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Abstract

The proliferation of mobile devices has created the heedpplications which can
operate in dynamic conditions. This implies the requaetnfor a reactive platform
that can make informed decisions about how to respond togebato device
capability, user preferences, enterprise policy and m#mr @nvironmental factors.
These capabilities, preferences, policies and environinattabutes can be
collectively referred to as ‘context’. Context cam Wsed in many and varied ways.
Context can be used as the basis by which an adaptatiageraor algorithm decides
to modify content or application behaviour. It could aleaazivably be used directly
by an application that pushes relevant information to & based on the user’s
present situation. A Context Manager provides the abibtycollect, collate and
process context information. A Context Manager shoeldléxible and extensible.
This means it should be able to process context infeamdtom many different
sources, and that new sources of context informationbeaadded at will. Such
sources of context information include a location awesenmodule, modules that
detect modifications and additions to hardware and soéwand even a component
that provides data about enterprise policy. This prajeetstigates several areas of
context management. First of all it seeks to ideritiy strengths and weaknesses of
Composite Capabilities/Preference Profiles (CC/PR)roposed W3C standard for
describing device capabilities and user preferences, in biegcdontext information.
In particular, the ability of CC/PP to describe cohtaormation beyond device
capabilities and user preferences is investigated. A segoaldof this project is to
design and implement a mechanism by which context irdtom can be updated and
distributed via Elvin, an event notification system. Tegper also shows how event
correlation could be used to implement several aspects aointext manager in a
simple and elegant fashion.
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1 Introduction

Being able to perform some level of adaptation in a reoéilvironment is a key
factor in providing users with applications that will an situations where device
capability and other attributes are constantly changifigaditional desktop
applications are not suited to the fluidity of mobile eamments and simply will not
function in a manner that is acceptable to the usesorfie kind of behavioural or
content adaptation could be performed, then applicatiamdd continue to provide
useful information to a mobile user. The central idet® ke into consideration the
current state of the device, network, user preferencesavidonment and provide
content that is optimised for this situation. For ragée, due to a low bandwidth
network it may not be viable to send full colour imagea toobile user, but it may be
viable if the user migrates to a higher bandwidth networkegime in the future. In
fact, this information could be further harnessed to pussg#ful information to the
user, or to customise information to the user’s preseraton. It must be emphasised
that context information can be used for purposes otla@r titanscoding (translating
content from one form to another).

These requirements imply the need for a managementpamant whose
responsibility it is to collate all available conteattributes, and provide these to the
adaptability manager (or indeed any other componentighaterested in context).
This project describes a management component thapable of managing context
information from many different sources, such as atiosaawareness module, a
hardware awareness module and policy manager. In partictis document
proposes a mechanism by which context information cadeberibed and updated in
a mobile environment.

2 Project Description

This project has several aims.

There are many different definitions of context tighout the many fields of
computer science. The first aim of this project is tangefvhat context means in the
area of enterprise mobile computing environments.

Another goal is to identify the strengths and weaknee$e&3C/PP [10, 11, 12] to
describe context information in a mobile environment.

Device capabilities and user preferences are only twaeswf context information.
The next aim of this project is to discover whether/RFCcan be used to describe
context from many different sources. For example pitegects and people within an
organisation constitute another useful source of contéxtmation.



The possible relationships between attributes that makengext are examined. It is
predicted that there will be circumstances in whichaterattributes should not exist
together within a profile. It is also foreseen thatréhwill be instances where one
attribute can exist only if a certain other attribigepresent. Cardinality constraints
will also need to be specified for certain attribufésis project shows some of the
possible ways to describe these relationships and constizsing RDF. An RDF

schema specifying these constraints is presented, aldhga validator capable of
validating these constraints.

CC/PP imposes no constraints on the protocol used dbaage CC/PP profiles.
However, the CC/PP community has proposed only one golod this point in time.
This protocol is called CC/PP exchange protocol [3] andbaised on the HTTP
extension framework [4]. Another aim of this projectagpropose a protocol based on
the DSTC’'s Elvin notification service [5]. Two separataplementations are
provided. One version is based on an early CC/PP impkatien developed by the
author of this paper, and another is based upon the meeentr CC/PP
implementation developed by the€ team. It is expected that the latest version would
be robust enough to be used within thepmoject.

Another goal is to show how context classes can helemmented using Elvin

correlations. A context class is made up of one oremattributes, each of which may
take on a range of acceptable values. If any of the vdllssout of the specified

range, then the context class changes. Correlaticows adlrying levels of granularity

for context change notifications. This will be explaingoroughly in the section

about correlations.

Once these aims have been achieved, the design dmtext manager is presented.

3 Context Management

3.1 What is Context?

Context information is used in many and varied computer ceipnojects. The Al
community, for instance, is especially interested imtext because they are
concerned with being able to deduce the intended meanwgrdt or other data in
different situations. There are a number of sliglifferent definitions of context in
the computer science fraternity. However, the diffeesnare largely cosmetic,
resulting from the unique applications of context. Wkaeh definition may focus on
the particular application of context, most definisoseem to indicate that context
information is that which can be gathered from theosumding environment, and
although this information may not relate directly te task at hand, it may help to lift
ambiguity [13].



In this report, the word ‘context’ will mean any infortiea at all that can help
determine the situation of an object, where an objettbeaa user, a device or any
other entity being tracked by the system. The situati@nambject is ultimately what
a context manager is required to determine. Indeedgbalin [21] define context as
‘any information that can be used to characterise ithat®n of an entity, where an
entity can be a person, place, or physical or comjumtobject.’

In a mobile environment, context data is stored mainlgadhat decisions can be
made about how to adapt content or behaviour in some @@yext can be used as
provided by context sources, or it can be manipulated irftora more useful for
certain purposes. In all cases, regardless of wheth@putation takes place, context
is used to clarify the situation of a user, device or abhgct.

3.2 A Mobile Enterprise Architecture

There are a number of factors that make mobile compuliifigrent from desktop
computing. Mobility means that attributes associated wliglvices and users are
constantly changing. These changes mean that conteériednaviour of applications
should be adapted to suit the current situation. Somethmes changes are made out
of necessity. In these situations, applications wouldseda function at all. An
example is if the bandwidth should suddenly drop, a graphitnsive web
application should start sending content that consumes bbandwidth. On other
occasions content and behaviour adaptation takes plarelen to provide a service
that is tailored to the user’s present situation. F@an®le, given location and time
context and a user’s culinary preferences, the plattmutd point out to the user that
it is almost time for dinner and that there is a gttalihn restaurant around the corner

[1].

There are several ways in which content and behavarube adapted. One way is to
build each application with context awareness, andvallem to adapt content and
behaviour accordingly. Another way is to provide an ulydey platform that
attempts to perform most of the adaptation transpardntlghe client and the
application server.

The Mobile Enterprise Architecture proposed by theteam within the DSTC is
representative of such a platform. It is described teepeovide a concrete example of
a mobile enterprise platform, and to show the rola @ontext Manager in such an
architecture.

33 md

The goal of the tharchitecture is to ‘maximise the enterprise productivityilev
minimising constraints brought by mobility’ [2]. In otherowds, an enterprise user



should not be prevented from working just because thegveag from the desktop or
because mobile devices have different capabilities to deskioputers.

To accomplish this goal, the*mroject defines an architecture comprised of several
management components, each of which performs a parttesk.

3.3.1 Context Manager

First of all, there is a Context Manager, aspectsto€h is the focus of this paper. Its
role is to maintain information pertaining to mobile desicesers, the environment
around each mobile device and any other context informag@med relevant. All
this information is provided by a set of ‘awareness modukes example of an
awareness module is a location manager that trackiothéon of users. Another
example is a mobile device itself, which can provide rimfation about its present
capabilities. All this context information is collateddamade available to the other
management components. These requirements lead uset dbpects of context
management:

1. Context sensing. The way in which context data is nethi

2. Context representation. The way in which context infaionais stored
and transported.

3. Context interpretation. The way in which meaning is mieié from the
representation.

Each of these are dealt with by this paper.

3.3.2 Policy Manager

The Policy Manager is responsible for controlling meleinterprise policies. The
introduction of mobility to an enterprise brings withainumber of issues which are
not seen in traditional computing environments. Organisatieenerally have policies
regarding the disclosure of certain pieces of inforomatiFor example, some hard
copy documents may be viewed at specially designateddasatinly, such as the
office of the CEO. These kinds of policies must kengferable to a computing
environment, and in particular, a mobile computing environm&he ni Policy
Manager assigns users to roles, and each role hasspimsi, prohibitions and
obligations associated with it. In general, a policyambination with current context
information will determine what actions a user is alldwe perform, or what actions
a user is obligated to perform.

10



3.3.3 Security Manager

The Security Manager provides secure session connecioagement between the
front and back ends of the mobile platform. Depending orsé¢kerity policies of an
organisation, some content may not be viewable if ¢ébargy requirements cannot be
met.

3.3.4 Adaptability Manager

The Adaptability Manager is responsible for adapting cunteehaviour and other
aspects according to context and policy. The AdaptaliMignager may take any
number of actions depending on the information passedfotite Context Manager.
This information may or may not be in the form of ROMe most obvious action to
perform is to transcode content so that it may be \dewvea particular device. Other
actions might include appending location specific infornmat@documents.

3.3.5 MEADL

The Mobile Enterprise Architecture Description Language piesvia programming

interface that acts as a communications bus by whiehatiove components may
communicate control information. Not all inter-compah communication needs to
take place via MEADL. For example, the Adaptability Mamagpay obtain context

information directly from the Context Manager.

4 Literature Survey

This literature survey is comprised of reviews of papets@njects that have some
relevance to context management in mobile environmeride\Whese papers do not
describe existing context managers, they each lend someththg field of context
management.

4.1 Composite Capabilities/Preference Profile
4.1.1 Description

Composite Capabilities/Preference Profiles (CC/PP) igL@]proposed W3C standard
for describing device capabilities and user preferencesictar attention is being
paid to wireless devices such as mobile phones and PDAs.

In practice, this model is based on RDF and can beisedalsing XML. RDF is can
be seen as a way of representing knowledge. The follpwliagram shows an
example RDF tree which models a CC/PP instance.

11
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Figure 1 Example RDF graph of a CC/PP

The root of the tree is the current session assocwitbdthis instance. CC/PP only
expresses information related to the current sessibmférmation that is to be used
to adapt content must be present somewhere in the tree.

<RDF xmIns="http://www.w3.0rg/1999/02/22-rdf-syntax -ns#"
xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-sy ntax-ns#"
xmlins:ccpp="http://www.w3.0rg/2000/07/04-ccpp# "
xmlins:uaprof="http://www.wapforum.org/UAPROF/c cppschema-

19991014#">

<Description about="http://www.example.com/MyProf ile">
<ccpp:component>
<Description about="http://www.example.com/Te rminalHardware">
<type
resource="http://www.example.com/Schema#HardwarePla tform" />

<ccpp:Defaults>
<Description>

<type

resource="http://www.example.com/Schema#HardwarePla tform" />
<uaprof:CPU>PPC</uaprof:CPU>
<uaprof:ScreenSize>320x200</uaprof:Scre enSize>

</Description>
</ccpp:Defaults>
<uaprof:ScreenSize>640x400</uaprof:ScreenSi ze>
</Description>
</ccpp:component>

<ccpp:component>

12



<Description about="http://www.example.com/Te
<type

resource="http://www.example.com/Schema#SoftwarePla

<ccpp:Defaults>
<Description>

<type

resource="http://www.example.com/Schema#SoftwarePla

<uaprof:OSName>EPOC</uaprof:OSName>
<uaprof:OSVersion>2.0</uaprof:OSVersion
<uaprof:OSVendor>Symbian</uaprof:0SVend
</Description>
</ccpp:Defaults>
</Description>
</ccpp:component>

<ccpp:component>
<Description about="http://www.example.com/Br
<type resource="http://www.example.com/Sche
<ccpp:Defaults>
<Description>
<type resource="http://www.example.com/
/>
<uaprof:BrowserName>Mozilla</uaprof:Bro
<uaprof:BrowserVersion>5.0</uaprof:Brow
<uaprof:CcppAccept>
<Bag>
<li>text/plain</li>
<li>text/vnd.wap.wml</li>
</Bag>
</uaprof:CcppAccept>
</Description>
</ccpp:Defaults>
<uaprof:CcppAccept>
<Bag>
<li>text/plain</li>
<li>text/vnd.wap.wml</li>
<li>text/html</li>
</Bag>
</uaprof:CcppAccept>
</Description>
</ccpp:component>
</Description>
</RDF>

Listing 1 A serialised profile

rminalSoftware">

tform" />

tform" />

or>

owser">
ma#BrowserUA" />

Schema#BrowserUA"

wserName>
serVersion>

The listing above shows how CC/PP can be serialideld. a simple profile that
describes the attributes of a mobile device. In this examgldl components and

attributes are described inline. That is, the attributeb their values are contained
within this profile itself. CC/PP also allows profiles ¢ontain indirect references to

other profiles. These profiles will normally contairfaldt values for attributes. The
following listing is the same as that above with &xeeption that the listing below

utilises indirection..

<RDF xmIns="http://www.w3.0rg/1999/02/22-rdf-syntax

xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-sy
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-sy
xmlins:ccpp="http://www.w3.0rg/2000/07/04-ccpp#

-ns#"
ntax-ns#"
ntax-ns#"

13



xmlins:uaprof="http://www.wapforum.org/UAPROF/c
19991014#">

<Description about="http://www.example.com/MyProf
<ccpp:component>
<Description about="http://www.example.com/Te
<type
resource="http://www.example.com/Schema#HardwarePla
<ccpp:Defaults
rdf:resource="http://www.nokia.com/profiles/2000k"
<uaprof:ScreenSize>640x400</uaprof:ScreenSi
</Description>
</ccpp:component>

<ccpp:component>
<Description about="http://www.example.com/Te
<type
resource="http://www.example.com/Schema#SoftwarePla
<ccpp:Defaults
rdf:resource="http://www.Symbian.com/profiles/EPOC"
</Description>
</ccpp:component>

<ccpp:component>
<Description about="http://www.example.com/Br
<type resource="http://www.example.com/Sche
<ccpp:Defaults
rdf:resource="http://www.nokia.com/profiles/Mozilla
<uaprof:CcppAccept>
<Bag>
<li>text/plain</li>
<li>text/vnd.wap.wml</li>
<li>text/html</li>
</Bag>
</uaprof:CcppAccept>
</Description>
</ccpp:component>
</Description>
</RDF>

cppschema-

ile">
rminalHardware">
tform" />

/>
ze>

rminalSoftware">
tform" />

/>

owser">
ma#BrowserUA" />

n />

Listing 2 A serialised profile using indirection for default values

Profiles can be stored in a CC/PP repository. Byguairepository, the client need not
send its entire profile with each request for contémstead, it sends only the
differences since the last request. This implies the aissome kind of session
(stateful) protocol.

4.1.2 Relevance and Evaluation

Since the evaluation of CC/PP is a major componenthsf thesis, it is given
thorough treatment in later sections of this documeht felevance of CC/PP to
context management is provided here.

CC/PP is intended for modelling context related to desjoecifications and user
preferences. The use of XML/RDF as a description gymteans that profiles can be
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transported to a wide variety of machines. It also mdatexisting vocabularies can
be extended and new vocabularies added with the use ofnévtiespaces.

To be of real use in an extensible context manager, E@d#uld need to be capable
of describing many different kinds of context informatidt would be required to

store location context, enterprise context (projectdes and other information

associated with an enterprise) and any other informdtiatnmight help to determine
an object’s situation. There would also need to be eharesm for storing context

histories.

This paper addresses some of these issues, and showsCtrf? Can describe
arbitrary contexts.

4.2 Odyssey
4.2.1 Description

Odyssey [7] is a platform that supports application-awadaptation. In the
application-aware model, the underlying platform (in tlwase Odyssey) is
responsible for monitoring Quality of Service levels, lbe applications are
responsible for performing the required adaptation wheifigtbby the platform.

Odyssey is realised in two parts. The major part st;of the Wardens and the
Viceroy and is implemented in user space. The second@aststs of an interceptor,
which is placed inside the NetBSD kernel. The intexejttercepts all system calls
and redirects operations on Odyssey components to tleoyi All other calls are

forwarded to the kernel.

The Viceroy is responsible for monitoring resourceeseresources are shown in the
table below.

Resource Type Unit of measurement

Network Bandwidth | bytes/second
Network Latency microseconds

Disk Cache Space kilobytes

CPU SPECIint95
Battery Power minutes
Money cents

Table 1 Resour ces monitor ed by Odyssey
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Applications can specify a ‘window of tolerance’ fach of these resource types. If
the value of a resource falls outside the window of &plee, then the application is
notified of this. The application can then specify djusted window of tolerance for
the resource. An adjusted window of tolerance usuallgn®ehat the application is
willing to accept a different level of content fidelityidelity is a measurement of the
difference between content as is presented by the mdbéilee, and the original
content quality as stored on the server. A small diffee corresponds to high fidelity.
A drop in available resources means the applications eiingtr accept lower fidelity
or (presumably) inform the user that content can nodbhg delivered.

Wardens perform all communication with the back end selardens are content
type specific. That is, a separate warden exists fdr eantent type. New wardens
can be added to the platform as they are developed. 8@ thight exist a video
warden, a streaming audio warden, a web warden or a datalaaden. Wardens
exist because each content type has different allowalelty levels, and if there is a
change in resource availability, different contepiety must be handled differently.

Viceroy

Video
Warden

Figure 2 An example application using Odyssey

Wardens define the allowable fidelity levels, and commuaeitiaese to the Viceroy.
If applications register an unknown fidelity levelgtWiceroy informs the application
of this fact.

4.2.2 Relevance and Evaluation

One can view the Viceroy component of Odyssey asnanmai context manager. The
Viceroy is responsible for monitoring a set of QuabtyService resources. These
resources can be seen as a subset of the contexhation monitored by a context-
aware platform.

Just as applications can register with Odyssey twobiéed when resource values fall
outside a given window of tolerance, an adaptation manegerregister with a
context manager to be informed when certain contésbaiies change.
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Odyssey provides us with an example of a minimal ctrgensing platform. While
sensing is limited to the set of six attributes showhnahle 1, it is a good example of
the way in which context can be used to help adapt cointantoptimal fashion.

4.3 PRAYER
4.3.1 Description

The PRAYER system [6] was an attempt to provide aloxel adaptable architecture
for mobile devices. Various contextual attributes werenitnoed so that informed

decisions could be made about what kind of adaptationlghake place at any point
in time. However, the set of attributes maintained IRAWPER was static. This

restriction means that any adaptation that the platfoerforms is bounded by this
finite source of context information.

There are two broad categories of context informatiothé PRAYER system: those
attributes related to the capabilities of the hardwaetgform and those attributes
related to network quality of service. Examples include octioe cost, access
protocol, latency, computing power, battery power and Oipgr&ystem.

An application may specify a range of acceptable valoesdch of these attributes.
Applications provide two callback functions for the PRAYBplatform. The first
function is invoked when a QoS parameter falls within dbeeptable range. The
second function is invoked when a QoS parameter fallsideuthe acceptable range.
In this way, the application can decide what actiomatee when QoS falls below a
specified value.

Applications that use the PRAYER platform are logicalivided into regions. Each
region within the application may need a different Qo®rder to perform a task.
QoS may be renegotiated with the platform in eactsitian from one QoS region to
another.

Context management in PRAYER is limited to finding Qéssses from each of the
above mentioned attributes. At any given time, thefqiat is within a single QoS
class. Since new QoS parameters are never added, atidgegiges never removed,
QoS management is simple in the PRAYER system.

PRAYER is similar to Odyssey in a number of ways. tFitsey both opt to notify
applications of changes in resource availability rathan thttempting to provide a
transparent platform. Second, they both monitor an émsile set of QoS resources.

4.3.2 Relevance and Evaluation

The PRAYER system provides a concrete example of aptigdaarchitecture for
mobile environments. While the context managed by PRAYERnised to Quality
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of Service characteristics and hardware capability, ésdghow that it is possible to
group together several, albeit predefined, attributes armgesaior the attributes, and
to categorise the current situation into one of tlyggs@ips. This report will also make
use of these groups. They will be referred to as contagses. An attempt is made to
show how arbitrary context classes can be defined.

Although PRAYER does not contain a context manageretaee several ideas from
PRAYER that can be extended to a context managemstensyOne such idea is the
notion of Quality of Service classes. Instead of dealnidp each QoS resource
separately, several classes are formed by assigningsrafigecceptable values for
each resource. The application can request a partidaks and be notified when the
QoS class changes.

A context manager could use a similar idea to group askwemtext attributes

together along with ranges for those attributes ingicéd categories called ‘context
classes’. An adaptation manager could then be notifieshwbntext falls into or out

of a context class. This removes the need for the atlaptmanager to concern itself
with a large number of attributes if it doesn’t need tovkiaietails.

4.4 Savoir
4.4.1 Description

Savoir [1] is one version of the Cyberguide applicationettgped at Georgia Tech.
Cyberguide can be thought of as a replacement for toomisthures. Ordinarily,
tourist brochures provide information about places to sestaurants to eat at and
events to watch. However, the tourist brochure isini&ligent in that it does not
know where or when it is being perused by a tourist. Cylidegon the other hand,
makes use of location and time context so that itmaake intelligent choices about
what to show the user. For example, if it is latéhie day, then the guide might show
a list of places to eat dinner. If a tourist is cldeea museum, then the guide might
suggest that the tourist visit the museum.

Savoir is a voice only interface to Cyberguide.

Savoir was interesting because it specified how cométmation could be managed
so as to make better decisions in the future. It also pssisional information to
guess what kinds of commands a user is likely to issoih Bng term and short term
context histories play a roll here. Savoir distingusstweo kinds of context: physical
context (location, time etc) and informational cont@pased on the fact that users are
likely to make requests related to information they Hasard recently).
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Because the system is voiced based, it needs to setetdvant grammar such that
continuous speech may be interpreted correctly. Obviouls/,grammar chosen
should contain words relevant to the current time tionand recent topics.

Another interesting choice made by the Georgia Tech teaomaintain a history of
commands that have never been issued before. Each caimraa be linked to
context information such as the current location so teat time this location is
visited, the command can be loaded as part of the releyramdmar. Also, by
remembering some types of context for short periods,pbssible to resolve ‘tricky’
statements. For example, if the user says ‘Get Bagghail address’ and then says
‘Send this information to him’, by remembering the word vBafrom the initial
command, it is possible to resolve the pronoun *him’ @gbcond command. Without
this context history, there would be no way to estabhshthe user means ‘Send this
information to Dave’.

4.4.2 Relevance and Evaluation

Savoir does not shohowto interpret context, but it does show tlesultsof context
interpretation. By interpreting context correctly, thiguation of an object can be
determined more accurately and this allows applicatiomeliwer content that has is
more useful in the current situation. It also shoves lthnefit of keeping both long-
term and short-term context histories.

Although the context manager discussed in this reporbtisespecially concerned
with voice context, there are some parallels in Wy context information is
managed in these two projects. For example, in botWniSand the context
management system discussed here, multiple sourcamntdxt information need to
be collated in order to make decisions. In order to maked deoisions, Savoir takes
into account time, location and informational contéxicontext manager makes use
of a greater variety of context sources but the grlaagiemains the same.

Savoir and the Cyberguide project in general shows hawegb can be used to
customise the user’s experience. Based on context, rSamimake the decision to
push certain kinds of information to the user. Thatelgvant information can be sent
to the user without the user having to request it. Sahows that transcoding is not
the only use for context information.

4.5 Active Badge
4.5.1 Description

Location information can play an important role in aaptive mobile architecture
such as rh For example, if the user’s location is known, tkentent specific to that
location can be sent to the user without the usernbato request it. Location
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information can also be used to coordinate the aetvitf several users. Because of
this, location represents one of the most powerkdgs of context information.

The Active Badge System [8] was developed in an effoshtov how personnel can
be tracked in an office environment. Each person is givenal badge which emits
infra-red signals. These signals are captured by settsatrdrave been strategically
placed around the office space. This system is thent@abtack people as they move
around inside the building.

ORL has found a number of useful applications for ActBadge technology. For
instance, by placing badges on workstations as well as tisergjorkstation can be
automatically personalised for a user as the user ap@®&cinother novel use for
Active Badges is to place badges on computer components asicWireless
keyboards. When a user approaches a workstation whilengaddivireless keyboard,
the workstation configures itself to accept input from theless keyboard.

The location server itself has four distinct layers.

The first layer is the Network Control. It gathersvrimcation data by polling all the
sensors in the building. This layer removes any errondatss It is possible to adopt
a biased polling strategy whereby sensors that are knowavie seen recent activity
are polled more often than those sensors that havecoeeter.

The raw data from the Network Control layer is giverthe Representation Layer. It
is at this layer that the raw data is timestampecde Ttation information, the

timestamp and the ID of the badge that has been sightiedaftriple. The data is now
in a form that can be used for higher level processing.

The Data Processing layer makes decisions about wihyddstto keep and which to
discard. A badge’s location may not have changed, atiusitase the triple could be
discarded. An enormous amount of data can be generated bjctive Badge
System, and this is why the Data Processing layer make decisions about which
triples actually contain useful information. This layan produce location histories,
or a location trace.

The final layer is simply a presentation layer. Thepldy Interfaces can display data
in graphical or textual form depending upon the applicatWith access to other
kinds of information, such as the floor plan of a biadg it would be possible to build
a system that predicts the movements of people.

The Active Badge Location System shows that it is iptesso build applications that
are aware of their surroundings. By using a user ID mucwtion with location

information, the Active Badge system can help appticatto adapt in ways that are
useful to a roaming user. Workstations can adjust theesdbr particular users
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automatically and users can be followed by multiple @@ situated around an
office.

45.2 Relevance and Evaluation

Active Badge is interesting on a number of fronts. Ffsll, it gives a solid example
of context sensing. It also shows how context data lmamprocessed and then
interpreted to perform a useful function. Finally, artive Badge type system could
provide a context manager with a source of locationestnt

If such a level of customisation and adaptation can begbtoabout by a location-
aware system alone, then it should be possible toecasaéven ‘smarter’ architecture
by using context information from a number of differsatirces.

The Active Badge Project also makes it abundantly dlestr some form of context
filtering is required, since large amounts of data mayptoduced by the context
sources.

Whilst Active Badge outlined the way in which raw locatiotadia transformed into

a useful representation, it does not represent desafanm that is transportable and
useable by a large number of applications. This shortgpmawy have been rectified
in more recent versions.

Having said this, the Active Badge Project does give anlextalverview of the way
in which raw data is transformed into something more mgdmi This kind of
description was neglected by many of the other papers apet{m reviewed here. A
context manager will need to possess a similar datzepsing function. The use of a
standard description format for this context informatiothmake processing simpler.
It should also allow complex relationships to be formetdween attributes. This
makes it possible to reason about context so that higiher context can be inferred
from lower level (raw) context. Admittedly, the Aati Badge system only maintains
one kind of context information — location context — and therefore not necessary
to describe relationships between attributes.

4.6 SNMP
4.6.1 Description

The Simple Network Management Protocol [19] is veryelsathought of as an
example of a context aware application. However sgeece, SNMP is just that. The
purpose of SNMP is to provide information about nodes onetwork. The
information provided can describe the node’s hardware, itsatipg system and
software, and network statistics among other things.
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SNMP defines a hierarchy of attributes that can be manddes hierarchy is known
as the Management Information Base (MIB). All SNMPnpdiant nodes run an
SNMP agent that maintains a MIB patrticular to that devidee agents communicate
with SNMP management stations. The management statamsjwery the agents
running on the nodes in order to get up to date information adch node. In
addition, agents can be configured to automatically natéypagement stations about
some simple events. In SNMP parlance, these ndtditsaare called traps.

Data is sent between agents and management statiogsA&N.1 encoding to enable
multi-vendor communication. If SNMP can be likened ©/EP exchange protocol,
then the MIB can be likened to CC/PP and ASN.1 cdikbred to XML/RDF.

4.6.2 Relevance and Evaluation

SNMP demonstrates several the three aspects of contarbgement: sensing,
representation and interpretation. SNMP agents can dwedi as context sources.
They make information available to management statidasmentioned above, the
data is modelled using a MIB and transported using ASN.liontalthough there

is not a great deal of interpretation on the part afamagement station, sense does
have to be made of traps and information received. N&tadministrators perform
the real interpretation when presented with sevecés fa

SNMP can be classified as a context management sy&eanise it maintains current
information about nodes on a network. A system adnate uses this information

to identify and (hopefully) prevent problems on the nekwér some cases, software
running on the management stations can take certain aetimrsspecific conditions

arise.

In much the same way that a mobile enterprise platfaypes to adapt applications to
various changes in context, system administrators rati&eations to the network or
nodes on the network when SNMP notifies them of chamgélse condition of the
network.

SNMP is of interest not only for the purpose of drawgogparisons, but also for the
purpose of being a source of context information. SNMPtagen on a wide variety
of devices, including some mobile devices. SNMP could thexdfe used to gather
some kinds of context information for the contextnager in M. For example, some
MIBs contain information about the available networkeifaces on a device.
Information about the operating system running on the déev@lso available.

22



4.7 Formalizing Context
4.7.1 Description

No paper on context would be complete without a brisfuBsion of the formal roots
of context theory. The Al community lends much to drsa of study. McCarthy and
Buvac [9] have described a way in which context can bedtly described by logical
formulae. While they do not provide a definition of comt¢hey do provide a number
of examples of the way in which context is applied ftoaimbiguity. They also show
how it is possible to infer truth in one context framth in another context. This is
known as lifting axioms.

McCarthy and Buvac introduce the relations:

ist(c,p)
and
value(c,e)
The first relation asserts that the propositionfpus in the context c. For example:
ist(context-of(‘Sherlock Holmes novels’), ‘Holmes is a detegtiv

asserts that it is true in the context of Sherloakdni¢s novels that Holmes is a
detective. However, in the same context, the propaositimlmes’ mother’'s maiden

name’ does not have a value. These examples are taketlydfrom the paper. The

second relation is used to assign a value to a term diegeon the context. Here’s an
example, also taken from the paper.

value(context-of(‘Sherlock Holmes novels’), ‘Number of Holme£shiwv 0
but
value(context-of(‘U.S. legal history’), ‘Number of Holmes’ wiyesl

These two relations are essentially a means for dewpicontext information. They
give the truthfulness and value of statements. Oneavciée these relations using any
syntax. Consider the following (pseudo) RDF statemehishwl claim are equivalent
to the above value relation.

<?xml version="1.0"?>

<rdf:RDF>

<Description about="USLegalHistory”>
<NumberOfHolmesWives> 1 </NumberOfHolmesWives>
</Description>

</rdf:RDF>
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In many cases, a predicate inistrrelation or a term in a value relation can simply be
treated as an attribute of the context. In this lighe, RDF statements above make
more sense.

These simple relations can be used in lifting axiomsafer itruth in one context from
truth in another context. This is the most intergsispect of context theory in terms
of context in a mobile environment. In some systems, deatimwnership relates
only to a specific user. In others, ownership can retat@ user as well as a group.
The following shows how the notion of groups can begiateed into an existing
relation that describes the ownership of a document mgéesuser.

Imagine we have the general relation
policy: owner(user, documengpermission(user, document)

in a contextpolicy which states that if the userser is the owner of document
documenthenuserhas permission to accedscumentThis can be translated into the
context relations where0 is said to be an outer context (the big picture).

cO: ist(policy, @Aud)(owner(u, dyppermission(u, d)))

Many operating systems also have the notion of group pgions. To model this
using relations, it would be possible to simply augnatexisting relations with a
third argumentgroup. However, we need to express the same relationship isting
The following shows how this is done. We introduce a wewtext calledgroup-

policy.
group-policy: Augd)(owner(u, g, dy ist(groups(g), owner(u, d)))
group-policy: Augd)(permission(u, g, d) ist(groups(g), permission(u, d)))

wheregroups(g)introduces a new kind of context pertaining to groups of ubkra/
all that remains to do is re-establish the relatigngthie owner and permission
relations. This is achieved bgnporting the originalpolicy context into thegroup-
policy context.

cO: (Ap)ist(policy, p)gist(group-policy, Ag)(ist(groups(g), p)))

which states that any fact from tpelicy context holds in thgroup-policycontext. In
short, it asserts the fact that just as user owneidh® document implies permission
to read or write the document, group ownership also isptie right to read or write
the document. This was done, using the same two arguseiatibmist.
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4.7.2 Relevance and Evaluation

Formal theory of context describes useful methodferpreting context. It not only
shows how to gain meaning from simple contexts, suclhasSherlock Homes
examples, but it provides a recipe for discovering tmtbne context from truth in
another context. Interpretation of context is a mgjoal of context management as
stated in Section 3.3.1.

Although this project does not attempt to apply these exbntelations in the
prototypes developed, it is suggested that this method of mjefacts in one context
from facts in another context will be most usefuhefile are several reasons for this.
The context data stored by a context manager cannotbpjoss exhaustive. It is
likely that certain facts will be missing from partiau@ontexts. This may be due to
disconnection, or it may be due to the fact that tlaeeslimited sources of context
information in a particular situation. Whatever tleasons, it may still be possible to
gain insight to the current situation using informatfoom other contexts and then
applying the lifting axioms. Lifting axioms are perhaps mostfullsa combining
contexts. Given location context, it may be posstiolecombine this with policy
context by applying lifting axioms to infer facts in the domned context. For
example, if we have location context X and policy eanty, then it might be possible
to infer Z (which could say something about the obligatnser has when he or she
is at location X).

Since RDF is of the form ‘subject-predicate-objectshbuld be fairly easy to convert
RDF statements tist relations, and then apply lifting axioms.

4.8 Conclusions

A good introduction to context awareness in mobile enviemmis given in [22]. In
fact, that paper can be viewed as the basis for thisgtroj

The paper introduces the concepts of abstract contektcancrete context. The
difference between these two types of context can psrbest be explained with the
use of an analogy. Abstract context can be likenedredational database schema. A
schema provides a data framework. It describes what kindfaimation may be
stored, but it doesn’t store the values themselves. €mncontext, on the other hand,
can be likened to a populated database, where each frglireoa value. The abstract
context constrains the concrete context to the fsattiobutes that it defines. That is,
the concrete context cannot have a value for a natestiattribute in the same way
that a database cannot have a value for a non-exiglkehtAs will be seen, RDF, and
thus CC/PP, by their very nature provide for these twoesbtypes.

A framework for context-awareness in distributed mobystems is also outlined. It
stresses the need for the separation of the vari@agesstof context management
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(context definition, context measurement, contextrpretation, context management
and context dissemination).

Because of the frequent possibility of disconnection @bite environments, and the
inherent latency of the network, the paper suggests the fusa asynchronous
communication mechanism. By using asynchronous methods rmamugaication,
mobile devices can disseminate (push) their current cotdethe context manager
whenever they have the opportunity to do so.

Another important issue is that context is describedguai standard notation. This
will allow platform independence. XML/RDF is such a atain. The CC/PP model
should also be standardised shortly. Several otlggtireaments outlined by the paper
are supported by CC/PP. Attributes can be aggregated whietsalhe specification
of a containment hierarchy. So, for example, the tlzat rooms are contained within
buildings can be described. The paper specifies the neetrigve historical context
data. Although CC/PP has the notion of a repositomy, répository only acts as a
store of current profiles. Therefore a context managsed upon CC/PP would need
to introduce this facility.

The final requirement outlined by the paper is support fatest filtering. Elvin and
Elvin Event Correlations can be used to support this.

Each of the literature reviews above explains, dessobg@rovides an example of one
of the aspects of Context Management as outlined in T28.table below lists each
review and shows which of the three main aspects ofegbrmanagement were
covered.

Sensing Representation Inter pretation
CC/PP RDF model and XMU
serialisation

Odyssey QoS resources only

PRAYER QoS resources only Context Classes

Savoir Useful applications

Active Badge Location only Timestamped triples

SNMP SNMP Agents MIB and ASN.1

Context theory ist andvaluerelations gaining meaning from
context and lifting
axioms

Table 2 Overview of literature survey
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5 The Uses of Context in a Mobhile Environment

In the following section, a number of scenarios demotestiee way it is envisaged
context will be used in an enterprise mobile architectureparticular, it should
highlight the relationship between the Context Managet ather management
components such as the Adaptability Manager. This seatsanserves to present the
various modes of mobility.

5.1 Adaptation scenarios

Several commercial products (IBM's WebSphere Transcddiudgisher for example)
are available which can perform transcoding based on depeefications. This is
only one of the functions a true platform for mobile eowments must possess. The
need for adaptation arises from much more than devicabditp. To see why, the
various forms of mobility must be covered.

The word ‘mobility’ is not restricted to devices. Deviebility is simply the most
obvious type of mobility and potentially the easiest tol dgeh. The mobility of
users, software and other kinds of objects must all bsidered. A user can be
mobile without being attached to a mobile device. It's jpdesshat a user may start a
session at one workstation and complete the sessiarddferent workstation. The
workstations may have different specifications. The tala@sed between the start of
the session and the completion of the session mdwtsséveral environmental
attributes of relevance to the application may hdanged. Thus, adaptation needs to
be performed for one reason or another. Of courszethre also a whole host of
lower level network challenges that must be overcdomng a session transfer, but
these are beyond the scope of this thesis. However,daggaoce of information on
session transfers is the work done at ORL on telapon [26].

One can imagine that someday, items in a shopping cernlirde tagged with
transmitters and cheap CPUs. These objects can be raobile some situations are
just as important as devices and users.

The following sections discuss aspects of user mobditg the interactions required
between an adaptation manager and a context manag&videpcontinued services
to a user in the face of context changes. The diite®e between user mobility and
device mobility are highlighted.

5.1.1 Mobile User With a Mobile Device

In this case, the user is mobile in the sense of usisiggle mobile device. Although
the user and the device are mobile, the user remains botimd single device. There
are several issues to consider in this scenario. \dpgtems when the device migrates
from one network to another? The important case is wHag ehange in bandwidth
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is associated with this network migration. As a cotecexample, consider the case
when a laptop computer migrates from a 9600bps GSM conneot® 100Mbps Fast
Ethernet connection. This represents an enormous iecreasandwidth. The
implications of this are that the laptop can now seriraceive much larger amounts
of data in a shorter amount of time. Instead of ratrg small black and white
images, the application might now be able to retriewe display larger full colour
images.

Another issue to consider is the policy of the entsgprConsider an organisation
such as the United States Department of Defense (tHethemselves America’s
largest business [14]). It is imaginable that a kind oéless ad hoc network may be
formed by devices for the purposes of collaboration antahgsstaff of the DoD. The
policy of the DoD might be that this kind of network nayly be formed within the
vicinity of the main Pentagon building as there is a legll of physical security and
it is unlikely that the radio signals could be inegted. Outside the grounds of the
Pentagon, however, there is more chance that spidg intercept the radio signals.

5.1.2 Mobile User At Several Fixed Workstations

This scenario gives an example where users are maltildevices are stationary. It
highlights the need to think in terms of mobile userkaathan in terms of mobile
devices.

Usually, there will be a reason a user wishes to negraim one machine to another.
It might be that a particular machine has some specdpability that the current
machine lacks. For example, a user might be having an audference with a
colleague in a distant location. Before the conferestagted, it wasn’t thought that
video capability would be needed. However, as the megtiogresses, it becomes
clear that the goals of the meeting cannot be acasheal without the aid of pictures.
Both users migrate the session to a workstation thatites conferencing capability.
The conference is continued with video.

In the DSTC, most members of staff are associatetl wtite or more projects.
Equipment is also managed according to project. Sinceuna=® are tight, project
members guard their equipment closely. They don’t waimt Wegkstation to be used
by members of other projettsSo when a user attempts to migrate a game of ‘Go
from one workstation to another, the mobile platfoirat fchecks the policy to see
whether this user is allowed to migrate the sessiamitomachine. If not, then the
user is politely informed of this and presented with adfstvorkstations where the
game of ‘Go’ can be continued. Whilst no adaptation tgltase in this example
(adaptation will take place when the user finds a machihere the game can
continue), several other components of the mobilergmse architecture do take part.

! This scenario is entirely fictitious and in no wayeefs the state of affairs at the DSTC.
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First of all, the context manager might need to provigecbntext of the situation (the
user, the machine in question, the day of the week or tliey mformation required)
to the policy or security manager, so that they can rtiae decision (the user is not
allowed to migrate to this machine).

5.1.3 Mobile User With Several Mobile Devices

This case is a composite of the above two cases. tBethevices and the users are
mobile, and sessions can be migrated from one devicedihean This case also

covers the migration of a session from a stationaketation to a mobile device and
vice-versa.

In contrast to the previous case where the capabitifi¢se machines differ in only
one or two aspects, the differences between mobilee®are much larger. Mobile
devices range from laptops to mobile phones (one cancevesider smart cards to be
mobile devices). For example, the screen size of motideices can differ
enormously. Consider the difference between a laptogescand the screen on a
smart phone. Whereas most stationary devices use larsi@iwork (usually Ethernet
or fast Ethernet), there are many different wirelesgvork technologies available,
each offering different bandwidths and each of which analsfferent cost-structure.
There are relatively fast wireless networks such as 802ntll ralatively slow
networks such as GSM. There are also more networkh@rway (for example
Bluetooth). Some mobile devices may be equipped with, ftanne, GPS, and others
may not be. Therefore the types of context availablealso differ from device to
device. This shows the vast differences between one endédilice and the next.

In the first case above, each user is bound to one endbilice, but the underlying
platform still supports a number of users each witliffarédnt kind of mobile device.
In this scenario, the platform must support multiple sisgho can swap between
various mobile devices. An overview of some of the elmgles faced are given here.

In the near future, the speed of the CPU within the PDXx cease to be a limiting
factor on the capability of the PDA as a whole. Tisathe CPU within a PDA will
compare favourably with the CPU of a laptop computer. Hokydweits very nature,
the screen size of a PDA will always be much smdfian that of a laptop (the whole
idea of a PDA is to have a small computing device). Treama that although the
PDA is quite capable of processing large images, it igpadda of displaying them in
a way that is pleasing to the user unless some satlagtation takes place. This
raises the question: ‘What happens if a user migfab@s a laptop to a PDA?'. It
might be necessary to migrate a session from a lagtap PDA if the laptop is
running low on batteries, for example. Using informatmovided by the context
manager (screen size, colour depth), the adaptation mrasmgeerform some sort of
filtering which shrinks the images to a size thattitely on the screen of the PDA.
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There are a multitude of other situations where uséghtrhave to switch from one
mobile device to another in mid-task. It is left to thedegas imagination and prior
experience to find some other examples.

6 Requirements of a Context Manager

At this point the requirements of a context manageulshbe fairly obvious. They are
clearly stated in [22].

1. A context manager must be able to present contextnmafoon to consumers
in a suitable form.

2. The context model must allow aggregation. In fact ioudth allow the
expression of arbitrary relationships between attributes

3. Dynamic updates should be possible. While static contegs gome way
towards achieving adaptability, dynamic context will allaw & much richer
user experience, and it will allow better decisionbéanade on the part of an
adaptation manager and other components.

4. Context history should be available. As seen with taeo® project, this is
useful for making predictions about user behaviour. It alan help to infer
more accurate context information when only limited eghis available.

5. Context should be filtered. If it isn’t then contexonsumers will be
overwhelmed by the sheer volume of context data. TdeeXt Manager takes
the burden of filtering. That is one of its major sk

In short, the Context Manager is responsible forivawg raw context data, collating
the data into a useful form and disseminating it to car@@nsumers

6.1 The Long-Term Vision for Context Management

In its simplest form, context management can be thoaglats storing application
properties. For example, Netscape Communicator requirasy nuser-supplied
properties such as the user’s name, the name of aenadr and the name of a proxy
server. It is even possible for Netscape to autonipticanfigure some of this
information via scripts. Regardless of how this infororatis obtained, Netscape
needs it in order to work correctly.

In a mobile environment, managing context becomes andfiseie altogether.
Context information is maintained in order to provide tyn@iformation to an

adaptation algorithm or manager so that content andett@vibur of applications can
be altered to suit current conditions. This adaptatiag be transparent or visible to
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applications that run on top of this adaptation layer (@@l is to provide a
completely transparent mobile architecture).

In a mobile environment, the attributes that constitotatext information are always
changing. For instance, a user might move from a hagtuwidth network to a low
bandwidth network; more memory might be slotted inte dievice; any number of
attributes that make up the policy of an organisationdcolndnge.

In order to manage context information, there need®ta way we can describe and
store it, and there needs to be a way to update thismaf@n. This document
presents a way in which to store and update context infmnmeand justifies the
choices made by referring to the significant constsaimposed by a mobile
environment. A further aim of context management isrtable inference of contexts
from other contexts. This feature is really what smpart the context manager
described here from other projects developed to this paitg. dssumed that such
inference will occur using methods similar to those inetl in the Buvac and
McCarthy paper [9].

When describing concepts from computer science, it is1afteful to find a real
world analogy, especially if the concept must be describethe less technically
inclined. The analogy here is to think of the ContextndMper as an intelligence
agency such as the CIA.

The task of an intelligence agency is to gather igeslice so that the government
may make informed decisions about world affairs. In #@ase, the government is
analogous to an adaptation manager (actually the govermmaerie thought of as a
Policy Manager, and a Security Manager as well). Theemuorent takes the

information gathered by the intelligence agency and eppliin some way. In the

extreme, this information could be the trigger to stasar. In other less extreme
cases, the intelligence provided could be used to determdiplamat’s approach

when visiting a foreign nation. In the same way, tlida@tation Manager of a mobile
architecture uses the information provided by the Contexidger to make decisions
about how to modify content or change some aspect application’s behaviour.

An intelligence agency can gather information fromuanber of different sources.
Information can come from spies, military personng&kraft, and satellites. More
recently, some information can be gathered from commattsvorks. The intelligence
agency then collates this information to obtain an aVgricture of a situation that
can be provided to the government so it can take the requit@sh.aln a mobile

architecture, such as®*nthere are many sources of information that must Heeged

and presented in a usable form to the other comporafdsmation can come from
hardware, software, users, location managers, the oaganis(the enterprise or
institution), or even from the other components of thebile architecture. For
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example, some policy information could be used as comfarmation. The Context
Manager’s task is to collate all this information arahsform it into something that
can be used by other components.

If the intelligence agency keeps a database of alitédligence information, it should
be possible to build an application that can answertigmsssuch as ‘What does
“John Howard” mean in the context of Australia?’ Hoplgfulhe application would
give an answer along the lines of ‘Prime Minister’. &dvanced Context Manager
should be able to provide a similar level of functiayalinstead of providing the
Adaptability Manager only with information that pertatasthe present situation, it
should be able to provide information about an object orestlwithin a given
context. The given context could be anything from a looato a time frame to a
username. In fact, the given context is no diffefesrn the objects or subjects being
asked about. Take the above example. It is also validsko ‘What does “John
Howard” mean in the context of Prime Minister?’ Thiswé the answer will be
‘Australia’. Of course there maybe other valid answerngedding on the context
information stored by the Context Manager. In a setfeeContext Manager is like an
expert system. Not only does the Context Manager prowdiécations of context
changes, but also it should be able to take a subjec ghen context and provide
an acceptable answer. This kind of system should be timeatdt goal of context
management. Rather unfortunately, it is beyond the nefahss project to build such
a system, though it is reasonable to suggest such a systdombeoimplemented in
the near future. The reader is encouraged to compare mhexconanager proposed
here with the MYCIN expert system [26].

7 .The Strengths and Weaknesses of CC/PP

As its name suggests, CC/PP was developed in order tabdgedevice capabilities

and user preferences. The intention of those whalesgning CC/PP is that device
capabilities and user preferences can be matched withcafigph or document

profiles so that an optimum representation can benetuto the user. However, as
should be clear by this stage, context information estdx@yond device capabilities
and user profiles. Since CC/PP is likely to be adoptedejce manufacturers, it is
an obvious choice for describing context information in ganes long as it can be
extended to include any context information that mightged by an adaptation or
policy manager. It will be shown how CC/PP can bemded for this purpose. It is an
advantage to be able to describe all context informatsamg just one data model. It
means that a single algorithm can collate all contéatmation.
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7.1 Suitability for Describing Context

This section evaluates the suitability of CC/PP tades context information. It does
this by referring to the requirements of a context mané§ection 6).

7.1.1 The Model

Recall from the Literature Survey (Section 4.1) that @C/PP model is based on a
tree structure whose root is the current network sess$iois. section discusses the
suitability of this model to describe general context infation.

CC/PP is designed such that an origin server or proxypeaform some sort of
device-document matching. In this sense, CC/PP is designagsé directly by an
adaptation algorithm. The sequence of steps in the generaldeagee sends entire
profile, document profiles are modelled in CC/PP or teded to CC/PP, disregard
proxies and there are no errors) would look something hi&ddllowing:

1. Device sends serialised profile model with request foterdn
2. Origin server receives serialised RDF and converts io enemory model

3. The profile for the requested document is retrieved andhamemory
model created

4. The device profile model is matched against the documenteprodidel

5. A suitable representation of the document is chosenthiat stage the
document to be returned can be chosen from a numberffefedt
versions of the same document or it can be dynamicatigrgéed

6. Document is returned to device and presented

This scenario is one presented by the W3C and is captuFegure 3 below.
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Figure 3 The smplest use case of CC/PP

The approach taken by a mobile enterprise architecture suthraust be different.
There can be innumerable context sources, and the adaptaanager would be
overrun if it were required to perform all matching. éfilhg context data is one of the
five requirements of a context manager. CC/PP, staiitds, has no facility to support
filtering. A proxy or origin server must process whatewdormation it is sent by a
device, and whatever information it retrieves from aRFCfepository.

The approach taken by a mobile architecture should be flegitdeigh to provide
some adaptation mechanisms even where documents andaappdéiccan’t just be
matched with device capabilities. In order to provide thisprstext manager should
allow an adaptation manager to be as general or asisgdmiut context as it desires.
For example, if a document or application is speciftowt how it should be
displayed, or if there are several versions of theudent or application for different
devices, then the Adaptation Manager can ask the Contax@adér for detailed
context information. This fine-grained approach allowsghhevel of adaptation to
take place. In cases where the document does not provifile prformation, or the
profile is limited in description, the Adaptation Managan obtain a general context
class from the Context Manager, and perform someddratdaptation. For example,
some adaptation can still take place where the latatiche user is important. The
Policy Manager can specify some rules about how adaptahiould take place when
a user is at a certain location, regardless of tfmrmation provided in an application
or document profile. In a context manager, the CGfeEel will sometimes be used
as envisaged by the W3C (that is, for describing device cépsbénd supporting
document profile matching), but is more likely to be used singd a context
description model.
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Since CC/PP is to be used as a general context desariptidel, the question needs
to be asked:

‘Does it still make sense for a network session to be the f@o€&/PP model?’

The implementation provided by this project retains thevokk session as the root of
the model. However, it is suggested that in a contextagensuch as that proposed
by nt, objects will still be monitored by the Context Managed its associated
awareness modules even if that object is not particgpanira session of some kind.
For example, consider the situation where a contaxéwooer would like to know the
whereabouts of a particular person, but that persoatiparticipating in any network
sessions at the time (this might be the case whemtgxt consumer is attempting to
determine when another person is co-located with thgpégrin the CC/PP model as
it exists, this information will not be determined sirtbe person in question is not
participating in a session and therefore will not haveassociated CC/PP model at
the server side.

A context manager should have the capability to providetest outside of the
existence of network sessions. It should make as fewmgd®ons as possible with
regard to the kinds of context information required bytextnconsumers.

Also, in the current model, if a user participates irrerihan one session at a time,
then large amounts of data will be duplicated. The robthe CC/PP trees will be
different (unique session IDs), but much of the reshefttees will be identical.

Therefore, it is proposed that in future, context modedscribed using a slightly
modified CC/PP, should be associated witlobject ID instead of a session ID. This
makes sense for a number of reasons:

1. As described above, the context information associatédoljects should
be available outside the scope of a session. That @hjact exists whether
or not it participates in a session

2. An object can participate in many sessions, but datanaillbe duplicated
since the model is object centric instead of sessiotmicen

3. Itis possible that some context information will agiply to sessions at all.
There is some context information that provides desonptiof the
environment in general, and does not make sense if applsgbsions. For
example, how does one assign the information that ‘réd® is air-
conditioned’ to a session?

There may be other reasons for modifying the CC/PP niodecome object centric.
These are just the obvious reasons.
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A final criticism is directed more towards the RDF miathan to CC/PP itself. RDF
is often cumbersome and complex. Statements made fhdab often be modelled in
other knowledge representation syntaxes (simple preftielat@nal calculus comes
to mind) in a more efficient and comprehensible way. BItFR ability to be
serialised in XML is a major positive factor and may e the widespread adoption
of CC/PP.

7.1.2 The Vocabulary

As mentioned earlier, new vocabularies must be intratldc@C/PP is to be useful as
a means for expressing any kind of context. It is prthselesigned to express device
capabilities and user preferences. A mobile architecturaldhoe flexible and
extensible. This means that the architecture itself ldhbe able to adapt to new
situations, and it should support the addition of new ctréeurces. At first, the
architecture may deal with device capabilities and user rerefes. As it evolves,
new sources of context may be added. For example, textasource that provides
information as to the whereabouts of a device and #s osuld be added to the
system. A component that describes information ab@ublifects or processes within
an organisation would also be a rich source of contdatmation. An example of
context information provided by a component such as this wwmailthe current set of
projects undertaken by the organisation, and the membesschfproject. The Policy
Manager might act as such a component. Thankfully,usec# is based on RDF, new
vocabularies can be extended to express these emtis ddi context.

CC/PP in its present form is only useful for describimg d¢urrent situation. That is, it
will store information such as ‘the current bandwidt®600bps’ but does not store
information such as ‘the bandwidth available in GP BasitlOMbps’. It's true that
CC/PP is not intended to provide this kind of informatibat once again, it is
precisely this kind of information that will make the melplatform useful, and it
relates to the discussion of the CC/PP model aboagiima the scenario where a user
is prevented from downloading a multimedia object becaus®uld take too long
over the current low bandwidth connection. Using knogte of the user’s current
location, its proximity to GP South and the bandwidth latéa in GP South, an
action taken by the adaptation manager might be to sutigeshe user walk to GP
South and use the facilities there.

This information is describable in CC/PP, but it is delyanot what its originators
intended. In order for this information to be describatk aeeds to introduce new
vocabularies relating to projects. This includes but islinated to a Project type,
Personnel such as scientists and project leaders, andcowstraints that can be
applied to the new attributes.
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The RDF model allows new vocabularies and the seosmasociated with those
vocabularies to be created using a layering approach.dfiedl, a base schema can
be created. Using the example above, one would crestbesna defining new types
such as a Project type. The schema will also defines stitributes (properties) such
as scientists and engineers. Other schemas can lvedaye top of this to provide

new types and attributes. These attributes can inhem fttributes defined in the

base schema or other schemata. More schemata niayebbed on top of this if need

be. Finally, a document describing instances of classe®ated. The document also
assigns values to the properties of the class. Axamm@e, we create ‘Project X’

which is of type ‘Project’. Then we may assign valueshe properties of Project X.

The ‘scientists’ property may take a number of valuesysareate a ‘Bag’ and add

the values ‘Jill', ‘John’ and ‘Susan’. Jill is also tlader of the project. A model of

the resulting RDF graph is shown below.
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elemenN Jill
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Susan

Figure 4 An RDF model of Project X

One important factor in choosing CC/PP is that & igroposed W3C standard. This
means that it is likely to be supported by a wide ranggewvice manufacturers, each
of whom may introduce their own vocabularies.
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7.1.3 The Serialisation

Another consideration is that RDF can be serialisedguXML. The platform
independent nature of XML means that CC/PP can be traedfera large number of
systems. XML is becoming the standard way to encodenmaon for transmission
across a network. The number of RDF tools availablgfocessing RDF documents
is growing. The Java based RDF API was used extensivélsiproject [16].

Context sources provide raw context data. Sometimeslakesis useful in its present
form. At other times, users of context information saslan adaptation manager will
require this information to be manipulated in some wathbyContext Manager. The
following example is based on context data as velisbnt by the Location Manager
described in [23].

<? xml version="1.0" ?>

<rdf:RDF
xmins:loc="http://mww.m3.org/location-schema#">
<rdf:Description about="BobsPhysicalLocation">
<rdf:type rdf:resource="http://www.m3.com/location-
schema#PhysicallLocation"/>
<loc:country>Australia</loc:country>
<loc:state>Queensland</loc:state>

<loc:city>St Lucia</loc:city>

</rdf:Description>

</rdf:RDF>

Listing 3 Location context encoded using XM L/RDF

Using this information as sent by the Location Managjez, Context Manager can
manipulate this data into a form that stores this infolonah terms of the location
instead of in terms of a session or user. Componentpnadgr the information to be
stored in this way. Here is an example of how the databe manipulated.

<? xml version="1.0" ?>
<rdf:RDF
xmlins:user="http://www.m3.org/user-schema#"
xmlins:loc="http://mww.m3.org/location-schema#">
<rdf:Description about="BrisbaneHQ">
<rdf:type rdf:resource="http://www.m3.com/location-
schema#PhysicallLocation"/>
<loc:country>Australia</loc:country>
<loc:state>Queensland</loc:state>
<loc:city>St Lucia</loc:city>
<user:personnel>

<rdfs:Bag>

<rdf:li>Bob</rdf:li>

<rdf:li>Jane</rdf:li>

<rdf:li>Greg</rdf:li>

</rdfs:Bag>
</user:personnel>
</rdf:Description>
</rdf:RDF>

Listing 4 L ocation context shown in terms of a location
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Now the data is stored terms of the location insteatthe@fuser. This view makes it
easy to see who is at a particular location, in thse, the Brisbane headquarters of
some company. The question remains, is the Context Managgonsible for this
kind of data manipulation, or are the consumers of exdntlata responsible for
transforming data into a view suitable for their needs?

The Context Manager has no way of knowing what formsamers would like the

data to be in. For this reason, it is suggested thaucoers of context that prefer
information to be in particular forms also act asiteat sources. In the above
example, consumers would receive context data in a fammlar to the first RDF

listing. If the consumer knows that it will frequentlquire information about who is
at the Brisbane headquarters, then it can create a oert@xt in the form of the

second RDF listing. This will save on processing time siheeContext Manager will

not have to process requests that require searching thatlugger contexts looking

for people who are at the Brisbane headquarters. Instead;ontext Manager can
simply return the single location component that résdhe personnel currently at
that location.

7.1.4 Conclusions

Given this level of complexity, the task of collatingntext information should be
allocated to a specialised manager: the Context Mand§yerdoing this, the
component that performs adaptation can be provided witkrelift views of context
depending upon the situation. In this way, the Adaptation Mansgmt restricted to
rendering content based on device and document profiles.

This has the following ramification: in the mobile areliture proposed by the DSTC,
CC/PP is not always used in the way envisaged by it ceeadolaptation will not
always take place through matching CC/PP profiles with deatiprofiles. The
Adaptation Manager may make use of CC/PP, but is morey liketequest a more
abstract view of context such as a context class.drt &§C/PP provides the basis for
expressing context information and can be manipulated b@dh&ext Manager into a
form more useful to an Adaptation Manager.

7.2 Suitability for a Mobile Environment

The CC/PP working group has considered several issuearéhahportant to mobile
devices.

7.2.1 Limited Bandwidth

First of all, the bandwidth available to a mobile deuseusually limited to that
compared with fixed workstations. For this reason it igartant to think about ways
to lower the bandwidth consumed by CC/PP. There areraimn ways that bandwidth
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can be preserved. CC/PP allows device characteristitsuser preferences to be
described with an indirect reference. That is, a profég simply one or more URIs
that point to a location where the actual attrib@atied values are stored. In this way, a
mobile device saves bandwidth by sending a reference insteadomplete profile.
Note this is distinct from the references sent usiegQ@/PP exchange protocol.

Second, profiles may be cached by proxies and origin sgramld stored in a CC/PP
repository. This means that mobile devices need only seffitepdferences instead
of sending the entire profile on each request for contesbme aspect of the user
preferences or the device capability changes, then batychange need be sent. The
origin server or proxy merges the change with the chphefile to create a full, up-
to-date description of the device and user preferences.

7.2.2 Disconnectedness

Disconnectedness is also a characteristic of mobilee@ments. While it is beyond
the scope of CC/PP to address this issue (since CC/RRerdded for request-
response protocols such as HTTP, if the device is disaxied, it cannot make a
request in the first place), a context manager is coadewith disconnection. The
context surrounding disconnection can be used in the fukareexample, if it can be
determined that disconnection occurred due to a gap in véretagerage, then the
user can be warned of this next time he or she appro#uhemp. Context may be
used to re-establish the session upon reconnection. tNatethis does not entail
creating anewsession, but actually using te@mesession as before the disconnection
occurred. This is similar to session migration, and lmais occurs for a different
reason. Context consumers may also need to knowdhtext of a disconnected
entity. Disconnection should not prohibit the dissemimatid context to context
consumers.

7.3 CC/PP exchange protocol

Although the CC/PP exchange protocol is separate frG/RE, it is discussed here as
an example protocol for the exchange of CC/PP.

The CC/PP exchange protocol (CC/PPex) provides one methsending profile

information to proxies and origin servers [3]. This poatois based on the HTTP
extension framework (HTTPext) [4], which means thatah interact with existing
web servers and proxies. There are several differenhodie by which CC/PP
information can be transferred.

First of all, the HTTP extension framework descrilte® declaration strengths:
mandatory and optional. Mandatory should be used whemghr agent requires an
error response when the origin server or proxy da¢scomply with the extension
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protocol (in this case CC/PPex). Optional should be useahwhe user agent wants to
receive content whether it has been tailored or not.

Second, HTTPext offers two extension declaration scdpgsby-hop or end-to-end.
Which scope is used depends on the first-hop proxy. If theagsst knows that the
first-hop proxy supports CC/PPex, then hop-by-hop should be Used the other

hand, the user agent does not use a proxy or knows thatsthleop proxy doesn’t

support CC/PPex, it should use end-to-end scope.

This means that there are four different combinatiohsleclaration strength and
scope.

For examples of each of the four combinations, refehéoW3C document ‘CC/PP
exchange protocol based on HTTP Extension Framework T8k document also

describes the Profile-warning header and lists the wades that should be returned
by servers and proxies when content is returned (orgbntent is returned).

The CC/PP exchange protocol provides its own methouhdinection. The header of

a request may contain one or more URIs that point ti’E@rofiles. A request may
contain either an entire profile or just the differes since the last request. The above
two features were included for the purpose of saving bandwidth.

A brief example of how the CC/PP exchange protocol deeria included here. This
example is a combination of mandatory strength and ewmtdascope.

First of all, the user agent issues a mandatory requ&sg end-to-end scope. This is
achieved by using the M-GET method and by including a ‘Man’ fielthe header.
This request includes a profile difference as well as indirect references. The
profile difference is identified by the profile-diff-dige which aids in the profile
lookup process within servers and proxies. A profile-diffegigis created by running
the MD5 digest algorithm and then the Base64 algorithm oker XML that
constitutes the profile difference itself. A profil#fdligest appears on line 4 of the
following listing.
M-GET /a-resource HTTP/1.1
Host: www.w3.org
Man: "http://lwww.w3.0rg/1999/06/24-CCPPexchange”; ns=99
99-Profile: "http://mww.aaa.com/hw","http://mwww.bbb.csw","1-uKhJE/AEeeMzFSejsYshHg=="
99-Profile-Diff-1: <?xml version="1.0"?>

<RDF xmIns=http://www.w3.0org/TR/199R/RIf-syntax-19990105#

xmins:PRF="http://www.w3.or&/MWWD-profile-vocabulary#">

<Description ID="SoftwarePlatfd' PRF:Sound="0On" />
</RDF>

Listing 5 An example request using CC/PP exchange pr otocol

The origin server can then either reply with an effrdrdoesn’t support CC/PPex, or
it can fetch the profiles pointed at by the indirecterefices from the CC/PP
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repositories. Once it has retrieved the profiles framrepositories, the origin server
generates the tailored content and returns it to the user

The CC/PP exchange protocol is the only proposed protocekéiranging profiles at
this point in time. A protocol based on Elvin is proposeerlan this document. This
protocol is especially suited to context updating in siugtwhere a large proportion
of content is pushed to the client. It is also uké&du context sources (awareness
modules) that are separate from the mobile device.

8 Contributions Made by this Project

In order to be useful in an enterprise mobile environme@t{P€ must be able to do
much more than just express the capabilities of a devidehe preferences of a user.
By augmenting the CC/PP vocabulary to enable otheskafidontext to be stored, a
single data model can be used to describe all contattis the architecture. That is,
the operation of the context manager can be simpl#isttle because it only needs to
speak CC/PP and it doesn’'t need to translate between CG@PBther models for
context storage. This section outlines the major compisnof work completed
during the course of this project.

8.1 Extending the vocabulary

In an enterprise mobile environment, it would be usefigtore information related to
the objects of an organisation. For example, by starmgext information about the
projects being undertaken by an organisation, a contexagearcould combine this
knowledge with location information or some other canhto that the architecture
could provide fine tuned access control to documents. Usings-twoation
information, the architecture could automatically serahtent that should be
discussed while two or more relevant people share the lsaat&on.

This is just one small example of the kind of informatthat a context manager is
required to store, but that CC/PP was not intended fgur& 4 in Section 7.1.2
shows an example profile that describes informatiomthgroject. This information
is in no way related to device capabilities or user pret&g but it does represent an
interesting context that a context manager mightelogiired to store. It is also true
that the information stored within a profile about potg is not associated with a
session in the way that device capabilities and userrprefes are. As discussed in
Section 7.1.1, it might make more sense to use objectdiher than session IDs for
this very reason. For now, the entity that createsupdates the project information
can be thought to be associated with a session, watine way that a device and user
profile is associated with a session.
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Several schemata and profiles are given in Appendix C: gbesnof extended CC/PP
vocabulary. These examples continue with the themeraject contexts. To make
sure the examples were legitimate RDF, they hava paesed with the RDF API and
converted into a CC/PP model using the prototype contemages created by the®m
team. These examples are used in the prototype demamstrati

The task of extending CC/PP with a new vocabulary weatively trivial as
compared with the task of creating new constraints.

8.2 Introducing new RDF constraints on attributes

Also of concern are the constraints and relationshapaden attributes that make up
mobile context. RDF specifies some simple constraunth as the domain and range
of an attribute. There are other kinds of constraihtg are useful in describing
context information that CC/PP does not provide, but beagescribed using RDF. It
may sometimes be necessary to constrain the seftwstialled on a device. This may
be due to conflicts caused by installing two particular appdias together, or it may
be some other reason. Imagine that installing Micrasett and the Java platform on
the same device causes conflicts. In this case, tle@sno be a constraint placed
between the .net attribute and Java. This constrambeacalled XOR If an XOR
relationship exists between two attributes, then alprofay not contain both of these
attributes at the same time. Note that it would be uphéooperating system or
installation software to impose this constraint. CCé8R describe the constraint and
a modified RDF validator can validate the constrdiiat is, on parsing a profile, the
validator would detect if the profile has violated thestoaint.

In a similar way an AND relationship between two ibtttes would mean that one
attribute cannot exist without the other. The validatould detect violations of this
constraint as well.

Cardinality constraints allow control over the numioérelements in a collection.
Some attributes may take on more than one valuegorahlie of an attribute may be
a collection of elements. For example, an organisati@an place cardinality
constraints on the number of researches working on rdacydar project. The

constraint might be tight, requiring an exact numbereskearches, or it might be
loose, requiring the number to be in a certain range.

These constraints were described in RDF using a layeppgoach. In an RDF
schema, the constraints themselves are defined. Betla@se constraints apply to
attributes, they inherit from the ROd#fopertyConstraintype. As will be shown, this
is not the most natural or efficient way to describese constraints, but it does

2 This XOR is not an XOR in the traditional sense. An edeitdogical statement would be NOT (X
AND Y). That is, X may or may not exist, Y may or nmagt exist, but they may not exist together.
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conform to RDF conventions. Another RDF schema is usetfine components and
attributes. It is here that the constraints are qglaon attributes. Finally, a profile
contains the actual values for the attributes. ThesBlggashould conform to the
constraints placed on attributes. The validator willede if these constraints are
violated.

A more natural way of specifying constraints such as X&»d AND is to define
these relations as properties of a new class thigdc&elation’ (for example) and to
form a predicate tree. A brief example is shown hesing the .net and Java example
above, a logically correct constraint could be appdiedollows.

<not>
<and>
<rdfs:Seqg>
<rdf:li>.net</rdf:li>
<rdf:li>Java</rdf:li>
</rdfs:Seq>
</and>
</not>

Listing 6 Alternative constraint representation

In this way, it is possible to use the unary conneative Unary connectives cannot
be used in the original version. It is also possibleuitd arbitrarily complex relations
using this method. However, specifying constraints in thiy weeans that the
propertyConstrainfproperty of attributes cannot be utilised. From this pointiew,
the original version remains true to RDF conventions.

One point that was almost overlooked is the fact phaperties can inherit from other
properties in much the same way that classes can exteedclasses. A ramification
of this is that a validator needs to gather dllconstraints from parent properties. For
example, there might exist a propedgderand a child propertgrojectLeader Any

m® constraints that apply teaderalso apply toprojectLeader Therefore when the
validator comes across projectLeaderattribute, it must not only check the*m
constraints orprojectLeaderbut also on the parent propetgader If leaderis a
subproperty of some other property, then the validator dvoedursively check its
parent property too.

8.3 An Asynchronous Exchange Protocol

Elvin can be used by the sources of context informatloa ‘@éwareness modules’) to
notify the context manager of changes to context. Elvirals® used for the
communication between the context manager and thmspanents that wish to be
notified of certain changes.

The proposed protocol is most effective where a deviceotsthre source of the
context information. For example, a location managérpnobably not run on each
device. Instead it is a separate entity which could monifterlocation of a large
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number of users and provide updates to the Context Managan asynchronous
fashion.

However, this is not to say an Elvin based exchange prasoolt useful on devices
themselves. The CC/PP fraternity has concentrated ein based content. In this
environment, content is delivered in a synchronous fastiouser agent makes a
request using CC/PPex and an up to date device profile sawkives tailored content
in reply. In the future, content may be delivered insalits of different ways. It is
possible that some devices will not have access to ¢fe and will therefore not be
able to use CC/PPex. In situations where content isredetl asynchronously
(pushed), via a publish-subscribe protocol like Elvin, contigxtates need to be sent
immediately to the Context Manager. The reasontwr it that requests for data are
only made once, in the form of a subscription. Fronm the, whenever new content
matches the subscription it is automatically deliveredtht® client device. It is
possible, even likely, that changes will occur in devicesar context. Some of these
changes will affect the way content should be adapkld. only way the Context
Manager can get these updates is if the client send#ifecation as soon as the
change occurs.

If the client device itself has some intelligencecdn send updates only when a
critical change occurs. That is, if the client knowsich changes will require content
to be modified in a different way, it can delay segdcontext updates until one of
these changes occurs. This is unlikely to be the cases\er, since it would require
client devices to possess the same knowledge of adaptas a fully-fledged
adaptation manager.

Overall, the protocol described here bears little ressemael to CC/PPex. It does not
consider proxies, (though there is work being done on an Rhary at the DSTC
[28]). In short, the Elvin exchange protocol was developith a context manager in
mind, rather than as a general exchange protocol for”2C/P

For the purpose explanation, in the sections belowEtia server will be treated as
a part of the Context Manager. Therefore the Elvirvesedoes not appear in the
diagrams.

8.3.1 Awareness Modules to Context Manager

There can be potentially hundreds of sources of contdstmation. The can be
referred to as ‘awareness modules’. The task of theaesaess modules is to detect
changes to any context attributes that might be aeleto the other components of a
mobile architecture. One such awareness module couldUoeation Manager that
provides the Context Manager with information aboutltlvation of a user or other
objects. Awareness modules can provide information niytabout users and mobile
devices, but also about other ‘objects’ within an organisatior example, by
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knowing the collection of projects underway within a reseacentre and the
scientists involved with each project, the adaptabilignager, in conjunction with
the policy manager, could conceivably utilise this contefdrmation to restrict the
dissemination of project documents to situations whatg those people involved
with the project are present.

(Avssrgtr?(iss K’Ali,rgﬁe) ———Create/Update/Delete 4} Context Manager

Figure 5 Sour ce to Context M anager
8.3.2 Context Manager to Context Consumers

Here, a ‘context consumer’ refers to those compantat register with the Context
Manager to receive notification about context changé® Adaptability Manager
would be one of these. The Policy Manager would alsmteeested in some changes
in context.

Updates may take the form of RDF,
or more abstract views such as the
identifier for a Context Class

Context Manager ————————Create/Add/Delete 4> Context Consumer

Figure 6 Context Manager ot Consumer

It is important to note that context consumers caso adbe sources of context
information. For example, the Policy Manager hastedninformation associated
with it.
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8.3.3 Elvin Event Correlations

Event correlation is explained in [18]. That paper alseegjian event correlation
model. As outlined in the paper, an event correlation ceelde one of many
purposes. Correlations can be used to compress, filter, esgppgeneralise and
specialise events and sequences of events. For exaimplpression is used when a
sequence of two or more events can be adequately descriltedng event. The
correlation engine listens for the component eventglwbonstitute the correlation,
and emits a single event after all the component svemnte been received. The Elvin
Event Correlation Engine is capable of performing thesetions. The following
section explains how and why Elvin Event Correlatioas be used in a context
manager.

It is sometimes the case that context consumeng eed to be notified when a
combination of several context changes occurs. Fomgbea in some situations, an
Adaptation Manager could decide that if bandwidth drops bgrdar of magnitude
and the user removes some memory from the device,ittleould be notified. If
either of these events occur in isolation, it wik affect the way content is adapted.

Another use of correlations is to provide the impletagon of context classes. A
context class is a group of attributes along with a rafgealues for each of those
attributes. The context changes if any of the valads butside of the given range.
This is similar to the notion of QoS classes in théAPRR system [6], as well as
many other network technologies. Figure 7 shows a comgkepiew of context
classes. The classes here consist of QoS type canfexmation. There are two
separate classes defined in the diagram. The first alespsulates poor bandwidth,
high probability of disconnection and low memory, slowUCBnd poor graphics
resolution. The second class defined represents medium iolimdhigh probability
of disconnection and medium to high memory, CPU and geaptapability. This
conceptual model can be extended to have as many dimerasonseded. Note
though, that it is only possible to model context tyjpes are quantifiable.
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Figure 7 Conceptual view of Context Classes

Context classes can be described dynamically by that qidaptation or Policy
Manager), or the Context Manager can predefine sevenééxtoclasses so that the
clients ask to be notified when the context class chahgeise first scheme, the client
will receive a list, or tree, of attributes and theitues. In the second scheme, the
client will only receive the name or identifier of thew context class. In this way, the
client can control the level of detail with whichwitshes to be notified.

Predefined context classes are managed by the Contesgktann order to provide
predefined context classes, the Context Manager behkees tlient by subscribing
with correlation expressions that define each classenMine Context Manager
receives a notification in response to these subsanigtibin turn emits a notification
that alerts clients who have asked to be notified usieglgfined context classes.
Figure 8 shows how the Context Manager interacts \wélcorrelation engine. Again,
the Elvin server is taken to be part of the Contexnhadger.
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Figure 8 The Context Manager using correlationsto implement context classes

The reason clients are given two different methodsrithe sake flexibility. Although
context classes provide a level of abstraction, in sonee@mstances they are much
too abstract. Potentially useful information is hiddemf the client. It is also the case
that some attributes are hard to categorise intoedasr example, how does one
integrate location information into predefined contdasses?

9 Design of a Context Manager

In this section, the design of a Context Manager isgmed. The design given here is
based on the design of thé @ontext Manager [2]. As described earlier, the purpose
of the Context Manager is to gather and collate infdion from several context
sources and make this information available to other coemgerof the platform.
Although the context sources, or awareness modulepaaref the Context Manager
itself, the Context Manager can best be described by atémarthe awareness
modules from the part that performs the collation d@ndage of context information.

In the diagram below, the awareness modules are séggdeffam the Context
Manager.
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Figure 9 Top level view of a Context M anager

This diagram shows that there are three main task® tpebformed by a context
manager.

Firstly, it needs to gather raw context informatioonf the various context sources.
Examples of context sources include a location modaregnterprise information

systems and mobile device which can transmit device capedhiland user

preferences. Context information is passed from theéegbrsources to the Context
Manager in the form of CC/PP serialised using RDF/XML

Next the data is stored in such a way that higher feat$ can be inferred from the
individual pieces of raw context data. Collation als@ognpasses the storage of
historical context data that may be of use in the future

The last task of the Context Manager is to makehal¢ontext information available
to those components that are interested. Componemifdsbe able to request only a
subset of the context information that represents tk@esaents of context they are
interested in. Another feature of the Context Managétr should allow components
to request varying levels of context granularity. Somemonents may require very
detailed context information. In this instance, companeain ask to be notified of
changes to particular context attributes such as baltidlwnemory and location. This
method provides the finest grained view of context. Othempoments may only be
interested if more than one attribute changes. In #sg,cthey can define their own
context classes, and ask to be notified when theegbietass changes. Finally, the
context manager specifies some pre-defined contexteslaghich are identified by
globally known names and whose properties are known Ry citmponents.
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Components who ask to be notified of changes on thisl leceive notification
whenever context changes from one pre-defined class ttheandlhis method
provides a coarse grained view of context.

The Context Manager also provides a method for synchronacsessing the context
within a given scope. That is, components may acquiwview of the context as it
exists at that instant.

9.1 Interface of the Context Manager

Accordingly there are several operations that mayirwked on the Context
Manager. They are briefly outlined here. The methods la roughly categorised
according to the granularity of context as described @blovpractice, these methods
reside in a stub on client side, where the client is taxdre one of the components
that require context information from the Context Mamaddwe interface defined
here is different to that defined by’ nfror clarity and purposes of demonstration, the
various kinds of context notifications are separatedseteral operations.

9.1.1 Fine granularity

There are several operations which fit into this aategOrdinarily, these operations
would be used in combination.

9.1.1.1 regqisterForContextCreation( )
Register with the Context Manager to be notified waemw context is created.
9.1.1.2 registerForContextDeletion(String id)

Register with the Context Manager to be notified mitee context with IDid is
deleted.

9.1.1.3 regqisterForContextScope(String id, ContextScope scope)

Register for any context changes that occur to theegbmtith 1D id within the scope
scope A scope limits the context information that the usenterested in.

9.1.2 Medium granularity

This category contains only one method of registratian, dilows components to
define their owncontext classesA context class is a set of context attributes and
range of acceptable values for each of those attriblitese or more actual attribute
values fall outside the given range, then the congesaid to exit from one context to
another. It is not always necessary to define allipessontexts. It is often sufficient
for a component to be notified when the context dsats a class.
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9.1.2.1 regqisterForContextCorrelation(String id, ContextClass cc)

Register with the Context Manager to be notified wtiencontext withd enters or
exits from the context classtc. A context class encapsulates an Elvin Correlation
expression. This expression is sent to the correlatigme.

9.1.3 Coarse granularity

This category also contains only one method. It is amid the previous operation
except that the Context Manager predefines the contagssas. Components that
register in this way are simply notified when the teah changes from one predefined
class to another. The classes are given globally resalgeiidentifiers.

9.1.3.1 registerForContextClass(String id)

Register with the Context Manager to be notified wtien context withd changes
from one class to another.

9.1.4 Synchronous operations

There are several synchronous operations available too.

9.1.4.1 getContext(String id, ContextScope scope)

Retrieve the context fad within scope

9.1.4.2 getContextDescription(String id)

Get the schema for context with A schema defines the structure of a context.

For examples of use of these methods, refer to AppebdiXContext Manager
Demonstrations.

10 Implementation

An initial Context Manager prototype was implementedwey through the project.
This entailed the development of a simple CC/PP moidek sno implementation
existed at that point. This model conformed to the origd@IPP Note [24].

Since then, the frteam has developed a CC/PP model that more closelyromnfo
the recent CC/PP specifications [10, 11, 12]. A simple ecxdntnanager was also
developed. A slightly enhanced version of this context gemngrovides the basis for
the prototypes implemented in the later stages of thigegiroj
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10.1 Original implementation

The original implementation made use of a Java basddiser (SIRPAC) which is

freely available on the web. SIRPAC was used to pseslised RDF into triples.

Triples are the output of RDF parsers and are of ehen triple(subject, predicate,
object). Using these triples, it was possible to buildGIPP model. The model was
updated as new context data was sent from context sources

This initial implementation was used primarily for demoaisbn purposes.

10.2 Current implementation

The n? team built the current implementation of the CC/Rilehand simple Context
Manager. This model is still in its early stages, bloved for a far richer vocabulary
than the original implementation. It uses the RDF M| for processing RDF. The
Context Manager was slightly enhanced for use within tb&fypes developed by
the author.

First of all, it was modified to allow the receptiof context updates in the form of
XML. It previously could receive only indirect URLs to G profiles.

Secondly a method was added to allow the resendingntéxtoinformation. This was
required so that information already within the conterinager could be
disseminated to a context consumer when the consureeontes interested.
Previously, only new context data (context updates) wouldebe lsy the Context
Manager.

Third and foremost, a generic protocol adaptor was providedude by context
sources. The intention here is that the underlying prot@igin, RPC, HTTP) is
hidden from the context source. The source simply invdiesdlevant method on the
adaptor (create, add, delete) and the adaptor can make dissomeas to which
protocol to use. A concrete implementation using Elvin w® developed. The
Elvin implementation marshals the serialised RDF mtootification and sends it to
the peer at the Context Manager itself. Here the RDImarshalled and passed to
the CC/PP processor where it becomes integrated hatlexisting context model if
one exists. The picture below shows one of the demoiostrapplications. This
application emulates both a context source and aexbntonsumer. Profile
differences can be sent by typing RDF into the tezd at the bottom of the screen.
The tree on the left-hand side reflects a CC/PR frke main panel shows the value
associated with the attribute selected in the tree.appdication is calledsranular
Contextbecause it registers to receive detailed context infioma
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Figure 10 Screen shot of a GUI that emulates a context sour ce and a context consumer

Context consumers use a similar stub mechanism. Atpasnis to provide abstraction
and makes changing the underlying protocol easy if thidsneeoccur. Once again, a
concrete implementation using Elvin was developed.h&sva in the design section,
there are several ways in which a context consuraerregister with the Context
Manager. Each method provides a different view of théesttnOnce registered, the
consumer receives notifications of context changethisnprototype, the notifications
sent are not in XML format, simply because the deitmatisn consumer presents the
context information in a GUI. It does not have to dy @omplex processing or
reasoning. Rather changes to each attribute are semiiaslual notifications. It is
likely that most context consumers will require XMatifications.

A separate validator was also developed for testing thdityaof profiles against
schemata that contain®nconstraints as described in section 8.2. This validator is
currently standalone. It has not been integrated viieh Gontext Manager at this
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stage. Although it would be a simple matter to integria¢evialidator, it is easier to
demonstrate its purpose as a separate application.

10.3 Elvin Notification Formats
10.3.1 Context Source Side

The following documents the format of the Elvin notifioas used between the
context sources and the Context Manager. In the prototye context source
emulator allocates the session ID. In a real platftor mobile computing, the context
manager or a specialised session manager would do this.

10.3.1.1 Create

Key Value (example)
ma3.source.create “1.0”

SESSIONID “session123456”

data “<?xml version="1.0"?> etc

10.3.1.2 Update

Key Value (example)
m3.source.update “1.0”

SESSIONID “session123456”

data “<?xml version="1.0"?> etc

10.3.1.3 Delete

Key Value (example)
m3.source.delete “1.0”
SESSIONID “session123456”

The current implementation of the Context Manager dudscater for deletion of
particular attributes within a session. Only the ensession can be deleted. The
original version of the CC/PP model did allow for deletwithin a given scope.

10.3.2 Context Consumer Side

10.3.2.1 Create
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Key Value (example)

m3.cm.create “1.0”

SESSIONID “session123456”
10.3.2.2 Add

Key Value (example)
m3.cm.add “1.0”

SESSIONID “session123456”
COMPONENT “PhysicalLocation”
ATTR “City”

VAL “Moskva”

10.3.2.3 Delete

Key Value (example)
ma3.cm.delete “1.0”

SESSIONID “session123456”
10.3.2.4 Class

Key Value (example)
SESSIONID “session123456”
CLASS ‘A%, “B”, “C” etc
EVENT “Entered” or “Exited”

Note that although the demonstration context consumer gggpdas notification, the

Context Manager itself does not implement predefinedestrdlasses. The method
for providing notifications of this sort is in place, himke specification of context
classes themselves is not a trivial issue. An entipempeould be written on context
classes alone.

10.3.2.5 Correlation
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At present, correlations are implemented differentlyrnfreegular notifications. This
situation is expected to change as the Elvin correlat®hb&comes maturer. Instead
of receiving a regular Elvin notification, a correlatiobject is received. Note also,
that the expression language is undergoing redevelopmece. tba correlation API
is stable, it will prove to be extremely useful iretRontext Manager on several
fronts.

10.4 Validator

The task of the validator is to validate profiles thatain attributes affected by*m
constraints. The frconstraints can be found in Appendix B @onstraints Schema.

The validator is passed the profile to be validated alonly the schemata against
which the profile is to be validated. Both the profiledahe schemata have been
parsed and are in the form of RDF models. The algorithrd bgethe validator is
outlined here:
For each attribute in the profile model
if the attribute is an frattribute then

gather all constraints from the schema models that apphjs attribute and the

supertypes of this attribute

check attribute against each constraint. report aoyser

end if
end for

The actual implementation defines a separate methoeafdr constraint type. So the
appropriate method is called when the constraint ievetd from the constraint set.

10.5 Issues faced during implementation
10.5.1 CC/PP and RDF

The RDF API [16] is not very well designed. The Modelssl is the core class in the
API, yet is not trivial to create a Model. A Modelrisally just a collection of RDF
statements in the form of triples. To be precised®as an interface and Modellmpl
is the concrete implementation. In this discussiba, distinction will not be made.
Instead of being able to construct a Model in the obvioag (ereate the an empty
Model and then call some sort cdad method which takes the URL of an RDF
document as argument), then programmer is forced to aednstats one at a time to
the Model.

Once the Model is populated with statements, the tasKitde simpler. To search for
particular statements, there igimd method that takes a subject, predicate and object
as argument. The subject and predicate are both oRgpeurceand the object is of
type RDFNode RDFNode andResource model the nodes of an RDF graph as seen
in Figure 1 Example RDF graph of a CC/PP.
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The RDF API does not have support for Bags and other &iDkainers. This is a
major shortcoming since containers are frequently usegr&roners are thus forced
to implement Bag handling code for themselves.

It is strongly suggested that future development involving CC/PP or RDEagilhe
Jena API [25]. Jena does have built-in support for aRDF’s container types (Bag,
Alt and Seq). This makes it trivial to process contaierd to add elements to the
containers. It also has a more natural way of argaaind populating an RDF Model.
One simply needs to construct an empty model and thkthe read method with a
profile URL as argument. Jena also provides a more natalof manipulating
statements within a Model.

10.5.2 Elvin

Overall, Elvin is extremely easy to use. The publishssube paradigm is very easy
to program with and simple to learn. The complexitytled underlying transport

protocols is hidden from the user, so there is no neagbtry about creating sockets
and such.

One drawback of using Elvin for the task of context updasrge fact that Elvin is
non-persistent. This is an issue for context consuntergeneral, consumers first
subscribe to be notified of all creation events. Upaeip of this creation event, the
consumer must make a decision as to whether it wishesceive add and delete
notifications associated with this new context. Ifides, then it must subscribe to
these events as well. The problem is that betweerptieneof the context creation
event and the subscription to add and delete event§dahext Manager may have
already sent one or more add or delete events. Since iheome amount of time
where the consumer is not subscribed to these everggyaissible that these events
will be missed.

One solution to this problem, and the solution chosen tlwe prototype
implementation, is to have the Context Manager n@sall context information
pertaining to a particular context when a consumer tegists interest in add and
delete events for that context. By doing this, the gomws can be guaranteed not to
miss any events pertaining to a particular context. Thisitien requires that
immediately after a consumer subscribes to add andedelents, it also emits a
notification requesting that the Context Manager resatid®ntext information for a
particular context.

This is not an issue between the context sourceshen€ontext Manager. This is
because the Context Manager is interestedllirevents emitted by context sources.
Filtering only occurs between the Context Manager amtexd consumers.
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11 Future Work

There is still a plethora of work to accomplish ie field of context management in
mobile environments. Two areas of work are outlined.here

11.1 Context Management and Expert Systems

As this project progressed, it became evident that tlseaestrong link between the
field of Artificial Intelligence and context managemdéott mobile environments. This
relates not only to knowledge representations and focov@ext theory, but also to
expert systems. The MYCIN project is well over teargeold, yet it exhibited some
strong parallels with context management in mobile envieotisn These parallels are
alluded to in Section 6.1. It could be profitable to furthgestigate the links between
context management and expert systems. It is beliexgertesystems could lend a
great deal of knowledge to this field.

11.2 Context Classes

It was mentioned in Section 10.3.2.5 that a whole paper ¢®uldritten on ways to
define context classes. Context classes are usefuh foumber of reasons. They
provide an abstraction for consumers of context inféionalnstead of dealing with a
number of separate attributes, context consumers negdleal with context class
identifiers. Context classes can also be used by theegiodtanager itself in certain
situations. Although this paper proposes a way in which gbrtlasses may be
implemented, it does not solve the problem of definingtexi classes in the first
place. Which attributes should be grouped together? How rdoesguantifiable data
such as location names fit with the idea of a cdntdass? How does one specify
ranges of acceptable values for each context class® @we set of context classes
suffice for every conceivable situation? Work also needéd done on allowing
context consumers to specify their own context classe

12 Conclusion

This paper has presented an in depth look at Context Maeageim Mobile
Environments. In particular it evaluated CC/PP as a mehaesscribing context. The
following summarises the outcomes of the paper wgpeet to its stated goals.

1. To identify the strengths and weaknesses of CC/PP.

The RDF model can often be over complex. However strialisation into
XML is a positive factor. The CC/PP model itself makesasy to match
device profiles with document profiles.
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. To discover whether CC/PP is capable of describing cortteyond
device capability and user preference. It was subsequemilydfthat
CC/PP was indeed capable of describing richer context infamat

CC/PP is capable of describing more than it was originatgnded for.
However, there is some doubt as to whether it makeses® associate
session IDs with all context information.

. The introduction of certain constraints between atteb. A constraint

schema was developed in conjunction with a validator tegs®o these
constraints.

Two methods of constraint specification were outlined araduated. A
validator capable of processing profiles that have thesstiaints applied
to them was developed and successfully tested.

. The development of an exchange protocol using Elvin. Thisdeae for
both context sources and context consumers.

An asynchronous exchange protocol using Elvin was designed and
implemented. This protocol can be used in situations avicentent is
pushed from the server, or where context sources areasegdesm the
mobile devices.

. To formulate an idea as to how context classes caasiky implemented
using Elvin event correlations. This was performed iniGe@.

An interface for specifying custom and static contex¢sda was designed
and implemented.

. Finally, to scour the literature and come to a conclua®to what context
means in a mobile environment. Section 3.1 provided a definitioexdbas
upon work done in the fields of Al and Human Computer &ugon.

Context was decided to be ‘any information at all @t help determine
the situation of an object, where an object can be | asgevice or any
other entity being tracked by the system.’

It is believed CC/PP will be supported by a large numbetevice manufacturers.
CC/PP can be used beyond its intentions to desceibergl context information. This
paper has described CC/PP in detail and shown how hecatilised within a context

manager.

61



13 References

[1] Gregory D. Abowd et al. “Context Awareness in \\Ndde and Ubiquitous
Computing”. Graphics, Visualisation and Useability Cen@gorgia Institute
of Technology, 1997

[2] CRC for Didributed Systems Technology. “Mobile Enterprise Archiieg’.
The nf Research Home Page. http://www.dstc.edu.au/m3

[3] The World Wide Web Consortium CC/PP Working GrougC/PP exchange
protocol based on HTTP Extension Framework”. (Note). eJdA99.
http://www.w3.0rg/TR/NOTE-CCPPexchange

[4] The Internet Society, Network Working Group. “RFC 2774n ATTP
Extension Framework”. February 2000

[5] Segall, B. et al. “Content Based Routing with EIvinRUUG2K Conference.
Canberra. June 2000. http://elvin.dstc.edu.au/doc/papers/auug2k/auub2k.htm

[6] Bharghavan, V. "Challenges and solutions to adaptw@enputing and
seamless mobility over heterogeneous wireless netwdritetnational Journal
on Wireless Personal Communications, 1996

[7] Brian D. Noble, Morgan Price and M. Satyanarayand# Programming
Interface for ApplicatiomPware Adaptation in Mobile Computing.
Proceedings of the Second USENIX Symposium on Mobil lamcation-
Independent Computing. Ann Arbor, MI, April 1995

[8] R. Want, A. Hopper, V. Falcao, and J. Gibbons, "Tbeva badge location
system," ACM Transactions on Information Systems, 18] pp. 91--102, Jan.
1992

[9] J. McCarthy and S. Buvac. Formalizing context (expanuses). Technical
Note STAN-CS-TN-94-13, Computer Science Department, Stanford
University, Stanford, CA, 1994

[10] The World Wide Web Consortium CC/PP Working GroupCorhposite
CapabilitiesPreference Profiles: Requirements and ArchitectureDraff).
July 2000._http://www.w3.0rg/TR/2000/WD-CCPP-ra-20000721

[11] The World Wide Web Consortium CC/PP Working GroupCorhposite
Capabilities/Preference Profiles (CC/PP): StructurgDraft). July 2000.
http://www.w3.0rg/TR/2000/WD-CCPP-struct-20000721/

62



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

The World Wide Web Consortium CC/PP Working Group.C/P Attribute
Vocabularies”. (Draft). July 2000. http://www.w3.0rg/TR/2000MECPP-
vocab-20000721/

Buvac, S. (1996), Resolving Lexical Ambiguity using a Foriflaéory of
Context', in Van Deemter and Peters (Eds.) Semantigbiduity and
Underspecification, CSLI Publications, Stanford 1996

The United States Department of Defense. “An bhicdion to the United
States Department of Defense
http://www.defenselink.mil/pubs/dod101/largest.html

The World Wide Web Consortium RDF Working Group. ‘®a&ge
Description Framework (RDF) Model and Syntax Specificstic
(Recommendation). February 1999. http://www.w3.0rg/TR/R&Syntax/

Sergey Melnik. “RDF API Draft”. The RDF APl homepaddtp://www-
db.stanford.edu/~melnik/rdf/api.html

Michael Henderson. “A Framework for Event Caat&n”. October 1999.
http://elvin.dstc.edu.au/correlation/doc/

Jakobson, G. and Pathak, G. “Correlation DialTerguilding Internet-Based
Distributed Event Correlation Services”™ &IP/GI International Conference

on Trends Towards a Universal Service Market. SepteR@iH).

The Internet Society, Network Working Group. “RFC 25#t@rdduction to
Version 3 of the Internet-standard Network ManagemeamEwork ”. April
1999

Fensel, D. et al. “OIL in a Nutshell’. Knowledge dAgsition, Modeling, and
Management, Proceedings of the European Knowledge AcquiSibnference
(EKAW-2000). October 2000

Dey, A. et al. “The Conference Assistant: Combiniogtext-awareness with
wearable computing”. Proceedings of tHé Biternational Symposium on
Wearable Computers. 1999.

Rakotonirainy, A. et al. “Contexawareness for the Mobile Environment
January 2000.

Harcourt, A. “Location Management in a Ubiquitous @uoibng
Environment”. Honours Thesis. University of Queensla@dtober 2000.

63



[24]

[25]

[26]

[27]

[28]

The World Wide Web Consortium CC/PP Working GroupCorhposite
Capability/Preference Profiles (CC/PP). A user siden&waork for content
negotiation” (Note). July 1999. http://www.w3.0rg/TR/NOTE I

McBride, B. “Jena — A Java APl For RDF’.__ http:yiw-
uk.hpl.hp.com/people/bwm/rdf/jena/index.htm

Wood, K. et al. “Global Teleporting with Java: Towdsr Ubiquitous
Personalised Computing “. Nomadics '96, San Jose, U8&ch 1996

van Melle, W. “The Structure of the MYCIN SystemRule-Based Expert
Systems: The MYCIN experiments of the Stanford Heuristic &roging
Project ed Buchanan, B and Shortliffe, E. Addison-Wesley Bulrig, 1984.

Arkins, R. “Persistent Elvin For Mobile Devices”. Hame Thesis.
University of Queensland. October 2000.

64



14 Appendix A: Terminology

Adaptability

Adaptation is the response of an application or underlyiatfopm (such as i to
changes in the context. Adaptation can be thought tfeabehaviour of an entity in
response to changes in external factors.

CC/PP

Composite Capabilities/Preference Profiles. A framéwdeveloped by W3C for
content negotiation.

CC/PP exchange

A protocol based upon the HTTP extension standard usédhaf@ferring CC/PP in a
web enabled environment.

Context

1. Any attribute or factor that may influence the intetatien of information. For
example, the statement ‘It's cold’ has a differemtaming depending on whether
or not I'm holding a frozen fish in my hand. If | am diblg a frozen fish in my
hand, then the statement is interpreted as ‘The digiold’. If I'm not holding a
frozen fish in my hand (or indeed any other cold obj¢leén the statement should
probably be interpreted as ‘It's a cold day’ or somethinular.

2. A collection of attributes and their values that déscoontext as defined above.

In a mobile environment, context may be static or dynamistatic context, values
of attributes are set at startup time and they do net.alherefore dynamic
adaptation cannot be supported. In dynamic context, a#rildalues can change
during execution. This allows dynamic adaptation to be padgdr

Elvin
Elvin is an event notification service developed by the OST
HTTP

Hypertext Transfer Protocol. The protocol by which dkeand servers on the world
wide web communicate.

m3
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The Context Manager is just one component of themhitecture. rhproposes an
adaptable architecture for mobile devices. In discussinge®bktanagement, frwill
sometimes be used to give a concrete example.

Notification

Notification occurs when a component is alerted of gedrconditions at the mobile
device side.

Profile

A document that provides metadata about a device, a us@Guament or even an
application. Profiles can be matched so that an aptimepresentation of content can
be provided.

QoS

An abbreviation for Quality of Service. The actual oquieed fidelity with which
content is expected to arrive over a network connection

RDF

Resource Description Framework. An XML based format facdeing documents
or other objects. It was developed be W3C.

Subscription

In Elvin terminology, a client can ask to be notified pdrticular events. This
constitutes a subscription.

Transcode

The process by which content is translated from ona toranother. This can be as
simple as translating HTML to WML or as complex aswerting an audio stream to
a text based representation.

URI

Universal Resource Indicator. Somewhat analogous to ekdail Resource Locator,
a URI references a some kind of object. The object needeside on the world wide
web.

W3C

The World Wide Web Consortium. The originator of many webed standards and
recommendations such as RDF.
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15 Appendix B: m® Constraints Schema

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlins:ccpp="http://www.w3.0rg/2000/07/04-ccpp#"
xmlns:m3constraints="http://staff.dstc.edu.au/rick
schema#">

<!l-- The last namespace is this schema itself -->

<l ** kkk kkk kikkk __>
<l-- m3 relational constraints -->
<l % kkk kkk *ikkk __>

<ma3constraints:RelationalConstraint rdf:ID="xor">

<rdfs:label>xor</rdfs:label>

<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>

<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#Attribute'/>

<rdfs:comment>

The "xor" relation

</rdfs:comment>
</m3constraints:RelationalConstraint>

<ma3constraints:RelationalConstraint rdf:ID="or'>

<rdfs:label>or</rdfs:label>

<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>

<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#Attribute'/>

<rdfs:comment>

The "or" relation

</rdfs:comment>
</m3constraints:RelationalConstraint>

<ma3constraints:RelationalConstraint rdf:ID="and">

<rdfs:label>and</rdfs:label>

<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>

<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#Attribute'/>

<rdfs:comment>

The "and" relation

</rdfs:comment>
</m3constraints:RelationalConstraint>

<o okkokk *x Kokkkk __>
<l-- Cardinality Constraints -->
<o okkokk *x Kokkkk __>

<ma3constraints:CardinalityConstraint rdf:ID="lessT
<rdfs:label>Cardinality: less than</rdfs:label>
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>

-ns#"

yr/m3-constraint-

/07/04-

07/04-

/07/04-

07/04-

/07/04-

07/04-

han™>

/07/04-
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<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>

<rdfs:comment>

The "less than" numerical relationship

</rdfs:comment>
</m3constraints:CardinalityConstraint>

<ma3constraints:CardinalityConstraint rdf:ID="great
<rdfs:label>Cardinality: greater than</rdfs:label
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>
<rdfs:comment>
The "greater than" numerical relationship
</rdfs:comment>
</m3constraints:CardinalityConstraint>

<ma3constraints:CardinalityConstraint rdf:ID="lessT
<rdfs:label>Cardinality: less than or equal to</r
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>
<rdfs:comment>
The "less than or equal to" numerical relationsh
</rdfs:comment>
</m3constraints:CardinalityConstraint>

<ma3constraints:CardinalityConstraint rdf:ID="great
<rdfs:label>Cardinality: greater than or equal to
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>
<rdfs:comment>
The "greater than or equal to" numerical relatio
</rdfs:comment>
</m3constraints:CardinalityConstraint>

<ma3constraints:CardinalityConstraint rdf:ID="equal
<rdfs:label>Cardinality: equals</rdfs:label>
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>
<rdfs:comment>
The "equal to" numerical relationship
</rdfs:comment>
</m3constraints:CardinalityConstraint>

<ma3constraints:CardinalityConstraint rdf:ID="notEq
<rdfs:label>Cardinality: notEqualTo</rdfs:label>
<rdfs:domain rdf:resource="http://www.w3.0rg/2000
ccpp#Attribute'/>
<rdfs:range rdf:resource="http://www.w3.0rg/2000/
ccpp#integer'/>
<rdfs:comment>
The "not equal to" numerical relationship
</rdfs:comment>
</m3constraints:CardinalityConstraint>

07/04-

erThan>
>
/07/04-

07/04-

hanOrEqualTo">
dfs:label>
/07/04-

07/04-

erThanOrEqualTo'>
</rdfs:label>
/07/04-

07/04-

nship

To'>

/07/04-

07/04-

ualTo™>
/07/04-

07/04-
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oo FkKFRER KRR RFRR __S

<!l-- Update constraint -->

oo FkKFRRR KRR RRR __S

<rdfs:ConstraintProperty ID="updateMethod">
<rdfs:label>ConstraintProperty</rdfs:label>

<rdfs:domain rdf:resource="http://www.w3.0rg/2000

ccpp#Attribute'/>
<rdfs:range rdf:resource='http://staff.dstc.edu.a
constraint-schema#UpdateMethod'/>
<rdfs:comment>
The method by which an attribute can be updated
</rdfs:comment>
</rdfs:ConstraintProperty>

<l % kkk kkk kkk *kk >
<l-- Classes needed for constraints -->
<l ** kkk kkk kkk *kk >

<!l-- Attribute updating semantics -->
<rdfs:Class rdf:ID="UpdateMethod'/>

<ma3constraints:UpdateMethod rdf:ID="locked">
<rdfs:comment>
The attribute takes the first assigned value
and is not overridden from thereon in.
</rdfs:comment>
</m3constraints:UpdateMethod>

<m3constraints:UpdateMethod rdf:ID="override'>
<rdfs:comment>

The attribute takes the latest value assigned to
</rdfs:comment>
</m3constraints:UpdateMethod>

<m3constraints:UpdateMethod rdf:ID="append'>

<rdfs:comment>

The attribute takes on a list of values.

This update method is closely related to the car
constraints.

</rdfs:comment>
</m3constraints:UpdateMethod>

<!l-- Cardinality class -->

<rdfs:Class rdf:ID="CardinalityConstraint'>
<rdfs:label>CardinalityConstraint</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.w3.org/
schema#ConstraintProperty'/>
<rdfs:comment>
Constrains the number of values an attribute may
</rdfs:comment>
</rdfs:Class>

<l-- relational constraints -->

<rdfs:Class rdf:ID="RelationalConstraint™>
<rdfs:label>Realtional Constraint</rdfs:label>

/07/04-

u/rickyr/m3-

dinality

2000/01/rdf-

have.
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<rdfs:subClassOf rdf:resource="http://www.w3.org/
schema#ConstraintProperty'/>
<rdfs:comment>
relations specify constraints like "this AND tha
</rdfs:comment>
</rdfs:Class>
</rdf:RDF>

2000/01/rdf-

t must exist"
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16 Appendix C: Examples of extended CC/PP
vocabulary

16.1 m°-project-schema

<?xml version="1.0"?>

<rdf:RDF

xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:ccpp="http://www.w3.0rg/2000/07/04-ccpp#"
xmins:m3constraints="http://staff.dstc.edu.au/rickyr/mBstaint-schema#"
xmins:m3projects="http://staff.dstc.edu.au/rickyr/m3-pobjschema#">

<!l-- The last namespace is this schema itself -->

<] FRE SRRk kRS dekk kg k ok __>

<!-- This schema gives a demo of how m3 constrasmsbe used. -->
<!-- It also provides a demo schema for m3 projémtolicy. -->

<] FHE STk kR Aok ek ke ko ok __>

<!-- Project Class -->

<rdfs:Class rdf:ID="Project">
<rdfs:label>Project</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2000/07 igpComponent"/>
<rdfs:comment>
A Project is a component that provides context imfdron about projects
within an organisation. The source of this context m#dion will most
likely be the Policy Manager.
</rdfs:comment>
</rdfs:Class>

NOTE: The following lines of XML were unintentionally omitted from titenstted version of the
thesis. These lines complete the m3-project-schema:

<!-- Projects have scientists -->
<ccpp:Attribute rdf:ID="scientists">
<rdfs:domain rdf:resource="http://staff.dstc.edu.au/rick@rfmoject-schema#Project"/>
<m3constraints:and rdf:resource="http://staff.dstc.edrckyr/m3-project-schema#leader"/>
</ccpp:Attribute>

<!-- Projects have a leader -->

<ccpp:Attribute rdf:ID="leader">

<rdfs:label>Project: leader</rdfs:label>

<rdfs:domain rdf:resource="http://staff.dstc.edu.au/rick@rfmoject-schema#Project"/>
</ccpp:Attribute>

</rdf:RDF>

16.2 m3-test-schema

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
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xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:ccpp="http://www.w3.0rg/2000/07/04-ccpp#"
xmins:m3constraints="http://staff.dstc.edu.au/rickyr/mBstmint-schema#">
<!-- Define a subProperty of the project schema'etisists" attribute -->

<ccpp:Attribute rdf:ID="testScientists">

<rdfs:subPropertyOf rdf:resource="http://staff.dstc.edticyr/m3-project-schema#scientists"/>

<ma3constraints:updateMethod rdf:resource="http://staff.eldti.au/rickyr/m3-constraint-

schema#append"/>
<ma3constraints:greaterThanOrEqualTo>6</m3constrain&egichanOrEqualTo>
</ccpp:Attribute>
</rdf:RDF>

16.3 m°-test-profile

<?xml version="1.0"?>

<rdf:RDF

xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:ccpp="http://www.w3.0rg/2000/07/04-ccpp#"
xmins:m3constraints="http://staff.dstc.edu.au/rickyr/mBstaint-schema#"
xmins:m3projects="http://staff.dstc.edu.au/rickyr/m3-pobjschema#"
xmins:m3test="http://staff.dstc.edu.au/rickyr/m3-testesca#">

<!-- The last namespace is this schema itself -->

<rdf:Description about="TestProject">
<rdf:type rdf:resource="http://staff.dstc.edu.au/rickyr/pn8ject-schema#Project"/>
<ma3test:testScientists>
<rdfs:Bag>
<rdf:li>Ricky Robinson</rdf:li>
<rdf:li>Karsten Schulz</rdf:li>
<rdf:li>Andry Rakotonirainy</rdf:li>
<rdf:li>Varuni Witana</rdf:li>
<rdf:li>Seng Wai Loke</rdf:li>
</rdfs:Bag>
</m3test:testScientists>
<m3projects:leader>Karsten Schulz</m3projects:leader>
</rdf:Description>
</rdf:RDF>
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17 Appendix D: Context Manager Demonstrations

This section includes the code for the M3Validator and tactass for the Validator.
Also included is one demonstration that shows how totheeContext Manager
interface. The example included emulates both a cbrdeMrce and a context
consumer.

17.1 M3Validator

package au.edu.dstc.rdf.m3;
import java.util.*;

import org.w3c.rdf.model.*;

import org.w3c.rdf.implementation.model.*;

import org.w3c.rdf.vocabulary.rdf_syntax_19990222.* ;
import org.w3c.rdf.vocabulary.rdf_schema_19990303.R DFS;

/**

* M3Validator.java

*

* Takes a Model of a profile and checks it against
* one or m3 schema models.

*

* @author <a href="mailto:rickyr@dstc.edu.au">Rick y Robinson</a>
* @version 1.0
*/

public class M3Validator {

public static final String M3BCONSTRAINTS =
"http://staff.dstc.edu.au/rickyr/m3-constraint-sch ema";

public static final String M3HOME =
"http://staff.dstc.edu.au/rickyr/";

/* The constraints

*/

public static final String SUBPROPERTY =
"http://www.w3.0rg/2000/01/rdf-schema#subPropertyO ",

public static final String XOR = M3CONSTRAINTS+ "#xor";

public static final String OR = M3CONSTRAINTS+ "#or";

public static final String AND = M3CONSTRAINTS +"#and";

public static final String LT = M3CONSTRAINTS+ "#lessThan";

public static final String GT = M3CONSTRAINTS+ "#greaterThan";

public static final String LTOET =
M3CONSTRAINTS+"#lessThanOrEqualTo";
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public static final String GTOET =
M3CONSTRAINTS+"#greaterThanOrEqualTo";

public static final String ET = M3CONSTRAINTS+ "#equalTo";
public static final String NET = M3CONSTRAINTS +"#notEqualTo";

public static final String UPDATE =
M3CONSTRAINTS+"#updateMethod";

private Model profile;
private Map schemas;

private List errors = new ArrayList();

/**
* Construct a validator that will validate pro file
* against the Map of schemas.
*
public M3Validator(Model profile, Map schemas) {
this.profile = profile;
this.schemas = schemas;

}

/**

* Validate <code>profile</code> against the se t of schemas in
* the Map <code>schemas</code>.

*

* @returns the List of errors

*/

public List validate() {

if(schemas.size() == 0) {
errors.add("There are no schemas to test again st);
return errors;

}

try {

/*

* For each attribute in each component

* check to see if the attribute satisfies

* the constraints associated with it.

*/

Enumeration e = profile.elements();

while(e.hasMoreElements()) {
Statement s = (Statement)e.nextElement();
/I Make sure the attribute is an m3 attribute
Resource r = s.predicate();
String uri = r.getURI();
if(uri.startsWith(M3HOME)) {

/I Get the set of constraints that apply to t his
attribute

List constraints = gatherConstraints(s);

Iterator i = constraints.iterator();

while(i.hasNext()) {
Statement constraint = (Statement)i.next();
String pred = constraint.predicate().getURI();
if(pred.equals(XOR)) {
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processXOR(s, constraint);

}else if(pred.equals(OR)) {
processOR(s, constraint);

}else if(pred.equals(AND)) {
processAND(s, constraint);

}else if(pred.equals(LT)) {
processCardinality(s, constraint);

lelse if(pred.equals(GT)) {
processCardinality(s, constraint);

}else if(pred.equals(LTOET)) {
processCardinality(s, constraint);

}else if(pred.equals(GTOET)) {
processCardinality(s, constraint);

}else if(pred.equals(ET)) {
processCardinality(s, constraint);

}else if(pred.equals(NET)) {
processCardinality(s, constraint);

}else if(pred.equals(UPDATE)) {
processUPDATE(s, constraint);

}
}
}

} catch (ModelException ex) {
errors.add(ex);

} finally {
printErrors();
return errors;

}
}

/**

* Find all the constraints that apply to the a ttribute
<i>uri</i>

* and store them in a list. Return the List.

*

* This also supports m3 constraints that might be inherited from

* super properties.

*

private List gatherConstraints(Statement s) thr ows ModelException

List | = new ArrayList();
String uri = s.predicate().getURI();
String base = uri.substring(0, uri.indexOf('#");

Model mod = (Model)schemas.get(base);

if(mod == null) {
errors.add("No such schema in schema list: " + base);
return [; // return empty list

}

Il The predicate of the statement is the subject

/I of a constraint statement.

Resource res = new
Resourcelmpl(uri.substring(uri.indexOf('#")+1));

Model result = mod.find(res, null, null);

if(result.isEmpty()) {
errors.add("There is no such attribute " + uri );
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}

Enumeration e = result.elements();
while(e.hasMoreElements()) {

Statement t = (Statement)e.nextElement();
Resource con = t.predicate();
String g = con.getURI();

if(g.equals(XOR) ||
g.equals(OR) ||
g.equals(AND) ||
g.equals(LT) ||
g.equals(GT) ||
g.equals(LTOET) ||
g.equals(GTOET) ||
g.equals(ET) ||
g.equals(NET) ||
g.equals(UPDATE)) {
l.add(t);

} else if(g.equals(SUBPROPERTY)) {
Resource superProperty =
new Resourcelmpl(t.object().getLabel());
Statement stmt = new Statementimpl(new Resourcelm
superProperty,
new Resourcelmpl("™));

pIC™),

l.addAll(gatherConstraints(stmt));

}
}

return [;

}
/**

* One or the other but not both, or neither.
*
private boolean processXOR(Statement s, Stateme
throws ModelException {
boolean result = true;
String obj = constraint.object().getLabel();
Enumeration e = profile.elements();
while(e.hasMoreElements()) {
Statement t = (Statement)e.nextElement();
String pred = t.predicate().getURI();
if(obj.equals(pred)) {
relationError("XOR",
s.predicate().getURI(),
constraint.object().getLabel());
result = false;

}
}

return result;

}

/**

* Or is always satisfied

* Note that just like the other relationships

* this OR is not exactly a boolean OR. This OR

* one or the other or both or neither.

*

private boolean processOR(Statement s, Statemen
return true;

nt constraint)

t constraint) {
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}

private boolean processAND(Statement s, Stateme
throws ModelException {
boolean result = true;
RDFNode obj = constraint.object();
Resource convert = new Resourcelmpl(obj.getLabel()
Model m = profile.find(null, convert, null);
if(m.isEmpty()) {
relationError("AND",
s.predicate().getURI(),obj.getLabel());
result = false;

}

return result;

}
/**

* This stuff would be much easier using Jena b
* puilt in support for containers such as Bags
*

private boolean processCardinality(Statement s,
constraint)
throws ModelException {
int count = 0;
/*
* Find the number of elements the attribute actua
*/
Model m =
profile.find(new Resourcelmpl(s.object().getLa
null);
Enumeration e = m.elements();
while(e.hasMoreElements()) {
Statement t = (Statement)e.nextElement();
if('t.predicate().equals(RDF.type)) {

count++;
}
}
/*
* Compare count to the constraint
*/

int cons = Integer.parselnt(constraint.object().ge
boolean passed = true;
String pred = constraint.predicate().getURI();

if(pred.equals(LT)) {
passed = count < cons;
if(lpassed) {
cardinalityError("less than", s.predicate().getUR
count, cons);

}
lelse if(pred.equals(GT)) {
passed = count > cons;
if(lpassed) {
cardinalityError("greater than", s.predicate().ge
count, cons);

}

}else if(pred.equals(LTOET)) {
passed = count <= cons;
if(lpassed) {

nt constraint)

ecause it has

Statement

lly has

bel()), null,

tLabel());

10,

tURI(),
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cardinalityError("less than or equal to",
s.predicate().getURI(),
count, cons);

}
}else if(pred.equals(GTOET)) {
passed = count >= cons;
if(lpassed) {
cardinalityError("greater than or equal to",
s.predicate().getURI(),
count, cons);

}
}else if(pred.equals(ET)) {
passed = count == cons;
if(lpassed) {
cardinalityError("equal to", s.predicate().getURI 0,
count, cons);

}
}else if(pred.equals(NET)) {
passed = count != cons;

if(lpassed) {
cardinalityError("not equal to", s.predicate().ge tURI(),
count, cons);
}
}
return passed;
}
private boolean processUPDATE(Statement s, Stat ement constraint)
// Not implemented
return true;
}

private void printErrors() {
Iterator i = errors.iterator();
while(i.hasNext()) {
String error = (String)i.next();
System.err.printIn();
System.err.printin(error);

}
}

private void relationError(String constraintTyp e,
String attrl,
String attr2) {
errors.add("The " + constraintType + " constraint between " +
attrl +"and " +
attr2 + " has been violated.");

}

private void cardinalityError(String constraint Type,
String attr,
int actual,
int constraint) {
errors.add("The " + constraintType + " constraint on" +
attr + " has been violated. The actual count is

actual + " and the constraint is " + constrai nt
Il.ll);
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package au.edu.dstc.rdf.m3;

import java.net.*;
import java.util.*;

import org.w3c.rdf.model.*;

/**

* ValidatorTest.java

*

* Test the m3 constraints validator.

*

* @author <a href="mailto:rickyr@dstc.edu.au">Rick y Robinson</a>
* @version 1.0

*/

public class ValidatorTest {

public static void main(String[] args) {
Map schemas = new HashMap();
CCPPProcessor processor = new CCPPProcessor();
Model m;
URL profile = null;
M3Validator validator;

if(args.length < 1) {
System.err.printin("Usage: java
au.edu.dstc.rdf.m3.ValidatorTest" +
" profileURL [schemaURL]*");
System.exit(1);

try {
try {
profile = new URL(args[0]);
} catch (Exception €) {
profile = new URL("file", null, args[0]);
}

m = processor.createModel(profile);
if(args.length > 1) {
for(inti=1; i< args.length; i++) {
URL surl;
try {
surl = new URL(args|i]);
} catch (Exception ex) {
surl = new URL("file", null, args][i]);
}

Model schema = processor.createModel(surl);

schema.setSourceURI(surl.toString());
schemas.put(surl.toString(), schema);

}

validator = new M3Validator(m, schemas);
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List errors = validator.validate();
if(errors.isEmpty()) {

System.out.printin("The profile satisfies all m3

constraints");
}else {
int errs = errors.size();
System.out.printin();
System.out.printin("There is " + errs +

(errs==17?"error":"errors ") +

"altogether.");

System.exit(0);

} catch (Exception exc) {
System.err.printin(exc);
System.exit(1);

17.2 Demonstration GUI

package au.edu.dstc.contextgui;

import java.util.*;

import javax.swing.*;

import javax.swing.tree.*;
import javax.swing.event.*;
import java.awt.*;

import java.awt.event.*;
import java.net.URL;

import java.io.StringReader;

import org.w3c.rdf.model.*;
import org.w3c.rdf.util.*;
import org.w3c.rdf.implementation.model.*;

import au.edu.dstc.mobility.cm.*;

import org.elvin.correlation.*;

/**

* SourceGUl.java

*

* A GUI that emulates a context source.

* This GUI is also a ClientGUI. It receives update
well.

*

* @author <a href="mailto:rickyr@dstc.edu.au">Rick
* @version 1.0 October 2000

*/

public class SourceGUI extends JFrame
implements ContextListener, ActionListener ,
TreeSelectionListener {

private CCPPAdaptor adaptor;

/**

* For processing profiles
*

notifications as

y Robinson</a>
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private CCPPProcessor ccpp = new CCPPProcessor(

/**

* We can emulate more than one context source.
* So we need a map of sessions and their profi

*/

private Map models = new HashMap();

private ClientStub stub;

private ContextListener mediator;

private JSplitPane leftRight;

private JSplitPane upDown;

private JTree tree;

private DefaultTreeModel treeModel;

private DefaultMutableTreeNode root;

private InfoPanel infoPanel;

private JTextArea rdfBox;

private JButton rdfButton;

private JMenultem profileltem;

private static final int WIDTH = 640;

private static final int HEIGHT = 480;

public SourceGUI(String title, CCPPAdaptor adap

stub) {

super(title);
addwWindowListener(new WindowAdapter() {
public void windowClosing(WindowEvent we) {
System.exit(0);

D

Il For sending updates
this.adaptor = adaptor;

I/ For receiving updates
this.stub = stub;
stub.setContextListener(this);
stub.registerForCreation();

root = new DefaultMutableTreeNode(title);

treeModel = new DefaultTreeModel(root);

tree = new JTree(treeModel);

tree.getSelectionModel().setSelectionMode
(TreeSelectionModel. SINGLE_TREE_SELECTION);

tree.setShowsRootHandles(true);

tree.addTreeSelectionListener(this);

JScrollPane treeScroller = new JScrollPane(tree);

les

tor, ClientStub

81



infoPanel = new InfoPanel();

JScrollPane infoScroller = new JScrollPane(infoPan el);
infoScroller.setMinimumsSize(infoPanel.getMinimumsSi ze());
leftRight = new JSplitPane(JSplitPane.HORIZONTAL_S PLIT,

treeScroller,
infoScroller);

rdfButton = new JButton("Send profile difference") ;
rdfButton.addActionListener(this);

rdfBox = new JTextArea();
rdfBox.setEditable(true);
JScrollPane rdfScroller = new JScrollPane(rdfBox);

rdfScroller.setPreferredSize(new Dimension(WIDTH,
HEIGHT/3-rdfButton.getHeight()));

JPanel rdfPanel = new JPanel();
rdfPanel.setLayout(new BorderLayout());

rdfPanel.add(rdfButton, BorderLayout. SOUTH);
rdfPanel.add(rdfScroller, BorderLayout. NORTH);
upDown = new JSplitPane(JSplitPane.VERTICAL_SPLIT,
leftRight,
rdfPanel);

getContentPane().setLayout(new BorderLayout());
getContentPane().add(upDown, BorderLayout. CENTER);

JMenu menu = new JMenu("File");

profileltem = new JMenultem("New Session");

profileltem.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent ae) {
addSession();
»;

menu.add(profileltem);
JMenultem exititem = new JMenultem("Exit");
exitltem.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent ae) {
System.exit(0);
»;

menu.add(exitltem);

JMenuBar menuBar = new JMenuBar();
menuBar.add(menu);

setJMenuBar(menuBar);
pack();
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}

/I ActionListener for update button

public void actionPerformed(ActionEvent e) {
send(rdfBox.getText());
/IrdfBox.setText(null);

}

private void addSession() {
I/l Seed a random number generator with a random nu
Random r = new Random((int)(Math.random() * 100000
String session = "session" + r.nextint(1000000);
URLDialog dialog = new URLDialog(this, "Create ses
session);
dialog.setVisible(true);
String answer = dialog.getURL();
if (answer != null) {
URL url;

try {

try {
url = new URL(answer);

} catch (Exception f) {
url = new URL("file", null, answer);

Model m = ccpp.createModel(url);
models.put(session, m);
adaptor.createContext(session, m);
} catch(Exception x) {
System.err.printin(x);

}else {
JOptionPane.showMessageDialog(this,

"The session will be based " +

"on an empty profile.");
Model m = new Modellmpl();
models.put(session, m);
adaptor.createContext(session, m);

}

}
/l The ContextGUI methods

public void send(String xml) {
DefaultMutableTreeNode parent;
String session;
Model m;
Statement s;

if(xml == null || xml.equals("™))
return;

DefaultMutableTreeNode n = (DefaultMutableTreeNode
tree.getLastSelectedPathComponent();

if(n == null) {
JOptionPane.showMessageDialog(this,
"You must
component from " +

mber;

0));

sion " +

select a
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the " +

}

"the tree.");

new session, use

return;
}
if(n == root) {

JOptionPane.showMessageDialog(this,

"To add a
"File->New Session command.");

return;

}

TreePath path = tree.getSelectionPath();
DefaultMutableTreeNode theNode =
(DefaultMutableTreeNode)path.getPathComponent(

ContextObject co = (ContextObject)theNode.getUserO
session = co.getProfile();

Model update = ccpp.createModel(new StringReader(x

adaptor.updateContext(session, update);

/l The ContextGUI methods

public void add(ContextObject obj) {

DefaultMutableTreeNode parent;

parent = findParent(obj, root);

if(parent == null) {
System.err.printin("Parent is null");
return;

}

if(parent == root) { // New session

stub.registerForld(obj.getProfile());
}

System.err.printin(parent.getUserObject());

Enumeration e = parent.children();
DefaultMutableTreeNode childNode = null;
boolean exists = false;
while(e.hasMoreElements() && lexists) {
childNode = (DefaultMutableTreeNode)e.nextElem
ContextObject co =

(ContextObject)childNode.getUserObject();

if(co.getName().equals(obj.getName())) {
exists = true;
}

}

if(exists) {
childNode.setUserObject(obj);
DefaultMutableTreeNode n = (DefaultMutableTree
tree.getLastSelectedPathComponent();

if(n 1= null) {

1);

bject();

ml));

ent();
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84



if(n == childNode)
infoPanel.displaylnfo(n);

}

tree.scrollPathToVisible(new

TreePath(childNode.getPath()));

}else {
DefaultMutableTreeNode newChild = new

DefaultMutable TreeNode(obj);

treeModel.insertNodelnto(newChild, parent,

parent.getChildCount());

}

tree.scrollPathToVisible(new TreePath(newChild

}

public void remove(ContextObject obj) {

}

public void print(String message) {

private DefaultMutableTreeNode findParent(Conte
DefaultMutableTreeNode start) {

}

Il every context object belongs to a profile
if(obj.getProfile() == null) // ERROR
return null;

Enumeration e = start.children();
while(e.hasMoreElements()) {
DefaultMutableTreeNode child =
(DefaultMutableTreeNode)e.nextElement();
ContextObject co = (ContextObject)child.getUse
if(co.getProfile().equals(obj.getProfile())) {
return findComponent(obj, child);
}

}

/I New profile/session
return root;

private DefaultMutableTreeNode findComponent(Co
DefaultMutableTreeNode start){

if(obj.getComponent() == null) / ERROR
return null;

Enumeration e = start.children();
while(e.hasMoreElements()) {
DefaultMutableTreeNode child =
(DefaultMutableTreeNode)e.nextElement();
ContextObject co = (ContextObject)child.getUse
if(co.getComponent().equals(obj.getComponent()
return child,;
}

}

// New component
ContextObject ctxt = new ContextObject(obj.getProf

.getPath()));

xtObject obj,

rObject();

ntextObject obj,

rObject();
N A

ile(),
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obj.getComponent());
DefaultMutableTreeNode component = new

DefaultMutableTreeNode(ctxt);

treeModel.insertNodelnto(component, start,

start.getChildCount());

}

return component;

}

/**

* We implement ContextListener

*

public void contextChanged(ContextEvent event)

System.out.printin("Received event: " + event);
add((ContextObject)event.getData());

public void contextCreated(ContextEvent event)
System.out.printin("Received event: " + event);
add(new ContextObject(event.getSessionld()));

}

public void contextDeleted(ContextEvent event)
System.out.printin("Received event: " + event);
remove(new ContextObject(event.getSessionld()));

}

public void contextClassChanged(ContextEvent ev
System.out.printin("Received event: " + event);
print(event.getSessionld() + ": class changed to:
(String)event.getData());

}

public void contextCorrelationOccurred(ContextE
System.out.printin("Received event: " + event);
Correlation ¢ = (Correlation)event.getData();
print(event.getSessionld() + ": correlation occure
c.getPattern().getld());

}
/**

* TreeSelectionListener methods
*/

public void valueChanged(TreeSelectionEvent e)
DefaultMutableTreeNode n = (DefaultMutableTreeNode
tree.getLastSelectedPathComponent();

if(n == null) {
return;
}

infoPanel.displayInfo(n);

}

public Dimension getMinimumSize() {
return new Dimension(WIDTH, HEIGHT);
}

vent event) {

d: "+
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