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The final proof-of-concept artefact was designed to run on a wide variety of hardware, from 

mobile devices to high performance servers, all providing healthcare context and information. 

For software agents to be useful in helping to guide clinical care and healthy behaviors, 

they must incorporate or leverage specific details captured via sensors about the patient and his 

or her environment. 

The software agent is built using standard components found in the marketplace. The 

implementation of the proposed framework provides the glue between these components. The 

components are open source projects such as Jade Agent, Sesame Semantic Web components, 

Drools business rules engine and commercial components from Oracle Service Registry to name a 

few. 

The following work will explore healthcare needs for ubiquitous/context aware computing, 

as well as present a model that will lead to the creation of an agent-oriented piece of software, using 

Protégé and OWL, that will provide for the context specific needs of a wide range of healthcare 

stakeholders.  
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number of functions based on its environment and other data which it receives. Based on changes 

in the environment, the software will alter its output accordingly. This automatic process of 

contextual reconfiguration can be informed by a wide variety of sources, but it generally consists 

of adding or removing components (e.g. sensors) or altering the connections between them 

(interdependencies in domain model), and changing commands and output based on the 

information received by these software systems (reasoning component resulting in different 

actions based on context value).  

There are several other important applications for context-aware computing. These 

include the contextualized delivery of information and alerts e.g. patient receives only relevant 

information and alerts when being monitored, but can also yield important action with regard to 

the coordination of various services toward the goal of actionable interpretations of commands 

delivered from a high level. For instance, in a healthcare setting, a high-level board member 

might hand down a recommendation or order that could be seamlessly integrated into the rules 

organization of the hospital or healthcare organization in a way that each stakeholder at each 

level receives orders tailored to him or her. In addition, this software stands to provide 

comprehensive capture, representation, communication, gathering, and brokering of user context 

that is solving large-scale problems at a granular level for each participant in a network. This 

software also provides a route to resolving differences rife with ambiguity between several 

participants, finding and rectifying inconsistencies in facts, and for providing an automated body 

of reasoning consistent with institutional necessity. By tailoring computing and the computing 

experience to the local level, this system will sharpen computing utility and relevance in many 

crucial fields. 

1.1 Background 

The following work will explore ubiquitous computing and context-awareness, as they 

are related and can be implemented in one of the most important fields: Healthcare. The 

dissemination of information in the healthcare domain is of crucial interest to many stakeholders 

in the world today. If this information can reach chronically ill patients in their everyday lives in 

a more efficient manner, or if doctors' advice and orders can be better spread among the nursing 
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of this approach in comparison to other approaches is that it uses many approaches researched to 

some extent in isolation and combines them in one comprehensive framework. The advantage of 

such an approach is that the framework remains completely generic, the only exception is the 

conversion converting sensor context inside the context adapter data into the right format. 

However, although not part of this thesis the conversion of context information into required 

ontology format could be externalised as well using business rules, scripts or similar 

technologies. 

This topic is expanded in more detail in Chapter 2. 

1.3 The research problem 

Along with the rise of new possibilities in technology, sensors and personal mobility, 

more information will be available. The abundance of information both in breadth, detail and 

quality will be difficult to synchronise amongst millions of participants. It can be anticipated that 

current architecture frameworks will see a limited applicability to these new challenges. As 

mentioned in the previous section many approaches are synchronising context information or 

maintaining context information in a central place accessible by all participants. These 

approaches will no doubt reach their limit of applicability once context information is available 

from millions of devices and users. 

This research showcases an alternate approach to tackle local decision making without 

the need to synchronise context information but able to execute decision making where context is 

stored.  In addition communication only takes place between the relevant participants in the 

decision making process and does not need a central coordinator. This new approach alleviates 

the need to synchronise context information among participants or central repository. 

The common understanding of contextual information along with local decision making 

are aspects that need to be considered heading into these new challenges. New approaches 

(architectures) are needed to tackle this wealth of decentralised information. 
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service registry and business model information are combined to apply the use case is explained 

in the same chapter. The framework components are explained in more detail with their 

functionality and role in the framework in section 6.7. 

Chapter 7 will review the research question and conclude with recommendations, 

suggestions and issues to be resolved in future extensions of the research. 
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2.1.6 Technical enterprise architecture 

The technical enterprise architecture (EA) approach relies on focusing mainly on 

enterprise computing. Enterprises use this architecture to coordinate their business processes 

with this architecture and functionality. Business services with the required business granularity 

are created.  These business services are then orchestrated, meaning that they are placed in 

sequence to each other and executed [62-64].  

Popular approaches today encompass the creation of SOAP [65] or REST [66] services 

to expose business functionality as services and then orchestrate these services through another 

layer of software such as Activiti [67], Intalio [68] for business process orchestration and 

MuleESB [69] for technical integration of foreign systems and technical service coordination. 

These orchestration layers provide visual designer tools in which business services are used 

inside a modelled business process or processes. When a business process is triggered the 

process calls the modelled business services executing the business functionality they expose and 

the business services persist the business data to the database as depicted in Figure 1. This 

service oriented architecture illustrates how business processes are executed through the different 

layers starting at the orchestration layer coordinating business processes, including and triggering 

one or several business services. The business services are then persisting the data, typically to 

the database. Although this SOA has been simplified to illustrate the core components of such  

an architecture, this enterprise architecture is widely deployed and supported by the software 

industry. Some of them divide the service layer into several more detailed layers such as a 

separation of enterprise layer and domain layer and others add technology enablers such as an 

Enterprise Service Bus to allow the integration of different technologies e.g. Microsoft, SAP, 

Oracle and so on [70, 71]. 

In some instances, enterprises have extended their enterprise SOA to integrate other 

businesses and their services in the overall business orchestration. In this approach, context is 

shared and made available globally within the enterprise or through clearly defined access 

methods [72, 73]. This enterprise architecture becomes problematic when there is a shift from 

process or service driven architecture to a context driven architecture because this context aware 

computing necessitates an alternate approach which allows for decentralised decision making 
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This different contextual information needs to be standardized to enable a mutual 

understanding of the context and to allow exchange of such context between participants. The 

data produced by the sensors are sent in different data formats and need interpretation and 

conversion into one commonly understood data format (ontology). Additionally, some 

mechanism is needed for storing and retrieving context information. Such operations would most 

likely overload any existing enterprise architecture today (see Figure 1). Looking at context on a 

large scale, it becomes apparent that alternate approaches which are different to EA are needed to 

tackle this scenario. 

One such approach could encompass the use of a network oriented and more federated 

approach to let the participants coordinate themselves, allowing a participant to only interact 

with actors relevant to itself. Such an approach would help reduce the load on a central 

coordinator and reduce communication of context information to this central coordinator and 

reduce synchronisation and management of different context between participants in a 

transaction. 

For this reason, a framework is needed where agents register their available context once 

for each context type for the lifetime of the context. Such registration allows other agents to find 

needed context and subsequently enables them to start communicating directly with each other 

without centralized process coordination. 

2.1.8 Knowledge 

The world economy has become more knowledge driven and heavily reliant on 

knowledge and information, particularly in domains such as health, transportation, 

manufacturing, banking, and insurance. These domains are a few examples highlighting areas 

which are intensely knowledge driven[74]. The complexity of software is steadily increasing and 

the focus has begun to shift from specific implementations written in languages such as Java or 

.NET to frameworks which focus on domain specific knowledge management, to a more general 

approach. These approaches use ontologies as their common information model, thus sharing 

technology neutral information and data between participants [36, 75]. 

Many of the current software applications are still designed in a way that all domain 

knowledge remains an integral part of the software and lack the ability to change the application 
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without altering the software. Such classic monolithic approaches to software engineering 

practices have been supplanted by a segregated approach where technology and knowledge 

management are determined separately [76, 77]. 

Knowledge comes in several forms, such as domain knowledge consisting of relations, 

constraints, concepts and rule-based knowledge. Rules typically represent knowledge about 

policies, preferences, decisions, recommendations and advice to mention a few types [78]. Today 

modern Business Rules Engines have seen widespread adoption and acceptance of object 

oriented programming to pursue a separation of concerns between technology and 

implementation. Business Rules Engines remain however very limited when used to model real 

world constraints, concepts and relations [79-81].  

This thesis will focus on rule-based knowledge implemented as a set of software-based 

business rules as well as domain knowledge represented through segregated ontologies. 

2.1.9 Business model 

Knowledge domains are constantly changing and must be adapted to suit various 

business requirements and market pressures. Let us assume an ideal world of properly 

implemented separation of concerns using technological core functionality and business rules. 

The problem herein is that business rules engines are limited in reflecting business object 

models, constraints and relations. In such a situation, it is still the responsibility of the 

application developers to reflect any changes to the domain knowledge, and for the business 

rules engineer to adapt the rules accordingly. If not tracked properly, any changes made to the 

domain knowledge can lead to inconsistencies in the business rules. Business objects may 

change their signature and become unusable for any business rules relying on an old business 

object signature. When considering the literature on developing software applications with rule-

based knowledge we find that all support the separation of having explicit rules and the object 

oriented core functionality [79-81].  

Despite the available choice, we find that rule-based knowledge and object-oriented 

functionality are heavily intertwined, and the underlying problem of separation of concerns is not 

solved by any of them. Although, the rule definitions are separated from the workings of object 

oriented programs, the code still is very dependent on the inner workings of the programs 
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themselves which makes the rule-based knowledge and object-oriented design extremely 

dependant on each other. The maintenance of such a systems development is expensive, prone to 

error and difficult. 

The same objective is present for model driven architecture (MDA) approaches: the 

information model and the business rules ought to be synchronized at the design stage of the 

development process. Changes in the information model must evoke changes on the business 

rules constraints. 

2.1.10 This approach 

With emerging technologies, approaches and concepts numerous approaches can be 

amalgamated to build an application framework. Separation of concerns is often neglected or not 

addressed at all in making these different approaches work with each other. This thesis will show 

that combining Model Driven Architecture (MDA), business rules engines and a generic core 

application design can be used to achieve maximum flexibility and separation of concerns on 

multiple levels. Although we use an explicit business rule engine (JESS) [82] and Domain 

modeller (Protégé 4.x) [83] using OWL these can be easily substituted with alternative 

applications or generic languages such as UML, RuleML [84] or other proprietary Rules Engines 

such as Drools [85] and iLog [86]. 

Several approaches exist which add a description layer on top of Web Services. 

Substantial research has been conducted in the area of contract management, logistics and supply 

chain management over Web Services. Two well-known standards supporting these previously 

mentioned levels of service are ebXML [23] and RosettaNet [87]. These two standards provide a 

meta-data information layer on top of web services which enables automated web service 

invocation [23, 87]. Another approach of web services description is presented by [88] which 

introduces Web Service Rule Interface Description (WSRID) which focuses on describing the 

business rule-set through the web service interface, and thus allows for a more detailed 

description of the web service and the underlying rule-set. 

Two other standards focusing on Web Service semantics are OWL-S [89]and DAML-

OIL [90], its predecessor. These two standards focus on wider description possibilities in order to 

allow for automated Web Service discovery, composition and invocation.  
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Multiple approaches have emerged to satisfy the need of describing services in more 

detail, but one approach has yet to establish itself as a standard. Any standardization would allow 

for a common approach on how to precisely describe web services which would allow for 

automated Web Service discovery, composition and invocation. 
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Figure 3 - Context interaction diagram 
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Identified Gaps Solution 

System design Creation of unified framework. 

Standardization Using a common ontology language to describe 

the problem domain. 

Seamless integration Embedding framework in technology which 

allows integration into numerous platforms. 

Configuration and customization Through usage of common ontology language to 

describe the business domain and with context 

information along with decision making rules. 

Context exchange Central repository of relationships between 

related parties in a health care process and the 

location of the context. 

 

This thesis will address the above issues and provide an alternate scenario showing how 

to implement patient mobility in a decentralized approach and how contextual information is 

defined and exchanged. This thesis presents a solution moving away from classical back-end 

systems by using agent based software which can reason about context and business objects as 

long as the context is locally available. Should context be unavailable, all the necessary 

information is extracted and sent to the next software agent providing required context 

information. It further provides an alternate approach for local decision making using locally 

stored context to reduce the footprint of regular data transmission to a back-end system. 

2.4 Relevance of This Research 

2.4.1 Thesis contribution 

The expected benefits from this research are an increased understanding of context and 

its role in application design of distributed systems interacting with user based context as well as 

an architectural design that allows for a complete declarative approach. 
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2.4.3 Benefits 

There are several benefits of this research which we can anticipate at this stage. These 

include several different elements, not limited to 

1. a new approach to distributed computing, informed by this new model of distribution and 

the graphical user interface (GUI) which will control what the user sees;  

2. a generic approach to different domains, allowing for rapid changes in different business 

computing domains without the programming that is so often necessary to compensate 

for such changes;  

3. the achievement of a flexible and extendable approach (with context at its core). Such a 

flexible approach is beneficial because this will allow for the mitigation of a particularly 

vulnerable process--the transfer of sensitive contextual information--and replace this step 

with local-only execution of all contextually-sensitive information.  

4. Finally, this research will allow researchers to build upon proven technologies and thus 

extend current functionality into future domains with an eye toward future business 

computing needs. 

  

The main goal of this research is to keep the theoretical framework very generic and not 

specific to any one domain. This focus on broad use will allow for the application of this 

framework to various problem domains e.g. EHealth, Emergency-Management, Military 

applications, Retail-Management, Smart Houses and many more. 
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2.4.4 Deliverables 

Upon the completion of this project, the following will be delivered:  

1. Concrete and complete, provable design of a specific distributed context-centric model as 

well as related context driven software agent architecture;  

2. A specific and complete design and implementation of a verifiable and repeatable 

framework which serves to support this new approach to context-driven computing 

design;  

3. A framework which serves to describe the implementation of a given process for chronic 

disease management, such as an eHealth process, and  

4. An evaluation with conclusions which consider a use case which exists in the domain of 

healthcare and modern computing. This last element will include implementation analysis 

which has an eye focused on the experience of the end-user, and will represent a 

departure from the descriptions of the computing and context-awareness which will be a 

staple of the other project deliverables. 

The first deliverable will consist of describing the architecture of a distributed context-

centric model and context driven software agent. An integral part of this step will consist of 

finding and retrieving contextual information, as well as describing such information. The steps 

involved in the process of finding and retrieving contextual information will be described in turn, 

with the intention of being repeatable to future programmers and experimenters, as well as 

experienced users in the field. Additionally, this first deliverable will elaborate on how these 

software agents can be integrated into an existing or new business process using new approaches 

such as BPMN. 

In order to standardize these methods, users must share a language in which contextual 

information can be described and interpreted. For this reason, the second deliverable will offer a 

new design and implementation of a verifiable and repeatable framework that will assist in the 
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With respect of context, the topic of context aggregation is not covered. This work 

assumes that all defined context information is available at the depth required and does not need 

any further aggregation and interpretation. 

Due to diverging implementations between business rules engines this research will 

focus on one business rules implementation. The business rules engine of choice is JESS [82].  
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presented in a straightforward manner. This will allow for 'context' to be explained in greater 

depth that will be useful in advance of the following chapter which will consider the software, 

and aspects of that software in more detail. 

The following section will explore the key concepts that form the majority of the work in 

this thesis. As the focus of this work is the healthcare domain, the topics under consideration in 

this section will begin with a thorough discussion of the current problems with regard to 

healthcare in Australia and around the world, as well as the issues that can be traced to a lack of 

technological innovation with regard to comprehensive computing involving context and the 

problems that have arisen as a result. With that context established, this work will consider 

various alternatives and solutions that have been proposed in recent years that would allow for at 

least partial mitigation of many of these problems and issues and address the gaps mentioned 

previously in section 2.3. 

Following the consideration of the care domain and the computing problems therein, as 

well as the potential solutions that have been floated in recent years, this section will expand into 

a more developed consideration of business rules, particularly as they relate to healthcare 

business practices, as well as a more thorough consideration of ontology. This consideration will 

explore various business rules, and explore the ways in which these can be best integrated into 

existing software and programming architectures in a way that can lead to the more seamless 

integration of existing modes of understanding the vast breadth of available medical information.  

This discussion of business rules, particularly those of healthcare institutions, will then 

transition into a consideration of context itself. In this discussion, this work will consider context 

in a categorical sense, as well as consider model-driven architecture (MDA), the potential uses of 

MDA, and a unified modelling language (UML). This section will also introduce the OWL 

language of Web Ontology; as well as explore the ways in which context in programming can be 

best expressed through use of OWL in the healthcare domain. 

3.2 Approach to fill the Research Gap 

The newly created framework of this thesis touches on multiple disciplines to create a 

useable prototype. Several trends, best practices, standards and technologies are investigated in 
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order to fill the individual components required by this framework with a component capable of 

delivering the required functionality. One of the main goals set out was to create a framework 

which could easily exchange individual components in its design. Another goal was to reuse 

existing components and use the maximum capability of each of these components and to 

provide the glue between these components in this framework. 

Identified Gaps Investigated area or discipline to fill the research gap 

System design Usage and adaptation of other middleware and framework approaches in 

context awareness. 

Standardization Investigated trends, best practices and standards in healthcare and 

information technology 

Seamless 

integration 

Web Services, Agent Technologies, Business processes (BPMN, BPEL), 

Distributed computing (CORBA, DCOM) 

Configuration 

and 

customization 

Semantic Web, Business rules, Model driven architecture, Generic 

services 

Context exchange Semantic Web Ontology, UML 

3.3 Grounding in Discipline Knowledge 

3.3.1 Health domain 

Historically, medical technology innovation has been blamed for rising costs of 

healthcare and is considered one of the culprits of being unable to contain costs in the healthcare 

system [97]. It is clear to many sources that the current tools for cataloguing and consolidating 

information in the healthcare domain are as yet insufficient, both in scale and scope, to handle 

the vast amount of sensitive and critical data used in a healthcare setting [98-100]. This section 

will showcase some of the current problems in healthcare computing, as well as identify and 

evaluate several different tools and services that could be of definite use to healthcare 

professionals at present and in the future. 






























































































































































































































































