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Abstract—Pervasive computing environments can provide a di- systemg6] and context-aware recommender systefmfsthat
verse range of computing capabilities. But they are overwHeing  aim to recommend relevant information and services to users
for us as we attempt to accomplish our daily tasks. We need vy, yever, users are still required to integrate the reconteen
to know what resources are at hand and what tasks a PCE . . . . o
supports. Our ongoing research aims to minimise this overlad |nf9rmat|on and services to achieve their intended ta_s[ks 8
by proposing a context-aware task recommender system named 1his calls forcontext-aware task recommender systevhich
TAskREC which can recommend or automatically accomplish can recommend or even automatically accomplish relevant
feasible and relevant tasks for users according to user'stsiation  tasks for users subject to current context and availablécss:
and environment capabilities. This paper formalises the poblem | qther words, the context-aware task recommender system

of task recommendation, presents a system architecture for . . ’ ’
TAskREC, and an early prototype implementation. Finally, we can deal with the question oWhat tasks should | do with

suggest open opportunities for future research on adaptatin ~ devices, information, and services | currently have?
techniques for context-aware systems. This paper presents a context-aware task recommender
Index Terms—Recommender Systems, Task Recommendation, system (AskREC). Derived from the behavioural psychology
Pervasive Computing, Context-Awareness, Task Computing science which asserfseople behave similarly in similar situ-
ations[9], we assume thgbeople accomplish similar tasks in
similar situations Our task recommendation applies multiple
The world is moving towards universally connected spacegategiescollaborative filtering based on situation similarjty
where “technologies weave themselves into the fabric afyeve knowledge-based filteringnd utility-based filtering
day life...” [1]. Spaces in such a world are often referredso  The paper is organised as follows. Section Il presents a
pervasive (or ubiquitous) computing environments (PCEE) [ motivating scenario for which AskREC is useful. Section I
However, a challenge of adding intelligent technologiesud formulates the task recommendation problem. Strategies fo
lives is to “support our activities, complement our skib®id recommendation are elaborated in Section IV. Section V
add to our pleasure, convenience, and accomplishments, Bésents an architecture fom3kREC. The implementation
not to our stress” [3]. and simulation of the scenario are described in Section VI.
Adding technologies into everyday settings, on one hangection VII outlines the related work. Finally, a conclusio

facilitates our activities but on the other hand, OVEfWI’E'fTand an Ongoing research agenda are gi\/en in Section VIII.
our perception and cognition ability by the overload of info

mation, services, and configurations [4], [5]. To exploitisu II. MOTIVATING SCENARIO
an environment, users must (1) recognise capabilities ®f th
environment to issue feasible tasks; (2) map their higetlev This section describes applications oASKREC via a
goals of tasks to low-level operational vocabularies; ad)d (scenario involving placesiouse, car park, andoffi ce.
properly specify constraints for tasks subject to contalxtu “At 7am on a cold, rainy Monday morning, when Bob has
information and available capabilities. These requiraisierstepped out towards his officBASKREC on his smartphone
may be beyond ordinary users as complexity, diversity, ameicommends him a taskr'i ve to work’. As Bob selects this
sheer number of devices (as well as different combinatiénstask, the heater and the TV are turned off; his smartphone is
ways they can work together) continually rises. switched to outdoor mode; all calls to his home phone will
Invisibility is a goal of PCEs, where devices should operat®ow be forwarded to his smartphone; the doors of his house
naturally and unobtrusively, and blend well into the enmiro are closed. The car’s radio is turned to news channel while
ment. However, the invisibility can pose problems. Peoplee is driving. ..
may not recognise the presence of facilities available éoth ~ When Bob is about to approach the car park at the uni-
For example, there could be thirty to a hundred computingrsity, TASKREC recommendsFi nd a parki ng pl ace’ task
devices inside a future meeting room. They may providehich guides him to an available parking spot. The car is
various capabilities (some capabilities perhaps provite@d parked, he walks to his office. The door is opened as he is
combination of such devices), some of which the user may natarly in the font of it. The room’s overhead lights and the
even be aware and some of these devices may not be visitdater are turned on and adjusted to his preference as he step
to him/her. into the room. His smartphone is now changed to quiet mode.
To address the overload and invisibility problems, thefEhe teapot is on because he always has a cup of tea in early
have been research efforts ambiquitous recommendationmornings before focusing on the work...”

|I. INTRODUCTION
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A. Ideas and Assumptions (Sat ur day)
The main questions are: what tasks to be recommended;me- of - Day Ti me- of - Vieek Season
. ] . %ft ernoon) (weekend) (Aut umm)
how to determine them; and in what sequence they shou
appear. To answer these questions, we make the following Fig. 1. The decomposition of the time context.
assumptions.

. . ) C. Context and Situation
(i) User always prefers tasks which are highgfevantto

his current situation. A task is called relevant to the user We ~adopt - an operational - definition otontext by
if accomplishing the task will satisfy the user’s intentionP€Y et al. [10]: “Context is any information that can be used
(ii) For tasks having the same degree of relevance, the méecharacterise the situation of an entity.
feasiblethe task is, the more preferred it is. The feasi- Ontology-based context modelling [11] is widely accepted
bility for accomplishing a task depends on the currefipank to semantic expressiveness and knowledge sharing of
capabilities of the environment. ontologies. As designers, we model contexts asibute-
(iii) If two tasks are equally feasible, then the task whish {v@lué pairs e.g. (i me-Context, ‘15:00 4/4/2009°). Each
more autonomouss more preferred. The autonomy ofcontext attribute can be decomposed into different levéls o
task operation expresses user's intervention required @gneralisation (se® me- Context in Fig. 1). The system can

accomplish the task (without concern about the capabilifij'€ry for values at arbitrary levels of generalisation. The
of the environment). reasoning is done by the context manager.

. ) Situationsare characterised by contextual information. We
Accordingly, the problem of task recommendation now beyq e that for any matters a situation is modelled and repre-

comes the problem of ranking tasks based on three measui@fie (e.g.formal logics[12]), we are able to convert the
the relevance of task to user’s situation, the feasibilityat- models into thevector-based situation moddformally, lets®

complish a task in the current environment, and the autonofgy 5 <ituation at time. we definest as a vector of contexts
of task performance. In the following, we define conceptslusg; time s st — (ct, ch ' ct), where
. - 1>%25 9 %n/s

in our methodology for task recommendation and how thesg ,, is the number of context attributes:

measures are computed. e ¢! is value of context attributé (i € 1..n) at time;
e C; is the set of possible values of context attribiite
B. Tasks e §=(; x...xC, denotes space of possible situations.

In this definition, for simplicity, we usec! to represent

A task is a unit of work. Tasks are classified to places context attribute-value pair. The indexrepresents for
and devices which are callgrace-relatedanddevice-related the name of a context attribute. For example, given=
tasks For examplefoom-related taskaremMake room bright, pay- Of - Week x Pl ace- Type, thens = (* Monday’ ,* Library’)
Make room war m andmeke tea. The list of all potential tasks is a possible situation. Note that a context value can be
in a given environment is calledtask repository a single number (e.gTenperature) or a structured object

Fulfilment of a task may require capabilities from thde.g.,Locati on, Ti ne). A special value for all context attributes
environment in which the task will be carried out. For exaenplis nul I value. For a given situation, context attributes with
the task ofvake room war mrequires capabilities for increasingvalues ofnul I will be treated as unknown or insignificant for
temperature which can be provided by, eleater-1ike characterising the situation.
devi ces. We call themrequired capabilities

A description of how a task should be executed is catestt
flow. A task flow decomposes a task irgab-tasksThe sub-  To find tasks relevant to an active user in his current
tasks are then decomposed further until they can be executdation, we apply a combination of collaborative filteyin
directly by invoking services. knowledge-based, and utility-based filtering.

To measure how the operation of a task being intrusive ) o o o
to a user, we introduce the concept takk autonomyThe A. Collaborative Filtering Based on Situation Similarity
autonomy of a task indicates to what extent the task can beThe tasks similar to tasks previously accomplished by
accomplished automatically and how much user interventigimilar usersin similar situationsare considered relevant to
is required. Obviously, the degree of autonomy depends®n the active user. In what follows, we will introduce the measu
autonomy of sub-tasks of a task. for task similarity situation similarity anduser similarity

For measuring the feasibility of a task, we take into account1) Task Similarity: Similarity between two tasks is identi-
the capabilities of the environment which refers to sofevafied based on their effects on the situation. For exanmgple;
services and device functionalities. The PCEs are highliyndows and Turn overhead |ights on are similar as they
dynamic environments, hence, it is significant to measuee thre both for increasing the brightness of a room. Formalgy, w
feasibility of tasks for recommendation. denote the similarity between two taskandt’ asTSt, t').

IV. STRATEGIES FORRECOMMENDATION



TABLE |

AN EXAMPLE OF TASK-BASED SITUATION SIMILARITY. betweenu andu’ is defined by
k
> > SS(si,s))
N i=1j=1
USr(u,u’) = Py 3)

o o o .. B. Knowledge-Based Filtering
2) Situation Similarity: Pure similarity between situations

is inferred from the similarity of their local values of cenmt

attributes. In our system, this measure is used to find pusvi

situations similar to a newly unknown situation. Given twd"&Y ‘?'et‘?fm'”‘? potential tasks. We propose o con;taadt
situationss = (c1, ¢ c,) ands’ = (¢}, ¢! ¢’ (note repositories oriented to places and devicesas previously
- 9 PEL I R 2 - 12 %2y %n

that all situations are defined using the same context atérh dISCUSkS?d n SectlonkIII-B. " K hi
and the orders are significant), the pure similarity between 125K frequencytask sequencesask groups andtask hi-
ands’, SS$(s,s'), is defined by erarchiesare good sources for prediction of next tasks. The

knowledge-based filtering enables us to overcome the proble
n of new users and new tasks which is an inherent issue of the
S$(s,s') =Y wi * simi(ci, c}), (1) collaborative filtering method.
=1

It is observed that individual tasks are often associated
owith context (e.g.,places and device}. Therefore, context

C. Utility-Based Filtering

1) Task Feasibility: The feasibility of a task (calledask
feasibility) defines the degree of feasibility to accomplish the
for the context attribute. Many techniques can be used td@SK in @ given environment. It is calculated by matching
calculate the per-context attribute similarity (e.g., J[134]). required capabilitiesof the task withprovided capabilitieof

L L Lo the environment.
A limitation of the pure situation similarit the need for
mitatl pure stuation simrartty 1S 2) Task AutonomyThe autonomy of a taskgsk autonomly

explicitly specifying significance weights assigned toteoth . .
attributes (i.e.w;) while there is no unified method to deter.ndicates to what extent the task must be accomplished by the
‘ ironment. We calky, as, ..., a, (Wherem is the number

mine such the weights. Therefore, we propose a new meastys e
for computing simi?arity between situat?ong callesk-based 0? Sub-tasks within the taskilow) the au;gmomy of the sub-
situation similarity Specifically, two situations are similar if {asks, then the autonomy of the tasks 32, ai/m.

the tasks typically accomplished in these situations andasi.
For example, the situation of fi- Meeti ng” and “I n- Theat re” ] ) )
are similar with respect to the task ofrange nobile to The system has five main componer@sntext Manageis

qui et node” because people usually change their mobile fior management of contextual informatidResource Manager
quiet mode when they are in these situations. is responsible for discovery and management of available

Formally, let (t;),i € 1.k, and (t'),j € 1..I, be tasks deviqes and services in the environmeéiaisk Execut?on Man-
which are accomplished is and ¢/, Jrespectively, the task- aderis to execute se_Iected tgsks an_d manage their executions.
based similarity betwees ands’, SS-(s, s'), is defined by Task Recommendation Engl(féRE) is our core _component.

It use knowledge about environment capabilities, contaxtu
ko1 . information, and history data provided by Context Manager
_; ; TS(ti, t) and Resource Manager for reasoning about the relevances of
== (2) tasks. The final is &skREC Clientsrunning on smart devices

ol (e.g., PDA, smartphone) which continuously listens to TRE

For example, there are three tasks accomplished amd for receiving recommendation.
two in s’. The mutual similarities of these tasks are given in
Table . By applying (2), we hav8S:(s,s’) = 0.65. VI. IMPLEMENTATION

3) User Similarity: Pure similarity between users is the sum We illustrate the operation of AGKREC via a Context
of the similarity of their characteristics such age gender Simulator We use Socket Communicatiotechnology for
and occupation This measure is used to find previous useexchange messages between TRE amdKREC Client. The
similar to the active user who is new to the system. Faomponents of ASKREC are written inJ2SEwhile TASKREC
measuring similarity between known users, we propas&- Client is written usinglava MEand deployed 0540 Platform
based user similarityParticularly, the similarity between two Nokia Emulator
users is calculated based on similarities between tasks theConsider a situation: At 8am on a cold, rainy Monday
have previously accomplished in similar situations. Fdlyna morning, ... when Bob steps into his officBy applying the
let u andu’ be two users in consideration; I&4;),i € 1..k, knowledge-based filtering, the system can reduce the gg@ver
and(s’), j € 1., be situations in which, respectivelyandu’  of tasks (perhaps hundreds of tasksptdice-related taskand
have experienced and accomplished some tasks. The stynilaMobilephone-related tasks

wherew; € [0,1] (};, w; = 1) denotes the significance
weight assigned to the context attributesim,(c;, c;) is the
per-context attribute similaritypetween two values; andc;

V. SYSTEM COMPONENTS

SS(s, Sl) =



T @ 14:48 § T ® 14:48 The next step should evaluate the system via user studies.
\ 3 Future research will also investigate potential benefitsnfr

— — — - applying task recommendation as an adaptation technique
e, i, for context-aware systems. Another issue is to use learn-
Make roomwarm Just execute.it now ing techniques and data mining for computing importance
Wsaambright Nt ion & in Ttore weights assigned to context attributes towards indivigasts.
, Furthermore, the conflicts of recommendations in multiuser
MR ‘ e | environments bring up challenges that we are also aware of.
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