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A FRAMEWORK FOR COMPOSITE SERVICE DEVELOPMENT:  
PROCESS-AS-A-CONCEPT  

 
VARADRAJ PRABHU GURUPUR 

                                    
COMPUTER ENGINEERING 

ABSTRACT 

This dissertation addresses the problem of bridging the gap that exists between 

user requirements and the implemented software solution. This gap between the user 

needs and the actual implementation is usually termed the semantic gap problem. In this 

dissertation, the software solution is viewed as a composite of available software services 

and seeking semantically motivated approaches for the composition of a final solution.  

Representing user needs by capturing the semantic components of these needs and using 

this representation to build a composite service solution are therefore critical in reducing 

the aforementioned semantic gap.   

Although scientists have presented solutions that contribute to solving the 

problem of semantic gap, these solutions individually have not adequately resolved this 

problem. This dissertation presents a combinatorial approach in the form of a framework 

for reducing this semantic gap in building composite services. We term this framework 

the Process-as-a-Concept (PAAC) Framework because it is based on the philosophy of 

converting a process representation into a concept.   

The proposed PAAC Framework, designed to facilitate the reduction of this 

semantic gap, provides a structured guiding path for the semantic service composition 

process by using the input attributes provided by the user. The composition process 

accepts the user needs, employed to identify the user processes. The user processes are 

then represented in the form of a task system model. The task system model is then 

 iii



converted into a concept map, which is again converted into an XML-based document. 

The document thus obtained is in a machine-actable format that can be easily used to 

select appropriate services with which to build the composite service.  

The dissertation compares the PAAC Framework with other existing solutions 

that can be useful in reducing the problem of semantic gap. This framework can be 

further extended to include the conversion of the representation of a system into a 

concept map. Overall, we have introduced the idea of representing a process in the form 

of a concept and thereby reducing the semantic gap involved in building composite 

services. 
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CHAPTER 1                                                                                                    

INTRODUCTION 

A. Problem of Semantic Gap in Software Development 

 

A gap exists between user needs and software implementation efforts in the area 

of software development [1]. This problem persists mainly because software systems of-

ten do not fully support user needs [2]. This gap, termed a semantic gap (Figure 1), exists 

mainly for two reasons: a) lack of communication between the users and developers of 

the system and b) lack of integrated tool support across the different software develop-

ment phases, which further leads to a breakdown in communication.  

 

Figure 1. Overview of the semantic gap problem 
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Chomsky [3] states that “grammar of a language can be viewed as a theory of the 

structure of this language.” Since it is difficult to limit the grammar of a language to a 

particular group of sentences the ambiguity involved in natural languages sometimes in-

tensifies the breakdown in communication between user needs and implementation. This 

problem is critical because it leads to major inefficiencies in the operation of enterprises 

and therefore results in increased costs and low productivity. Many enterprises have 

failed to succeed due to software failures caused by implementations not meeting the user 

needs [4]. The existence of a semantic gap may have the following effects: 

i)    Difficulty in translating abstract information into an executable entity. 

           ii)    Difficulty in communication between the user and developer as a result of 

lack of domain expertise. 

          iii)   Increase in time required to build the implementation as per user needs. 

Historically, this semantic gap problem was addressed with tools at different lev-

els of abstraction, as depicted in Figure 2. The approach taken in this dissertation is to 

view the software solution as a composite of available software services and to seek se-

mantically motivated methods for the composition of a final solution. It is our under-

standing that various emerging methods and technologies such as the semantic service 

technology, concept map tools, and information entropy can be used effectively to bridge 

the semantic gap. This dissertation provides a solution to the problem of the semantic gap 

by representing processes as concepts.  
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Figure 2. Variety of available tools versus level of abstraction 

1) Existence of Semantic Gap in Building Medical Research Software 

The problem delineated in Section A can be better understood by considering the 

example of the difficulty in building software for medical research [5]. This difficulty 

exists at least in part for the following reasons:  

i) Lack of domain expertise: The clinicians are usually not software developers, 

and the presence of multiple terminologies makes the process of building medical 

research applications difficult. 

ii) High cost of software development: A sizeable share of the research grant is 

used in building the required software application. 

iii) Time involved in building the software application: A sizeable part of the 

grant period is used in building the software application. 

iv) Communication barriers: It is difficult for the clinician to explain the termi-

nologies to the application developer. 



  4 

Figure 3 depicts a typical medical research system. The five steps shown in the 

figure are commonly used in a typical medical research study. The University of Ala-

bama at Birmingham (UAB) has several medical research centers where investigators 

conduct research activities on various medical and biomedical processes. 

 

 

Figure 3.  A typical medical research system 

Note: From “A System for Building Clinical Research Applications using Semantic Web-

Based Approach,”  by V. Gurupur and M. M. Tanik, Journal of Medical Systems, DOI: 

10.1007/s10916-010-9445-8. Copyright 2010 by Springer. Adapted with permission. 

 

Over the years, students and faculty members from the UAB School of Engineer-

ing have worked with clinicians and biostatisticians to develop various medical research 

applications. This process of formulating various medical research applications has 
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helped the developers from UAB School of Engineering understand the intricacies and 

obstacles involved in building applications for medical research. A critical hurdle en-

countered in building a medical research application consists of a semantic gap, which is 

manifested in the form of lack of communication between the researcher and the software 

developer. The primary reason for the existence of communication gap is the presence of 

medical terminologies that may not be easily understood by software developers who are 

not adequately exposed to the parlance of medical science.  

 

B. Need for Integrating the Software Requirements by Bridging the Semantic Gap within 

the Requirements 

 

Software requirements need to be developed in a manner that allows them to be 

converted appropriately into software design. Usually, the problem domain is well under-

stood by the domain expert, who educates the Requirements Engineer about the problem 

domain. The Requirements Engineer uses his/her understanding of the domain to build 

the requirements document. It must be noted that the Requirements Engineer may not 

fully comprehend the problem domain, especially if he/she must deal with unfamiliar 

terminologies. For example, if the Requirements Engineer needs to build software for 

medical research, then it is imperative that he/she be well versed in some of the complex 

terminologies and concepts used in medical science.  

The need for better integration in software design and implementation by filling 

the semantic gap constitutes a critical motivation for building a framework that engenders 

a higher level of maturity in the process of software development. Such a framework will 

mitigate the nature of labor intensiveness involved in the lifecycle of software develop-



  6 

ment and thus provide a better integrated approach in building a software system. Re-

cently, several approaches such as Rapid Application Development (RAD) [6] and other 

methods [7] have been employed in the process of developing a software system. How-

ever, these methods have mainly involved coding and do not include the automation of 

the process of software design. The process of developing a software system can be 

greatly elevated by applying to this process the principles used in the development of an 

enterprise system [8].  

Although several approaches to integrate the process of software development 

were proposed, the absence of required technologies and methodologies such as Semantic 

Web Technology [9], SysML [10], and other useful methods and techniques [11] required 

to achieve this goal was mainly responsible for the difficulty in bringing this idea to frui-

tion. The rise of component-based software development has engendered the usage of 

several mathematical theories [11]; axioms [12]; and methods such as Information En-

tropy [13], Latent Semantic Analysis [14], and other useful methods [8]. Improving the 

process of software development requires a framework that provides an opportunity to 

harness the versatility of mathematics applied to Semantic Service Composition [15]. 

There is a need for coalescing these methods and technologies to bring about an 

integrated solution to the problem of converting software requirements into design infor-

mation. This solution requires that the methods and technologies be integrated into a 

framework for software design and development. While the framework provides the re-

quired abstract information on the tasks to be carried out at various levels of building an 

enterprise software system, the methods and technologies provide the implementation 

techniques with which a proof of concept can be developed to validate the framework.  
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C. Semantic Gap in Composite Service Development 

 

The World Wide Web Consortium (W3C) [16] defined a web service as a “soft-

ware system designed to support interoperable machine-to-machine interaction over a 

network.” These individual web services can be developed to form a composite service. 

The process of building a composite service is depicted in Figure 4. 

 

 
 

Figure 4. Semantic gap in composite service development 

 

 

Dustar [17] defined the process of service composition as “those activities re-

quired to combine and link existing web services (atomic and composite services) and 

other components to create new processes.” The development of composite services as 

delineated by Sadasivam [18] in his dissertation involves identifying user needs, perform-

ing need analysis, service discovery and selection, and service integration and composi-

tion, while analyzing the composite service thus obtained. 
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C.1 Identifying User Needs   

In the initial step, the overall needs of the user must be identified in terms of the 

final results expected by the user. 

 

C.2 Need Analysis and Process Generation   

The needs identified by the user are decomposed into individual processes re-

quired to be executed to fulfill the user needs. 

 

C.3 Service Discovery and Selection  

Appropriate web services are identified and selected for the purpose of service 

composition. 

 

C.4 Service Integration and Composition   

The selected web services are integrated and composed to form composite ser-

vices. 

 

C.5 Composition Analysis, Monitoring, and Optimization  

This step is used to verify and validate the composition of services. Although the 

process of service composition works well from the point of service selection and discov-

ery, there exists a critical semantic gap between determining user needs and selecting the 

appropriate services with which to satisfy these needs.  
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D. Semantic Gap in Process Modeling 

 

In his dissertation, Sadasivam [18] delineates two levels of loss of semantics in 

the process of building composite services (Figure 5).  

i)   A clear loss of semantics in converting user needs to abstract process models 

that occur because the process models are not sufficiently comprehensive in 

capturing the semantics of the user needs.  

ii)  A loss of semantics in converting abstract process models into executable 

process models that occur because the modeling technologies are inadequate 

in their support to configure and manage the semantics determined through 

the use of the abstract process models. 

 

 

 
 

Figure 5. Loss of semantics in process modeling for building composite services   
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This semantic gap essentially results from the following causes: 

i)   Lack of a methodology that clearly describes the user processes and their in-

teractions. 

ii)  Lack of technology that can use a conceptual model of user processes for the 

purpose of service selection and discovery. 

The user processes must be clearly defined by using an appropriate formalism. 

This formalism will mitigate ambiguity in determining the user processes. A machine-

actable conceptual model on the other hand would determine the concepts involved in 

user processes and use them for the purpose of service selection and discovery. The ad-

verse effects of this semantic gap problem in building composite services are as follows: 

i)   Increase in the cost of developing composite services. 

ii)  Increase in the amount of time involved in developing composite services. 

iii)  Difference between features of the implemented system and user needs. 

 

E. Dissertation Approach 

 

In this dissertation, the approach to solve the semantic gap problem explained in 

Section C of Chapter 1 involves proposing a framework for the development of compos-

ite services. This framework termed the Process-as-a-Concept (PAAC) Framework will 

mitigate this semantic gap, and will thereby reduce the adverse effects mentioned in Sec-

tion A. This framework will be based on conceptualizing a process description and con-

verting the conceptual description into its machine-actable representation. Chapter 4 con-

tains a comparison of the PAAC Framework to the existing solutions in reducing this se-

mantic gap problem.  
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F. Conclusion 

 

In this chapter, an explanation of the problem of semantic gap in software devel-

opment is provided and an example is included for clarification. The chapter contains an 

identification of the relationship of this problem to the area of service composition. The 

adverse effects resulting from this problem are also discussed in this chapter. Last, Chap-

ter 1 provides a very brief overview of the solution that is proposed to mitigate this prob-

lem and is presented in the forthcoming chapters in this dissertation. Chapter 2 provides a 

discussion on various methods and technologies that can be utilized in reducing the se-

mantic gap problem. In Chapter 3, the PAAC Framework for reducing the semantic gap 

problem in building composite services is discussed. Chapter 4 includes the identification 

of key contributions of the PAAC Framework, as well as comparison of the PAAC 

Framework with some of the solutions discussed in Chapter 2.  
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CHAPTER 2 

SURVEY OF METHODS AND TECHNOLOGIES AVAILABLE FOR MITIGATING 

THE PROBLEM OF SEMANTIC GAP 

 

 

In this chapter, we survey some of the existing methods and technologies that can 

be useful in mitigating the problem of semantic gap described in Chapter 1. We analyze 

the usage of these methods and technologies in mitigating this problem. A comparison 

among some of these methods and technologies is drawn to estimate their usefulness. 

Last, the chapter concludes with a discussion of their helpfulness in designing an inte-

grated tool essential for building a software system.  

 

A. Tools Used for Capturing and Representing User Requirements 

 

Requirements management [19] [20] involves establishing and maintaining agree-

ment between customer and developer on both technical and non-technical requirements. 

The International Council on Systems Engineering (INCOSE) [21] has listed the promi-

nent requirement management tools and the common features provided by these tools. 

Requirement management tools facilitate structured organization of user requirements 

and therefore reduce the time and cost involved in developing software systems. Table 1 

depicts some of the common features ideally associated with these tools, and Table 2 lists 

some of the tools. 
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Table 1 

Common features of the requirement management tools 

 
 

 

Table 2 

Some of the software requirement management tools listed by the International Council 

on Systems Engineering 

 

 



  14 

B. Domain Knowledge Representation and Design Tools 

 

In this section, an analysis of a variety of tools used to represent domain knowl-

edge representation and design of a software system is presented.  

Newell [22] states that “Knowledge Representation (KR) has long been consid-

ered one of the principal elements of Artificial Intelligence, and a critical part of all prob-

lem solving.” Additionally, Welty [23] states in his dissertation that “the subfields of KR 

range from the purely philosophical aspects of epistemology to the more practical prob-

lems of handling huge amounts of data. This diversity is unified by the central problem of 

encoding human knowledge - in all its various forms - in such a way that the knowledge 

can be used.” Often, knowledge can be represented with the use of ontology. Methods 

such as Developing Ontology Grounded Methods and Applications (DOGMA) use the 

approach of representing domain knowledge in the form of ontology.                                             

Sommerville [24] defined software design as “deriving a solution which satisfies 

software requirements.” Software design tools facilitate the process of designing a soft-

ware system by providing an environment for it. In this dissertation, we categorize the 

design tools into two categories: 

i)  Tools used to provide representations of software design. 

ii)  Tools that use these representations to provide the actual software design. 

In the first category, we identify tools such as UML and SysML. In the second category, 

we include tools such as Telelogic TAU, MagicDraw, and UML Graph. 

B.1 CommonKADS 

CommonKADS [25] is a methodology used to support structured knowledge en-

gineering. Over the years, CommonKADS has been gradually developed in the context of 
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the European ESPRIT IT program [26] [27]. CommonKADS provides emphasis on con-

ceptual structure of knowledge of an enterprise system and is mainly used to store this 

knowledge, which includes tasks, communication, and business processes, by using a 

knowledge modeling approach.  

In the context of CommonKADS, a task is mainly considered a subpart of a busi-

ness process that contains attributes such as goal orientation, handling of inputs and out-

puts in a structured and controlled way, resource consumption, and knowledge represen-

tation. A task represents the lowest level of detail of a business process. The breakdown 

of processes into tasks is carried out by considering the attributes of intaking, archiving, 

decision making, notifying, reporting, paying, and controlling quality [25].  Each task is 

given task significance on a scale of 1 to 5. CommonKADS classifies tasks into two cate-

gories: analytic tasks and synthetic tasks. The analysis of tasks in CommonKADS uses a 

three-dimensional information model that consists of the following views: 

i)  Functional view – Consists of the decomposition of the tasks into subtasks and 

includes their inputs and outputs to provide their information flow network. 

ii)  Static information structure – Contains a description of information content, 

and structure of objects that are handled in the task. The UML class diagram 

is employed to model the information structure. 

iii)  Control and dynamic view – Provides a description of the temporal order and 

control over the subtasks and thereby provides information on triggering 

events, decision-making points, and knowledge related to the aspect of time.  
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B.2 Concept Maps 

Novak and Cañas [28] defined concept maps as “graphical tools for organizing 

and representing knowledge.” These maps include concepts, usually enclosed in circles 

or boxes of some type, and relationships between concepts; such relationships are indi-

cated by a line connecting two concepts [28].  A concept map allows a computer literate 

to illustrate an idea, concept, or domain knowledge to be described in a graphical form 

[29] [5]. Concept maps provide meaningful learning based on psychological learning. 

They satisfy the conditions of meaningful learning, mainly because they provide concep-

tually clear presentation of knowledge and thereby, identify large general concepts held 

by the learner before assimilating instructions on more specific concepts.  

The psychological foundation of concept maps as described by Novak and Cañas 

[28] is as follows: “Learning of concepts is primarily a discovery learning process, where 

the individual discerns patterns or regularities in events or objects and recognizes these as 

the same regularities labeled by older persons with words or symbols.” Figure 6 depicts a 

basic form of a concept map. In this figure, we have two concepts, Concept 1 and Con-

cept 2. The relationship between these two concepts is identified by the label associated 

with the arrow pointing from Concept 1 to Concept 2.  

 

 

Figure 6. Basic form of a concept map 
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The interesting aspect of using a concept map tool is that it allows the domain ex-

pert to represent the knowledge in a graphical form that can be easily processed by the 

human mind. Its capability can be harnessed by converting the concept map into an 

XML-based format. The conceptual information thus obtained in the form of XML ac-

quires the attribute of machine actability and can be used to create semantic data in the 

form of Resource Description Framework (RDF) and Web Ontology Language (OWL). 

Concept maps allow a two-level representation of domain knowledge information, as de-

scribed in Table 3.  

Table 3.  

Levels of domain representation by concept maps 

 

Note: From “Representing processes as concepts: Towards reducing semantic gap,” by V. 

P. Gurupur and R.S. Sadasivam, Proc. 12th SDPS Transdisciplinary Conf. –Workshop on 

Integrated Systems, Design and Process Science, Montgomery, AL, 2009. Copyright 

2009 by Society for Design Process Science (SDPS). Adapted with permission. 

 

Concept maps have been shown to be understandable to domain experts. Figure 7 

depicts a concept map of the airline ticket service process. The models generated with the 

use of concept maps can then be processed by the human mind as well as generating un-

derlying specifications (e.g. in XML format) that can then be transformed to an executa-

ble format. 
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Figure 7. Concept map depiction of example airline ticket service process 

Note: From “Representing processes as concepts: Towards reducing semantic gap,” by V. 

P. Gurupur and R.S. Sadasivam, Proc. 12th SDPS Transdisciplinary Conf. –Workshop on 

Integrated Systems, Design and Process Science, Montgomery, AL, 2009. Copyright 

2009 by Society for Design Process Science (SDPS). Adapted with permission. 

 

Because the concept map provides an efficacious tool for determining user se-

mantics, the loss of semantics at this stage can potentially be minimized. Second, the 

concept map model can then be transformed to an executable format in an automated 

fashion; this capability can further reduce the loss of semantics in process modeling. If 

the executable process modeling technology is chosen carefully, the loss of semantics 

because of this transformation can also be kept to a minimum. However, one of the 

drawbacks of concept maps is that they have a limited ability to represent causal relation-

ships and therefore may have limited use in modeling complex processes. Table 4 depicts 

the list of software tools available to build concept maps. 
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Table 4.  

Software tools available for building concept maps 

 

 

B.3 Mind Maps 

Mind maps are diagrammatic representations used to explore ideas; to enhance 

work morale or problem solving, team building, or synergy creating activity; and to rep-

resent a business strategy or anything that can be visualized by the human mind. In his 

book, Mind Maps at Work, Tony Buzan [30] defined mind map as “a colorful visual form 

of note-taking that can be worked on by one person or a team of people.” Mind maps ex-

isted as early as 300 CE, when Porphyry of Tyre, a Neoplatonic philosopher, used a 

graphical visualization of the concept categories of Aristotle [31]. 

B.4 SysML 

SysML, a modeling language for representing enterprise systems was developed 

by Object Management Group (OMG) [32] [27]. OMG is an international, open member-
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ship, not-for-profit computer industry consortium. SysML supports a broad range of sys-

tems such as hardware, software, processes, information, personnel, and system-of-

systems [33]. As stated by OMG, SysML represents a subset of UML 2.0 with extensions 

needed to satisfy the requirements of UML™ for systems engineering. SysML provides 

several advantages over traditional UML [34] for representing software systems [35]. 

While UML is software centric, SysML is centered on the systems engineering. The main 

reason for the development of SysML is to reduce the document intensive nature of sys-

tems engineering processes. Table 5 lists the tools available for building SysML models 

[35]. 

Table 5.  

Software tools available for building SysML models 

 

 

B.5 Software Factory 

Greenfield and co-authors [36] define a software factory as a “software product 

line that configures extensible tools, processes, and content using a software factory tem-

plate based on a software factory schema to automate the development and maintenance 

of variants of an archetypical product by adapting, assembling, and configuring frame-
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work-based components.” The software factory template essentially includes both code 

and metadata whereas a software factory schema includes concerns and abstractions that 

may be represented in the form of grids.  

The central idea of software factories is to automate the process of software de-

velopment. To achieve this goal, the software requirements are first given a structured 

form and then provided to a code automation system. The philosophy behind the devel-

opment of software factories provides emphasizes on determining abstract information 

and using it to implement working software systems. 

B.6 Task System Model 

A task system model (Figure 8) is defined by Mills and Tanik [37] as “a process 

engineering formalism that supports the development and maintenance of distributed 

process systems.” The task system model was initially designed to build operating sys-

tems. The primary aim of this model was to facilitate the tasks’ cooperating toward a 

common goal to be executed in parallel. In the context of operating systems, the task sys-

tem model provided the attributes of speed independency and determinacy to the tasks 

involved in it [38]. To achieve determinacy, the physical systems on which the task sys-

tems were executed were represented by an ordered set. Because of the factor of determi-

nacy, the task system models proved useful in preventing deadlocks during the function-

ing of an operating system. 

 Mills and Tanik [37] provided a path for using task system models for an ordi-

nary process such as a car wash. This path extended the idea of the task system model by 

including the factor of non-determinacy. Some of the main features of a task system 

model include: 
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i)   Increases timeliness of a process system through increased parallelism and 

maximizing the utilization of the resources. 

ii)  Involves a set of tasks, depicted by a precedence graph. 

iii)  Each task is associated with a resource or a set of resources. 

iv)  Acquisition and assignment of resources. 

v)  Execution sequence of the tasks indicated by a directed graph termed as a 

precedence graph. 

A task system model involves two types of tasks:  

i)  Sequential task: A task that requires synchronization. 

ii)  Independent task: A task that is independent and can be executed in parallel. 

A typical task system model involving processes A, B, C, D, E, and F can be denoted by 

C = (Ƭ, <* ) where                                                                                                           (1) 

Ƭ = { A, B, C, D, E, F }                                                                                                     (2) 

CABCDEF = {(A, B), (A, C), (B, D), (C, E), (D, F), (E, F)}.                                                (3) 

Figure 8 depicts a precedence graph of this task system model. If we assume that 

this task system involves five resource types, R1, R2, R3, R4, and R5, the set of resource 

types, ρABCDEF, can be denoted as 

ρABCDEF = { RTR1, RTR2, RTR3, RTR4, RTR5 }.                                                                         (4) 
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Figure 8. Precedence graph of the task system model CABCDEF 

 

C. Tools and Languages Associated with Service Oriented Architecture and Semantic 

Web 

 

Service Oriented Architecture was defined by Newcomer and Lomow [39] as “a 

style of design that guides all aspects of creating and using business services throughout 

the development life cycle” and W3C [40] define a web service as “a software system 

designed to support interoperable machine-to-machine interaction over a network.”  Ser-

vice Oriented Architecture relies on publishing, distributing, and utilizing a web service 

to build a distributed computing system. Individual web services, sometimes termed ser-

vices, can be composed and integrated to form a composite service by using the process 

of service composition. Dustar [17] defined service composition as, “those activities re-

quired to combine and link existing web services (atomic and composite services) and 

other components to create new processes.” Semantically related services can be com-
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posed by using the process of semantic service composition. W3C defined semantics of a 

service as “the behavior expected when interacting with the service.” 

W3C [40] define semantic web as “a common framework that allows data to be 

shared and reused across application, enterprise, and community boundaries.” Semantic 

Web is an extension of the World Wide Web in which information is given well-defined 

meaning and thus better enables computers and people to work together [40].  The se-

mantic web is the artificial intelligence part of the World Wide Web.  

 

C.1 Resource Description Framework 

Daconta, Obrst, and Smith [41] define RDF as “an XML-based language to de-

scribe resources.” The most elementary form of information in RDF is an RDF triple 

(Figure 9) that consists of a subject, a predicate, and an object. Consider an example, 

“David is the author of book 1.” Here David is the subject, author happens to be the 

predicate, and book 1 is the object. RDF has been used to develop several applications, 

such as RDFPic [42], and RDF is most commonly used to build software applications 

that handle metadata. Table 6 lists some of the RDF relevant tools listed by W3C. 

 

 

Figure 9. Resource Description Framework triple 
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Table 6.  

List of the Resource Description Framework tools listed by World Wide Web Consortium 

 

 

C.2 Web Ontology Language 

According to W3C, the OWL was designed for use by applications that need to 

process the content of information instead of just presenting information to humans [43]. 

OWL is an XML-based language for ontological representation of information. In com-

parison with RDF, OWL is a stronger language because OWL provides more machine 

interpretability. It is commonly used to store metadata for medical applications [44]. Ta-

ble 7 lists some of the tools for using OWL. OWL is composed of three sublanguages 

[43]: 

i)  OWL Lite – Uses a classification hierarchy with simple constraints. 

ii)  OWL DL – Provides the user with maximum expressiveness while retaining 

computational completeness. 
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iii)  OWL Full – Provides the user with maximum expressiveness and syntactic 

freedom, with no computational guarantees. 

Table 7.  

List of tools for using Web Ontology Language 

 

 

C.3 Business Process Execution Language for Web Services 

IBM [45] defined the Business Process Execution Language for web services 

(BPEL4WS) as “a formal specification for business processes and business interaction 

protocols.” It is mainly used to build composite web services. BPEL4WS is used to de-

fine two processes: 

i)  Abstract process – Used to define the business protocol of an enterprise sys-

tem. 

ii)  Executable process – Used to define the nature and sequence of web service 

interactions. 

 

C.4 Unified Medical Language System 

The National Institutes of Health (NIH) [46] define Unified Medical Language 

System (UMLS) as “a language system to facilitate the development of computer systems 

that behave as if they understand the meaning of the language of biomedicine and 
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health.” By using UMLS, NIH has facilitated the development of tools and databases 

(knowledge source) that can perform the required operations on health data and informa-

tion associated with it. UMLS knowledge is distributed across three sources: 

i)   Metathesaurus – A database consisting of the vocabularies and their concepts. 

The source vocabularies in the metathesaurus are organized as a single, fully 

specified data source. The data source is organized in the form of concepts. 

ii)   Semantic Network – Provides a categorization of concepts mentioned in the 

Metathesaurus and provides the relationships between them. 

iii)  SPECIALIST Lexicon and Lexical Programs – Contains required lexical in-

formation for SPECIALIST Natural Language Processing System. This 

source is basically in place to facilitate the natural language processing of the 

information contained in the data sets. 

 

C.5 DBpedia 

DBpedia is a data set that is available in the form of RDF triples [47]. The data is 

extracted on a real time basis from Wikipedia. Therefore, DBpedia is a structured form of 

the contents available in Wikipedia. Because Wikipedia is a growing data set of informa-

tion available to the Internet users, DBpedia can be perceived as a sophisticated, ever 

growing data set that dwells on the success of Wikipedia. The advantage of structuring 

the information available in Wikipedia is that this information can be queried by using se-

mantic web tools such as SPARQL. The query outputs the requested meta information in 

the form of RDF. Some of the key features of DBpedia are as follows: 

i)  The data are dumped from recent Wikipedia dumps. 
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ii)  The data set facilitates 91 different languages. 

iii)  The data set is associated with a SPARQL endpoint for querying data. 

 

D. Frameworks Involved in Building Enterprise Systems 

 

Zachmann [48] defined a framework as “simply a logical structure for classifying 

and organizing the descriptive representations of an enterprise that are significant to the 

management of the enterprise as well as to the development of the Enterprise's systems.” 

This explication could be perceived as a general definition of a framework for enterprise 

systems. In the case of the Federal Enterprise Architecture Framework [49], frameworks 

are defined as “logical structures for classifying and organizing complex enterprise archi-

tecture information.” 

Architecture frameworks such as the Artificial Intelligence Design Framework 

[27], developed by Tanik, and the Composite Process-Personalization Framework [18], 

developed by Sadasivam, provide emphasis on the general architecture involved in de-

veloping software systems. In this dissertation, we develop an architecture framework for 

bridging the semantic gap in the process of service composition. The next subsections 

contain discussions of other frameworks, including DOGMA, which uses information 

available in the form of ontology to build enterprise software systems. 

 

D.1 DOGMA Ontology-Based Framework 

DOGMA is an ontology-based framework currently under development at Vrije 

Universiteit Brussel. A primary motivation for this project is to build machine-actable 

semantic resources that can be shared among computer scientists and software developers 



  29 

to build computer science applications. Mustafa Jarrar and Robert Meersman [50] stated 

that “by sharing an ontology, autonomous and distributed applications can meaningfully 

communicate to exchange data and thus make transactions interoperate independently 

of their internal technologies.” This framework uses ontology representation at three 

different levels: 

i)   Domain level – Representation of ontology pertaining to a specific domain 

that can provide general information about a domain. 

ii)  Application kind – Use of ontology to represent a set of applications that fall 

under the same category in a given domain. 

iii)  Specific application – Involves representation of information adhering to a 

specific application in the form of an ontology. 

 

D.2 Department of Defense Architecture Framework 

The Department of Defense Architecture Framework (DoDAF) [51] provides the 

necessary information for representing, developing, and understanding defense architec-

tures. The framework addresses the following audiences: 

i)   Decision maker – Helps the decision maker understand the application of ar-

chitecture and thus facilitates the process of decision making.  

ii)   Architect – Helps the architect comprehend the data-centric approach toward 

the development of architecture.  

iii)   Manager – Helps the manager understand the aspects of data management 

and maintenance. 
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The process of analysis of the architectures developed by using this framework involves 

data modeling and visualization. Here we have three levels of data models used: 

i)   Conceptual level – Involves representation of concepts by using terms that are 

familiar to the user. 

ii)  Logical level – Provides a more formal representation of the model by using 

data representation consisting of semantic and domain level information. 

iii)  Physical level – Contains all the necessary information to implement data-

bases. 

 

D.3 Bio2RDF 

Bio2RDF is a bioinformatics knowledge system built with the use of semantic 

web technology [52] [53]. The knowledge system accepts information represented with 

the use of a text file or an XML-based document. The Bio2RDF system can be queried 

by using an online query system, which accepts queries written by using SPARQL, and 

displays the result in an XML-based format. The system currently includes at least 46 

million RDF documents. This system is built with the use of the JSP rdfizer, the Sesame 

open source triplestore technology, and OWL ontology. The Rdfizer, a program that con-

verts the existing data into an RDF representation, adheres to an underlying philosophy 

that all existing knowledge can be represented with the use of the RDF representation. A 

broad range of file types can be converted into an RDF representation by Rdfizers like 

SIMILE [54].  
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E. Conclusion 

 

This chapter discusses tools, languages, frameworks, methods, and formalisms 

that can be used to mitigate the communication gap at various levels of developing a 

software system. No one of them does sufficiently bridge the semantic gap discussed in 

Chapter 1. However, in this dissertation, an attempt to use a combination of some of these 

techniques to bridge the semantic gap is presented. 



  32 

CHAPTER 3 

PROCESS-AS-A-CONCEPT FRAMEWORK 

 

 

A. Overview of the Approach 

 

In Chapter 1, we established the need for bridging the semantic gap in the context 

of building composite services. The dissertation then described in Chapter 2 the methods, 

frameworks, and tools that can be used in bridging this gap. At the end of Chapter 2, we 

concluded that, to build a framework we would need a combination of the some of the 

tools and methods discussed in the chapter. In Chapter 3, the dissertation describes the 

PAAC Framework mentioned at the end of Chapter 1. This framework is intended to 

bridge the semantic gap between the user needs and the process of service selection and 

discovery (Figure 10).  

 

Figure 10. Overview of the Process-As-A-Concept Framework 
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Figure 10 provides an overview of the PAAC Framework and its significance in 

solving the problem of semantic gap. The framework involves the following set of opera-

tions in building composite services: 

i)   Identifying the user needs and then the user processes from them. 

ii)  Developing a task system model representing the user processes and their in-

teractions. 

iii)  Using the task system model to develop a concept map. 

iv)  Building composite services by using the XML-based ontology document 

built with the use of concept maps. 

v)  Identifying and selecting the appropriate services. 

vi)  Integrating and composing the services to form a composite service. 

vii)  Performing an analysis of the composite service and optimizing the service if 

required. 

 

A.1 Five Main Reasons for Using Concept Maps 

The main reasons for using concept maps are as follows: 

i)  Concept maps provide meaningful learning because they offer conceptually 

clear representation of knowledge [28] [29]. 

ii)  Concept maps are used to provide a strong foundation for the development of 

domain specific ontology [28] [29]. 

iii)  Concept maps allow thorough determination of both syntactic and semantic 

elements of processes of composite services. 



  34 

iv)  Concept maps allow domain experts and developers to work together to de-

sign abstract models of the user domain [28]. 

v)  A concept map can be converted into an executable format and thereby re-

duces the loss of semantics in process modeling. 

 

A.2 Three Main Reasons for Using Ontology to Describe User Processes 

The three main reasons for using ontology to describe user processes are as fol-

lows: 

i)  Ontology provides a machine-actable form of semantic information contained 

in the concept map [28] [29]. 

ii)  An XML-based ontology description can be easily parsed by using a suitable 

parser to extract information on user processes. 

iii)  Information depicted in the form of an ontology reduces the ambiguity in-

volved in a natural language representation.  

 

A.3 Identifying User Processes from User Needs 

Identifying user processes from user needs is a critical step in developing compos-

ite services. This step requires a good interaction between the user and the developer. De-

ciphering the user processes from user needs involves identifying the following elements 

of user needs: 

i)  The processes involved in building a solution for the user needs. 

ii)  The interaction among user processes. 

iii)  The flow of control among user processes. 
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A.4 Representing User Processes as Concepts 

The most critical step in the PAAC Framework consists of representing the user 

processes as concepts. Representation of user processes as concepts involves the follow-

ing aspects: 

i)  Developing a task system model representing the user processes and their in-

teractions. 

ii)  Using the task system model to develop a concept map. 

 

A.5 Building Composite Services by Using Concept Maps 

 

Because concept maps can be easily converted into a machine-actable, XML-

based ontology document, these maps play a vital role in building composite services. 

Using concept maps to build composite services mainly involves the following steps: 

i)  Converting concept maps into an XML-based document such as an OWL 

document. 

ii)  Extracting the information on user processes from the XML-based document 

by using a suitable parser. 

iii) Providing the extracted information to the service discovery and selection 

process. 

 

 

B. Converting a Task System Model into a Concept Map 

 

A methodology with which to convert a task system model into a concept map in-

volves the following steps: 

i)  Identify the resources involved in the task system model.  
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ii)  Identify the interaction between the resources, and build a table of RDF triples 

indicating the resources and their interactions. 

iii)  Build a concept map for every RDF triple in the table, and use these maps for 

the task system model.  

In this dissertation, we discuss this methodology by using two different case studies: a) a 

car wash example and b) a gene linkage application. 

 

B.1 Analyzing the Conversion of a Task System Model into a Concept Map by Using a 

Car Wash Example 

 

In this dissertation, we first analyze the conversion of a task system model into a 

concept map; here we use the car wash example employed by Mills and Tanik [37]. We 

then analyze the means of carrying out this conversion in the case of a gene linkage ap-

plication. Table 8 describes the resources involved in the task system model. The first 

column provides the names of the resources, and the second column describes the rele-

vance of each resource in terms of the car wash example.  

Figure 11 provides the precedence graph of the car wash example [37]. This graph 

contains the initial and final states per convention, as well as the intermediate states in-

volved, in the car wash example. The task system model for the car wash example con-

sidered here is converted into a concept map by using the steps identified in the begin-

ning of section B.  
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Table 8.  

Description of resource types for the car wash example 

 

 

Table 9 depicts the RDF triples built by using the interactions among the resource 

types. We use the RDF triples from every row to build a concept map of the system. Let 

us consider the first RDF triple, Staff -> uses -> Vacuum; the corresponding concept map 

would be as indicated in Figure 12. Aggregation of the second RDF triple, Vacuum -> 

cleans -> Interior; gives us the concept map depicted in Figure 13. First, a concept map is 

built by using the RDF triples represented in Table 9. Next, these individual concept 

maps are linked by using the information depicted in Table 10.  
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Figure 11. Precedence graph of the task system model for the car wash example 
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Table 9. 

 Resource Description Framework triples built by using resource dependency for the car 

wash example 

 

 

 

Figure 14 depicts the concept map built from all RDF triples that are represented 

in Table 10 and are based on the information given in Table 9. In this way, a methodol-

ogy for converting a task system model into a concept map is provided.   
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Table 10.  

Linking Resource Description Framework triples for the car wash example 

 

 

Figure 12. Concept map built from the first Resource Description Framework triple 

 

Figure 13. Linking concept maps by using Table 3 
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Figure 14. Concept map built from all Resource Description Framework triples 

 

B.2 Validation of Converting a Task System Model into Concept Maps 

The validation of the aforementioned methodology of converting a task system 

model into a concept map is carried out by using this methodology to build software ap-

plications. In this dissertation, an example of using this methodology to build a gene link-

age application is provided. 

 

 

C. Building a Gene Linkage Application by using the PAAC Framework 

 

C.1 Analyzing the Processes Used in Building Gene Linkage Information 

Figure 15 depicts the manual process used in linking gene information at the De-

partment of Epidemiology at UAB [55]. This process is both labor intensive and time 

consuming.  In this process, the research assistant manually searches a keyword in a set 

of articles listed in the NCBI portal [56]. The articles that contain this keyword are then 

researched for extracting the relevant gene information associated with the article. Be-
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cause this process is labor intensive, a semi-automated process was built by using the CP
2
 

Framework [18].  

 

Figure 15. Manual process involved in identifying gene linkage 

 

This semi-automated process extracts the relevant gene information by allowing a 

software application to accept a parameter from the user, such as a keyword or a chromo-

some region. Although this process reduces the labor intensiveness of the manual proc-

ess, it is associated with the following drawbacks: 

• The user is expected to know the semantic intricacies of the data and of the 

terminologies involved in gene linkage. 

• The user is also expected to possess the knowledge of the terminologies in-

volved in gene linkage. 
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C.2 Building the Gene Linkage Process by Using the Process-As-A-Concept Framework 

 

Figure 16 depicts the process of using the PAAC Framework to build the research 

application. The following steps are taken to build the service application: 

i)  The domain expert and the software developers build the task system model for 

the service application. 

ii)  The task system model is used to build the concept map. 

iii) The concept map thus obtained is converted into an OWL document. 

iv) This ontology file is parsed by a suitable parser to extract the relevant data 

elements. 

v)  The extracted information is then provided to the research application 

Figure 17 provides the relationship between the methodology and the PAAC 

Framework and Table 11 provides the resource description for gene linkage application. 

This information depicted in Table 11 is useful in building the relationships between the 

resources. For instance, the developer can perceive that both Gene Name and Gene ID are 

the attributes used to identify a gene. Figure 18 provides the task system model of the 

gene linkage application. Table 12 depicts the RDF triples built by using the resource de-

scription of the resources involved in the Gene Linkage Application. These individual 

RDF triples are then linked together by using the common linking resource (Table 13).  
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Figure 16. Building the gene linkage application using the Process-As-A-Concept 

Framework 

 

 

 

Figure 17. The relationship of the application with the Process-As-A-Concept Framework 
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Table 11.  

Resource description for the gene linkage application 

 

 

Figure 18. Task system model for the gene linkage application 
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Table 12.  

Resource Description Framework triples built by using resource dependency for the gene 

linkage application 

 

 

 

Table 13.  

Linking Resource Description Framework triples using a common resource for the gene 

linkage application 

 

 

 

Figure 19 illustrates the concept map derived from Table 13, and Figure 20 de-

picts the aggregation of the concept maps that was built using individual RDF triples. For 

instance, Triple 1 and Triple 2 are connected by the common resource PubMedID [57]. 

By converting a task system model into a concept map, the framework provides a meth-
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odology with which a formalism that belongs to the domain of process engineering is 

converted into a representation that belongs to the area of artificial intelligence. 

 

Figure 19. Concept map of the gene linkage application 

 

Figure 20. Concept map illustrating the gene linkage application and identifying the Re-

source Description Framework triples 

 

The representation of a process in the form of a concept is a critical step in build-

ing machine-actable representation of domain information. In the next section, we de-
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scribe the conversion of concept maps into an OWL document and discuss the usage of 

the document in building an appropriate service.  

 

D. Building an Application Service by Using Concept Maps 

 

In Section C, a discussion on the conversion of a task system model into a concept 

map was presented. This section provides the details of using a concept map thus ob-

tained to build a service.  

A critical objective of this dissertation is to facilitate the development of abstract 

information on a required service and then convert that information into executable in-

formation. The development of a concept map from a task system model facilitates the 

development of abstract information needed by a team of users and developers involved 

in gathering the requirements of a particular software system. Conversion of the require-

ments thus gathered into machine-actable representation of information provides the re-

quired path to build the necessary services for building a composite service.  

In the concept map represented in Figures 19 and 20, each object such as Key-

word, Gene ID, OMIM ID [58], Gene Name, and Chromosome Number denoted by dif-

ferent concepts can be linked to a whole new concept map resembling a network. This 

concept map is then converted into the OWL document depicted in Figure 21. With the 

use of a Java SAX parser [59], the developer can extract from this OWL document the 

information necessary to construct RDF triples stored in a database. The triples provide a 

semantic description of the available gene linkage data to a database application built by 

using Java or .NET technology [60]. The database application built by using Java Server 

Pages [61] extracts the semantic information stored in the form of RDF triples. This data-
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base application extracts the data stored on individual genes and their associated publica-

tions by using the semantics described by the RDF triples to provide the output, as indi-

cated in Figure 22. The RDF triples shown in Figure 22 provide the developer the infor-

mation for building the semantics of the data associated with the gene linkage applica-

tion. While the actual data is stored in a separate database, the semantics of the actual 

data is derived by using the concept map built by the domain expert. 

 
Figure 21. Ontology corresponding to the gene linkage concept map 

 

The application developed to extract the necessary gene data expects the user to 

provide a keyword. The application then searches for the keyword in the database. Once 

the keyword is found, the application refers to the table represented in Figure 22 and 

identifies the necessary attributes related to the keyword to be extracted from the data-

base. These attributes are then extracted from the database; a semantic representation of 
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these data elements, along with the actual data, is provided to the user (Figure 23). 

Henceforth, the user receives the actual gene data and the relationships between the ex-

tracted data (Figure 24).  

 

 

Figure 22. Resource Description Framework triples extracted from the ontology depicted  

in Figure 13 

 

 

Figure 23. Sample output of the service application developed for the gene linkage appli-

cation  
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Figure 24. Architecture of the gene linkage application 

 

The development of tools like the gene linkage application can be useful in en-

hancing the speed of research activities in many areas. Because the PAAC Framework 

provides access to the semantic information associated with the data, the learning curve 

of the researcher is reduced. Some of the key contributions of this application are as fol-

lows: 

i)  Provides a proof-of-concept for building applications (uses the idea of repre-

senting a process-as-a-concept). 

ii)  Provides the user with data combined with their semantics. 

iii)  Allows the domain expert to represent semantics of the terminologies in-

volved in gene linkage. 
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iv)  Reduces the need for the user to have prior knowledge of terminologies in-

volved in gene linkage. 

 

D.1 Validating the Concept Map 

The concept map depicted in Figure 19 is validated by using Table 12 and the ta-

ble contained in Figure 22. Table 12 depicts the RDF triples built by the developer while 

working with the domain expert. The table contained in Figure 22 is generated by the 

Java parser. Confirming the validity of the concept map depicted in Figure 19 requires 

that these two tables match one another.  

 

E. Automation of Concept Map Creation in Medical Research 

 

Even with current advances in technology, the processes involved in medical re-

search continue to be both time consuming and labor intensive. To mitigate these prob-

lems we have built an integrated tool for converting the textual information into a concept 

map available to the researchers; this conversion uses OWL as an intermediate source of 

information. This tool is based on building semantic models by using concept maps. The 

labor intensive sequence of processes involved in medical research is effectively replaced 

by using this tool built by a suitable integration of concept maps and OWL. The tool 

which has been analyzed by considering the example of linking Vitamin D deficiency to 

prostate cancer [44], is intended to provide a faster solution in building relations and con-

cepts based on the existing facts.  
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E.1 Challenges to Finding the Right Research Material in Medical Research 

 

A typical researcher spends an inordinate amount of time in identifying, sorting, 

and analyzing already published research results [62]. This time can be lessened by sev-

eral weeks with the use of appropriate tools and technologies [63]. The problem of ineffi-

ciency in medical research results from the following reasons: 

i)   Inefficiencies occur when researchers use multiple databases with multiple in-

terfaces that may not all be known by a research assistant.  

ii)  Even when a research assistant is well versed on the search techniques, he or 

she may not be confident that all relevant research papers have been identi-

fied. 

iii)  When relevant research papers are identified, the next challenge is to effi-

ciently extract information on materials, methods, and results illustrated in the 

papers.  

These problems cause a significant delay between a researcher’s obtainment of 

results and use of those results. A significant increase also occurs between the time at 

which most researchers form a consensus and the time at which such findings reach to 

practicing physicians. Even if a given research result is available, practicing physicians 

find it difficult to stay abreast of such research because of their time limitations [64]. 

Even if a physician reserves a certain amount of each day to keep up with current re-

search, he or she will face hundreds of articles on a given topic and will be able to read 

only a handful of them. Months if not years are required for research findings to reach to 

practitioners. A case in point is the research on Vitamin D [65]; because this research has 

been ongoing for more than 30 years and has increased in the last few years, many re-
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search findings on Vitamin D are available for integration into the practices of physicians 

who do not have sufficient time to read the reports containing these findings.  

Medical researchers commonly use an evidence-based methodology [66] for 

building the results of a particular medical research. This methodology involves the 

three-step approach as indicated in Figure 25 and is described as follows: 

Step 1: Collection of data, knowledge, and experience from clinical studies. 

Step 2: Analysis of the data collected in Step 1. 

Step 3: Presentation of the evidence based on the analysis of data. 

 

Figure 25. Conventional medical research 

 

Sometimes, two or more distinct groups of researchers, investigating the same 

subject may conclude with contradictory results despite following the steps [67] [68] 

[69]. The United States Preventive Services Task Force (USPSTF) provides guidance for 

the clinicians by grading its recommendations according to one of five classifications (A, 

B, C, D, and I) reflecting the strength of evidence and magnitude of net benefit [70]. The 
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current state of the art in accessing available published research findings, along with the 

complexity of the levels of evidence required by researchers and clinicians, demonstrates 

the need for improvement in medical research techniques [71]. 

To solve the problem of finding and searching through published research work, 

one must address the underlying technological issues [72]. Multi-platforms with multi-

interface requirements can be addressed with the concept of tools as services. Under such 

an approach, the researcher will use the tool that he or she always uses, such as an Excel 

spreadsheet. The software behind the tool automatically searches for the data requested 

by the researcher and populates the Excel spreadsheet with the required data. In this 

manner, a researcher does not waste time in learning unnecessary interfaces but continues 

to use the tool with which he or she is familiar.  

The problem of determining whether all published information is identified can be 

alleviated by semantic search tools that perform “deep searches” that may not be accessi-

ble to commonly used tools such as Google. The problem of preparing comprehensive 

information that can be used to update research assistants or practicing physicians can be 

solved by concept maps discussed in the next section.  

 

E.2 Integrating Concept Maps and Ontology 

 

Researchers can use C-Map Tools software to represent an idea or a concept in a 

graphical format that links all concepts and resembles a growing neural network. This 

tool allows the conceptual information thus obtained to be automatically converted into 

OWL and RDF, as needed, in preparation for further processing. In fact, this robust, do-

main-specific information stored in OWL can be readily manipulated by the rule-based 
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engine of the Jena Semantic Web Framework, as well as accessed by intelligent agents 

using Semantic Web technology for automated inference capability. 

A critical challenge for storing domain knowledge of a particular medical re-

search area involves storing this information in a human perceivable as well as machine-

actable format. Concept maps can fulfill both of these requirements. Concept maps can 

delineate a concept in the form of links and circles, as well as allow these concepts to be 

converted into XML-based ontology representation such as OWL and vice versa [44]. 

Achieving the accumulation of domain knowledge in the form of concepts requires com-

pleting (Figure 26): 

i)  Identify the electronic documents that pertain to the topic of medical research 

and its effects. 

ii)  Convert the information contained in the document into an XML-based for-

mat. 

iii) Convert the information available in the XML-based format into a concept. 

The concepts thus obtained can be further converted into OWL or other forms of 

Semantic Web-based format. This conversion would allow the extraction of relevant in-

formation by an application program that can harness the versatility of Semantic Web-

based information [73]. Overall, this process provides a path to conversion of natural lan-

guage-based domain information into machine-actable information that can be readily 

used by an application program. This process enables the achievement of the following 

objectives: 

i)  It saves the amount of time required to decipher information available on a par-

ticular topic of medical research [63]. 
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ii)  It automates the gathering of organized information and thereby provides a 

suitable path for linking its deficiency to diseases. 

 

 

 

Figure 26. The process of converting textual data into a concept map 

 

Note: From “Building semantic models using concept maps for medical research,” by V. 

P. Gurupur, M. N. Tanju, T. Tuncer, C. C. Gattaz, and M. M. Tanik, Proc. 12th SDPS 

Transdisciplinary Conf. –Workshop on Integrated Systems, Design and Process Science, 

Montgomery, AL, 2009. Copyright 2009 by Society for Design Process Science (SDPS). 

Adapted with permission. 

 

E.3 Relating Vitamin D Deficiency to Prostate Cancer 

To provide an example of a proof of concept, we consider the analysis of the rela-

tionship between Vitamin D deficiency and prostate cancer [74] [75]. Vitamin D is an 

important calcium homeostasis regulator that also modulates growth and differentiation. 

There seems to be a highly complex relationship between serum levels of Vitamin D and 

the incidence of prostate cancer. Some studies [76] [77] have linked calcium intake to an 
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elevated risk of prostate cancer; in those studies, it was assumed that this effect was pri-

marily through lowered serum levels of α1, 25-dihydroxyvitamin D (calcitriol) and that 

these lowered levels resulted from decreases in parathyroid hormone levels. Assuming 

that Vitamin D maintains the differentiated state of prostate cells, researchers made mul-

tiple attempts to determine the therapeutic potential of Vitamin D and/or its analogs in 

men with castrate-resistant prostate cancer. 

Vitamin D receptors have been identified on most but not all prostate cancer cell 

lines. Exposure to calcitriol induces differentiation, as well as decreased proliferation, 

invasiveness, and metastatic behavior [78][79][80]. Animal studies provide support for an 

antiproliferative and antimetastatic role of calcitriol and its analogs in prostate cancer 

[81]. Calcitriol potentiates the cytotoxic effect of some chemotherapeutic agents like tax-

anes, and this finding provides a rationale for combined therapy [82] for metastatic dis-

ease.  

In terms of the role of Vitamin D in preventing prostate cancer [83], epidemi-

ologic studies suggest that the relationship between Vitamin D levels and the incidence of 

prostate cancer is extremely complex. Vitamin D deficiency has been suggested as a 

common pathway underlying the association of prostate cancer risk with other epidemi-

ologic risk factors such as, age, African American race, and geographic area of residence 

[84]. Ahn and co-authors [85] state that “no statistically significant trend in overall pros-

tate cancer risk was observed with increasing season-standardized serum 25(OH)D 

level.” Because the data relating Vitamin D status to prostate cancer is sparse and incon-

sistent and because achieving a meaningful conclusion for providing recommendations 

requires a complex approach, building an unconventional method of research is inevitable 
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[44]. To achieve this, we propose the use of concept maps to delineate the complex re-

search observations. 

E.4 Using the Concept Map Alternative 

 

A plausible solution to the problem of relating Vitamin D to prostate cancer is to 

build a knowledge base of Vitamin D and its effect on prostate cancer. Building such a 

base can be achieved by using a combination of tools involving concept maps. If this ap-

proach is used, the tasks involved in searching research findings could be obviated by 

building a set of concept maps from selected articles. These maps would also considera-

bly reduce the amount of time and effort used by a researcher to carry out research activi-

ties. Concepts built in the human mind can now be displayed in the form of a visual de-

scription available to scientists. To achieve this, we have performed the following set of 

tasks: 

i)  Identify the electronic documents that pertain to Vitamin D and indicate that its 

deficiency leads to prostate cancer. 

ii)  Convert the information contained in the documents into an OWL document 

by using a tool such as TopBraid Composer [86], developed by Franz Inc. 

[87]. 

iii)  Use CMap Tools COE [88] to convert the OWL document into a concept 

map.  

The concept map obtained by performing these three tasks can be easily used to depict 

the relationship among terminologies, concepts, and procedures related to Vitamin D. 

Sometimes the investigators can populate the research data on an Excel spreadsheet, and 
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converting this application into a semantic model might prove useful. The three steps can 

also be used to convert the data available on a spreadsheet.  

Overall, we have presented an integrated tool with which to convert textual data 

into concept maps. While the CMap Tools software from IHMC has the ability to convert 

any document in OWL into a concept map, using TopBraid Composer conversion of tex-

tual data into OWL is performed. It is to be noted that, although this process provides a 

path for building concept maps from textual data, building an understandable concept 

map requires refactoring the data in OWL. The key contributions of this application are 

as follows: 

i)  Demonstrates a means by which textual data can be converted into concept 

maps by integrating the required tools. 

ii)  Demonstrates a path for applying concept maps to improve an area of medical 

research by reducing the amount of time and labor involved in carrying out 

complicated research.  

Figures 27 and 28 provide a path by which a simple text such as “Vitamin D defi-

ciency leads to prostate cancer” can be depicted in the form of a diagram. Concept maps 

generated by IHMC CMap Tools software are used to generate this path.  
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Figure 27. Converting a text into Web Ontology Language 

Note: From “Building semantic models using concept maps for medical research,” by V. 

P. Gurupur, M. N. Tanju, T. Tuncer, C. C. Gattaz, and M. M. Tanik, Proc. 12th SDPS 

Transdisciplinary Conf. –Workshop on Integrated Systems, Design and Process Science, 

Montgomery, AL, 2009. Copyright 2009 by Society for Design Process Science (SDPS). 

Adapted with permission. 
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Figure 28. Mapping the information from a Web Ontology Language document into a 

concept map 

 

Note: From “Building semantic models using concept maps for medical research,” by V. 

P. Gurupur, M. N. Tanju, T. Tuncer, C. C. Gattaz, and M. M. Tanik, Proc. 12th SDPS 

Transdisciplinary Conf. –Workshop on Integrated Systems, Design and Process Science, 

Montgomery, AL, 2009. Copyright 2009 by Society for Design Process Science (SDPS). 

Adapted with permission. 
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F. Conclusion 

In this chapter, the dissertation presents a solution for the problem stated in Chap-

ter 1. It provides a solution by designing a framework for representing a process as a con-

cept. This framework, termed as PAAC Framework, has been validated by building the 

gene linkage application. Additionally, this chapter discusses some experimentation on 

the automation of concept map creation; this experimentation has further advanced the art 

of using concept maps to represent a process. 
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CHAPTER 4 

CONCLUSION 

 

A. Key Contributions of PAAC Framework 

 

The PAAC Framework provides a unique method of converting processes into 

concepts. The core contributions of this dissertation are as follows: 

i)  Reduction in the semantic gap involved in the process of Semantic Service 

Composition. 

ii)  A framework for presenting process-as-a-concept in the context of semantic 

service composition. 

iii)  Automation of building concept maps from textual data. 

iv)  A proof-of-concept that this framework is sound, valid, and applicable is 

shown by providing the gene linkage application.  

A.1 Reduction in the Semantic Gap 

In this dissertation, the proposed PAAC Framework was shown to reduce the se-

mantic gap involved in the process of developing composite services. The representation 

of a process by using abstract process models is not an adequate solution because the ab-

stract models may not clearly present the user processes. Some computer users may not 

be able to easily comprehend a conventional abstract process model used to represent the 

processes involved in an enterprise system. The representation of a user process by using 
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a task system model provides both the user and the developer the ability to construe the 

representation of user processes. As a result, the user can provide the developer with 

feedback about the understanding and representation of the user processes.  

The transformation of the task system model into concept maps facilitates the de-

velopment of composite services because the concept maps thus obtained can be con-

verted into machine-actable ontologies. These machine-actable ontologies derived from 

concept maps can be easily parsed by using a suitable parser and therefore can enhance 

the process of selecting appropriate services.  

 

A.2 Development of the PAAC Framework 

 

In this dissertation, an analysis of evaluating various methodologies and tech-

nologies for potential integration into the software service composition used to fill the 

semantic gap between software requirements and implementation is presented. The use-

fulness of this approach has been described with a case study demonstrating the devel-

opment of a gene linkage application. This framework will be further enhanced by intro-

ducing a host of advanced methodologies and technologies useful for integrating software 

services and especially by using ontologies to exploit the model-driven approach to soft-

ware design using ontologies. Overall, the PAAC Framework, which saves time and ef-

fort during the process of software development, presents a path for the future develop-

ment of monolithic and complex software systems [89] [90]. 
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A.3 Automation of Building Concept Maps from Textual Data 

 

In this dissertation, we provided a presentation using a concept map to depict a 

particular concept in medical research. The dissertation also demonstrates the means by 

which textual data can be converted into concept maps by integrating the required tools to 

achieve this task. In this way, the dissertation has provided a path for applying new visual 

tools with which to improve the area of medical research by reducing the amount of time 

and labor involved in carrying out complicated tasks. 

To illustrate a unique method for accelerating the process of medical research, we 

included in this dissertation a literature search on the subject of carcinogenesis preven-

tion. There is a great need to improve current ways of research methods by using tech-

nologies such as concept maps and the Semantic Web. The proposed approach involves 

the usage of rapidly evolving cutting edge technologies such as CMap Tools COE that 

can revolutionize medical research. The dissertation has provided a path by which future 

generations of medical researchers can improve the techniques used to carry out research 

activities pertaining to a disease or disorder.  

A.4 Proof-of-Concept for the PAAC Framework 

The gene linkage application depicted in Chapter 3 provided the required proof-

of-concept for the PAAC Framework. This dissertation clearly indicates the means by 

which this application is built within the perimeters of the framework.  
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B. Comparison with Other Methods and Frameworks 

 

B.1 Comparison with CommonKADS  

 

In Chapter 2, the dissertation describes CommonKADS methodology and its use 

in representing information about processes involved in an enterprise system. Although 

an elegant system for representing knowledge of an organization, CommonKADS does 

not provide any insight into its use in building software applications. Moreover, Com-

monKADS provides a complex representation of the processes involved in an organiza-

tion. Alternatively, PAAC Framework uses a simple representation of a process and pro-

vides the necessary information on building a software system. Table 14 provides a com-

parison between the PAAC Framework and CommonKADS. 

Table 14.  

Comparison with CommonKADS 

  

B.2 Comparison with Bio2RDF 

 As discussed in Chapter 2, Bio2RDF is a knowledge system for bioinformatics 

built by using the semantic web technology. Some similarities exist between the PAAC 

Framework and Bio2RDF because both of them rely on the usage of semantic web tech-

nology. However, although Bio2RDF provides implementation details on storing and re-
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trieving information relevant to bioinformatics useful for building software systems, the 

PAAC Framework provides both abstract and machine-actable representation of informa-

tion to achieve the same. 

Incidentally, the PAAC Framework is software centric, whereas Bio2RDF can be 

both software centric and user centric, because the Bio2RDF system allows a user to 

query its knowledge base by using a SPARQL query interface [50]. Some of the main 

differences between the PAAC Framework and Bio2RDF are given in Table 15. 

Table 15.  

Comparison with Bio2RDF 

 

 

B.3 Comparison with CP
2 

Framework 

  The PAAC Framework is built on the underlying principles of the CP
2
 Frame-

work developed by Sadasivam [15]. The critical difference between the CP
2
 Framework 

and the PAAC Framework is the involvement of semantic information associated with 

the data and the services. The CP
2
 Framework follows the conventional approach of us-

ing the abstract process model and transforming it into an XML-based executable process 

model. The abstract process model used in the conventional approach is complex and dif-



  69 

ficult to comprehend, whereas the use of concept maps reduces the complexity involved 

in representing a process. Additionally, the machine-actability achieved by using XML-

based languages such as OWL can be easily parsed by using a semantic web-based tool-

kit. Table 16 lists the differences between the PAAC Framework and the CP
2
 Frame-

work. 

Table 16.  

Comparison with CP
2
 Framework 

  

Note: From “Representing processes as concepts: Towards reducing semantic gap,” by V. 

P. Gurupur and R.S. Sadasivam, Proc. 12th SDPS Transdisciplinary Conf. –Workshop on 

Integrated Systems, Design and Process Science, Montgomery, AL, 2009. Copyright 

2009 by Society for Design Process Science. Adapted with permission. 

 

  

C. Limitations of the PAAC Framework 

 

Although providing several advantages in filling the semantic gap in building 

composite services, the PAAC framework possesses limitations. These limitations are as 

follows: 
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i)  The usage of the task system model limits it to resource-centric processes. 

ii)  The task system model may not be adequate to represent complex processes. 

iii) The aspect of communication between processes is not represented adequately 

in PAAC. 

iv) The concept maps may not represent sufficient information on some processes. 

 

C.1 Resource-Centric Processes 

 

The dissertation illustrates the functioning of the PAAC Framework by using re-

source-centered processes. Its functionality in processes that do not heavily depend on a 

resource or a set of resources has not yet been analyzed. The task system model is inher-

ently resource centric and this characteristic creates a limitation in the application of the 

framework.  

 

C.2 Complex Processes 

 

The application of the framework to complex processes has not yet been ana-

lyzed. An observation has been made that methods such as CommonKADS can ade-

quately be used to represent a wide range of processes. However, the task system model 

may not adequately represent processes that are complex and can be represented by using 

CommonKADS.  

 

 

D. Future Work 

 

D.1 Building Systems-as-a-Concept Approach 

 

The induction of a systems approach towards building a concept may be consid-

ered for future work. Such an approach would replace the representation of a process 
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with the representation of a system. Therefore, the representation of a process by using 

the task system model would be replaced by the representation of a system by using a 

language such as SysML. This systems approach will bring about a wider applicability of 

the philosophy of using a conceptual representation. The representation of a software sys-

tem by using concept maps results in an abstract and machine-actable representation of 

the system. A critical challenge in building a system-as-a-concept approach would be to 

develop a methodology for converting a SysML representation into concept maps. Be-

cause SysML facilitates the representation of a broad range of systems, the conversion of 

a SysML representation to a concept map can be challenging.  

 

D.2 Building Commercial Applications by Using the PAAC Framework 

 

The PAAC Framework can be used for building various commercial applications. 

The primary objectives of this dissertation were to introduce this framework and to pro-

vide a proof-of-concept that it for its use in building composite services. Because the 

framework is still in its embryonic stage, some improvements may be required before it 

can be used to build a wide range of commercial applications. 

 

E. Summary 

 

This dissertation provides a framework for building composite services by reduc-

ing the problem of the semantic gap. The key features of this dissertation are as follows: 

i)  The need for reducing semantic gap in the process of Semantic Service Com-

position is established. 
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ii)  The framework of representing processes as concepts is introduced as a means 

of reducing this semantic gap. 

iii)  A proof-of-concept application for gene linkage is provided to validate this 

framework. 

iv)  An additional application for automating the generation of concept map is 

provided. 

v)  The semantic gap is shown to be greatly reduced by representing processes as 

concepts when composing semantic services. 

As indicated in Section D, this dissertation provides intension of the author to continue 

this research on building concept maps for software systems. The author perceives this 

dissertation work as a starting point on the road toward building semantic web-based 

software development approaches. 
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In this appendix, we provide information on the Gene Linkage Application built 

by using the PAAC Framework. The application is built with the use of the Apache Tom-

cat server, which is a freely downloadable web server software. The application begins 

with the index page, where the user is required to enter the keyword to be searched by the 

application. This page is illustrated in Figure A.1 of the appendix. 

 

 

 

Figure A.1. Keyword search page 

 

This page is followed by the result page, which displays the necessary semantic 

gene linkage information associated with the keyword. A part of this result is indicated in 

Figure A.2. 
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Figure A.2 Result of the keyword search 

 

This result is displayed on the basis of the concept map indicated in Figure 19 of 

the dissertation. This concept map is converted into an ontology file (see Figure 21 of the 

dissertation). This ontology file is used to extract the RDF triples indicated in Figure 22 

of the dissertation. The Java Server Page code to generate this result is as indicated here: 

<html> 

<%@ page import = "java.sql.*" %> 

<%@ page import = "java.util.*" %> 

<%@ page session = "true" %> 
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<head> 

<title> Index Action </title> 

 

</head> 

<body> 

<center><h3>Keyword Search Results</h3></center> 

 

<% 

/* Author: Varadraj Prabhu Gurupur 

   Date: November 2009 

*/  

class genepubmed 

 { 

  int Field4; 

  int Field3; 

  int Field2; 

  int GeneEntryNumber; 

  int flag = 0; 

  int OmimField3; 

  String[] subject = new String[10]; 

  String[] predicate = new String[10]; 

  String[] object = new String[10]; 

  int tripleCount = 0; 

  String DataKeyword; 

  String DataAbstract; 

  int DataPubMedID; 

  int DataChromosomeNumber; 

  float DataBuildVersion; 
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 float DataOMIMID; 

  String DataGeneName; 

  int DataGeneID; 

  String[] subjectFound = new String[10]; 

  String[] objectFound = new String[10]; 

  String[] predicateFound = new String[10]; 

  String[] subjectFoundType = new String[10]; 

  String[] objectFoundType = new String[10]; 

   

  int SubjectFoundFlag = 0; 

  int keywordFlag = 0; 

  String[] parameterList = new String[10]; 

  String[] parameterType = new String[10]; 

  int m; 

  int pl; 

  int obj; 

   } 

        

  // Connecting to the Genelist database 

  try  

  { 

  Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 

 

  Connection conn = DriverManager.getConnection("jdbc:odbc:GeneList"," 

"," "); 

 

  Statement stmt = conn.createStatement(); 

  Statement stmt4 = conn.createStatement(); 

  Statement stmt5 = conn.createStatement();  
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  Statement stmt6 = conn.createStatement(); 

  Statement stmt7 = conn.createStatement(); 

  Statement stmt8 = conn.createStatement(); 

   

  genepubmed genepub = new genepubmed(); 

   

 ResultSet rs =   stmt.executeQuery("Select * from RDFTriples"); 

  

  while(rs.next()) 

  { 

   genepub.subject[genepub.tripleCount] = rs.getString("subject");   

   genepub.predicate[genepub.tripleCount] = rs.getString("predicate"); 

   genepub.object[genepub.tripleCount] = rs.getString("object"); 

   genepub.tripleCount ++; 

  }    

    

  ResultSet rs11 = stmt7.executeQuery("Select * from ParameterList"); 

   

  while(rs11.next()) 

  { 

   genepub.parameterList[genepub.pl] = 

rs11.getString("ParameterContent"); 

   genepub.parameterType[genepub.pl] = rs11.getString("ParameterType"); 

   genepub.pl++; 

   } 

     

   for(int k = 0; k <genepub.tripleCount; k++) 

   {   

         for(int r = 0; r < genepub.pl; r++) 
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    { 

     

     if(genepub.subject[k].equals(genepub.parameterList[r])) 

     { 

         genepub.subjectFound[genepub.m] = genepub.parameterList[r]; 

      genepub.subjectFoundType[genepub.m] = genepub.parameterType[r]; 

       genepub.predicateFound[genepub.m] = genepub.predicate[k]; 

    

       genepub.m++; 

      out.println("<br>"); 

      } 

         } 

       } 

   for(int a = 0; a <genepub.tripleCount; a++) 

   {   

     for(int b = 0; b < genepub.pl; b++) 

    { 

     if(genepub.object[a].equals(genepub.parameterList[b])) 

     { 

         genepub.objectFound[genepub.obj] = genepub.parameterList[b]; 

      genepub.objectFoundType[genepub.obj] = genepub.parameterType[b]; 

       genepub.obj++; 

      out.println("<br>"); 

      } 

        } 

         } 

    

  stmt.close();   

  Statement stmt2 = conn.createStatement(); 
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  String Keyword = request.getParameter("Keyword"); 

  genepub.DataKeyword = Keyword; 

   

  ResultSet rs1 = stmt8.executeQuery("Select * from pubmedresults"); 

  Statement stmt3 = conn.createStatement(); 

    

   while(rs1.next()) 

   { 

   int PID = rs1.getInt("PID"); 

   String Abstract = rs1.getString("Abstract"); 

   int field4 = rs1.getInt("Field4"); 

      

   if(Abstract.contains(Keyword.trim())) 

   { 

   genepub.DataAbstract = Abstract; 

   genepub.DataPubMedID = PID; 

   out.println("<br>"); 

   out.println("<br><br>"); 

   out.println("<br><br><br>"); 

   out.println("<br>");  

   out.println("<br><br>"); 

   genepub.flag = 1; 

   genepub.Field4 = field4; 

   String f4 = Integer.toString(field4); 

               

  ResultSet rs2 = stmt2.executeQuery("Select * from genepubmed1"); 

  while(rs2.next()) 

  { 

   genepub.Field3 = rs2.getInt("Field3"); 
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   if(genepub.Field3 == genepub.Field4) 

   { 

    genepub.Field2 = rs2.getInt("Field2"); 

    } 

   } 

 

   ResultSet rs3 = stmt2.executeQuery("Select * from genelist"); 

   while(rs3.next()) 

   { 

    int EntryNo = rs3.getInt("EntryNumber"); 

    if(EntryNo == genepub.Field2) 

    { 

     String GeneName = rs3.getString("GeneName"); 

     genepub.DataGeneName = GeneName; 

     int GeneID = rs3.getInt("GeneID"); 

     genepub.DataGeneID = GeneID; 

     int ChromosomeNumber = rs3.getInt("ChromosomeNumber"); 

     genepub.DataChromosomeNumber = ChromosomeNumber; 

     float BuildVersion = rs3.getFloat("BuildVersion"); 

     genepub.DataBuildVersion = BuildVersion; 

     genepub.GeneEntryNumber = EntryNo; 

     out.println("<br>"); 

         } 

    }  

     

    ResultSet rs4 = stmt2.executeQuery("Select * from geneomim"); 

    while(rs4.next()) 

    { 

     int field2 = rs4.getInt("Field2"); 
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     if(genepub.GeneEntryNumber == field2) 

     { 

      int field3 = rs4.getInt("Field3"); 

      genepub.OmimField3 = field3; 

      } 

     } 

   ResultSet rs5 = stmt2.executeQuery("Select * from omimresults"); 

      while(rs5.next()) 

     { 

       int field4Omim = rs5.getInt("Field4"); 

       if(genepub.OmimField3 == field4Omim) 

       { 

        float OmimID = rs5.getFloat("OMIMID"); 

        genepub.DataOMIMID = OmimID; 

                 

                 } 

       } 

                

  stmt3.executeUpdate("INSERT INTO Test VALUES('" + genepub.DataKeyword 

+ "', '" + genepub.DataGeneID + "', '" + genepub.DataGeneName + "', '" 

+ genepub.DataOMIMID + "', '" + genepub.DataPubMedID + "', '" + 

genepub.DataChromosomeNumber + "', '" + genepub.DataBuildVersion + 

"')");     

 

  for(int n = 0; n < genepub.m; n++) 

      { 

       ResultSet rs10 = stmt5.executeQuery("Select * from Test"); 

       while(rs10.next()) 

       { 



  91 

        String key = rs10.getString("Keyword"); 

       if(genepub.DataKeyword.equals(key)) 

       { 

        if(genepub.keywordFlag == 0) 

        { 

        out.println("For the Keyword: " + key); 

        out.println("<br>"); 

        genepub.keywordFlag = 1; 

        } 

      if(genepub.subjectFoundType[n].contains("Integer")) 

      {  

       int SubjectFoundInteger = rs10.getInt(genepub.subjectFound[n]); 

       if(SubjectFoundInteger != 0) 

      { 

       genepub.SubjectFoundFlag = 1; 

       out.println(genepub.subjectFound[n] + ": " + SubjectFoundInte-

ger); 

       out.println(genepub.predicateFound[n]); 

            } 

       } 

     if(genepub.subjectFoundType[n].contains("Text")) 

       { 

       if(genepub.subjectFound[n].contains("Keyword")) 

      { 

      genepub.SubjectFoundFlag = 1; 

      out.println(key); 

      out.println(genepub.predicateFound[n]); 

      }  

       else 
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       { 

       String SubjectFoundString =    

rs10.getString(genepub.subjectFound[n]); 

       genepub.SubjectFoundFlag = 1; 

       out.println(SubjectFoundString); 

       out.println(genepub.predicateFound[n]); 

       } 

       } 

       if(genepub.subjectFoundType[n].contains("Double")) 

       { 

       float SubjectFoundFloat =   

rs10.getFloat(genepub.subjectFound[n]); 

       if(SubjectFoundFloat != 0) 

       { 

       genepub.SubjectFoundFlag = 1; 

       out.println(genepub.subjectFound[n] + ": " + SubjectFoundFloat); 

       out.println(genepub.predicateFound[n]); 

       } 

       } 

       if(genepub.objectFoundType[n].contains("Integer")) 

      { 

       int ObjectFoundInteger = rs10.getInt(genepub.objectFound[n]); 

       if((ObjectFoundInteger != 0) && (genepub.SubjectFoundFlag == 1)) 

       out.println(genepub.objectFound[n] + ": " + ObjectFoundInteger); 

       if((ObjectFoundInteger == 0) && (genepub.SubjectFoundFlag == 1)) 

                   out.println("no " + genepub.objectFound[n]); 

       }  

 

       if(genepub.objectFoundType[n].contains("Text")) 
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       { 

       if(genepub.objectFound[n].contains("Keyword")) 

      { 

    

      out.println(key); 

      }  

      else 

     { 

       String ObjectFoundString =       

rs10.getString(genepub.objectFound[n]); 

       out.println(genepub.objectFound[n] + ": " + ObjectFoundString); 

       } 

       } 

       if(genepub.objectFoundType[n].contains("Double")) 

       { 

       float ObjectFoundFloat = rs10.getFloat(genepub.objectFound[n]); 

       if((ObjectFoundFloat != 0) && (genepub.SubjectFoundFlag == 1)) 

       out.println(genepub.objectFound[n] + ": " + ObjectFoundFloat); 

       } 

      

       genepub.SubjectFoundFlag = 0;        

       out.println("<br>"); 

       } 

       }  

         } 

            stmt6.executeUpdate("Delete * from Test");    

               } 

         } 
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    }// end try  

  catch(Exception e) 

  { 

   out.println(e); 

    } 

           %> 

</body> 

</html>    
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