ABSTRACT

With recent technological enhancements in the software development area, engineers have become able to build larger software systems. This, on the other hand, also brings substantial amount of complexity to software solutions such that maintaining them turns out to be a difficult and a costly process in terms of human effort. Unlike improvements on software design and implementation, it is really hard to encounter advancements, which are intended to streamline the reverse engineering of a legacy system. In this research proposal, a fully automated design recovery method, which identifies core concepts by also discovering transitive relationships among them in an existing software system, is introduced. The completion of this project will provide a maintenance engineer an environment, which filters the implementation details of a system and presents domain level concepts with relationships among them.
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1 Introduction
Today’s real world problems require highly sophisticated software solutions that fully satisfy requirements and domain constraints. Therefore, two phases of software development life cycle, requirement analysis and system design, have to be realized accurately. In other words, several process iterations must be carried out during software development with several design decisions being made. However, such a refinement also increases the complexity of system design in such a way that maintaining a software application turns into a cumbersome task. Furthermore, design decisions may become inconsistent with the system itself.  Maintenance engineers often face severe problems while modifying legacy systems due to the lack of knowledge of initial design decisions. Since refinement is mostly considered the natural course of software development, and applications have to be evolved to remain useful [1, 2], an appropriate reverse engineering mechanism must exist such that it provides the big picture behind the low-level design elements. That is, high-level, conceptual design models of an application are desirable.

UML Class diagrams are one of the most commonly used design notations. Although class diagrams are primarily used in the design phase, they can also be utilized throughout the software life cycle. In addition, the hierarchical and relational structures of classes (concepts) in a particular class diagram, in fact, can model the domain knowledge associated with the corresponding software. In other words, the overall class structure of a given application can be regarded as an ontology, a specification of a representational vocabulary for a shared domain of discourse where classes, relations, functions, and other objects are defined [3]. An ontology models domain concepts and relationships using a formalized vocabulary. From this point of view, there is a correspondence between the ontology and the class diagram of a given application [4].
In the software development life cycle, class diagrams are first used to create domain models that include not only the core concepts, but also the utility classes. However, that also brings a remarkable complexity and eventually information about the domain can be lost. Therefore, an abstraction mechanism is needed to re-capture the initial domain knowledge (ontology) to maintain a software application. According to Egyed, such a reverse refinement has a number of vital uses in terms of software maintenance in that (1) it allows designers to focus a class diagram on a particular problem by omitting redundant details and (2) it allows designers to see the big picture of a particular class diagram in order to inspect the entirety depending on the point of interest [1]. As such, extraction of the ontology of a software application is desirable through the filtering of helper concepts (preserving the core classes of a solution). As a result, legacy systems can easily be enhanced and modified.

Given the size of software systems, reverse engineering techniques applied to legacy systems should be fully automated. Such kind of computerization does not only streamline processes during the software evolution, but also reduces the human intervention needed, thus lowering the number of errors is introduced.

The completion of this proposed work shall provide three major contributions to the field: (1) development of a class diagram abstraction approach so that domain knowledge of a legacy system can be extracted by discovering the transitive relations among concepts, (2) implementation of tools that support automated reverse refinement on low-level class diagrams, and (3) evaluation of the class diagram abstraction method.

The development of a class diagram abstraction method will be the core basis of the proposed research project. This method will primarily utilize the machine learning approach developed by Carey and Gannod for core concept identification in a given class diagram [5]. In addition to concept identification, transitive relations among core concepts shall be re-captured based on work by Egyed [1]. As a result of this reverse refinement process, ontological knowledge of a legacy system shall be extracted to be used during the maintenance.

The class abstraction method that is briefly mentioned above shall be fully automated by implementing support tools. Several plug-ins for Eclipse [6], an open source integrated development environment, will be realized for annotating classes with concept information, and extracting the core concepts according to the annotations embedded into the classes. In addition to the integrated Eclipse tools, a stand alone application shall be implemented to support class abstraction using transitive relationships among the core concepts.

Finally, an evaluation method shall be developed in order to verify and validate the class abstraction method which will be used to extract the domain knowledge of a legacy system to be maintained. By the help of the evaluation phase of the proposed work, we shall determine the correctness of the abstraction technique so that we will be able to propose our method to the reverse engineering field depending on the concrete test results. 

Thesis Statement:
By combining concept identification and abstraction of transitive relationships among concepts, an ontology of a legacy software system can be constructed. The resulting ontology consists of core concepts embedded into the program source code and relationships derived from applying abstraction method.
The remainder of this proposal is organized as follows; Section 2 provides background information on reverse engineering, UML in object-oriented software engineering, and  core concept identification in a given class diagram. Moreover, it discusses major works that are related to the proposed research project. Section 3 describes an abstraction method on the reverse refinement of a class diagram. Section 4 discusses the preliminary investigations of the proposed research idea. Finally, Section 5 concludes the proposal by presenting a plan of work and suggesting future investigations.
2 Background and Related Work
This section describes background information on UML, concept identification, reverse engineering with design recovery, and abstraction of transitive relations among concepts. Moreover, it discusses related works and their relationships to the proposed research.
2.1 Unified Modeling Language (UML)
The Unified Modeling Language (UML) is a general-purpose visual modeling language that is used to specify, visualize, construct, and document the artifacts of a software system [7]. UML has several model elements to be used in requirement analysis and system design in a typical software development life cycle. The Class Diagram is one of the components of UML that can model the overall system structure. It may contain classes, interfaces and basic relationships among them. In object-oriented modeling, there are two kinds of class diagrams: conceptual class diagram and design class diagram [8]. A Conceptual Class Diagram models the conceptual domain knowledge (ontology) of a solution, whereas Design Class Diagram adds detailed implementation issues to the domain knowledge so that the system design becomes ready to be realized. During the development, designers first start with modeling the concepts of a domain on a conceptual class diagram and then they refine that high-level system model to generate a design class diagram.

As briefly mentioned above, a class diagram does not only represent the concepts in a domain, but also illustrates the relationships among them. In the UML notation, there are mainly four types of relationships: generalization (inheritance), association (calling direction), aggregation (part-of), and dependency [9]. A generalization is a relationship between a general thing (called super class or parent) and a more specific kind of that thing (called the subclass or child) [9]. Such kind of relation is also called as is-a relationship. An association is a structural relationship that specifies that objects of one thing (concept or class) are connected to objects of another [9]. Given an association, we can navigate from one object of one class to an object of the other class and vice versa. On the other hand, an aggregation is a plain association between two classes (concepts) where a structural connection occurs between peers in terms of “whole/part” relationship [9]. We can also call aggregation as has-a relationship. Finally, a dependency is a using relationship that states a change in specification of one thing may affect another thing which uses it, but not necessarily the reverse [9]. Dependency is a weaker than association in a sense that the participants of a dependency relationship do not necessarily need to use each others resources (i.e. class A does not call class B, but class A has a method that expects an instance of class B as a parameter).
The following figures illustrate four major types of relationships described above. 
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Figure 1. Generalization Relationship
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Figure 2. Association Relationship
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Figure 3. Aggregation Relationship
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Figure 4. Dependency Relationship
In a typical class diagram that represents the structural view of a software system, there will be some classes which are more important than others within the ontology. In other words, some concepts in the system design fully represent the domain entities, whereas others do not. For instance, the concept of “account” is likely to be more important than the concept of “contact details” in a usual banking automation system. As a result, such kinds of concepts, which are more essential than the others, are called core concepts, while others are called peripheral concepts [2].

Generally speaking, the class diagram generated from the source code of an application usually contains both core concepts and peripheral concepts. Therefore, a generalization mechanism should exist such that it filters peripheral concepts and preserves core concepts within the ontology. Metzger defines abstraction as a transformation which allows model users to concentrate on the significant system aspects, thus allowing them to handle complexity [10]. In this context, we can define class abstraction is process that removes the redundant concepts and keeps the core entities while also preserving/generating relationships among them in the ontology.

2.2 Reverse Engineering and Design Recovery
Before the term “reverse engineering” started to evolve as a major link in software life cycle, it has its origin in the analysis of hardware systems. Rekoff defines the reverse engineering as the process of developing a set of specifications for a complex hardware system by an orderly examination of specimens of that system [13]. According to Rekoff, the process of reverse engineering in the hardware analysis terminology is conducted by someone other than the developer without any of the initial design decisions for the purpose of creating the exact duplicate of the original hardware system [13].

With the development of software solutions in hardware systems, reverse engineering in software systems began to evolve. Chikofsky and Cross redefine reverse engineering for the domain of software life cycle as the process of analyzing a subject software solution to identify the system's components with their interrelations and to create representations of the system in another form or at a higher level of abstraction [14]. In this sense, the main objective of a reverse engineering process in a software solution is to gain a sufficient design-level understanding to help maintenance, while it is to clone the system in the course of hardware [14].

On the other hand, design recovery is a subset of reverse engineering which recreates design abstractions from a combination of code, existing documentation, and domain knowledge to fully understand what a software solution does, how it does it, why it does it, and so forth [14].

2.3 Concept Identification
The concept assignment problem is the process of recognizing concepts in software systems and building a model or human level understanding of the concepts [15]. This well known problem is still being solved at the line-by-line level of analyzing source code. Therefore, such kind of solution technique, which requires an intensive human involvement, is not scalable for large software systems.
One solution technique of the concept assignment problem is based on graph theory. In object-oriented software engineering, a class diagram is nothing but a graph where classes are nodes and the relationships are edges. Therefore, all graph analysis methods can be applied on a typical class diagram that is converted to an equivalent graph. In addition to this, we can also consider a class diagram as a social network. Social network is a graph which has a social structure made of nodes that are tied by one or more specific types of relations [11]. In social networks, the importance of a node is measured by a centrality metric such that a significant vertex in the network is expected to have a higher centrality value [12]. As a result, a core concept in an existing software system can be identified according to its centrality value. Although several centrality metrics, which can be used in the analysis of a graph exits, five of them are mainly used while recognizing core concepts. These are: (1) degree centrality (measures the number of edges on a node), (2) closeness centrality (measures the average distance from that node to all other nodes), (3) betweenness centrality (measures the number of shortest paths between all pairs of nodes in the graph that use a particular node), (4) information centrality (measures the information contained in all paths originating with a specific node), (5) eigenvector centrality (measures the centrality of a node relative to the importance of its surrounding nodes) [2].  
Another way of identifying concepts that are represented by classes is based on machine learning techniques. The solution mainly involves collecting object-oriented metric data from existing systems, which are then used in machine learning methods to create classifiers of the systems so that classifiers determine whether a given class is a core concept or not [5]. 
Object-oriented metrics used while creating the feature vector of a given class capture information about the size and complexity of software at the class level. The detailed information about the metrics and classifiers used in their approach shall be presented in Section 2.5.
2.4 Abstraction of Transitive Relations
Solving the concept identification problem enables us to determine important classes to keep in a given class diagram. However, like Egyed claims, simply removing non-concept classes without considering their relational effect on important classes is not semantically correct [1]. Therefore, we need an abstraction mechanism which does not only filter unimportant classes, but also captures transitive relationships among core concepts.

In this context, abstraction of transitive relations is a computation of determining how important (concept) classes would interact with each other if their interaction were not obscured by helper (non-concept) classes [1]. This can be done by first discovering all paths of helper classes that span between any two important classes and then replacing those paths by single relationships which are semantically close to original ones [1].
The following example visually illustrates one possible scenario that can be observed during abstraction of transitive relations. In Figure 5, Class A is a generalization of Class X and Class B associates with Class X. Moreover, both Class A and Class B are identified as core concepts, whereas Class X is marked as non-concept so that it shall be removed. Once Class X is filtered from the diagram, a new association relationship can be created between Class A and Class B like in Figure 6. Since Class X is nothing but a specialization of Class A, the newly created relationship between Class A and Class B can be assumed semantically correct.
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Figure 5. Sample Class Diagram before Abstraction
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Figure 6. Sample Class Diagram after Abstraction
As a result, like in the example above, several abstraction rules are created and applied so that transitive relationships among core concepts are captured after the filtering operation.
2.5 Related Work
One of the works that are related to the proposed research topic was conducted by Hsi, Potts, and Moore. They developed a method for the black-box reverse engineering or excavation of an application’s ontology. They claim that domain knowledge of a software application can be extracted from its graphical user interface. In this context, they first picked three modern interactive systems (Windows 95/98 CD Player, Palm Pilot Scheduler, and Windows Notepad) in order to test their ontology excavation technique. According to them, those three applications are not only simple to analyze, but also represent large problem domains. 

Once they determine their test-bed applications, they first model the user interface of each application in an interface map. An interface map is a morphologic graph where nodes represent visual icons and edges illustrate containment or activation relationship among the widgets [2]. This process is done manually by using Microsoft Visio. 

Having created an interface map for each application, they move on to excavating the ontology. In order to model the ontology for a given software application, they prefer to use semantic network so that they are able to use graph theoretic metrics developed for social network theory. Thus, those metrics enable them to identify the candidate core concepts. While creating the semantic network, they benefit from the interface map that they model previously. They identify the concepts and relationships by looking for noun clauses and verbal phrases in the interface map respectively. They use generalization, aggregation and association type relationships in their ontology models. Like modeling the user interface morphology, the semantic network, which contains both core and peripheral concepts, is formed manually again by using Microsoft Visio.
Once they excavate the ontology of an application from its user interface, they analyze the semantic network for a given domain by using centrality metrics mentioned in section 2 so that they are able to determine the core concepts and eliminate the others. According to the test results that they obtain, they claim that betweenness centrality is the best decision metric in terms of determining the core concepts in a particular ontology.

The second related work that is in parallel with the proposed research area in terms of class abstraction was conducted by Egyed. His work is mainly about abstracting class diagrams where designers decide which classes to keep. He claims that simply removing helper classes (peripheral concepts) is not semantically correct [1]. Therefore, he proposes a technique which re-interprets the helper classes in terms of their effect on the important classes. In addition to this, a new tool, which realizes his theory, was implemented as an add-in to IBM Rational Rose.

The rational behind his theory is to compute the relationships again in a given class diagram once all the peripheral concepts are removed. Thus, he claimed 121 semantic rules that are to be used while generating the new relationships during the class abstraction [1]. The rules that he proposes captures generalization, association, aggregation and dependency relationships among the classes. In addition the relationships that are re-interpreted in case of abstraction, his method also recovers the cardinality between the remaining two core concepts when helper class(es) between them are completely removed. 

While proposing his set of class abstraction rules, he constructs a pattern of the following form: [connector with direction]-[component]-[connector with direction] -> [resulting connector]. In order to illustrate the pattern above, he proposes a hypothetical domain where there are there classes: Person, Guest, and Account. In this model, Guest is-a Person and a Person may have an Account. Moreover, designers decided that Person is a peripheral class that it should be removed from the ontology. According to Egyed theory, an Account is a property of a Person because of the association relationship between them. Furthermore, a Guest inherits all the properties that a Person has due to the inheritance. As a result, he claims that a direct association relationship must exist between Guest and Account once Person is eliminated from the ontology. According to his example above, GeneralizationRight-Class-AssociationRight->AssociationRight forms an abstraction pattern where “Right” indicates the directionality and GeneralizationRight-Class-AssociationRight implies a generalization relationship terminating in the given class and association relationship originating from that same class. Finally, the right hand side of -> is the resulting new relationship between the core concepts remained abstraction [1].

To sum up, Egyed enumerates 121 abstraction patterns in the form illustrated above. The validation results that he gathers show that the technique produces correct results 96% of the time. Moreover, he also states that he applied his technique on the models whose sizes range from several dozen to several hundred classes.

The last related work that I will focus on is carried by Carey and Gannod. Their work presents a technique that facilitates filtering of classes from existing systems at the source level based on their relationship to the core concepts in the domain. Their proposed solution involves collecting object-oriented metric data from existing systems, which are then used in machine learning methods to create classifiers of the systems [5]. They basically use several object oriented metrics to create a feature vector for each class in a particular design diagram so that they are able to label a concept as either a core or a peripheral concept [5]. Their concept identification is a fully automated approach at the source level in a way that no human intervention is needed. 

They use two different machine learning algorithms which are Support Vector Machines (SVM) and k-nearest neighbors (KNN). They feed those two classifiers with n length feature vectors, which are based on object-oriented metrics, and obtain classification label for a given class. According to their hypothesis, the vectors consisting of metrics measuring size and complexity of software components are strong indicators of classes that represent concepts within a domain.

As a result, they apply their approach on Panda, which a natural deduction proof assistant, and on Scarab, which is a web based defect tracking system. Panda’s size is 84 classes and about 9 thousand lines of code. The size of Scarab is 585 classes and about 128 thousand lines of code. They first generate a class diagram for the system by using a UML tool. Then, they move on to generating the relevant feature vectors using the original source code of Panda. Having determined the class metrics, they use SVM to identify the concepts in the system. Finally, they provide an abstraction by preserving the core concepts and removing the peripheral classes from the class diagram. In order to evaluate their approach, they compare the results that are obtained from automated classification with the manual classification that is done to train and validate the classifiers.
3 Approach
This section first discusses the general overview of the approach to be followed during the research project. Then, it describes the way of evaluation, which asses the validity of the proposed class diagram abstraction technique. Finally, it introduces a real life example, which illustrates the process of concept identification with discovering transitive relationships.
3.1 Overview
The main goal of the proposed work is to provide a fully automated class abstraction mechanism that first identifies core concepts in a given class diagram and then captures transitive relationships among them. Thus, the ontological structure behind a legacy system can be captured so that information about the domain, which is lost due to refinement steps in the software life cycle, is re-obtained.
The input of the abstraction process is the source code of an existing software solution that needs to be maintained or re-engineered. In this context, we can regard our method as a white-box reverse engineering technique. Someone may argue that other software engineering models, i.e. state charts, sequence diagrams, collaboration diagrams, etc, might also be used as input(s). However, we believe that triggering the chain of abstraction processes with the source code is the optimal approach, because the code itself is the end product. In addition to this, it covers the whole set of requirement and design issues captured in other deliverables produced during the development.
The process of class abstraction consists of several sub-tasks and each of them has an important role on generating the domain ontology of an existing software system. Figure 7 illustrates how those sub-processes interact with each other at the higher level.
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The whole process starts with annotating the source code manually like illustrated in Figure 7. In this first step, types generated in the actual source code shall be tagged according to the standards identified in Java 5.0 [16]. Typical types under the scope of the proposed project shall be classes and interfaces. During this first phase, a subset of all types in the source code shall be first randomly selected. Then, they will be annotated by the help of a plug-in integrated to Eclipse development environment [6]. While annotating a given type, information about whether it is a core concept or not, its annotator, and annotation date shall be embedded to the source code.

Having completed the first process, the next step, which extracts annotations from the source code, starts. The main goal of this second phase is to retrieve meta-data about types that are manually annotated in the first step. The output of this process shall be a valid and well formed XML document, which contains annotations in a structured format. Like in Step 1, the same plug-in shall be used to extract annotations.
The process of concept identification starts with Step 3. In this phase, appropriate classifiers, which are mentioned in Maurice and Gannod work [5], shall be first trained by the input that is an XML document containing annotation information. In other words, the output of Step 2 is nothing but the training set for machine learning algorithms used to identify core concepts. Once classifiers are trained, the remaining set of types, which are not annotated in Step 1, shall be automatically labeled so that the concept identification problem is solved.

Having determined whether a given type is a core concept or not in Step 3, the task of automated annotations begins. In this step, types labeled in Section 3 are annotated like in Step 1, but automatically. As a result, we shall have all types annotated at the end of this sub-process.

The abstraction process continues with Step 5 and 6. Actually, Step 5 is exactly same with Step 2 except the output XML file contains all types annotated in a given software solution. Step 6 involves generating a simplified class diagram such that it first eliminates non-core concepts from the initial domain types and then discovers transitive relationships among core concepts that are determined at Step 3. At the end, we shall have the domain ontology, which is in fact the abstraction of low-level class diagram and recovery of the initial design decisions.
3.2 Evaluation

The proposed abstraction method will be evaluated by using existing software systems that are implemented in the object oriented fashion. A sample software application, which will be used to test the abstraction method, will have certain characteristics such that it will have domain concepts as well as utility classes that can be regarded as implementation details.

The overall evaluation process will have two inner steps in that (1) evaluation of the concept identification, and (2) evaluation of the discovering transitive relationships. Since concepts in a given system will be classified by using machine learning techniques, the accuracy of the classifiers will be determined by comparing results from the automatic classification with the manual classification. Evaluation of capturing transitive relationships among core concepts after filtering non-core concepts will involve human intervention. The output class diagram, which only contains domain concepts and relations among them, will be provided to software developers and they will manually determine whether a relationship among two core concepts is correctly generated or not.
3.3 Example
In this section, a simple reservation system called Hotel Management System (HMS), which is defined in [9], will be used as an illustrative example to explain the proposed abstraction method. HMS provides support for reservations, check in/out procedures, and financial transactions that might be encounter at a typical hotel. Figure 8 is a class diagram that models HMS.
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Figure 8. Class Diagram for Hotel Management System
Figure 8 simply defines that a Person may have an Account, and an Account may have multiple owners. Furthermore, an Account may have Transactions and a given Transaction may be either Payment or Expense. On the other hand, a Guest is defined as a Person, who may have several Reservations and stay at a Room. Both Room and Reservation are part of a Hotel so that instances of those concepts are clearly associated with a particular instance of a Hotel.
Figure 8 above is a fairly simple class diagram for illustrative purposes, but a real software system may have thousands of classes, therefore a designer or a maintenance engineer may want to focus on the diagram from his point of view by abstracting the initial class diagram. For instance, one may be interested with the relationship between a Guest and his Account. Apparently, such a relation between those two concepts is not defined explicitly in Figure 8. As a result, a kind of semantic reasoning is required to infer the association between them. On the other hand, one may also regard the concept Person as a utility class and filter it in order to have a better understanding of the indirect relationship between Guest and Account. Such an assumption is reasonable, because Person is, in fact, an abstract class and cannot have instances. Therefore, it can be considered as out of domain concepts.
As a result, Figure 9 depicts an abstraction such that it focuses on Guest and Account by eliminating Person and creating a new abstract relationship between Guest and Account.
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Figure 9. Sample Abstraction
The rationale behind the abstraction in Figure 9 can be explained as follows: Figure 8 defines that there is a direct association between Person and Account. In addition to this, a Guest is nothing, but a person which implies that it inherits all properties of Person including all associations it has. In conclusion, it is reasonable to conclude that a Guest may have 0 or more Accounts, while an Account may have multiple Guests as its owners.
As a result, the manual abstraction applied on a small portion of the class diagram in Figure 8 illustrates a specific example, which only covers three classes. The proposed research project first aims to determine domain concepts by using machine learning algorithms and filter non-core concepts from the class diagram of a software system. Then, a relational abstraction process, which is discussed above, will be applied to the whole class diagram in order to produce the domain ontology of the given system.
Preliminary Investigations

This section introduces brief information about two software tools as completed works. Both tools are fully implemented, but they are also open to enhancement such that they can be maintained according to project constraints that may affect functional requirements.
3.4 An Ecplise Plug-in: jannot
jannot is a plug-in which is integrated to Eclipse JAVA development environment [6]. The main functionality of jannot is to annotate types (i.e. classes, interfaces, etc.) that are developed by using Eclipse. Types are annotated according to user input. A typical annotation for a given type contains information about whether that a type is a concept or not, the name of the person who annotates it, and date of annotation. Since jannot is fully integrated to Eclipse, it provides developers a convenient way of annotating compilation types while also implementing them at the same time.

Another important functionality of jannot is to extract annotations from source code and create a well formed XML document which includes annotations for types in an existing software system. Like explained in Section 3.1, jannot is used in steps 1, 2, and 5 respectively during the process of class diagram abstraction.
Figure 10 shows a sample snapshot of jannot while annotating types.

[image: image10.png]€ Java - Test.java - Eclipse SDK

Fle Edt Souce Refoctor Nevigate Search Project Run Wndow tep

F-O0-Q-  BHEHEG I ®F -

£ Pacta... 22 =0

P

Hierar,

[ Testsava 22

A=
] Classnalyzer
=8 Tester
58 e
[ Testjova
B RE System Lirary [okLS
&) annotation jar -1: Researc|

G package edu;

import edu.asu.serg.annotations.Classification;
import edu.asu.serg.enunerations.ClassificationTypes;

GClassificacion(classificationType

lassificationTypes. CONCEPT,
public class Test {

autnor=ncinan Raynak”,

¥
<

date=rFri Aug 24 14:

Problems

Console:

Type Annotated Package Anmotaton Name Ve Author
frest L ves e ONCEPT.

Date.
Fii Aug 24 14:54:38 EDT.





Figure 10. Sample View from jannot
In the capture above, a class called Test is annotated as a core concept. When you select an open project at Package View that is at the left hand side, it populates annotation information for all types in that given project. Moreover, a user can also modify or insert a new annotation for a type by the same table view like above.
3.5 XMI Document Handler 
XMI (XML Metadata Interchange) Document Handler is a JAVA based command line tool which filters non-core types from a given class diagram and generates an abstracted one that contains only core concepts with relationships among them.
XMI is the official OMG (Object Management Group) XML based specification for exchanging model information between modeling tools and repositories [17]. Most of the computer aided design tools for UML are able to represent a class diagram with a XMI document by using appropriate XML elements. Poseidon for UML Professional Edition 5.0 [18] is one of the commercial CAD (computer aided design) tools for UML and shall be used during the project to work on class diagrams. It can export a class diagram into a XMI document while it is also able to generate a class diagram from an existing XMI document.

XMI Document Handler takes the original XMI document, which is created by Poseidon for UML Professional Edition 5.0 and represents an initial class diagram of an existing software system in XML format, as an input. Then, it filters non-core concepts according to the result of concept identification process. Finally, it generates a new XMI document, which actually contains the domain ontology of then given legacy system. The output XMI document can be provided as an input to Poseidon so that we can have the abstracted class diagram for an existing software system. Like explained in Section 3.1, XMI Document Handler is used in step 6.

The current version of XMI Document Handler is only able to filter non-core concepts without considering transitive relationships among remaining core concepts. A new functionality, which discovers transitive relationships among core concepts like explained in 2.4 and 2.5., shall be added during the development. Moreover, integration of XMI Document Handler and Eclipse is also under consideration.
4 Conclusion, and Plan of Work
In conclusion, the completion of the proposed research project shall provide an abstraction method that solves the concept identification problem for legacy software systems by also discovering transitive relationships among domain concepts. As a result, the ontology of an existing program shall be generated. The extracted ontology of a software system shall include core concepts as well as relationships among them so that maintenance engineers will have a better understanding of the domain knowledge. 

The end product of the project shall be a fully automated software environment, which is able to determine core concepts in a program with relationships among them and generate an abstracted class diagram that visualizes the domain ontology of the same software system. The resulting tool will also be integrated to Eclipse environment as a plug-in so that it shall provide a convenient way of reverse engineering within a development tool.
Table 1 shows intermediary mile stones with their due dates in the plan of work for the proposed research project.

Table 1. Plan of Work

	Due Date
	Mile Stones

	September 28, 2007 
	Defense of master thesis proposal

	December 7, 2007
	End of software implementation

	January 1, 2008
	Integration of tools with unit and system testing

	February 18, 2008
	End of obtaining experimental results

	April 14, 2008
	Submission of master thesis

	April 21, 2008
	Defense of master thesis
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Figure � SEQ Figure \* ARABIC �7�. Workflow Diagram of Class Abstraction
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