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ABSTRACT

The prototypical smart environment to support the context-aware interactions between user and
ubiquitous campus environment based on multi-agent system paradigm is proposed in this paper. In this
model, the dynamic Bayesian is investigated to solicit and organize agents to produce information and
presentation assembly process in order to allocate the resources for an unseen task across multiple services
in a dynamic environment. The user model is used to manage varying user constraints and user preferences

to achieve system’s goals.
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1. INTRODUCTION

The ubiquitous computing gives to the users the
expectation that it is possible to access information
and services anywhere. Besides that, the mobility
provided by the ubiquity makes the user context,
like the location, people and objects around, become
more dynamic. The great variety of situations in
which the user can be involved makes necessary
a way to the applications adapt themselves accord-
ing to the situations, providing a better support to
the human—-computer interaction. A way to im-—
prove the support for the human-computer inter—
action is to improve the communication during the
interaction, making the computer able to process

the contextual information of the user, the machine
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and the system communication, allowing the im-
plementation of more useful computational systems.
Context—-aware applications use environmental
context inputs to provide information to the user
or to enable services for user[1,2). The ways to use
contextual information can be found in many
researches. The DRAFT system investigates the
traditional decision theory, adapting to a user’s re-
source constraints, resource priorities, and the
content priorities in a dynamic environment[3]. In
this work, agent decisions are guided by a mul-
ti-attribute utility function as part of a user model.
The issue is how to set up utility function dealing
with many attribute efficiently and robustly. ITV
system[3] suggests the online service modeling of
context-aware interaction wusing rule-based
approach. It may not be easy to model user prefer-
ences about services in advance precisely. In this
paper, by using dynamic Bayesian, the prototypical
model, SCUS (Sungkyul Campus Ubiquitous
Service) to support the context-aware interactions
between user and ubiquitous campus environment
based on interface agent paradigm is proposed. In
this model, the user may delegate tasks to a per-
sonal agent that may operate directly on the appli-
cation or may act in the background while the user
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is doing something else. An agent is a representa—
tive of the user and acts on an user behalf more
or less autonomously[4]. Moreover, it has to be
able to communicate to the user in an appropriate
way without being too much intrusive according
to the context situation, user preferences, habits,
needs and emotional states. SCUS (Sungkyul
Campus Ubiquitous Service) is a prototypical
smart environment implemented by adopting con-
ventional multi-agent system and JADE plat-
form[5). The rest of paper is organized as follows.
In section 2, the conceptual SCUS architecture is
described. Then the context-aware interaction
model is detailed in section 3 and 4. Section 5
shows the simulation and its results. We conclude
with a discussion of the issues related to this model

and future work.

2. SYSTEM ARCHITECTURE

The prototypical SCUS architecture based on
the ITV modell6], is currently composed of three
main conceptual components: the server, the net-
work and the interface. The server concerns about
how to store and to deliver the services and can

to deliver different service objects to different

users according to the users’ characteristics and
needs. The server must store the service objects
available and the structure of the server programs
that relates the objects inside the program in time,
space and relationships. The content objects can
be provided by various media types such as text,
graphics, audio and video. The necessary seman-—
tics to increase the interactivity and facilitate how
to get contextual information about the program to
adapt the server services should be provided. The
network needs to be flexible enough to adapt to
the traffic conditions while keeping the pre-
sentation quality manageable[7]. The interface be-
tween the user and the system needs to be able
to receive and process context-awareness in-—

formation, and negotiate dynamically, with the

server and with the network, the requirements and
status of the application. The interface also may
exhibit the presentation, composed of service ob—
jects which could be simple HTML/XML files or
other multimedia objects . In this paper, we only
focus on the middleware levels concerning con-
text-aware interaction.

In ubiquitous campus applications, context—
awareness support can be split into several catego—
ries[8]. First, individual service objects should be
controlled dynamically. Those objects could be the
official documents, multimedia lecture notes, mes-
sage from library or simple pop—up messages for
a particular seminar. Secondly, the service applica—
tions should adapt dynamically to the network and
server conditions. Also the applications should dy-
namically adapt to user context. Depending on the
parameters such as user identity, location and time,
some services may or may not be offered. The
methodology of personalized ubiquitous interaction
is speculated by describing the entities composed
of SCUS model shown in Figure 1.

3. MODELING CONTEXT-AWARENESS
ENVIRONMENT

Context model allows the awareness of context
in different situations as shown in Figure 1.
Service agent can collaborate, via information
interchange and services with user agent and
service model, to maintain complex service levels.

Fig. 1. SCUS model for context-aware interaction.
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User own schedule of actions. Properties like
reactivity, agent has its own ideas on to realize
tasks and its adaptation, pro-activity, autonomy,
mobility and social capacity are relative at the
environment in that agents are inserted. The
user-service agent interactions may represent the
interactions between user, via several kinds of
interfaces embedded on user device, and all
applications of the environment. The context
features defined by these interaction types can be
represented in an XML structure compliant to the
context ontology.

Context-aware aspects can be relevant when
associated to environment, in which the service
application is inserted, providing information for
adaptability. Considering the execution of auto-—
matic services, it is possible to use the four entities:
location, identity, activity and time. This is the
key-point for defining concept of service model in
this paper. Five arguments, who, where, how,
when and what denote semantics that can be large
complex. The semantic How, can be used for
referring to what and how the resources being used
by user. Therefore, implementing one evaluator
mechanism for monitoring and showing a list of
allocated resources, can it to get an environment
status, indicating how the user is feeling itself in
the environment. The proposal for joining the
semantics HOW and WHAT provides support at
creation of the activity entity. This entity is used
for concept of service model, once that it is need
allocated resources for generating activity at any
level of the environment. Software agents can be
used for supporting to automatic tasks and actions
execution, observing the entities defined by the
conventional agent paradigms. The development of
service models for interactive applications, like is
the case of Interactive Ubiquitous Campus, is a
way for defining categories that indicate the status
of an entity in one service, as well as one way for
getting information about the behavior of this
entity a long of time. Thus, using service models

joined to contextual information, a service applica—
tion can make actions and reactions like the
follows:

e The presentation of both information and
services to the user

e The automatic service execution

e The association of the context and in-
formation for later recovery

Service agents access the service profiles
relevant to currently active user goals. Each
service profile is composed and presented by four
service elements: schedule, summary, page and
view. Each element has different characteristics
and different needs. The summary is a synopsis
about service and its constraints. The user can
choose the lecture notes for downloading/viewing,
using summary information. The schedule is the
service time table. Using the schedule, the user can
reserve the midterm date to be updated and can
ask the updated academic record early. The page
is composed of timeline, media, information
element and description. Information element
contains the hyperlinks to other information ele-
ment of other pages. From of the timeline, media
and its description it is possible to build different
interfaces, or presentation modes for one service.
One service needs presentation mode specification
and there are many types of available media. The
view element serves for this assignment and its
characteristics can be mapped into layout, com—
munication, context and interaction. The layout
will have typical interface variables like size, color,

element position and fonts.
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Fig. 2. Entities that compose the service profile .
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The communication element describes all the
communication requirements of the profile like
bandwidth, plug-ins and QoS level. The context
element informs all kinds of contextual information
for one specified profile. This element is defined
from context-awareness parameters like who,
where, when, what, containing the actions that
should be realized in determined situations. The in-
teraction element concerns about which types of
interaction are available to one profile. The user
preferences can specify user’s preferences related
to content.

Each service can have many different service
models. Models can differ in types of interaction,
available media, aspects of layout, customization
and privileges. Also this agent composes the each
service entity for output using their XML meta-
data, for example. Adaptation to context features
defined during the execution of user services can
be applied at different levels: by selecting user’s
tasks from goal structure, by asking services in
the environment to execute these tasks and by ex-—
changing messages with the user. After selecting
the task from goal structure, containing the de-
scription of the task and its constraints in terms
of activation condition and priority, service agent
execute the services under the help of user model.
Context-awareness aspects are very important
when associated with the environment in which the
service application is inserted. These aspects refer
it to operations associated to contextual sensing,
contextual adaptation and contextual resources
discovered that control the presentation of in-
formation and services to the user and the auto—

matic execution of environment actions.

4. BAYESIAN USER MODEL

Both entities, User (agent) and the Environment,
need to sense and elaborate context information.
Given a task in the user's goal structure, once the
user has been classified according to the strategy

of the user model, its execution and results can be
influenced by the context in which the interaction
occurs. The context is characterized by the static
and dynamic features defined by these two entities.
Environmental features are described by service
scope, type, physicality, etc.. In SCUAS, the fol-
lowing features are identified:

e Services: academic, interested group, circle
activity, health, military, administration, etc.

e Type! public, private, don't care, etc.

e Physicality: PDA, PC, kiosk, etc.

e UserStatus: location, time, activity, emo-
tional states, etc.

® Device! battery, connection, memory, etc.

User agent communicates with sensor agent,
who communicates relevant changes to the context
agent that knows the global context situation at
the considered time. Sensor agent controls the user
location and detects the user presence in the
SCUAS and in particular its relative position to key
places such as library, administration building,
user common and classrooms. User agent also
exchanges the messages with user model. Data in
the user model are collected by direct user inputs
through user devices, the derived information from
the goal structure inserted by user and the
information inferred by the environment. However,
User modeling agent is a part of environment,
starting modeling process when the user enters the
environment. This model is utilized for adapting
the service execution. Modeling strategy could be
data-mining methodology or any reasoning
approach. When user interaction is ceased, the
inferred data are transferred to the user model for
updating. Each user has his/her representative,
implemented as User agent, may benefit of smart
environment for the proactive execution of tasks
that is scheduled in user’'s goal structure, which
illustrates the tasks to be performed in different
contexts and environments by User agent. When

the user is situated in a particular environment,
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time, location, and emotional states, etc., UA is
requested to perform personalized execution of
services and to report the results appropriately.
Therefore, user agent is to use several knowledge
sources in interacting with smart environment
according to user’s tasks. These tasks may be
explicitly requested by the user or inferred by the
agent according to the level of autonomy. The User
agent is modeled and implemented to have the

reasoning behaviors aiming at the following goals.

* try to execute the user’s tasks totally

® create new tasks if required in some context

e support the user model relevant for adapting
task execution

® communicate results in personalized formats

e keep consistency between the user model and

what has been inferred by an environment

In order to achieve these goals, several knowl-
edge sources corresponding to sharing ontology
used for inter-agent communication are to be
exploited. In this paper, only the third goal is
exploited. The user model’s goal is to generate an
assessment of users’ interactions on the evaluation
of past interactions in order to allow the user agent
to provide tailored help that stimulates user
learning. To generate its assessments, the user
model keeps track of the user’s behaviors during
the interactions, since such behaviors are often a
direct result of the user’s preferences, or lack
thereof. Modeling users’ profile in interactive envi—
ronment involves a high level of uncertainty and
the Bayesian network gives the insight to solve
this kind of problems[9]. Since there are many tu-
torial resources about the Bayesian approaches, the
theoretic details are skipped here. Several random
variables are introduced in the Bayesian network
to represent user’s behaviors and knowledge.

Context Nodes E,: for each context object, the
user model for that basic context object includes
a node Ex that models a user’s context to get an
service expected. Each node Ex has two states:

Sensitive and Ignored. In this work, Ex € [private,
type, location, time, action, emotional states, view,
battery, connection, memory]. The elements are
the context variables, such as private/public, de-
vice types, user location, fixed/flexible scheduling,
activity related, user’'s emotion, text/multimedia
objects, and the rest are related to the network QoS
respectively.

Emergency Nodes EMS: this node models a
user's urgency to sense Ex to get an optimal
service. This node EMS has two states: Emergent
and Normal.

Status Nodes Under, Grad, Alumni: for each E,
this node models a user’'s academic and graduation
status to use optional services. The each node has
two states: Applied and Not-Applied.

Click Nodes Click: this node models a user's ac-
tion of selecting the services wanted. Each node
has two states: Selected and Ignored. Selected de-
notes that the user has wanted the service man-
ually, which could be the evidence node. The
Service Node S; denotes a service profile to be
clicked and served. Figure 3 shows the basic de-
pendencies among the nodes which encode the as-
sumptions to be mentioned below.

The Conditional Probability Table(CPT) for
each node is set up by taking the assumptions
mentioned above into consideration. If there are
multiple parent nodes for a particular node X, its
probability table is defined in the following way:
conditional assume that this node has n parent
nodes. For each assignment of the parent node

Fig. 3. The dependency between nodes.
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values, if there are m parent nodes (0<m<n)
which have the state Ignored, for example, then the
corresponding probability in the conditional proba-
bility table for this node to be Sensed is calculated
using the following equation:

P(X= Sensed)= p~{(p-(1-p)/n} Xm

In this eguation, p is designed by hand to denote
a high probability as “Sensed”. This equation
generates the following CPTs:

1. If all the parent nodes are sensed (i.e., m=0),
the probability of sensing X is p.

2. If all the parent nodes are ignored (.e., m=n),
the probability of sensing X is 1-p.

3. If 0<m<n, the probability of X being Sensed
is between 1-p and p, and it decreases proportion—
ally with the number of Ignored parent nodes:

The value of p is determined by considering the
user’s prior knowledge about the relevant knowl-
edge domain. More direct evidence on user's se—
lection are provided by user’s interaction, such as
clicking on a service shown on the menu on user’s
devices. The user model for a particular user’s in—
teraction must capture the unfolding of this inter—
action over time, and the corresponding evolution
of the user’s interactions. Traditionally, Dynamic
Bayesian Networks (DBN) are extensions of BNs
specifically designed to model worlds that change
over time. DBN keeps track of variables whose
values change overtime by representing multiple
copies of these variables, one for each time slice,
and by adding links that represent the temporal de—
pendencies among those variables.

However, it often becomes impractical to
maintain in a DBN all the relevant time slices. The
rollup mechanism allows maintaining only two
time slices to represent the temporal dependencies
in a particular domain: the network at slice t-1 is
removed after the network for slice t is established.
An example of DBN is shown in Figure 4, where
node C denotes evidence of a user’s action at time
t—-1, while non-root nodes Ox and M could

Fig. 4. Two slices of an example DBN.

represent the context nodes in the network.
Because user interaction can evolve with time, the
nodes in time slice t must depend on the nodes in
t-1. This can greatly increase the complexity of
the corresponding probability tables. Consequently,
the update of the networks can become quite time
consuming. In this paper, an alternative approach
to dynamically update the user model is used here.
The following procedure shows how we update the
model after an action C occurs:

After action C (i.e. Click)occurs, let us suppose
with value true(=T), a new evidence node C is
added to the network. After the network is updated,
and before a new action node is taken in, the
evidence node C is removed in slice t+1. The CPT
for the node M is changed according to the value
of C in slice t as follows:

PM=TIC=T, Oi=F, 0s=F) = P(0O;=F, O:=F!
M=T) +d,

P(M=TIC=T, O1=F, 0:=T) = P(O=F, O=T)|
M=T) +d,

PM=TIC=T, O=T, O=F)
M=T) +d,

PM=TIC=T, O:=T, O2=T)
M=T) +d,

P(O1=T, O:=Fl

il

P(O1=T, O=TI|

where d is the weight the action C brings to the
assessment of the corresponding context nodes,
and it can be either positive or negative, depending
on the type of interaction. That is, if the action

Click reflects the negative meaning (such as
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Ignored), d may has the negative value. If the M
represents the context nodes Ex, the increment

weight dm is determined as follows.

N

pi_pm

1
d, =—
nia ,

where pm is the probability of the node M and
pi is the probabilities of the occurrences of number
i which are computed by applying the context M.
The other types of nodes may take the heuristic
increment weight values. The probability of
context nodes M not directly affected by Click node
don’t remains unchanged, because we could be
assumed to slowly loosen the unfired interactions.
The S-shaped membership function is utilized to
guess the weight to be applied to decay the unfired
interaction using the following equation.

1
1+e™

Sx=

a is the coefficient for controlling the slope. The
range of x can be scaled as 0 to s. The scaling
weight is calculated as follows:

B=f(PCIM=F)/s)

where s is scale factor for flx) and d is the given
weight mentioned above. Hence, a node M may be

decayed as following.

If P(M=F|IOM=T) > 6, then P( - IM=F) = P( -
IM=F) +8 d,

€ is the given threshold value for making deci—
sion of decay and is used to determine the timing
for Help event, which is not mentioned in this

paper.
5. SIMULATION

Figure 5 shows the result of simulation which
is set up for the test of plausibility of overall
performance effectiveness. The main goal of
simulation is to show that a user agent that could
provide the appropriate services in the context of

user’'s interaction pattern. Also we want to de-

% -
— P(S1=TIEMS=T)
+ P(Under=tIEMS=T)
*_Pitype=TIEMS=T)

Fig. 5. +: P(S1=T|EMS=T), *:P(Under=T|EMS
=T), and -: P(type=TIEMS=T).

termine whether the user model suggested made
reasonable assessments. The 200 simulation
sessions are set up and the related parameters are
determined such as d=0.01, 6=0.05 a=1.0, s=20.
The resultant transitions of several CPTs after 200
simulation sessions reflect relatively correct
assessment of the suggested user model. Three
CPTs, P(S1=TIEMS=T), P(Under=T|EMS=T), and
P(type=TIEMS=T) are calculated by the manipu-
lated interaction data. In fact, this result has no
practical significance, but it shows that emergent
service could be more predicted to undergraduate
students than other grades. And S1 service is more
required than any other service as emergency, etc.
based on simulation data.

6. CONCLUSION

There has been growing efforts to present a
modeling of interactions of the system with the
environment inserted in a context-aware and
ubiquitous computing. Effective ubiquitous inter—
action requires a continuous modeling of both the
user and the context. Therefore, ubiquitous com-
puting system should be designed so as to work
in different situations that depend on the factors
stemming from presence of network connection,
characteristics of interaction devices, user location,

activity, emotional state and so on. The proposed
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modeling is the first step to help to determine and
to formalize new types of interactions generated by
a context-aware campus application. Towards to
future campus, this modeling can be used to ease
the development of environments, due to the fact
complete interactions generated by user, network
and application entities, are represented in the
approach. These interactions are very important to
context-aware, wearable, mobile and ubiquitous
computing. However, more work in understanding
how the user feedback influences the level of
autonomy especially when his feedback is implicit.
Also the detailed specifications for implementing
working model is still under going.
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