we d esire. Schilit et a l. claim that the imp ortant aspects of context are: where you are, who you are with, and what resources are nearb y. Pasco e defines context to b e the su bset of phys ical and conce p tu al states o f interest to a p articu lar entity. These definitio ns are to o specific. Co ntext is all ab ou t the whole situatio n relevant to an app lication and its set of users. We ca n not enumerate which aspects of all situatio ns are impo rtant, as this will change fro m situation to situatio n. For this reason, we could not use these definitio ns provid ed .

2.2 Our Definition ofContex t

Con text is an y informatio n tha t can be u sed to ch aracterize the situ atio n o f a n en tity. An entity is a p erso n, p la c e, o r ob ject that is con sidered relevan t to th e interactio n b etween a u ser a nd an ap pl i catio n, inclu din g the user an d a pp lications themselves.

This definitio n makes it easier fo r an app lication d eveloper to enu merate the co n text for a given application sce nario . If a p iece o f information can b e used to chara c terize the situ ation o f a particip ant in an interaction, then that information is context. Take the cano nical context - aware app lication, an ind oo r mobile tou r guid e, as an examp le. The ob vio us entities in this examp le are the u ser, the app lication and the to ur sites. We will loo k at two p ieces of info rmatio n ˘ weather and the p resence o f other peop le ˘ and u se the definitio n to d ete r mine whether either o ne is co ntext. The weather d oes not affect the ap pl ication b ecause it is being used indo ors. Therefore, it is no t co n text. The p resence o f other peop le, however, can b e u sed to characterize the u ser´s situatio n. If a user is traveling with other peo ple, then the sites theyvisit maybe of particular intere st to her.

Therefore, the p resence of other peop le is context b e cau se it can b e used to characterize the u ser´s situ a tio n.

3. Defining Context - Aware Computing

Context - aware compu ting was first d iscussed b ySchilit and Theimer [7] in 199 4 to be software tha t ^adapts according to its lo cation of u se, the co llection of nearbyp eo ple and o bjects, as well as changes to those o bjects over time. ~ Since then, there have b een nu me r ou s attemp ts to define context - aware compu ting, mo st of which have b een too specific [ 2].

3.1 Our Definition ofContex t

A system is context - aware if it uses context to p ro vide releva nt i n fo rma tio n a nd/or services to the u ser, where releva ncy depen ds o n th e user´s task.

We have chosen a general definitio n of context - aware compu ting. When we tryto app lyprevious d efinitions to estab lished co ntext - aware app lications, we find that theyd o not fit.

3.2 Features for Context - Aware Applications

Similar to the pro blem of defining context - aware, researchers have also tried to specifythe imp ortant fe atures of a co ntext - aware app lication [3, 6]. Again, these features have tended to b e too specific to particular ap plicatio ns.

Our p rop osed catego rization co mb ines the id eas from p revio us taxo no mies and attemp ts to generalize them to satisfyall existing c ontext - aware app lications.

There are three categories o ffeatu res that a co ntext - aware app lication can su ppo rt:

· presenta tion o f information and services to a u ser;

· auto matic executio n o f a service for a u ser; and

· ta gging o f context to information to sup po r t later retrieval

4. Support for Building Applications

With an understanding of what context is and the different ways in which it can be used, application bu ild ers can more easilydetermine what behaviors or featu res theywant their ap plicatio ns to sup po r t and what co ntext is requ ired to achieve these b ehavio rs. However, so mething is still missing. Ap plicatio n builders may need help mo ving from the design to an actual imp lementation. This help can come in two fo rms. The first is a combination o f architect ural services o r featu res that designers can use to bu ild their ap plicatio ns fro m. The second fo rm is abstractions that allow d esigners to think abo ut their app lications from a higher level. We have b uilt an architectu re, the Co ntext To olkit, that contains a combination o f featu res and ab stractio ns to sup po rt context - aware app lication bu ild ers. In this section, we will discu ss the features and ab stractio ns in the

Context Too lkit, and p ropo se a new ab straction.

4.1 Features for Context - Aware Applications

The Co ntext Too lkit makes it easyto ad d the use of co ntext to existing no n - context - aware app lications and to evolve existing co ntext - aware app lications. In add itio n, the a r chitectu re makes context - aware app lications resistant to changes in the co ntext - sensin g layer. It encap sulates changes and the impact of changes, so app lications do no t need to be modified.

Our architectu re is bu ilt on the concep t o f enabling ap plicatio ns to o btain the context theyreq uire withou t them having to wo rryab ou t ho w the co ntext was sensed. In p reviou s work, we presented the con text widg et [5 ], an ab stractio n that impl e ments this concept. A context widget is resp onsible fo r acq uiring a certain type o f context informatio n and it makes that information availab le to ap plicatio ns in a g e neric ma n ner, regard less of how it is actuallysensed. Applications can access context from widgets using trad itio nal p oll and sub scrib e method s, commo nlyavailab le with grap hical u ser interface (GUI) wid gets.

With most GUI ap plicatio ns, widgets are i nstantiated, co ntro lled and u sed byo nly a single app lication. In contrast, ou r context - aware app lications do no t instantiate ind i vidu al co ntext wid gets, b ut mu st be able to access existing ones, when they requ ire. To meet this requ irement,context widgets op era tein depend en tly fro mthe app lications that u se them. This eases the programming b urd en o n the ap pl i cation designer b ynot req uiring her to maintain the co ntext widgets, while allowing her to easilyco mmunicate with them. Because context wid gets ru n independ entlyo f app lications, there is a need for them to be persistent, available all the time.

Becau se an important p art of context is historical information, the Context Too lkit pro vides sup port for the stora ge o f context. Context wid gets auto maticall ystore all o f the co ntext theysense and make this histo ryavailable to anyinterested app lications. App lications can use historical info rmatio n to p red ict the futu re actions or intentions of users. This prediction or interpretatio ns fu nctio nalityis enca psu lated in the con text interpreter abstractio n. Interpreters accept one or more types of co ntext and pro du ce a single p iece o f context. An example is co nverting from a name to an e - mail add ress. A mo re co mp licated examp le is interpreting context fro m all the widgets in a conference ro om to determine that a meeting is occurring.

Traditional user inpu t comes from the keyb oard and mo use. These devices are co n nected d irectlyto the compu ter theyare being u sed with. When dealing with context, the d evices u sed to sense context most likelyare no t attached to the same compu ter running the app lication. For example, an i n do or infrared p ositioning system mayconsist o f manyinfrared emitters and detectors in a b uild ing. The sensors mu st be p hysicallyd istrib uted an d cannot all b e directlyco nnected to a single machine. The Co ntext Too lkit makes the distribu tion o f the co ntext architecture transp arent to co ntext - aware app lications, med iating all commu nic a tio ns b etween ap plicatio ns and compo nents.

The final ab stracti on sup po rted b your architectu re is aggregation. Con text ag grega tors aggregate or co llect co ntext. The no tio n o f an aggregato r co mes directlyfro m ou r definitio n o f context. We defined context as information u sed to characterized the situ ation of an entity . If we think of a context widget as b eing responsible for a single p iece o f information, we need an abstraction to rep resent an entity. This abstraction, a context aggregato r, is respo nsib le fo r all the co ntext for a single entity. When designers think ab ou t context and interactions, it is natu ral for them to think in terms o f entities, and that makes an aggregato r the correct abstraction to use for building ap plic a tio ns. Aggregators gather theco ntext abo ut an entity(e.g., a p erso n) fro m the availab le co ntext wid gets, b ehaving as a pro xyto context fo r app lic a tio ns.

To summarize, the Context To olkit supp orts co mmon features required by context - aware app lications: cap ture and access of co ntext, sto rage, distribu tion, and independ ent execution from app lica tio ns. The to olkit provid es three abstractions: wid gets, interpreters and aggregato rs.

4.2 T he Situation Abstraction

The su pp ort provid ed bythe Context T oolkit has enabled us to b uild a number o f app lications that wo uld o therwise have b een difficu lt to b u ild . Ho wever, we have recentlybeen experimenting with a new typ e of abstractio n fo r sup po rting app lication bu ild ers. This new ab straction, a situ atio n , is at a level abo ve wid gets, interpreters and aggregato rs.

The idea of the situ ation abstraction was a lso derived from o ur d efinition of context. Currently, ap plicatio n designers need to explicitlyp oll and su bscribe to wid gets and aggregato rs for co ntext information and call on interpreters to determine when relevant entities are in a particular state so theycan take actio n.

This collectio n o f states can be d escribed as a situatio n.

The situatio n ab stractio n is exactlythat: a d escrip tio n o f the states o f relevant entities. We believe that p roviding this descriptio n req uires less effort than determining which individ ual context co mp onents need to b e co ntacted and determining when the collective situation has been realized o r satisfied. Instead , the Context To olkit is resp onsible fo r the translatio n o f the descrip tio n to the

^wiring~ of the context co mp one nts and for d etermining when the individ ual elements of the situ ation have b een collectivelysatisfied . Now co ntext - aware app lication designers can concentrate o n the heart o f the d esign pro cess:

determining what context - aware features their ap plicatio n sh ou ld sup port and when sho uld theyb e enacted.

We currentlyhave limited sup po rt for the situ ation abstraction. We are struggling with the trad eo ff b etween su pp orting extremelycomplex situ ations and p rovid ing a simple metho d fo r describing situatio ns. Ide ally, we wou ld like to su ppo rt b oth simultaneo usly. Bysimp lifying the pro cess fo r determining when interesting events occu r, the situ ation ab straction maypro ve to b e u sefu l fo r end users. One of the holygrails of co ntext - aware compu ting is to have app l ications that do the right thing at the right time for users. While designers who have d omain - specific exp ertise can determine part o f the so lution, theywill o bviou slyno t think of everything that is needed to sup po rt individ ual u sers. It is the end user who is in the best po sitio n to fu rther sp ecialize context - aware app lications to meet their individ ual needs. The situ ation abstraction mayallow users to perform this specialization.

We wou ld like to carryout user stud ies to investigate whether the situ a tio n abstraction is app rop riate for b oth app lication designers and end - users and ho w it compares to the original abstractions of widgets, aggregato rs, and interpreters.

Refer ences

1. Schilit, B., Theimer, M. Disseminating Active Map Informationto Mobile Hos ts. IEEE Network, 8(5).

1994. pp 22 - 32.

2. Brown, P.J. The Stick - e Document: a Framework for Creating Context - Aware Applications. In:

Proceedings of Ele c tronic Publishing ´96. 1996. pp 259 - 272

3. Rodden, T., Cheverst, K., Davies, K. Dix, A.. Exploiting Context i nHCI Designfor Mobile Sy s tems.

Workshop onHumanComputer Interactionwith Mobile Devices (1998)

4. Ward, A., Jones, A., Hopper, A. A New LocationTechnique for the Active Office. IEEE Personal

Communications 4(5). 1997. pp 42 - 47

5. Schilit, B., Adams, N. Want , R. Context - Aware Computing Applications. 1 st International Workshop on

Mobile Computing Systems and Applications. 1994. pp 85 - 90

6. Pascoe, J. Adding Generic Contextual Capabilities to Wearable Computers. In: Proceedings of 2 nd

International Symp o sium onWe arable Computers. 1998. pp 92 - 99

7. Dey, A.K. Abowd, G.D. Towards a Better Understanding of Context and Context - Awareness. CHI2000

Workshop onthe What, Who, Where, When, and How of Context - Awareness (2000)

8. Salber, D., Dey, A.K., Abowd, G.D. The Context Too lkit: Aiding the Development of Context - Enabled

Applications. In: Proceedings of CHI´99. 1999. pp 434 - 441