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ABSTRACT

This paper proposes a conflict resolution method for
context-aware media services. The conflicts are caused by
use of the service among multiple users and by share of the
resources among various services. In order to resolve the
conflicts among users, the proposed conflict resolution
method sums the preferences of each user, and then
recommends a customized service with the highest
preference. In addition, it detects conflicts among services
by exploiting their property, and determines their priority
by utilizing preferences of users. Furthermore, to show the
usefulness of the proposed conflict resolution method, we
apply the proposed method to ubiTV service, context-
aware media services, in ubiHome. Therefore, we expect
the proposed method can play an essential role for context-
aware media services to offer personalized services to
multiple users by resolving service conflicts among
applications as well as amog multiple users.

Keywords: Context-awareness, context history, service
conflicts, user preference, service profile

1. INTRODUCTION
Context-aware applications offer appropriate services to
users by utilizing contextual information of environment
including users. This information is obtained from various
sensors or computing resources distributed in our daily life
[1]. However, conflicts occur when multiple users share the
applications or these applications share limited resources in
the environment. Service conflicts occur when multiple
users access services, and then the services have to choose
one user to provide a customized response [11]. Finally, the
applications could not make a suitable decision to start a
service, and application users will not receive their
personalized service. Also, resource conflicts among
services happen if several services attempt to share the
limited resources simultaneously. Therefore, applications
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begin without possessing all the necessary resources and
the users receive incomplete services.

Most research, aimed on resolving conflicts, has been done
on smart home and intelligent office. Context Manager
(CM) in ubi-UCAM selects a user and an application by
assigning priority to users and applications [11]. ReBa
(Reactive Behavioral System) supports conflict resolution
among devices in office environment such as, between
electric lamps, display devices, and telephones [2]. RCSM
(Reconfigurable  Context-Sensitive =~ Middleware  for
Pervasive Computing), an object-based framework, makes
sensors and application services independent, forms ad-hoc
communication between them, and delivers the necessary
context to the applications [2]. Context Toolkit collects,
interprets, and delivers context between sensors and
application services [3]. CIS (Contextual Information
Service) manages contextual information, such as location
and characteristics of users, devices, and status of network
for providing contexts to applications [4][5].

However, most context management methods of the
previous researches have various limitations when they are
applied to multi-user environment with various
applications. CM in ubi-UCAM gives satisfaction to only
one user and one application [11]. In the case of ReBa, it is
difficult to provide to each user with particular services
because ReBa focuses on the service for grouped users by
inferring main activities from the environment [2]. In
RCSM, the context management method doesn’t consider
shared devices or services because contextual information
services are provided only through individual device
possessed by each user [3]. In the case of Context toolkit
and CIS, application developers have to consider both
conflict between services and between users because
contexts are delivered when current context of environment
matches an application-specified condition [4][5].



In this paper, we propose Conflict Manager to resolve
conflict caused by use of services among multiple users
and limited resources among multiple services. It consists
of three parts: conflict resolution among users, conflict
resolution among services and service profile management.
In case of conflict resolution among users, the proposed
Conflict Manager detects and resolves conflicts caused by
utilizing users’ preference. It also detects conflicts among
applications by utilizing service information and resolves
the conflicts by exploiting users’ preference.

Therefore, the proposed conflict resolution method has
following benefits. Firstly, it recommends the most
preferred content of the registered service to users within a
service area. It also selects the most preferred service
among various conflicting services within a service area.
Furthermore, the proposed resolution method resolves
conflicts without additional storage to keep tracks of user
history. Therefore, the proposed resolution method gives
users higher satisfaction than the resolution method
selecting user’s service.

This paper is organized as follows. In Chapter 2, we
introduce unified context-aware application model for
ubiquitous computing environments. Chapter 3 describes
conflict resolution method to resolve conflicts among
multiple services and among multiple users. In chapter 4,
we explain how to manage service profile. Experimental
setup and results are shown in Chapter 5. Finally, we
discuss conclusions in Chapter 6.

2. Unified Context-aware Application Model
Before dealing with conflict problems, we have to consider
how to represent contexts and how to be aware of contexts.
Thus, we introduce context representation (ubi-UCAM),
context-aware application model, and context management.

2.1 Context Representation

In order to represent context information in user-centric
service, we utilize a unified context [6]. It represents
context information with SW1H(Who, What, Where, When,
How, Why) which is used to express information about
user context comprehensively while including some part of
context information about surrounding environment in
order to provide the personalized service. With each field
having sub-fields, the unified context also express as
context about a user in detail. The unified context
expressed with SWIH ensures independence between
sensors and services, and it takes advantages being re-used
in other services. Especially, the unified-context format
ensures the simultaneous connectivity between sensors and
a lot of services, reducing additional management which
needs to change the same context to other form according
to individual services.

2.2 Unified Context-aware Application Model

To provide users with the personalized service, we exploit

ubi-UCAM (Unified Context-aware Application Model for
ubiquitous computing environment) which is a context-
aware application model [6]. It utilizes various interactions
that use context in a ubiquitous computing environment
where many different kinds of sensors and services are
distributed to environments. Ubi-UCAM, illustrated in the
Figure 1, is composed of ubiSensor and ubiService.
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Figure 1. ubi-UCAM

As can be seen in the Figure 1, a ubiSensor is composed of
a Sensor module to perceive a user and changes of user
environment, and Preliminary Context Decision module to
generate preliminary context with the perceived
information. A ubiSensor generates and delivers a
preliminary context which has all or part of the SW1H. A
ubiService is composed of Context Integrator, Context
Manager, Interpreter and Service Provider. Context
Integrator collects preliminary context from ubiSensors
within the same working area in a given time interval and
classifies SW1H to each sub-element. It also analyzes its
characteristics by each item of the collected SWI1H by
applying a decision making technique to generate
integrated context. Context Manager searches conditional
context corresponding to the integrated context from a
hashtable, which manages specific service actions and
conditions, and generates final context which is to be used
in applications. Finally, Service Provider executes proper
action with parameters based on the final context.

2.3 Context Management

In the ubi-UCAM, the Context Manager mainly focuses on
the ability to resolve conflicts which must be solved in
context-aware media services with multiple users and
multiple services. In addition, Context Manager uses short-
term history of users and services to solve conflicts
dynamically. To deal with conflict with dynamic approach,
Context Manager carries out context-preprocessing,
conflict resolution with history management, and final
context generation.
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Context Database keeps necessary contexts and related
information to support generation of final context. It
contains several kinds of context, such as conditional
context, final and user context within a service area, and
conflict history of users and a registered service

Conflict Management involves not only conflict resolution
among users and services, but also weight learning to
dynamically determine priority of users and services.

Final Context Deliverer provides Service Provider and Self
Configuration Manager with the final context which has
service action and information about a user who use it.

3. Conflict Management
Conlflicts of context-aware media services occur not only
due to multiple users who access the services at the same
time. It also happens by services trying to use shared
resource in their surrounding. Figure 3 shows the overall
architecture of Conflict Manager.
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Figure 3. Conflict Manager

As show in Figure 3, Conflict Manager consists of User
Conflict Manager, Service Conflict Manager and Service
Profile Manager. Conflict Manager exploits each
preference of users, and selects one content with the
highest preference among them. In addition, to deal with
conflict among services, based on the properties of services
and relationship between them, Context Manager detects
and resolves conflict. Therefore, Conflict Management
involves not only conflict resolution among users and
services, but also manages service profile.

3.1 Conflict Resolution among Users

Conflict Manager manipulates user contexts in two steps:
building a user conflict list and selecting a proper user from
it. In the former, Conflict Manager makes a conflict list of
context on users who are expected to cause conflict among
users, including those who are currently using the service.
In this process, users who leave out of the service area are
excluded in the list because we assume they don't want to
use the service any more. In the next stage, Conflict
Manager selects a content having the highest preference
among users. Figure 4 shows preference selection
algorithm in Conflict Manager.

Int Selected_Content.

Begin i = 0 to the number of users with in a service area
Begin j = 0 to the number of contents in a Service

Prefererence[j]=
Prefererence[j]+ User[i]. Who.Preference[j]

End

End

Selected _Content =
Max (Preference[0],Preference[l], -+, Preference[N])

Figure 4. Preference selection algorithm

In this algorithm, Conflict Manager adds each preference
of users. It then selects a content having the highest
preference. Figure 5 shows an example of the service
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Figure 5. Conflict resolution among users

As shown in Figure 5, there is a television service
providing user 1 with sitcom program in a service area.
Simultaneously two users, user 2 and user 3, are trying to
use the service. Therefore, a service conflict arises due to
use of television services by the three users. In this conflict
situation, Conflict Manager builds a conflict list consisting
of contexts of user 1, user 2 and user 3. Based on the
conflict list, it then sums the preferences of each user. In
this scenario, we user 1 has preference on contents of
television: 0.2, 0.3, and 0.5 to News, Drama, and Sitcom,
respectively. User 2 has preference on contents of
television: 0.4, 0.5, and 0.1 to News, Drama, and Sitcom,
respectively. User 3 has preference on contents of
television: 0.1, 0.7, and 0.2 to News, Drama, and Sitcom,
respectively. User Conflict Manager obtains the preference



of 0.7, 1.5 and 0.8 on the contents of the service.
Consequently, Conflict Manager recommends a Drama
program having the highest preference as a content for
television service.

3.2 Conflict Resolution among ubiServices

In addition, Conflict Manager resolves conflicts caused by
multiple services which are trying to share limited resource
in a service area. Figure 6 shows conflict resolution among
ubiServices. At first, Conflict Manager resolves conflicts
caused by other services within a service area. It creates
context which contains information about the service and
its stop command, if resources involved in other services
are the same as those of the service itself. As a result, the
ubiService responds to changes of other services which
cause conflict, using final contexts which come from other
services. Conflict Manager also prevents the registered
service causing conflict with other services. To detect
possible conflicts, it checks if there are any services
exploiting the same resource before delivering the context.
Finally, Conflict Manager sends the context to Final
Context Deliverer when there aren’t any services related to
the same resource. Otherwise, Conflict Manager stores the
context.
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Figure 6. Conflict Resolution among ubiServices

As shown in Figure 6, there are three devices: electric light,
television and telephone. Electric light provides light
service, telephone offers telephone service and television
shows movie, music, and television services. These
services also utilize specific resources of each device. In
this situation, the telephone service causes a conflict with
television service due to the sound resource. Therefore,
Conflict Manager detects the conflict in inward conflict
resolution. It then builds a final context containing a stop
command for the registered service. Afterward, Conflict
Manager compares the preferences of the registered
services with the preferences of telephone service.
According to preference, it selects the context of the
telephone service.

4. Service Profile Management

In order to resolve conflicts among users and ubiServices,
Conflict Manager manages users’ preference and service
information. In order to manage the registered service,
Conflict Manager obtains service information from Service
Provider. The information includes various properties of
the service, such as location, property, identity, etc. It also
keeps a track of a user who current uses the registered
service. Figure 7 shows the service information managed in
Conflict Manager.

Table 1. Service Information

Category Information

A user (SW1H) A user who currently uses the

registered service.

Types of the service

Current status of the service
Service name

A service area

Time when the service started

The registered
Service (SW1H)

Firstly, Conflict Manage requests properties of the
registered service from Service Provider. The properties
describes characteristics of the registered service, such as
display, sound, light service, etc. the properties are used to
detect conflicts among ubiServices. For example, television
service has three properties, sound, display, and light. The
current status of a service shows a current state of the
service. These includes “on”, “off”, “recommend”, “pause”,
etc. These are also used to resolving conflicts among
ubiServices. The service name enables Conflict Manager to
identify each ubiService within a service area. The service
area of the registered service makes a boundary of service
conflicts. The time maintains time information when the
user started to use the registered service. The user context
describes a user who current use the service

5. Implementation and Experiments

In order to apply the proposed resolution method to various
applications, we implemented Conflict Manager with
J2SDK 1.4. As shown in the Figure 7, we applied the
Conflict Manager to ubiHome test-bed [9]. In the ubiHome,
we tested the Conflict Manager with ubiTV service,
context-based media services in smart home environments.
It provides users with various services such as, a television
service, an Internet service, a music service, a movie
service, etc. the ubiTV offers customized response to users.
In addition to these context-aware services, we also
exploited various sensors, such as couch sensors to detect
user's behaviors, ubiTrack to track user's location [10], and
remote controllers to control the services.
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Figure 7. Context-based Media services

In order to measure the satisfaction of users, we
experimented on service conflicts in two ways: one is the
resolution method recommending a customized service and
the other is the resolution method selecting one user. The
proposed resolution method selects a content of the service
with the highest preference. The resolution method assigns
priority to conflict contexts and then chooses one user
having the highest priority when conflict occurs [11]. To
test two methods, we employed a television service which
is widely used in home environments. While using the
television service, family members cause conflicts due to
their preferences and its broadcasts. In our experiment, the
television service recommends a program having the
highest preference based on each resolution strategy.

In addition, we configured properties of ubiServices to
deal with conflict among services. In the experiment, all
the ubiServices were in the same area. Especially,
television, movie, Internet and music services were
operated on the same computer. We then monitored the
ubiServices in ubiHome. Table 2 shows the properties
given to each ubiService.

Table 2. Property of ubiServices

Services Sound | Display | Light Location
Television (0] (0] (0] Living room
Internet (0] Living room
Music O Living room
Movie (0] O O | Living room

In case of television service, most conflicts are related to
Internet service. The rest of the conflicts are associated
with movie and music service. Movie service, which shares
sound, light, and display resource, is related to all the
services. In particular, conflicts with Movie service are
mostly due to TV service which is accessed by user.
Besides, Internet and music service were related to
television and Movie service using sound and display
resources. Therefore, conflicts between these services
depend on users and their preference of using services in
home environments.

Furthermore, to evaluate the effectiveness of the proposed
conflict resolution method, we asked twenty persons, who
experienced the proposed resolution method, to answer
following question.

Question: What do you think of context-aware services that
recommend a proper content when several members try to
use them at the same time?

Figure 8 shows the user satisfaction on the proposed
resolution and the resolution method selecting one user.
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Figure 8. User satisfaction

As shown in Figure 8, the respondents showed higher
satisfaction on the proposed resolution method than that of
resolution method selecting one user. The people aged in
20s showed 73 percent on the proposed resolution method.
However, they expressed 59 percent on the selecting
method. In case of people aged in 30s, they show 71
percent on the proposed resolution method. On the other
hand, they express 53 percent on the selecting method.
Therefore, we found that most users preferred to the
proposed resolution method recommending favorite
contents rather than selecting one user having the highest
priority. This is because the users want to use their services
continuously when they hold their services.

6. Conclusion

In this paper, we proposed the conflict management
method to resolve conflicts that arises when multiple users
access various context-aware applications in ubiquitous
computing environments. In order to resolve conflicts
among users, the proposed Conflict Manager maintains
contextual information of users and service profile, such as
types of the registered service, location, time, and then
selected one service most user have preference among
various each service. In addition, Conflict Manager detects
conflicts among services based on the properties of each
service. It resolves the conflict by selecting one ubiService
with the highest preference among conflicting ubiServices.
In the experiment, we found that users showed higher
satisfaction on the proposed conflict resolution method
than conflict resolution method selecting one service. For
future works, we plan to increase the number of users who



are involved in conflicts, and observe user’s behaviors over
longer periods.
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