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Abstract 

Organizations with older legacy systems face a number of challenges, including 

obsolescent technologies, brittle software, integrating with modem applications, and 

rarity of properly skilled human resources. An increasingly common strategy for 

addressing such challenges is application modernization, which transforms legacy 

applications into (a) newer object-oriented programming languages, and (b) modem 

Service-Oriented Architecture (SOA). Published approaches to legacy application 

modernization focus either on technology transformation or SOA transformation, but not 

both. Given that both types of transformation are desirable, it is valuable to explore how 

to combine existing approaches to perform both transformations types within a single 

project. This thesis proposes principles for combining such approaches, and 

demonstrates how these principles can be applied through an example of a combined 

approach along with a simulated application of this example. The results of this 

simulated application leave us with considerable confidence that both transformations 

can be successfully incorporated into a combined project. 
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Chapter 1 - Introduction 

Computer systems are a valuable investment for virtually every business 

organization. In older and larger organizations, many computer systems are written in 

earlier programming languages, where the application experts are becoming a rare 

commodity due to attrition and retirements. Moreover, through the years, these computer 

systems typically undergo considerable updates to keep up with changes in the business. 

These types of modifications tend to make the software brittle and difficult to modify. It 

is common for legacy applications to include modules that are no longer updated, 

because attempted modifications tend to introduce errors in related parts of the 

application. 

In this situation, the organization often must decide whether to replace the entire 

system with a new one, or reinvest in the current application. One option for reinvesting 

in legacy systems is to modernize them. Legacy systems' modernization approaches 

have been studied in the literature from many perspectives. Mainly these approaches 

follow one of two paths. The first path focuses on the programming language of the 

legacy code, where the transformation team transforms the legacy code to a newer 

language [17, 18, 16]. An example might be from a procedural language such as 

COBOL to an object-oriented language such as Java [16]. (Note: COBOL to Java is a 

common transformation, but of course many other language combinations are also 

performed.) We refer to this as a technology transformation. The primary goals of a 

technology transformation are most commonly to: 
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• Move from an obsolescent technology stack to more modem hardware and 

development technologies, which is often accompanied by a reduction in 

infrastructure operating costs; 

• Renew the quality of the application so that all parts of the code can be 

maintained and updated; 

• Decrease the effort and cost required for ongoing software updates; and 

• Reduce the organization's reliance on increasingly expensive and difficult

to-find legacy software development skill sets, and open up the availability 

of more plentiful human resources with modem development skills. 

The second possible path focuses on the architecture of the legacy code, where the 

transformation team transforms the code architecture to a newer, more flexible 

architecture such as Service-Oriented Architecture (SOA). In this approach, applications 

are transformed to a group of interacting web services [1]. We refer to this as a SOA 

transformation. The primary goal of a SOA transformation is typically to enhance the 

ease of creating external interfaces with other applications by making the application's 

functionality available via web services. 

Even though different techniques are used in these two modernization paths, the 

goals of each include maximizing the lifetime of the legacy systems and minimizing the 

ongoing cost and time required to update these systems for supporting evolving business 

needs. 

References are available to guide an organization with a legacy COBOL portfolio 

to perform a technology transformation of the applications, for example to move to Java 

or C#.NET. Other references provide guidance on re-organizing the COBOL 
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applications into SOA web services, while retaining the COBOL programming 

language. Increasingly, however, organizations wish to achieve both goals as part of a 

modernization effort. There is value in moving to a modem technology stack and also 

re-organizing into a SOA architecture as part of the project. Unfortunately our literature 

search does not include any papers that address how to achieve both goals as part of a 

single unified effort. 

One possible solution would be to first perform a SOA transformation, and then 

perform a technology transformation from the SOA COBOL application to a modem 

SOA application. Alternatively, one could perform the two transformations in the 

reverse order, first creating a non-SOA Java application, and then identifying and 

creating web services for the modernized code. It is unclear, however, whether either of 

these represents an ideal approach. Since such a solution involves two separate 

transformations, does this represent unnecessary effort? 

This thesis begins the exploration of how to effectively combine technology and 

SOA transformations of legacy applications. A full investigation of this question would 

involve actually transforming one or more large commercial applications using a variety 

of techniques, and noting the successes, challenges, and lessons learned along the way. 

This, however, would be a multi-year project involving a significant team and millions 

of dollars, which is clearly beyond the possible scope for a masters thesis. 

This thesis is a preliminary investigation with a much more modest scope, 

addressing the following: 

1. Understanding the various modernization approaches for technology and 

SOA transformations as described by the current literature; 
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2. Identifying challenges in applying published approaches when both a 

technology and SOA transformation are required for a given application; 

3. Proposing ways in which these approaches may be effectively combined; 

4. Demonstrating a representative combination of approaches with an 

illustrative example transformation involving a series of example 

deliverables; and 

5. Evaluating the anticipated feasibility of such a combined approach in terms 

of effort required ( which translates to cost) and technical viability. 

Chapter 2 summarizes the existing literature related to approaches for both 

technology and SOA transformation. Similarities and differences between the various 

approaches are discussed. Chapter 3 proposes ways in which concepts from multiple 

sources can be combined. Chapter 4 shows the use of a representative combined 

transformation approach with an illustrative example. Sample artifacts are provided to 

show the detailed results of each step in the process, which demonstrates the technical 

viability of the combined approach. Chapter 5 provides conclusions and future work. 
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Chapter 2 - Existing Research 

This thesis draws upon published research on two existing types of legacy 

application modernization transformations: 

1. Defining web services for an existing application and transforming the 

application architecture to SOA (SOA transformation); and 

2. Transforming older applications from a legacy procedural programming 

language to a modem object-oriented language (technology transformation). 

This chapter reviews a number of published approaches for each of these types of 

transformations. 

2.1 SOA Transformation 

The literature on SOA transformation can be divided into two categories: 

• Transforming legacy applications to SOA while retaining the legacy 

programming language (legacy SOA transformation); and 

• Transforming modem object-oriented applications to SOA (00 SOA 

transformation). 

2.1.1 Legacy SOA Transformation 

Many papers describe the different techniques used to achieve successful legacy 

SOA transformation [1, 4, 12, 15, 27]. The main goal of legacy SOA transformation is 

to restructure legacy code into a group of loosely-coupled, self-contained web services 

that can interact with each other and with other web services through a common 
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communication protocol. The published legacy SOA transformation techniques fall into 

one of three categories: 

l. White box. 

2. Black box. 

3. Graybox. 

A white box technique analyzes source code and may involve source code 

modification [l]. Conversely, a black box technique does not involve any code analysis 

but instead uses other parts of the application such as forms, ontologies, or collected 

scenarios to determine services [1]. Combining white and black box techniques results in 

what is known as a gray box modernization technique [ l]. 

C. Matos [12] uses a white box technique that includes four main steps (Figure 

2.1) to migrate legacy systems to SOA by fulfilling the following SOA properties: 

• Separation of business logic from presentation logic; 

• Loosely-coupled services; and 

• Coarse-grained services. 



1. Code annotation 
2. Reverse engineering 
3. Redesign 
4. Forward Engineering 

Source Code 
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Figure 2.1: General Methodology for One White Box Technique [12]. 

This approach applies technological and functional restructuring to legacy software 

when migrating it to SOA. The technological restructuring involves layering the legacy 

software to potentially form a 3-tiered architecture. The functional restructuring involves 

separation of code components, replacement of existing user interface (UI) with an 

appropriate one, and regrouping these components, based on specific constraints, to 

form self-contained, loosely-coupled, and coarse-grained services. 

Some steps in this approach have technological and functional dimensions. Where 

appropriate, these dimensions are addressed in the steps' description below: 

1. Code Annotation: The technological dimension of this step involves 

categorizing the source code into the target architecture layers ( e.g. logic, data, 

UI). The categorization process involves a number of iterations of manual 

categorization rules building and automatic implementation of these rules [2]. 
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The categorization rules are designed via specialized rule design tools (Figure 

2.2) and applied on an Abstract Syntax Tree (AST) representation of the source 

code. At the end of this phase, code blocks are layered based on the 

categorization rules designed to produce the target architecture. 

I~ Project: BankSystem.tpr (Java] ] • j 

t =; Project: BankSystern.tpr [Java] 
9 ~ Markers 

ITf UIAttrio_JLabel 
~ UIDef Jlabel 

9 [fEi Transfor~ati ons 
iib UIAttrib_JLabel 
iib UIDef_JLabel 

~ ~ Patch Templates 
B UIAttrib_JLabel@BEFORE 
§I. UIDef_JLabel@BEFORE 

I:. Marker Editor ~ 
-----.~--
Definition Comments 

Identification 

Name : iu 1Attrib_,Jlabel O warning 

Type: ro;~ ~ r 

Expression : 

I/Assignment!Expression/FunctionOp[~~arne/@value= 'JLabel1 

Figure 2.2: Categorization Rule Sample [2]. 

The functional dimension of this step is achieved by two sub-tasks. 

Firstly, identifying all operations performed by the application (Figure 2.3), and 

secondly, grouping these operations into services [12]. 

A combination of techniques is used to identify entry points for blocks of 

code that are each likely to achieve a single operation [12]. Techniques may 

include: 

• 

• 

• 

• 

Code that is part of the application' s logic layer and is invoked by the UI 

(Figure 2.3 depicts the use of this approach); 

Entry points that are mapped to multiple operations; 

Code invoked by an external interface with other applications; and 

Code that falls into a typical pattern of control/data flow . 
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Code View UI 

Logic 

Data 

Figure 2.3: Identifying entry points for operations [12]. 

Once the entry points of operations are identified, a slicing technique is 

used to determine the dependencies between each entry point and the remainder 

of the code, which specific lines of code that represent the functionality for each 

operation. These lines of code collectively represent a "code block" for each 

operation. 

The second sub-task is grouping the operations into self-contained, 

loosely- coupled services. First, the operations are gathered into groupings based 

on dependencies between them. Next, the operations' groupings are ranked based 

on overlapping between operations, involved actors, data accessed information, 

and similarity measures. These operations' groupings represent potential 

services. 

The code annotation step allows only relevant information to be 

illustrated in a graph model. This will reduce the size of the graph representation 
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of the legacy application. Therefore, it will make the migration process more 

manageable [2]. 

2. Reverse Engineering (Graph model): In this step, a graph representation of the 

annotated source code is generated [2, 12]. The level of detail in this graph is 

based on the source code annotation. For example, when an operation is 

annotated under one code category ( e.g. logic), it is represented by one node in 

the source graph. Another example is if different parts of an operation are 

annotated to different code categories, then each code category of this operation 

is represented in separate nodes in the source graph. To illustrate that different 

nodes in the graph can belong to one operation, a relationship is maintained 

between the annotated source code and the source graph model (illustrated in 

Figure 2.1 by Rl) [2]. 

3. Redesign: Graph transformation rules are applied on the source code graph 

representation generated in the previous step to achieve the target architecture. 

For example, the graph transformation rules are used to redesign the graph 

model into a three-tiered architecture by separating business logic, presentation 

logic, and data access logic into separate tiers of functionality. A relationship is 

maintained between the annotated source code and the target graph model 

(illustrated in Figure 2.1 by R2) to support the code generation. This step is 

necessary to satisfy the first property of SOA mentioned above. 

4. Forward Reengineering: In this step, the target code is generated from the target 

graph model using code traceability, represented by the relationship between the 

annotated source code and the source graph model "Rl ", and the relationship 
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between the annotated source code and the target graph "R2", as an input for the 

code generation process. 

Sneed presents another white box approach for legacy SOA transformation [15] 

(Figure 2.4). The approach's main goal is to salvage legacy code by extracting all its 

reusable components that, when reassembled properly, form a number of web services. 

l Bw~ines~ Ru( 

e_-
Data 

U,ed by Code 

urce effecte ,tatemenL 

traver ed 

lP 

implement 

rule 

Input 

Parameters 

Relocatable 
Self-controlled 

Internal 
Data 

Output 
Parameters 

Figure 2.4: Salvaging Components from Legacy Code [15]. 

The following two techniques are used to implement Sneed' s approach: 

1. Data flow analysis (DFA): This multi-faceted technique can be used to identify 

code statements that are involved in producing a specific output from a given 

input. These code statements collectively form a code block that performs a 

specific business rule of the legacy code. In Sneed's approach, the DFA method 
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is used to identify all business rules imbedded in the legacy code by backtracking 

code statements from a generated output back to its initial input. The 

implementation of this technique is done entirely using a tool (Soft Wrap) and is 

therefore fully-automated. The implementation also results in identifying code 

blocks representing business rules imbedded in the legacy code subject to SOA 

transformation. 

2. "Code Stripping": This technique is used to extract code blocks from original 

legacy source code, and to reassemble each block to produce it in a specific 

format. In this approach, the "code stripping" technique is used to extract the 

code blocks that represent business rules from the original COBOL legacy code, 

and to reassemble each code block to form a new COBOL subprogram that 

performs a particular business rule. Each new COBOL subprogram is assembled 

by copying all the procedures of the identified code block into its PROCEDURE 

DIVISION, then copying all data items' definitions that are referred to by 

procedures in the PROCEDURE DIVISION to the subprogram's DATA 

DIVISION. Implementing this technique results in a number of self-contained, 

loosely-coupled subprograms that represents services. 

A very useful outcome of implementing Sneed's approach is full documentation 

and analysis of all business rules imbedded in the legacy code. Each data result of each 

use case is mapped onto a Data Flow Tree (DFT). The final data result is the root node 

of the DFT, and all of the other nodes are either arguments or temporary variables. 

These other nodes flow to the root node through state transitions and are controlled by 

conditions (e.g. if and case) or loop statements, which are represented by the tree 
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branches. This documentation illustrates each business rule from the prospective of 

control and data flow. 

In [27] , Zhuopeng Zhang et al. present another white box approach (Figure 2.5) 

for migration from non-service-oriented legacy code to SOA architecture. 

Ex.i ting uon
Lega 

Re overed A1 hite n1re Infonnation 
representat ion in , ADL 

-.,..-.,----------- ...... ...._...,,,.' ·' 

1 
/ Se1Yice ', 

Hierarchical Clustering \ Rationalisa tion & ) Architecture-based 
Analysis '> Consolidat ion ,, / Serv,c P g,ng .,,*"" ........... __ ________ ..,,,.<, 

,,"" ',, 

Service Identifica tion 

Functionalitier, in De ired 
Servi e 

Figure 2.5: Overview of Proposed Approach [27]. 

This approach implements the following five steps to achieve its target 

modernized system: 

1. Legacy System evaluation: 

In this step, the legacy code subject to modernization undergoes an 

assessment process. The goal of this assessment 1s to realize the current 

functional status of the legacy system (i.e., is it satisfying all needed 

requirements such as applications and communications?) and to determine the 
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current phase of its lifecycle (i.e., can the functions implemented be modified? Is 

the code structure able to handle any modification? Does it need to be replaced?) 

Many aspects of the legacy system are taken into consideration during the 

assessment step by using a decision tree. After evaluating the legacy system, 

techniques such as Options Analysis for Reengineering (ORA) are used to reach 

a decision about whether to reengineer the legacy system. 

2. Architecture recovery and representation: 

Once the decision is made to reengineer the legacy code, it continues on 

to the architecture recovery and representation step. This step is achieved in four 

consecutive smaller steps. Firstly, system decomposition techniques [7, 10] are 

applied to identify initial modules representing sub-systems in the legacy code. 

Secondly, using a universal translator, sub-systems are translated into 

Reengineering Wide Spectrum Language (RWSL), a language introduced in [23, 

24] within a unified reengineering framework to provide a range of abstractions 

of the reengineered code. The R WSL source code representation is then 

restructured using transformation rules. Thirdly, abstraction rules are applied on 

the restructured R WSL code to achieve system architecture with interconnected 

components. Finally, the information of the archived architecture is represented 

in Simplified Architecture Description Language (SADL) (Figure 2.6), which 

can be transformed to Unified Modeling Language (UML) representation, a 

modeling language that represents system components or architecture 

graphically. The option of having a graphical UML representation is quite useful 

for understanding, documenting, and processing the architecture of the legacy 

system. 
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At the end of the final step, the architecture of the legacy code 1s 

recovered and represented in SADL and UML formats. 
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3. Service identification: 

After the legacy system has been architecturally recovered and its 

components are documented in SADL and UML representation, the service 

identification process takes place. This process is completed in three main steps: 

3.1. Firstly, the problem domain is analyzed to determine and document all 

business functionalities that should be provided by the target service

oriented system in its domain. Those business functionalities are then 

illustrated in a domain model represented in UML and processed by 

modeling tools such as Rational Rose [27]. At the end of this step, a number 

of necessary, valuable, and reusable functionalities are recommended to be 

provided as services in the restructured legacy code. This recommendation is 

based on requirement analysis. 

3.2. Secondly, the legacy code functionalities are determined, partitioned, and 

regrouped as business-level reusable components and connectors. To 

achieve the regrouping, first the components and connectors described in 

SADL are defined as the entities to be clustered. Then, features used for 

measuring similarity between those entities are defined. Next, the weight of 

each feature is calculated based on the architectural configuration and the 

components and connectors specifications. After that, a clustering technique 

is applied to the SADL representation of the legacy code components and 

connectors. The clustering technique used in this modernization project is a 

requirement-driven agglomerative hierarchal clustering method with a 

complete linkage algorithm that is proved, by experimental evidence, to be 

capable of producing the most cohesive clusters. Then, a dendrogram that 
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represents all resulting clusters and their dependencies (Figure 2. 7) is 

obtained and analyzed based on requirements. Finally, architects determine a 

cutting point to be applied manually on the dendrogram in order to identify 

business functionalities that are coarse-grained and loosely-coupled and that 

represent potential services in the new modernized service-oriented system 

[27]. 

J SADL Description Anc1l~t VLE Ard1i locturctl Elc:nl(rnl Partition l'xl 

40 

VLE &.r hedure Analysi s c oap'f Proj e ct Crea ti cm I oele& .: 59 

Figure 2.7: Architectural elements partition [27]. 



19 

3.3. Finally, legacy system identified functionalities are matched to the 

requirement driven business functionalities (Figure 2.8). In this step, the 

feature of UML representation of the SADL representation of the recovered 

architecture is used to easily compare and match legacy system identified 

functionalities to the UML representation of the requirement-driven business 

functionalities. This comparison and matching leads to determining the 

reusable legacy functionalities and to creating unavailable legacy 

functionalities. These reused and created functionalities are now the 

components of the new service-oriented system. [27]. 
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Figure 2.8: Service Identification [27]. 
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4. Service packaging: 

In this step, legacy reusable functionalities and newly-built functional 

components are composed by connectors in an architectural-based integration 

process. 

5. Service publication and choreography: 

In this step, web services, created in step 4, are registered under Universal 

Description Discovery and Integration (UDDI). The UDDI establishes a standard 

interoperable platform that enables a quick, easy, and dynamic discover and use 

of the web service over the Internet. 

By applying this approach on a legacy system, the legacy system will be 

evaluated, architecturally recovered, decomposed according to business functionalities, 

represented in SADL and UML formats, transformed to a service-oriented architecture, 

and published as web services on the Internet to be used by companies, individual users, 

and applications. 

Another option for SOA transformation that a number of researchers followed 

involves black box techniques. For example, G. Canfora et al. [1] followed a black box 

technique that depends on wrapping methodology. The wrapping method involves the 

use of wrapping software that encapsulates the legacy system component(s) and acts as 

interpreter between the legacy system and the environment in which the restructured 

legacy system components will be placed (e.g. Internet). The main use of the wrapper in 

this technique is to drive and record executions of the legacy system's previously

defined use cases. In order to accomplish this use, the wrapper used in this migration 

process, which was created in Java, consists of four main components illustrated in 
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Figure 2.9. The first component is the Terminal Emulator, which is responsible for the 

communication between the legacy system and the wrapper by providing the needed 

data and commands flow between the parties. The second component is the Automaton 

Engine, which is the main component of the wrapper. This component is responsible for 

implementing the Finite State Automaton (FSA) interpreter. The third component of the 

wrapper is the State Identifier, which is responsible for identifying the current state 

based on the returned screen by the legacy system using the template definitions in the 

FSA Description Document. The final component is the FSA Description Document. 

This document consists of the XML files containing the specification of the FSA to be 

interpreted by the Automaton Engine [1]. 

Legacy 
System 

Application Server 

Wrapper 

Terminal 
Emulator 

Web Service 
Request 

Web Service 
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Figure 2.9: The Architecture of the Wrapper [1]. 

FSA 
Description 
Document 

The technique proposed in this paper is implemented in five sequential phases to 

migrate legacy applications to SOA. These five phases are Identification, Design, 

Implementation, Web Service Deployment, and Validation [1]. 
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In the Identification Phase, reverse engineering is applied to obtain a model that 

represents the interactions between the user and the legacy system. This model is 

obtained through a number of steps. First, user sessions, where users exercise all 

possible scenarios of each predefined use case, are completed. During these sessions, all 

screens, returned by the legacy system in response to a user action, and all actions 

performed by users on the fields of these screens, are recorded (Figure 2.10). Then, all 

screens sharing similar layout are grouped and associated with the same Screen 

Template (Figure 2.11). 

Screen Te pl te 

Int racti on State 
1 .. • User Action 

+to 

+fro 
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Figure 2.10: User Interaction Model [1]. 
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Figure 2.11: Screen Template Model [1]. 
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Next, each user interaction is considered as a state, and each interaction state is 

associated with a screen template to form the user interaction FSA (Figure 2.12). 

Finally, the set of user-provided input and legacy system-returned output in each user 

interaction scenario is defined. All of this information is then stored in WSDL language 

[21] document. 
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Figure 2.12: Graphical Representation of the "Get Message" Use Case Automaton 

[l]. 

In the Design Phase, the Automaton is made interpretable to the Automaton 

Engine to be stored in XML files. Achieving this interpretability involves identifying all 

the Automaton variables, and associating each interaction state in the FSA with all 

possible actions that can be performed by the Automaton Engine on these variables or 

the screen fields. In addition, the service request message, including input data provided 

by the wrapper, and the response message formats are established based on the output 

returned by the legacy application. 

In the Implementation Phase, the components of the wrapper architecture 

(Automaton Engine, Terminal Emulator, and State Identifier) are developed and 

designed not only for the purpose of this migration process, but also to be reused in 

migrating different use cases from different legacy systems. 
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In the Web Service Deployment Phase, all required operations for publishing a 

web service and hosting it on an application server are performed. The result of this 

phase is a group of functioning web services. 

Finally, in the Validation Phase, testing strategies are performed on the wrapped 

legacy services to test its functionality and to discover any failures that may occur 

during service execution. One possible testing strategy is to design a number of test 

cases based on the FSA model to exercise and to test every independent path of the 

automaton to assure desirable performance and functionality. 

Chen et al. [ 4] proposes a newly developed combined method that supports a 

component-based Service-Oriented Software Reengineering (SOSR) approach 

(Figure2.13) in service recovery and extraction from legacy code. 
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Figure 2.13: Proposed Approach Overview [4]. 
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The proposed approach follows a black box analysis technique that, in salvaging 

valuable business logic to later form business services, depends on ontology mapping 

and on applying the newly developed method to these mapped ontologies. The 

developed method combines Formal Concept Analysis (FCA) and Relational Concept 

Analysis (RCA) to extract candidate services from legacy code. Prior to the method 

application, a number of ontologies are developed (methods for developing these 

ontologies are described in [22, 25, 26]). The developed ontologies, on which this 
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approach is based, address the legacy application from three main perspectives. These 

three perspectives are illustrated by the following ontologies [ 4]: 

1. Domain Concept Ontology (DCO): 

This ontology provides a group of concepts within the application's 

domain that set guidelines for the transformation team about how to classify 

different types of artifacts such as text files, diagrams, maps, images, tables, 

documentation, etc., based on their internal structures. DCO is also involved 

in application configuration. 

2. The Functionality Ontology (FO): 

This ontology describes the application functionality and the relation 

between these functionalities from the perspective of a domain's 

requirements. In other words, this ontology is concerned about describing 

the functionalities that the application should provide in order to satisfy the 

domain's requirements. 

3. Software Component Ontology (SCO): 

This ontology illustrates the software architecture from an 

implementation perspective. For instance, it illustrates a group of scattered 

code statements as one legacy code component based on participating in one 

business function. SCO also includes Schema level artifacts such as 

functional and conceptual schemas. 

Once the ontologies are developed, they are passed to the ontology mapping 

process. This process aims to identify independent, self-contained, loosely-coupled, 

coarse-grained services using a semi-automated technique. The ontology mapping 
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process involves three main procedures. The first procedure is "Traceability between FO 

and SCO"; in this procedure relations are established between the software components 

as illustrated in SCO and the required application functionalities illustrated in FO, all 

based on DCO specifications. These relations are then illustrated in an FCA cross table 

(Table 2.1 ), which is then used for ontology mapping. 

Table 2.1: Example For FCA Cross Table [4]. 

Service Candidates 

i f ·- ~ C'I) 
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~ i .e i ~ .r: ~ Q .c 0 ~ J ~ Q 

I I i 0... al 
~ ·-- - Q - - 8. ~ ~ ~ 0 :i2 :g 

ell ell f.ll 

~ 
.. . . 

~ ~ ~ ?i ~ ~ 
FO: CreateShiftPattemAss( __ t X X 

FO: EditShif\PattemAssignment X X X 

FO: DeleteShiftPattem X )( 

FO: ViewPattemAssignment X X 

FO: ManageEmployeeShiftSwaps X X X 

FO: CreateSkillAttachment X 

FO: ViewSkillAttachment X 

FO: CreateReason X 

The second procedure is "Ontology mapping by RCA", which is essential to the 

candidate services identification process. It involves mapping a concept, within one 

ontology, into a query or a view over another ontology. In this paper, the ontology 

mapping is implemented between the functionality ontology (FO) and the Software 
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Component ontology (SCO) by using a combination of FCA and RCA. The reason of 

this combination is that the FCA does not support relational information, which is quite 

significant in identifying services. As a result, RCA is applied, and the results of RCA 

are used to derive conceptual hierarchies by linking functions between FO and SCO 

according to RCA results (Figure 2.14). 
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Figure 2.14: Linking Roles in FO and SCO [4]. 
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In Figure 2.14, "The Functional Ontology class 
"FO:ManageEmployeeShiftSwaps" is based on the operation of shifts. The relational 
attribute "CS: GUI.AddEditShift" represents a software component segment. Both 
"FO:ManageEmployeeShiftSwaps" and "CS:GUI.AddEditShift" are operations based on 
"DCO:ShiftMasks", which means "CS: GUI.AddEditShift" is part of the implementation 
of "FO:ManageEmployeeShiftSwaps"." [ 4]. 

Initially, the RCA data are organized m a "Rational Context Family" (RCF) 

structure. This structure consists of a group of contexts and a group of binary relations. 
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RCA uses a "relational scaling" mechanism to translate domain structures ( concept 

lattices) into binary predicates illustrating different subsets (Figure 2.15). 

Figure 2.15: Lattice Partition in RCA [4]. 

In Figure 2.15, "The concepts inside the selected area represent all the classes in 
FO and SCO, which are related to the objective software service" [4]. 

The final procedure is " Qualitative interpretation of RCA". In this procedure, a 

Relational Lattice Family (RLF) is derived from RCF by using the "relational scaling" 
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technique. This procedure is iterative, wherein each iteration one lattice by context is 

extracted. The iterations stop when no more context extensions result from adding more 

scaling steps. By the end of this procedure, and based on RCA results, functions in FO 

and SCO are linked. 

After describing the techniques used in the overall approach, the authors 

summarize the process of service extraction in the following steps: 

1. "Service function scan": This scan's purpose is to identify any distinguishable 

entities and data structures that relate to the function of a service. 

2. "Formal context definition": In this step, a formal context is developed to enable 

FCA and RCA implementation. 

3. "Concept lattice construction": Once elements and properties are defined, Ganter 

algorithm [5] is used to develop the concepts. 

4. "Concept lattice partition and interpretation": Software engineers extract useful 

and meaningful legacy components by interpreting the constructed concepts. 

They also manage the granularity of these components by either adding or 

removing attributes that impact the granularity of a legacy component. 

5. "Service identification": The group of functions, which are implemented by a 

candidate service presented in FO, are mapped to source code-level classes in 

SCO. As a result, the source code implementing a specific service is determined. 

This approach uses created ontologies that represent the legacy system illustrated in 

SCO, the needed services illustrated in FO, and the classifications that can be used for 

mapping these ontologies illustrated in DCO. The approach identifies independent, self

contained, loosely-coupled, and coarse-grained services. 
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2.1.2 00-SOA Transformation 

The second approach to legacy application modernization, migrating object

oriented applications to SOA, shares the same main concept as the first approach, but the 

second approach uses different techniques, for it deals with a different generation of 

programming languages (which are object-oriented). Fewer papers are available for this 

topic than for the first approach [3, 11, 28]. 

Liang et al. presents a four-stage approach to extract services from object-oriented 

legacy code [ 11]. The first stage in this approach is called preprocessing. This stage 

includes three main steps: 

• "Application modularization": In this step, all class-to-class dependencies are 

classified into explicit and implicit dependencies. Next, the 00 code is 

illustrated in a graph based on the analysis of explicit dependencies. Then, an 

algorithm is used to divide this graph into sub-graphs. Each sub-graph then is 

divided into strongly connected components. This division helps the 

transformation team narrow the search space for dependent classes and 

minimizes the processing time needed to locate the classes during the extraction 

stage [11]. 

• "Intercepting code injection": In this step, pieces of code called interceptors are 

injected into each class in the application to record and log all functionalities and 

calling scenarios during the execution of the application. 

• "Serializing code injection": In this step, runtime states of every object involved 

in a function are recorded in order to obtain services that function exactly as the 

original legacy functions. The recording is achieved by injecting serializing code 
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into each object prior to every method. Liang et al. implemented a customized 

serializing library to serialize all the recorded objects' states into XML files. 

The second stage is known as use-case-analyzing: In this stage, business analyzers 

create candidate-use-cases for application functionalities manually. Then, an approach of 

three main steps is applied to these candidate-use-cases to generate test cases. The first 

step is to design activity diagrams for the use-cases. The second step is to generate test 

cases from these activity diagrams. The third step is to generate data needed for the test 

cases. 

The third stage is execution; in this stage, the test cases are fed to the application 

for execution. During the execution, the intercepting and serializing code pieces that 

were previously added to the original code record all the calling scenarios and 

functionalities, and all objects' states are serialized in XML files. After that, the 

recorded information is analyzed to determine the exact lines of code that are executing 

the test cases. Based on that analysis, the program is sliced into smaller pieces, where 

each piece of code has a defined functionality. 

The fourth and last stage is extraction; in this final stage, the slices of code that 

resulted from the previous stage are refined to be as independent as possible and to 

represent independent, loosely-coupled services. 

Other authors also addressed the second modernization approach but used 

somewhat different techniques. In [3], a knowledge-based approach is applied. This 

approach employs a system named PATRicia (Program Analysis Tool for Reuse) to 

identify reusable components of Object-Oriented code. A section of this system is 
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specifically for program understanding and information extraction. This section is called 

CHRiS (Conceptual Hierarchy for Reuse including semantics). This approach focuses 

on processing the informal information derived from natural language tokens in the 

source code using the comment/identifier approach. After CHRiS was implemented on a 

C++ code, it returned two kinds of reports, a "concept report" (Figure 2.16) and an 

English language summary of the classes operation (Figure 2.17). The concept report 

identifies all the concepts and keywords found in each examined class and provides an 

English text description of these concepts. 

workspace, with weiaht 4.000000, at location( s) 
TAppWindow found 
Facts are: 

"Cmtaios data, labels, section heecHngs, controls, 
lMmons, omcreen prompts, and anything else the 
designer 'WIDts to pit in it.. 

scrolimLtest, with weight 2.000000, at location(s) 
TAppWiadow found 
Facts.arc: 

Figure 2.16: Concept Report [3]. 

Class TAppWladow: 
- contains the coacept 'text' that is descnl>ed by a 

height descriptor and a width descriptor. 

- minimizes a window. 
imrI': A button that can be described by a color 
demiptor and a left clescdJ*)r can minimm a 
'Window. 

Figure 2.17: English language summery of the classes operation [3]. 
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These reports are then used by the PA TRicia System to determine the reusable 

components. 

In [28], a comprehensive approach (Figure 2.18) is proposed to extract reusable 

components from legacy object-oriented code. 

tl )I 

Figure 2.18: Proposed Approach Overview [28]. 

This approach goes through four main phases to extract reusable legacy 00-

components. First is the Evaluation and Decision phase, in which the legacy 00 system 

is evaluated based on functionality, structure and maintainability. Based on this 

evaluation, the decision of whether or not to reengineer the system is made. Once the 

decision is made to reengineer the legacy 00 system, it is moved to the decomposition 

phase. In this phase, Formal Concept Analysis (FCA) techniques are applied to 
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decompose the legacy 00 system into candidate components. In the FCA process, the 

context of the Object-Oriented code is defined and a concept lattice of the code is 

constructed (Figure 2.19) using Ganter algorithm [5]. 

Figure 2.19: A Concept Lattice for MTAC [28]. 

Next is the slicing phase, where static program slicing techniques, including SDG

based algorithm (Figure 2.20), are used to further understand the legacy code and to 

extract reusable legacy 00 code segments. The resulting code segments are then refined 

to assure quality and functionality and are then passed to the final phase. 
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Function ContcxtSensilivcSlicc (SDG G = (\l .. E> .. Vertex s) 

Returns VcrtexSet 
Worklist W = { s} 
n1ark( s) = Up 
while lt" is not cn1pty do 

w = Re1novcElc1nent(W) 
foreach edge u ~ w E E do 

if mark( v) =I= Up 
switch EdgeKind(v ~ w) 

case pararneter-in edge: 
case cal I edge: 

if ,nark( w) # Down 
l'l'="lLJ{v} 
rnark(v) = Up 

case para,ncter-out edge: 
if ,nark( v) =I= f)own 

W="lLJ{v} 
ruark( v) = Down 

default: 
if mark( w) =I= ruark( u) 

Vl1 =WLJ{v} 
rnark( v > = mark( w) 

return the set of all rnarked ( Up or /)own) vertices 

Figure 2.20: SDG-Based Slicing Algorithm [28]. 

Finally, in the integration phase, the reusable pieces of code go through a number 

of steps to be individually wrapped in XML interfaces in order to produce a group of 

web services (Figure 2.21). 



+ < wsdl: message name = 11 calculateequalResponse 11 > 
+ < wsdl: message name = 11 calculateequalRequest 11 > 
- < wsdl: message name = 11 calculateRequest 11 > 

< wsdl: part name = "Input 11 type= 11 xsd:string 11 /> 
</wsdl: message > 

- < w s d I: message name = 11 ca le u I ate Response 11 
> 

< wsdl: part name = "calculateReturn 11 type= "xsd:float 11 /> 
</wsdl: message > 

- < wsdl: portType name = 11 MTACservice 11 > 
- < wsdl: operation name = 11 calculate 11 parameterOrder= 11 Input" > 

< wsdl: input message = "impl:calculateRequest11 name= "calculateRequest 11 /> 
< w s di: output message = 11 imp I: ca I cu late Response II name = 11 ca I cu I ate Response 11 

/ > 
</wsdl: operation > 

+ < wsdl: operation name = 11 calculateequal 11 parameterOrder= 11 Equal " > 
</wsdl: portType > 

- < wsdl: binding name = 11 MTACserviceSoapBinding 11 type= "impl:MTACservice" > 
< ws dis o a p: binding sty le = 11 rp c II tr an sport= " http:// schemas. H ml soap .o rg /soap /http 11 

/ > 
- < wsdl: operation name = "calculate 11 > 

< wsdlsoap: operation soapAction = 11
" /> 

- < wsdl: input name = 11 calculateRequest 11 > 
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< wsdlsoap:body encodingStyle= "http://schemas.xmlsoap.org/soap/encoding/" names pace= " 
</wsdl: input> 

- < wsdl:output name = 11 calculateResponse"> 
< ws dis oap: body en cod in gSty I e = " http:// schemas. H mis oa p. org /soap/encoding/" names pace= " 

</wsdl: output> 
</wsdl: operation > 

[+! < ws di: operation name = " ca lcu I ate equal "> 
·;;wsdl: binding > 

- < wsdl: service name = 11 MTACserviceService" > 
- < wsdl: port binding= "impl:MTACserviceSoapBinding 11 name = 11 MTACservice" > 

< wsdlsoap: address location= "http:/ /localhost:8080/MTACservices/ services/MTACservice" /> 
</wsdl: port > 

</wsdl: service > 
</wsdl: definitions > 

Figure 2.21: A Simplified WSDL Description for MATC Web Service [28]. 

2.2 Technology Transformation 

In the third approach to legacy application modernization (i.e., transforming 

legacy applications from procedural language to object-oriented language), a great deal 

of research has been done. In fact, this modernization approach was subjected to 

automation, where in some cases the approach was fully automated [ 14], and in others 

some human intervention was needed [6, 13, 16, 17, 18, 19, 20]. Most researchers agree 

that in order to have a modem object-oriented version of a procedural legacy application 

that functions exactly as the legacy application and has the characteristics of object

oriented languages, some human intervention is needed. 
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In [14], the authors claim that full automation of the technology transformation, 

from procedural legacy language such as COBOL to an Object-Oriented language such 

as Java, can be achieved. To prove that, they implemented a reengineering process that 

consists of three phases, the reverse engineering phase, the segmentation phase and the 

transformation phase (Figure 2.22). 

Legacy Code 

Segmentation+ 
Design Phase (2) 
Models 

Segmented Legacy 
Object Orienta Code in Procedural 
Analysis Model i--ai Language with 

00 features 

Draco-Puc (3) 
Transfonnation 
System 

Object Oriented 
Transformed Code 

validation (4) 

Implemented 
SysteminOO 
Language with the 
same functionality 

Figure 2.22: Proposed Reengineering Process [14]. 

Firstly, in the reverse engineering phase, the Object Oriented Analysis Model is 

produced by using Fusion/RE tool. Secondly, in the segmentation phase the Object 

Oriented Analysis Model along with the Fusion Method are used to divide the source 
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code into procedural code segments with object orientation qualities. Thirdly, the Darco

Put transformation system is used to transform the procedural code segments resulting 

from the segmentation phase to an Object-Oriented language. The validation step is not 

part of the transformation process. It assures the correct functionality of the transformed 

system by ensuring the perfect interaction between the three phases. The perfect 

interaction between these phases involves that each output of a phase is an input of the 

following sub-phase. In this sequence of phases the transformation of the procedural 

legacy into Object-Oriented system is achieved with full automation [ 14]. 

Other researchers agreed on the necessity of human intervention in software 

modernization projects, especially technology transformation. In [13], McAllister 

presents a technology transformation concept named Automation-Enabled 

Modernization (AEM). This concept supports high degree of automation in code 

conversion process but avoids the 100% automation. 

This concept is based on the idea of the perfect combination of automation and 

human intervention. This combination is illustrated in a number of conceptual steps. 

First, patterns of the legacy application's code involved in implementing a variety of 

functions are identified. Then, mappings from identified code patterns to matching 

artifacts of the target application are defined. Next, the defined mappings are 

implemented within an automation framework. After that, conversion and population of 

the mapped code segments is performed with consideration of the client-specific 

architecture. Then, a bi-directional tractability is maintained between the source code 

and the target code to support the knowledge of the conversion output of every legacy 

code line, the source of every new code line and the confirmation of the completion of 
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the functionality transformation without any additions. Finally, any remaining legacy 

functionality is worked manually utilizing the best software engineering practices. 

The idea of the necessity of human intervention in technology transformation 

project was also illustrated in other techniques [6, 16, 17, 18, 19, 20]. In [18], Sneed 

presents an approach that is a combination of earlier presented approaches by other 

authors. Sneed used a retrofitting algorithm that depends on dominance trees and 

dependency graphs, where the algorithm maps independent code segments that do a 

specific function into self-contained classes that share a common data area [18]. 

Another technique is presented in [6] by Gonzalez et al. this technique involves the 

use of the CASE tool, which is especially developed for extracting objects from C code. 

This tool is used along with experts' knowledge and decision making to achieve the 

target object-oriented application. In another paper [17], Sneed presented two 

approaches: the REDO (Figure 2.23) and the REORG (Figure 2.24) approaches. 

In the REDO approach, there are three main transformation levels. In the first 

level, the syntax of the procedural COBOL program is transformed into an intermediate 

WSL language in order to more easily process and use for all needed diagrams and 

documentation. In the second level, the object orientation process takes place, where 

records are transformed into objects, fields into attributes, Data Division into object 

classes, and Procedure Division into slices of code, all of which is based on data flow 

analysis. In the third level, an object-oriented specification is generated from the 

restructured intermediate representation [17]. 
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The REORG approach is similar to the one presented in [ 18] but with a little 

difference in implementation. There are ten main steps to be followed that take a 

procedural COBOL program as an input and output an object-oriented program [17]. 

1. LEVEL 

2. LEVEL 
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Figure 2.23: REDO Process (17]. 
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In [16], Sneed presented an approach (Figure 2.25) within an implementation 

report for migrating COBOL airport operation system applications to Java. 

Ihe COB O L2 ava 1rr:11:1s.ifor1n ati.on Proc e ss. 

~-= .... ct !:::i 
-:4.,s 

P ::e- r a l 
l..; C,p i !!!,: 

H~dll 

steps: 

Figure 2.25: The COBOL2Java Transformation Process [16]. 

In this approach the COBOL to Java migration process goes through eight major 

1. First, the version of the COBOL application, COBOL-74, is reengineered 

using COBRedo tool in a five step process to become COBOL-85. 

2. Second, code processing including resolving the COBOL copybooks and 

data flow analysis to create data description tables is performed. 

3. Third, Java classes are generated from O 1 level data architectures. 

4. Fourth, Java methods are generated from COBOL procedures (Figure 2.26). 

5. Fifth, methods are merged into classes based on data references frequency. 

6. Sixth, refining the transformed code by detecting and correcting all errors. 

7. Seventh, classes are assigned to separate source files. 
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8. Eighth, an interface is created through which the main COBOL program 

calls the subprograms. 
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Figure 2.26: Converting the COBOL control flow [16]. 

At the end of this process, the result is a Java version of the COBOL application 

and documentation that describes the architecture of the new Java application. 

Based on the reviewed papers, technology transformation is applied in one of three 

forms: 

• Manually: 

In this form the legacy code is converted to the new target language 

manually. This form may produce a good quality code but it is extremely costly 

and time consuming. 
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• Automated: 

In this form the code is converted via a tool. The outcome of this form 

may have the syntax of the object-oriented language but it mostly lacks the 

characteristics and structure of the object oriented language. While quality 

typically suffers, this approach is often the fastest. 

• Automation-Enabled: 

This approach captures the best of both worlds (i.e. manual and 

automation). It consumes significantly less time than the manual form due to the 

high degree of automation applied where suitable. It also gives a significantly 

better quality object oriented code due to human intervention where needed. 

2.3 Challenges With Applying Existing Approaches 

When both a technology and SOA transformation are required for a given 

application, the existing approaches described in this chapter suffer from the following 

challenges. 

Challenge #1 - Technology vs. SOA Transformation: Consistent with the 

purpose of this thesis, we find that none of the existing approaches in the literature 

consider incorporating both technological and architectural transformation in the same 

modernization project. 

Challenge #2 - Work Duplication: One possible way to apply existing 

approaches would be to perform a SOA transformation on a given application, and 

separately perform a technology transformation. The two transformations could 

conceivably be performed in either order, depending on which existing techniques are 
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selected. This strategy, however, involves duplication of work. The reason is that each of 

the two separate transformation efforts requires its own analysis work, project 

management, configuration management, and testing, among other common application 

integration activities. This duplication increases overall effort, timeframe, and cost. It is 

non-trivial and non-obvious how one could combine two complex transformations in an 

attempt to reduce the overhead effort, which is precisely the main motivation for this 

thesis. 

Challenge #3 - Deliverables incompatibility: When attempting to combine a SOA 

transformation technique with a technology transformation technique, the intermediate 

deliverables produced by the two techniques will not always be compatible. This forces 

care to be taken in selecting approaches that can be effectively combined, or 

alternatively forces significant re-work to alter deliverable content to conform to the 

needs of two disparate techniques. 

Challenge #4 - Staffing: An information system transformation effort requires 

different skill sets and different team sizes at different phases of the project. The early 

analysis work requires a small team that is highly skilled in source code parsing and 

requirements analysis, whereas larger groups with different skills are required later for 

source code re-engineering and then testing. Following such an effort with a second 

transformation means the different types of resources must be cycled on and off the 

project more than once, which is disruptive and potentially expensive. Furthermore, 

some of the SOA transformation approaches require different expertise than some of the 

technology transformation techniques, so certain combinations of techniques would 
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increase the number of different skill sets required. This increases the challenge of 

properly staffing the project. 
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Chapter 3 - Proposed approach 

Of the five goals identified in Chapter 1, this chapter deals with the third goal, which 

is proposing ways in which a SOA transformation can be effectively combined with a 

technology transformation. In support of this goal, this chapter proposes a set of 

principles for combining a technology transformation approach with a SOA 

transformation approach, and shows how these principles can be applied by combining 

specific approaches. 

3.1 Proposed Principles for Combining Transformation Approaches 

Our goals in combining published approaches include: 

• Reducing or eliminating redundant effort and activities, with the goal of 

producing results as quickly and cost-effectively as possible; 

• Providing clarity as to how an organization might proceed in achieving both 

technology and SOA transformation; and 

• Considering possible impacts on operational and organizational project 

considerations, such as timetabling and staffing. 

With these goals in mind, we propose the following principles: 

Principle #1 - Decomposition and recombination: Rather than combining entire 

approaches, combine individual phases used by the approaches into a single, unified 

process. 

Principle #2 - Compatible deliverables: Two approaches that use common 

intermediate deliverables may be combined by producing these deliverables in a 
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common step. Production of other (non-common) deliverables can be scheduled to 

accommodate any deliverable dependencies. For example, the approaches described in 

[11], [15], and [16] all produce Data Flow Analysis (DFA) results in their respective 

analysis phases. 

Principle #3 - Eliminating commonalities: When combining, look for opportunities to 

avoid duplication of work. 

Principle #4 - Sequential dependencies: When one technique deliverable can be 

consumed by another technique, these two techniques can be used in sequence. For 

example, the 00 code along with its architecture documentation [ 16] can be an input for 

an algorithm that transforms the architecture to SOA [11]. 

Principle #5 - Maximize automation: Typical commercial information systems 

involve millions of lines of source code. Transformation approaches that rely primarily 

on manual code processing face significant challenges with overly high costs, lengthy 

timeframes, and increased risk of human error. While some manual processing steps are 

often necessary to achieve quality results (for example, modernized source code that is 

properly organized and easy to maintain), the usefulness and commercial viability of any 

combined approach will require a high degree of automation. 

Principle #6 - Balance complexity with efficacy: Large-scale legacy application 

modernization projects often require teams of significant size, which mean not all team 

members have specialized skills. Approaches that incorporate relatively easy-to-use 

techniques are more likely to apply when team members are assumed to have widely 

available software development skill sets (as opposed to specialized code conversion 
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skills). Thus there is an advantage to selecting transformation techniques that can be 

used in such a team setting. This must be balanced, of course, with the need for the 

transformation approach to produce the required results, such as highly maintainable 

modernized source code, and web services that meet the current and future needs of the 

organization. 

3.2 Combining Specific Approaches 

Given the number of technology and SOA transformation approaches identified in 

Chapter 2, it is possible to use the principles described in Section 3.1 to produce a 

variety of combined approaches. This section describes two possible combined 

approaches, which we refer to as Option A and Option B. 

One consideration in this exercise is that the published approaches described in 

Chapter 2 share a common pattern of project phases. This pattern consists of five main 

phases implemented differently by different researchers in each approach. The five main 

phases are: 

1. Analysis Phase, 

2. Transformation Phase, 

3. Refinement Phase, 

4. Testing Phase, 

5. Deployment Phase. 

In the analysis phase, the source code is analyzed by breaking it down and 

representing it in different ways. The general purpose of this phase is to help with 
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understanding the source code base, and also to prepare the code for the Transformation 

phase - to make possible the subsequent code manipulation steps. 

The transformation phase transforms the source code into a first draft of the targeted 

outcome ( either modernize source code or a set of web services, depending on the goal 

of the specific approach). This first draft is considered the input of the refinement phase. 

In the refinement phase, the transformation phase outcome is processed to give the 

final targeted outcome from the modernization approach. Examples of refinement 

processing include removing unneeded code lines, modifying data types such as Date, 

which is not supported in COBOL, and adjusting connections between classes or 

services to assure loose coupling. 

In the testing phase, the final outcome from the refinement phase is tested 

thoroughly to assure the quality and functionality of the final outcome. In the case of a 

technology transformation, the transformed source code is tested to ensure the 

modernized functionality is equivalent to the legacy application. For a SOA 

transformation, the web service implementations are tested to ensure all desired 

functionality works as required. 

In the deployment phase, the modernized functionality is put into use. Deployment 

activities typically include installation of hardware and software, final data conversion, 

end user training, and handover of the application from the development team to the 

operations and maintenance teams. 

Using the principles defined in Section 3 .2, we combine three modernization 

techniques [ 11, 15, 16] into two implementable scenarios. Each scenario is designed to 
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begin with a legacy information system, and perform both a technology and SOA 

transformation. This combination exercise is independent of which specific legacy 

technologies are used, however we illustrate our approach by transforming COBOL 

code to Object-Oriented code with SOA architecture. 

The three techniques [11, 15, 16] were chosen as examples because they satisfy the 

six principles described in Section 3 .1. 

The steps required by these techniques can be organized into the five phases listed 

above, as illustrated in Figure 3.1. 

This Figure shows how Principle #1 (decombination and recombination) is applied 

in this example. Various phases from the chosen approaches are selected and arranged to 

provide a unified approach. The intermediate deliverables produced by each step are 

compatible with one another (Principle #2) and can be used in the sequence shown in 

Figure 3.1 (Principle #4). Duplication is avoided (Principle #3) by sharing analysis, 

testing, and deployment activities for both the SOA and technology transformations. The 

selected techniques involve a high degree of automation (Principle #5) and we do not 

consider them to be overly complex or difficult to apply (Principle #6). Additional 

details related to these observations are provided below in the description of the sample 

combined approaches. 



Analysis phase 

Objective: Data Flow Analysis . 

Method: Use Data Flow Analysis tool that supports COBOL and provides the results listed below 
[11 ,15,16). 

Results: 

Data Structure, Data reference table and Data table [16). 
Data flow diagram [15). 
Procedure dependency and data control diagram [ 11 , 15]. 
Code segments determination [ 11, 15]. 

Transformation phase 

Option "B" Step 1 

Objective: COBOL to SOA [15]. 

Method: Use the "code stripping" approach to create 
services by breaking the whole COBOL program into 
smaller, refined COBOL programs based on DFA 
results. 

Result: COBOL system with SOA architecture. 

Transformation phase 

Option "B" Step 2 

Objective: COBOL to Java [16). 

Method: Use the COBOL to Java converting 
approach. 

Result: object-oriented code with SOA architecture 
and Java code structure documentation for each 
service. 

Transformation phase 

Option "A" Step 1 

Objective: COBOL to Java [16]. 

Method: Use the COBOL to Java converting 
approach, including refinement. 

Result: object-oriented code and code structure 
documentation . 

Transformation phase 

Option "A" Step 2 

Objective: Java to SOA [11]. 

Method: Use an algorithm to divide the classes 
into groups based on dividing the classes ' 
dependency graph into sub graphs. 

Result: object-oriented code with SOA 
architecture. 

REFINEMENT 

TESTING 

t 
DEPLOYMENT 

Figure 3.1: Overview of an Example Combined Approach. 
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Analysis phase 

The Data Flow Analysis (OF A) method is the core of the analysis phase in all 

three of the selected approaches. The OF A method offers a number of advantages that 

the transformation team can utilize when implementing the proposed approach. These 

advantages are that OF A: 

• Is fully automated; 

• Provides the required information, analysis and documentation of the code; and 

• Results can be presented in various formats such as graphs, tables, code 

modification and code segments. 

The analysis phase in our example combined approach depends on using a OF A tool 

that supports COBOL and provides the resulting documents listed below. Examples of 

these documents are provided in Chapter 4. 

• Alteration on Data Division: 

This analysis step makes two main alterations the COBOL source code 

[16]. The first alteration is that any reference to a copybook (shared code in a 

separate file) is replaced with the actual code. This makes each source code file 

stand on its own, removing any dependencies on the copybook files. The second 

alteration is a piece of code added to the Working-Storage Section of the Data 

Division. This piece of code consists of all elementary data items collected from 

the Data Division and assigned to a common data structure. The result is that all 

data items are part of some record structure. These alterations are important in 

the process of forming objects from COBOL code. 
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• Data Reference Table: 

This table describes the data usage in the COBOL program [16]. The 

table contains one entry for each data reference in the program. For each entry, 

the data name of the reference, the name of the paragraph where it is used and 

the type of reference (whether it is an argument, parameter, a predicate or a 

result) is recorded. This document is very useful for determining which data is 

actually used and figuring out the parameters for each method in the eventual 

modernized source code. 

• Data Table: 

This table describes all data declared in the COBOL program [16]. It 

includes all information about data in the Data Division. It includes name, type, 

length, value and precision. This document is useful in the process of forming 

objects from COBOL code. 

• Data flow diagram: 

This diagram shows the flow of data between procedures when 

implementing a test case from input to output [ 15]. 

• Procedure Dependency And Data Control Diagram: 

This diagram maps the whole program and shows how data controls the 

movement from one procedure to another throughout the entire program [ 11, 

15]. It also identifies the specific data elements that control each movement. This 

diagram illustrates the dependencies between procedures. 

• Code Segments Determination: 
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This document consists of segments of code that are involved in 

implementing a test case from input to output [ 11, 15]. This document is 

important in identifying services for the purpose of migrating to SOA 

architecture. 

Transformation phase 

To illustrate flexibility when combining transformation approaches, we provide 

two options for the transformation phase. We refer to these two options as option "A" 

and option "B". In option "A", the code is transformed from COBOL to Object-Oriented 

then to SOA. In option "B", the code is transformed from COBOL to SOA then to 

Object-Oriented. Each of these options has two transformation steps to reach the target 

outcome of Object-Oriented code with SOA architecture. 

Option "A" 

In this option there are two steps to reach the target outcome. These steps are: 

step 1: Transform COBOL to Java: 

In this step, we propose the use of the approach presented in [ 16] to 

transform COBOL code to Java code. Data Structure, Data reference table and 

Data table documents are used to generate Java classes from level 01 COBOL 

data structure, and Java methods from COBOL procedures. Then these 

generated methods are merged into the appropriate classes based on the 

frequency of data references. Methods that share more common data references 

are considered to be more highly related and thus tend to end up in the same 

class. This process generates a Java version of the application. At the end of this 
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step, the Java code undergoes a refinement process. The refinement process 

removes any unnecessary lines of code and improves the quality and 

functionality of the Java code. The refinement process is performed iteratively 

until the code satisfies all quality assurance measurements. The Java code is 

then processed for documentation and passed along with its architecture 

documentation as an input for the second step. 

step 2: Transform Java to SOA: 

This step implements part of Liang's approach [11], specifically plotting 

the Java code onto a graph based on class-to-class explicit dependencies. This 

graph is then divided into sub-graphs. Each sub-graph is then divided into 

strongly connected Java components. 

These components are grouped into services based on the information 

acquired from the analysis phase and the Java code architecture documentation 

generated in the previous step. Finally, a refinement process reviews and 

modifies the Java code where necessary to assure the functionality, 

independency, loose coupling, and cohesiveness of the services are suitable. The 

SOA Java code is now considered ready for testing. 

Option "B" 

In this option, there are two steps to reach the target outcome. These steps are: 

step 1: Transform COBOL into SOA: 

In this step, the approach presented in [ 15] by Sneed is implemented to 

transform COBOL architecture into SOA. The Procedural Division is divided 
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into code segments by identifying the lines of COBOL code used to generate a 

specific output from a specific input. Each code segment is separated into a 

smaller, standalone COBOL program that performs a specific operation. These 

smaller COBOL programs are now self-contained services and represent the 

components of the new SOA architecture. At the end of this step, the services are 

not wrapped to form web services. They are instead passed to the next step to be 

transformed form COBOL to Java. 

step 2: Transform COBOL into Java: 

In this step, the COBOL-SOA program is transformed to an 00-SOA 

program. This transformation is made by implementing Sneed's approach in [16] 

(identical to option "A" step 1) on each one of the services. The result of this step 

is Object-Oriented code with a SOA architecture. 

Refinement phase 

The main purpose of the Refinement phase is to check the quality of the code 

produced by the Transformation. Refinement occurs once Transformation has occurred. 

As described above, we recommend incorporating a refinement activity at two points in 

our combined process: immediately following SOA transformation, and again 

immediately following technology transformation. This separation helps to ensure as 

early as possible that the output of each transformation step is correct. 

Testing Phase 

The papers reviewed in Chapter 2 tend not to discuss testing, apparently 

choosing to focus on the unique aspects of a transformation effort that differentiate it 

from other information system integration projects. Testing is a critical phase, however, 
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for every project that produces information systems functionality, and combined SOA / 

technology transformation projects are no exception. Industry-standard approaches for 

unit, functional, regression, system, and user acceptance testing should be employed. 

Deployment Phase 

The deployment phase involves putting the modernized application into actual 

use. This involves providing suitable hardware, installing and maintaining the 

application, as well as training staff to use the new application. 

3.3 Proposed Approach Workability 

The proposed approach is a combination of different modernization techniques 

[11, 15, 16]. These techniques have been shown in the literature to be effective. This 

means that each approach works well individually. Therefore, the question now is, do 

these techniques work when combined together as described in this chapter? The answer 

to this question is "yes" for the following reasons: 

1. Each one of the combined techniques has been shown to work individually in 

practice on large scale information systems. 

2. The input of each technique within the proposed approach is the same as its input 

when individually implemented, which results in the starting point of the 

technique being the same in both situations. 

3. The expected output of each technique within the proposed approach is the same 

as what is expected when implemented individually; consequently, the ending 

point of the technique is the same in both situations. 



61 

The example combined approaches take advantage of the commonalities, to merge 

and link the three combined techniques to work compatibly. 
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Chapter 4 - Simulated Sample Transformation 

Chapter 3 presents proposed principles for combining transformation approaches and 

provides examples for how the principles can be applied with specific approaches. A 

definitive evaluation of the effectiveness of the proposed principles would involve using 

one or more of the combined approaches to conduct commercial transformation projects 

with actual information systems. Such an evaluation is not possible in the context of this 

thesis, however, given the time it would take and budgetary constraints. As an 

alternative first step, this chapter presents an experiment in applying a combined 

approach from Chapter 3 with a small sample of custom-developed COBOL code. The 

goal is to demonstrate the effectiveness of the combined approach by showing the 

sequence of deliverables produced. 

Deliverable production is simulated by manually creating deliverables according to 

the steps included in the combined transformation approach. This experiment involves 

three main steps: 

1. Preparation; 

2. Simulated application of the combined transformation approach; and 

3. Result Evaluation. 

4.1 Preparation 

The preparation step involves creating sample input source code required for the 

experiment. To help in evaluating the effectiveness of the combined approach, the 

expected target output is also created, which is intended for comparing with the results 

produced from the series of deliverables. 
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1. Create the Target Output 

The application used for the simulation experiment is a simple banking 

application. The expected target output is written in Java and consists of three 

main classes (BankMain.java, BankAccount.java, BankCustomer.java). Two of 

these classes (BankAccount.java and BankCustomer.java) represent services and 

one (BankMain.java) acts as an interface of the whole system. One goal of the 

simulation is to see how closely the series of steps involved in the combined 

approach can come in terms of producing similar output, starting with the 

COBOL input program. 

2. Create the Input 

Another preparation step for the approach experiment is to create the 

input procedural COBOL program. This COBOL program (BANK.COB) ts 

designed to perform the same functions that as the target output. 

The input program consists of two main COBOL procedures. One is 

called SETVALUE, which creates the records that the other procedures work on. 

The other main procedure is MAINPROCEDURE. This procedure is the start of 

the program and the one through which all the other procedures are called. 

Note that although the functionality of the COBOL and Java applications 

are the same, the programs are organized in a considerably different fashion. The 

COBOL program is more monolithic, in a fashion similar to what might be 

considered typical for legacy code. The expected Java output is object-oriented, 
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separated into separate classes with a low degree of coupling between them, 

which represent distinct web services suitable for a SOA architecture. 

4.2 Approach Simulation 

The section describes the results of working through the phases described in 

Chapter 3, using the input COBOL program as a starting point. In each phase, samples 

of phase results are presented. At the end, the resultant 00-SOA version of the 

application is evaluated. 

4.2.1 Analysis Phase 

In the Analysis phase, automated Data Flow Analysis (DF A) produces a number 

of deliverables from the input COBOL program. A manually-created sample of each 

resultant deliverable is shown below. 

The first code alteration replaces copybook references with the actual content of the 

copybooks. This is unnecessary in our simple example. The second code alteration 

creates a common data structure for all elementary data items in the DATA DIVISION, 

as illustrated in Figures 4.1 and 4.2 below. 

Figure 4.1 shows the original COBOL code before restructuring. Several level O 1 

data items are not a part of any data structure. There are also a number of arrays in level 

02, but each is under an individual 01-level data item. These data items can create 

confusion when creating object classes during the transformation from COBOL into 

Java. All elementary data items are moved under a new data structure in the DATA 

DIVISION, as shown in Figure 4.2. 
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*> VALUES TO BE USED TO SET THE ACCOUNTS AND THE CUSTOMERS RECORDS . 
01 FIRSTNAMEVALUES . 

02 FIRS TN AME P I C X( 6 ) OCC URS 10 TIMES . 
01 LASTNAHEVALUES . 

02 LASTNAME 
01 ACCTYPE . 

PIC X( lO ) OCC URS 10 TIMES . 

02 A TYPE P I C X( 8 ) OCC URS 2 TIMES . 
01 ACCOUNTOlJNERSHIP . 

02 ACCOlJNERSHIP PIC X( 10 ) OCCURS 2 TIMES . 

*> VARIABLES USED TO SET THE FIELDS OF THE CUSTOMER RECORDS . 
01 CUSTOMERIDRANGE PIC 9 ( 8 ) VALUE 12345f~8 . 

01 NUMBEROFCUSTOMERS PIC 99 VALUE 10 . 
01 CUSTIDSEED PIC aq VALUE 13 . 

01 YEARSEED PIC 99 VALUE ,3 . 

01 MONTHSEED PIC 99 VALUE 33 . 

01 DAYSEED PIC 09 VALUE 43 . 

01 FIRSTNAMEINDEXSEED PIC 99 VALUE 10 . 

01 LASTNAMEINDEXSEED PIC 99 VALUE 1S . 

01 FIRSTNAMEINDEX PIC 9 . 

01 LASTIIJAMEINDEX PIC 9 . 

*> VARIABLES USED TO SET THE FIELDS OF THE ACCOUNTS RECORDS . 
01 ACCOTJNTIIJUMBERRANGE PIC 9 ( 9 ) VP.LUE 1 .. -456'?09 . 
01 ACCOUNTNUMBERSEED PIC 99 VALUE 10 . 

01 BALANCERANGE PIC 9 ( 10 ) VALUE 1214567890 . 

01 NUMBEROFACCOUIIJTS PIC 99 VA.LUE 10 . 

01 BA.U.NCEAMOUNTSEED PIC 99999 VALUE 793eS . 

01 ACCOUNTTYPESEED PIC 99 VALUE 12 . 

01 ACCOUNTOTJNERSHIPSEED PIC 99 VALUE 19 . 

01 CUSTOMERINDEXSEED PIC 99 VALUE 17 . 
01 CUSTOMERINDEX PIC 99 . 

Figure 4.1: Original DATA DIVISION. 
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TEMPORARYVARIJI.BLES . I 
*> VALUES TO BE USED TO HT THE ACCOUNTS AND THE CUSTOMERS RECORD S . 

02 FIRSTNAME PIC X(6) OCCURS 10 TIMES. 
02 LASTNAME PI C X( lO) OCC URS 1( TIMES . 
02 ATYPE PIC X(8) OCCURS w TIMES . 
02 ACCOWNERSHIP PIC X (10) OCCURS • TIMES. 

*> VARIABLES USED TO SET THE FIELDS OF THE CUSTOMER RECORDS . 
02 CUSTOMERIDRJI.NGE PIC 9 (8) VALUE l:"45678 . 
02 NTJMBEROFCUSTOMERS PIC 99 VALUE 10 . 
02 CUSTIDSEED PIC OQ VALUE 13 . 
02 YEARSEED PIC 99 VALUE 23 . 
02 MONTHSEED PIC 90 VALUE 33 . 
02 DAYSEED PIC QO VALUE ,t; . 

o: FIRSTNAMEINDEXSEED PIC Q9 VALUE 10 . 
02 L)..STNAMEINDEXSEED PIC OQ VALUE 15 . 
02 FIRSTNAMEINDEX PIC q _ 

OZ LASTNAMEINDEX PIC 9 . 

*> VARIABLES USED TO SET THE FIELDS OF THE ACCOUNTS RECORDS . 
02 ACCOUNTNUMBERRANGE PIC 9 (9) V.71.LUE 123456789 . 
02 ACCOUNTNUMBERSEED PIC 99 VALUE 10 . 
02 BALANCERANGE PIC 9 (10) VALUE 1224567890 . 
02 NUMBEROFACCOUNTS PIC 90 VALUE 10 . 
02 BALANCEAMOUNTSEED PI C 9gqgq VALUE '79385 . 
02 ACCOUNTTYPESEED PIC 99 VALUE 12 . 
02 ACCOUNTOWNERSHIPSEED PI C 90 VALUE 10 . 
02 CUSTOMERINDEXSEED PIC 99 VALUE 17 . 
02 CUSTOMERINDEX PIC 99 . 

Figure 4.2: Restructured DATA DIVISION. 
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Table 4.1 provides a complete list of every time a data element is referenced in a 

COBOL procedure. This data reference information is used to guide subsequent 

transformation steps. 

Table 4.1: Data Reference Table. 

Data Ref. Paragraph Name Data Name Reference 

Num. Type 

1 MAINPROCEDURE CHOICE Parameter 

2 MAINPROCEDURE CHOICE Predicate 

3 CUSTOMERPROCEDURE CUSTINDEX Argument 

4 CUSTOMERPROCEDURE CUSTINDEX Predicate 

5 CUSTOMERPROCEDURE CUSTOMERS Result 

6 CUSTOMERPROCEDURE CUSTINDEX Parameter 

7 CUSTOMERPROCEDURE CUSTINDEX Argument 

8 CUSTOMERSEARCH CUSTINDEX Argument 

9 CUSTOMERSEARCH CUSTFOUND Argument 

10 CUSTOMERSEARCH CUSTFOUND Predicate 

11 CUSTOMERSEARCH CUSTIDIN Parameter 

12 CUSTOMERSEARCH CUSTINDEX Predicate 

13 CUSTOMERSEARCH CUSTOMERID Predicate 

14 CUSTOMERSEARCH CUSTINDEX Parameter 

15 CUSTOMERSEARCH CUSTIDIN Predicate 

16 CUSTOMERSEARCH CUSTINDEX Argument 

17 CUSTOMERSEARCH CURRENTCUST Argument 

18 CUSTOMERSEARCH CUSTFOUND Argument 

19 CUSTOMERSEARCH CUSTINDEX Argument 

20 CUSTOMERSEARCH CUSTINDEX Argument 
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Table 4.2 shows the structure and sample content of a Data Table, listing all data 

elements and their definitions. 

Table 4.2: Data Table 

Name Type Position Length Value 

CUSTOMERINFO Alphanumeric 01 78 

CUSTOMERS Alphanumeric 02 78 

CUSTOMERID Numeric 03 10 

CUSTOMERFIRSTNAME Alphabetic 03 30 

CUSTOMERLASTNAME Alphabetic 03 30 

CUSTOMERBIRTHDATE Numeric 03 8 

DAYOFBIRTH Numeric 04 2 

MONTHOFBIRTH Numeric 04 2 

YEAROFBIRTH Numeric 04 4 

... ... . .. ... . .. 

CHOICE Numeric 02 1 0 

CUSTFOUND Numeric 02 l 0 

CUSTIDIN Numeric 02 10 

CURRENTCUST Numeric 02 2 

CUSTINPUT Numeric 02 1 0 

SAMECUSTMENUE Numeric 02 1 

CUSTCHOICE Numeric 02 1 0 

FNAMEIN Alphabetic 02 30 

LNAMEIN Alphabetic 02 30 

DAYIN Numeric 02 2 
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The sample data flow diagram in Figure 4.3 depicts the flow of control for the main 

COBOL procedure. 

Proc.: MAINPROCEDURE 

ACCEPT CHOICE= 2. 

Call Proc.: ACCOUNTPROCEDURE 

Proc.: ACCOUNTPROCEDURE 

Call Proc.: ACCOUNTSEARCH 

Proc.: DEPOSIT 

Proc.: ACCOUNTSEARCH 

ACCEPT ACCNUMIN 

=##########. 

ACCFOUND = 1. 

Call Proc.: ACCOUNTMENUE 

Proc.: ACCOUNTMENU 

ACCEPT ACCINPUT = 4. 

Call Proc.: DEPOSIT. 

ACCEPT AMOUNT=$$$. 

ADD AMOUNT TO CURRENTAMOUNT. 

MOVECURRENTAMOUNTTO 

ACCOUNTBALANCE(CURRENTACC). 

Figure 4.3: Data Flow Diagram 
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Figures 4.4, 4.5 and 4.6 depict procedure dependencies and data control within the 

main procedure, customer services and account services, respectively. 

0 

STOP 

CUSTOMERPROCEDURE 

CUSTOMERSEARCH 

SETVALUE 

MAINPROCEDURE 

CHOICE VALUE 

1 2 

BANKSERVICES 

BANKMENU VALUE 

0 

OTHER 

ERROR. 

MAINPROCEDURE 

ACCOUNTPROCEDURE 

ACCOUNTSEARCH 

* ACCOUNTMENU 

SAMECUSTMENU VALUE 

0 

SAMEACCMENU VALUE 

0 

Figure 4.4: Main Dependency Graph 
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Figure 4.6: Account Services Dependency Graph. 
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The following COBOL code segment represents the code lines responsible for the 

function of depositing into an account: 

PROCEDURE DIVISION. 
*> These lines of code represents the code responsible for the 
*> function of depositing. 
*> PERFORM SETVALUE TO CREATE A DATABASE THAT THE PROGRAM CAN WORK ON. 

PERFORM SETVALUE. 

*> THIS IS THE MAIN PROCEDURE THAT REPRESENTS THE MAIN BANK 
*> SERVICES MENU. 

MAINPROCEDURE. 
DISPLAY "Welcome to your bank services.". 

DISPLAY "Please choose one of the following services:". 
DISPLAY "1) Press 1 for Customer information services.". 
DISPLAY "2) Press 2 for account services.". 
DISPLAY "3) Press O to exit.". 
ACCEPT CHOICE. 

*>CHOICE= 2. 
EVALUATE CHOICE 

WHEN "1" 
PERFORM CUSTOMERPROCEDURE 

WHEN "2" 
PERFORM ACCOUNTPROCEDURE 

*> jump to perform ACCOUNTPROCEDURE 
WHEN "0" 

STOP RUN 
WHEN OTHER 

DISPLAY "Wrong entry, please try again" 
PERFORM MAINPROCEDURE 

END-EVALUATE. 
STOP RUN. 

*> ACCOUNTPROCEDURE PRINTS OUT THE CREATED DATABASE AND PERFORMS*> 
ACCOUNT SEARCH 
ACCOUNTPROCEDURE. 

MOVE 1 TO ACCINDEX. 
PERFORM UNTIL ACCINDEX = 11 

DISPLAY ACCOUNTS(ACCINDEX) 
ADD 1 TO ACCINDEX 

END-PERFORM. 1 

DISPLAY "Welcome to Account services.". 
PERFORM ACCOUNTSEARCH. 

ACCOUNTSEARCH. 
MOVE 1 TO ACCINDEX. 
MOVE OTO ACCFOUND. 
PERFORM UNTIL ACCFOUND = 1 

DISPLAY "Please enter account number:" 
ACCEPT ACCNUMIN 
PERFORM UNTIL ACCINDEX = 11 

IF ACCOUNTNUMBER(ACCINDEX) ACCNUMIN THEN 



MOVE ACCINDEX TO CURRENTACC 
MOVE 1 TO ACCFOUND 

END-IF 
ADD 1 TO ACCINDEX 

END-PERFORM 
IF ACCFOUND 0 THEN 

DISPLAY "Wrong entry, please try again" 
PERFORM ACCOUNTSEARCH 

END-IF 
END-PERFORM. 

*> WHEN AN ACCOUNT IS FOUND PERFORM ACCOUNT MENU. 
PERFORM ACCOUNTMENU. 

*> ACCOUNTMENU TAKES AN INPUT AND EVALUATE IT TO PERFORM THE 
*> NEEDED PROCEDURE. 
ACCOUNTMENU. 

MOVE OTO SAMEACCMENU. 
DISPLAY ACCOUNTS(CURRENTACC). 
DISPLAY "Please choose one of the following services:". 
DISPLAY "1) Press 1 to show account information.". 
DISPLAY "2) Press 2 for balance inquiry." 
DISPLAY "3) Press 3 for cash withdraw.". 
DISPLAY "4) Press 4 for cash deposit.". 
DISPLAY "5) Press 5 for account edit.". 
DISPLAY "6) Press 6 to enter another account number." 
ACCEPT ACCINPUT. 
EVALUATE ACCINPUT 

WHEN "1" 
DISPLAY ACCOUNTS(CURRENTACC) 

WHEN "2" 
DISPLAY" Account number" ACCOUNTNUMBER(CURRENTACC)" balance is: " 

ACCOUNTBALANCE(CURRENTACC) 
WHEN "3" 

PERFORM WITHDRAW 
WHEN "4" 

PERFORM DEPOSIT 
WHEN "5" 

PERFORM ACCOUNTINFOEDIT 
WHEN "6" 

PERFORM ACCOUNT SEARCH 
WHEN OTHER 

DISPLAY "Wrong entry, 
PERFORM ACCOUNTMENU 

END-EVALUATE. 
DISPLAY "To view Account services MENU" 
"again please press 1,else press 0". 

ACCEPT SAMEACCMENU. 
IF SAMEACCMENU =1 

PERFORM ACCOUNTMENU 
END-IF. 
PERFORM BANKSERVICES. 

DEPOSIT. 
MOVE OTO AMOUNT. 

please try again" 

MOVE ACCOUNTBALANCE(CURRENTACC) TO CURRENTAMOUNT. 
DISPLAY "Please enter the amount you want to deposit:". 
ACCEPT AMOUNT. 
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ADD AMOUNT TO CURRENTAMOUNT . 
MOVE CURRENTAMOUNT TO ACCOUNTBALANCE( CURRENTACC ). 
DIS PLAY "Account number " ACCOUNTNUMBER (CURRENTACC ) 

" new balance is :" ACCOUNTBALANCE (CURRENTACC ). 

*> SET VALUE PROCEDURE CREATES THE DATABASE FOR BOTH ACCOUNTS AND*> 
CUSTOMERS . 
SETVALUE . 

4.2.2 Transformation Phase 
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This part of the experiment simulates both transformation options (A and B) 

presented in chapter 3 to evaluate their ability to produce the expected outcome. 

In option A, the code under transformation evolves from COBOL to 00 to 00-SOA. 

The first step of this option simulates Sneed' s approach [16] on the input COBOL code 

(BANK.COB) in three main steps. The first step is class generation, which includes 

transforming each 01 level data structure into a class (Figures 4.7 and 4.8). The second 

step is method generation, which includes transforming each COBOL procedure into a 

Java method using the Data Reference Table as a Guide (Figures 4.9 and 4.10). The 

third step is method merging, which includes merging methods into classes based on the 

Data Reference Table and Data Table (Figure 4.11 ). 

2 

*> ACCOUNTS RECORDS . 

ACCOUNTINFO . 

0 ACCOUNTS OCCURS ( TIMES 

INDEXED BY ACCINDEX . 

01 ACCOUNTNUMBER PIC ( 1( ) . 

0~ ACCOUNTTYPE PIC X( ) . 

o- ACCOUNTOWNERSHIPTYPE PIC X( ) . 

0 ACCOUNTOWNERID PIC ( 1). 

0~ ACCOUNTBALANCE PIC $$$ , $$$ , $$$ , 9 . 

Figure 4.7: ACCOUNTINFO Data Structure in COBOL. 



import jaia . io .•; 

import · a a . util . * : 

public class Ace unt nfo 

- { 

it acco _t Tumber ; 

it CCOU-~ ~ne~ d ; 

daub e acco t!Ba ace ; 

St:ring ace 

5 ring 
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ype ; 

public Ace t accn , it c 3tame rid , doub e b c , 
String acctype , Scr · ng owntype ) 

p 

{ 

} 

{ 

acco 
acco 
acco 
acco e = acct e : 
acco er:s ip e = o~ntype ; 

J 
1.c static void in (Stri g args {] ) 

Figure 4.8: Generated Accountlnfo Java Class. 

Figure 4.8 shows the generated Accountlnfo class. To generate this class, a 

number of steps were performed. First, the level 01 data item name ACCOUNTINFO 

becomes the class name. Then each of level 03 data items is transformed to be attributes 

of the object class. Note the table ACCOUNTS was removed since there is no need at 

this point to form an array of Java objects. Next, a constructor method was formed. 

Finally, a main method was created to be able to run this Java class. 
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WITHDRAW . 

MOVE O TO AMOUNT . 

DISPLAY 
"Please enter the amount you want to withdraw: " . 

ACCEPT J\MOUNT . 

MOVE ACCOUNTBALANCE ( CURRENTACC ) TO CURRENTAMOUNT . 

ACCEPT AMOUNT . 

IF AMOUNT > CURRENTAMOUNT THEN 

DISPLAY ''Sorry, insufficient funds" 

ELSE 
SUBTRACT AMOUNT FROM CURRENTAMOUNT 

END- IF. 

MOVE CURRENTAMOUNT TO ACCOUNTBALANCE ( CURRENTACC). 

DISPLAY 

"A.:;,c,.unt number" ACCOUNTNUMBER ( CURRENTACC ) 

"new balance is:" ACCOUNTBALANCE ( CURRENTACC). 

*>APLLY DEPOSIT FUNCTION ON A BANK ACCOUNT 

DEPOSIT . 

MOVE O TO AMOUNT . 

MOVE ACCOUNTBALANCE ( CURRENTACC ) TO CURRENTAMOUNT . 

DISPLAY 

nPlease enter the amount you want to deposit: tt . 

ACCEPT AMOUNT . 

ADD AJl'lOUNT TO CURRENTAMOUNT . 

MOVE CURRENTAMOUNT TO ACCOUNTBALANCE ( CURRENTACC). 

DISPLAY 
"Account number" ACCOUNTNUMBER ( CURRENTACC ) 

" new balance is: '' ACCOUNT BALANCE ( CURRENTACC). 

Figure 4.9: DEPOSIT and WITHDRAW Procedures in COBOL. 

77 



public void deposit: () 
{double arr.ount = 
double c rrencAmounc = 
Scanner scanner = new Scan er (Syste 

Sy.stem . o t . rincln ( 

arr.cunt ; 

t : 

e_. 

- ·o w n 

+ accoun Ba ance ) ; 

public void wit.drew {) 

(daub e a.mount = 
double c rre tAmount: = 
Sc ner scanner = new Scanner (S stem . in) ; 

o depos1 ) ; 

er. + 

S .st . o . pr.intl.n ( P.e- e e _ ~ ~ e - yo wan ~ w~t drew: ) ; 

curren Amo nc = accouncBa ance ; 

arr.aunt = .scanner . nextDoub e () ; 

i f( amoun > c rrentAmount ) 

S .stem .at . rin n ( 

e l se 

1 suf ... 1 1.e 

currentAmount = currentAmount - amoun 

accoun Balance = current ount ; 

S stem. o + acco 

t d.s ) ; 

er + 

+ accountBalance ); 

Figure 4.10: Generated "deposit" and "withdraw" Java Methods. 
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Figure 4.10 shows the Java methods generated for withdraw and deposit 

functions. To generate these methods, a number of steps were performed. First, the name 

of the procedure is transformed to the method name in the method declaration syntax. 

Then, data item references are defined properly as method variables within the method 

scope. Finally, operation syntax is transformed from COBOL to Java to form the method 

body. 



import ja~a . 10 .•; 
import java . ti. . *; 

public class Account nfo 

- { i t account e r ; 

1.nt acco Owoe :i:Id ; 

doub e acco ntBalance ; 

String acco type ; 

Str1 g acco tOwnership ype ; 
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public Acco t nfo (int accn , int customerid , double b1nc , 

a a r.ource file 

String acctype , String owntype ) 

acco 
acco 
accountBalance = bl c ; 
acco type = acctype ; 

accountOwne:i:shi ype = owntype ; 

public void deposit O 
{double a.mo t = 
double c rrentArnount = 
Scanne r scanner = new Scanner (S ste . in) ; 
S .ste . out . print n ( le .se e:s-.. - e 

cur:i:entAmo t = accou tBalance ; 

amount = .scanner . nexcDoub e () ; 
curren-Amoun = cu.rrentAmount + amoun 
acco ntBa ance = c rre.ntAmount ; 

y u . ' 

S stem. out . p:i:incln ( ...,.c • - • e • + account 
-e· ace s: + accountBalance ) ; 

} 

public void withdrew() 
{double amount = 

double c rren Am.oun = 
Sca."1.ller sc er = new Scanner (System. in) ; 
Syscem. o t . print F- se !? -e - e Ci 

de sic ) ; 

er + 

hdrew: ) ; 

length : 1483 

Figure 4.11: Merging "deposit" and "withdraw" Methods into an "Accountlnfo" 

Class. 

Merging methods into appropriate classes depends on the frequency of data 

references. For example, both the "deposit" and "withdraw" methods refer to amount, 

currentAmount, and currentBalance. All of these variables are related to the object 

"Accountlnfo" in a way that they are used to modify one of its attributes, which is 

accountBalance. Therefore, these methods are merged into the "Accountlnfo" class. 
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By the end of the first transformation step in option "A", the input COBOL 

program (BANK.COB) has been transformed into three Java classes. Two of these 

classes (Accountlnfo.java, Customerlnfo.java) represent objects (Account, Customer). 

The third class (Main.java) acts as an interface that invokes the other two classes when 

needed. For example, when performing a deposit function, the Accountlnfo.java class is 

invoked to perform the deposit function on the selected account balance through the 

"deposit" method. These Java classes are then refined to remove unneeded code lines 

and to enhance the quality and functionality of the transformed code. 

The next step in option "A" tests the resulting Java classes to see which classes 

should be grouped into services. This step uses the data flow diagrams and data 

reference information to understand any dependencies between classes based on flow of 

control and/or usage of common data. The objective is to define groups of classes that 

are completely independent, and thus represent good candidates for web services. For 

the sample banking application, this analysis produces two classes (Accountlnfo.java, 

Customerlnfo.java, which represent Account and Customer respectively), each of which 

represents an independent web service. 

In transformation option B, the code under transformation evolves from COBOL 

to SOA to 00-SOA. In the first step of this option, the code architecture is transformed 

to SOA by simulating Sneed's approach presented in [15]. This approach creates web 

services from legacy code by extracting business rules and reassembling them in new 

subprograms that represent individual services. 
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To create services out of the input COBOL code in this experiment, a number of 

steps are implemented. Code segments generated in the analysis phase (by back-tracking 

code statements from output back to the initial input) are extracted from the original 

code BANK.COB. These code segments represent the business rules embedded in the 

legacy code. 

Second, each extracted business rule is reassembled in a new COBOL 

subprogram, where the PROCEDURE DIVISION includes all procedures of the given 

business rule, and the DAT A DIVISION includes all data items to which the procedures 

of the business rule refer. This way business rules are disconnected and form self

contained subprograms. In this experiment, twenty-one code segments representing 

business rules were extracted. Eleven of those business rules work on customer records 

and the other ten perform functions on account records. 

For example, all WITHDRAW, DEPOSIT, ACCOUNTTYPEEDIT and 

ACCOUNTOWNERSHIPTYPEEDIT procedures, each of which produces one attribute 

of the ACCOUNTS record as an output, are placed together in the PROCEDURE 

DIVISION of the new subprogram ACCOUNT.COB. The DATA DIVISION in this 

subprogram includes all the data items to which these procedures refer. For our example, 

reassembling the business rules results in three new COBOL subprograms are formed 

(CUSTOMER.COB, ACCOUNT.COB and BANK.COB). The first two programs 

represent customer services and account services, respectively. The third program is the 

interface that invokes both programs. These three programs are then refined to: 

• Remove any extra code lines; 
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• Add calling links between the programs; and 

• Assure the functionality of the new COBOL services . 

In the second transformation step of option B, Sneed's approach in [16] is 

simulated on each of the COBOL subprograms from the previous transformation step. 

The result of this step is three Java classes (Customer.java, Account.java and Bank.java). 

4.3 Result Evaluation 

• Comparing Results of Both Transformation Options. 

After simulating both transformation options on the input COBOL 

program, the results produced from each option were compared. The result of 

this comparison is presented in the following points: 

o Both results had the same quality of Java code. They differed in the use 

of names of classes, but the content of both results were similar. 

o Both results had the same architecture when transformed to SOA. They 

had three classes, two of which represented objects (Account and 

Customer, respectively), while one class was the program interface. 

o Both transformation options are mostly automated, which means that they 

require about the same amount of effort, but option "B" requires more 

resources since the transformation team is dealing with COBOL code in 

both transformation steps. This requires COBOL experts for longer 

period of time. 

o The intermediate code, which is produced from the first transformation 

step to be passed as an input to the second transformation step, in option 

"A" is a Java program that functions exactly as the original COBOL 
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program and has the characteristics of the object-oriented language Java. 

In option "B", the intermediate code is number of COBOL program that 

each does a specific function. 

• Comparing Approach Simulation Results With Target Output. 

Comparing both results from the approach simulation step with the target 

output was very important in distinguishing the differences between a program 

written from scratch and a transformed program. The comparison resulted in the 

following points: 

o Both the target and the result programs had similar architectures. The 

shared architecture consists of three classes, two of them representing 

services and one representing the main program that invokes the class 

needed to perform a specific task. 

o A visible difference was encountered in the programming style and code 

arrangement of the programs. The COBOL architecture and syntax rules 

had an impact on the experiment results, such as the high number of 

variables and data items since they are global in the COBOL code. 

Another impact caused by the data types that are not supported in 

COBOL such as "Date", was that the variable DATEOFBIRTH was 

represented by three numerical (integer) variables (DA YOFBITTH, 

MONTHOFBIRTH, and YEAROFBIRTH. A further impact, caused by 

that user interface is represented through a procedure in COBOL, was 

that user interface procedure was transformed into a method in each class, 

then rearranged to form the "main" method of the class. On the other 



84 

hand, the target output had all user interface code lines in one class 

(BankMain.java), which is the main class in the Java program. 

• Comparing The Results Of Combined Approach Example And Non 

Combined Approach. 

o The experiment indicates that the combined approach should require less 

time, effort, and resources than the un-combined approach for the 

following reasons: 

• All needed deliverables that are produced using similar technique 

(DF A) are provided in one phase. 

• Redundant steps in two consecutively applied techniques are 

combined or eliminated. 

• Instead of applying tow complete approaches, particular steps of 

approaches are applied. 

o There is a difference in quality between the produced code in the first 

transformation step of each option in the combined approach and the code 

produced from an un-combined approach that applies either technological 

or architectural transformation due to performing the testing phase after 

the refinement of the code produced in the second transformation steps. 

For example, the Java code produced from the first transformation step in 

option "A" is refined to some extent but not tested thoroughly. The 

testing phase is performed after the second transformation step, which 

increases the possibility of non-obvious deficiencies. On the other hand, 

when an un-combined approach aims to only apply technological 
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transformation, the code is immediately tested after the transformation to 

eliminate any deficiencies. 

Overall, both the target and results programs provided the same 

functionality but in slightly different code structures. 
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Chapter 5 - Conclusions and Future Work 

5.1 Conclusion 

Legacy information systems are often based on obsolescent technologies and 

have been maintained over decades of revisions, which challenges organizations in 

terms of: 

• Taking full advantage of the collaboration opportunities offered by the 

Internet; 

• 

• 

Most effectively integrating legacy software with more recently acquired 

/ developed applications based on a more modem technology stack; 

Acquiring sufficient numbers of human resources skilled in maintaining 

software written in older programming languages; and 

• Cost-effectively maintaining code that has become poorly organized, 

undocumented, brittle and difficult to update after many years of 

modifications. 

Modernizing a legacy application can address such challenges, especially when 

the modernization project transforms the application to: 

• 

• 

• 

Be properly organized based on current best practices for object-oriented 

application architecture; 

Incorporate a modem technology stack; and 

Offer functionality for interfacing with other applications via highly 

independent web services. 
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The literature survey included in this thesis shows that individual published 

modernization approaches address a subset of these goals, but none are designed to 

accomplish all of them within a single project mandate. This thesis begins the effort of 

filling this gap. 

The main contributions of this thesis are to: 

1. Confirm with a literature survey the lack of a unified approach for both 

technology and SOA transformation of legacy information systems; 

2. Identify challenges likely to be encountered when attempting to achieve 

both technology and SOA transformation based on existing published 

approaches; 

3. Propose principles for selecting and organizing the modernization 

activities required to achieve all of the above modernization goals as part 

of a single, coordinated effort; 

4. Illustrate the principles by describing two versions of a combined 

transformation approach; and 

5. Simulate an application of the combined approach by walking through a 

set of representative deliverables. 

The results of this exercise leave us with considerable confidence that both 

technology and SOA transformation can be successfully incorporated into a combined 

project mandate, in terms of: 

• Effective flow of information so each phase provides the next with the 

data required to complete subsequent transformation steps; 
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• A significant degree of automation in completing the transformation 

activities, which is necessary to control costs and timeframes on projects 

involving millions of lines of source code; and 

• Ensuring that shared activities (such as source code parsing and analysis, 

project management, application testing, and deployment) can be planned 

in a way to eliminate redundant effort and unnecessary cost. We believe 

this, i rn, wil inimize disruptions in terms of resources with specific 

ill sets leavin)ihe project and being required to return during a later 

phase. 

In short, for an organization seeking to perform both a technology and SOA 

transformation to one or more information systems, this thesis provides a valuable 

starting point to understanding existing approaches as well as a number of principles that 

are likely to increase the success of such a combined modernization effort. 

5.2 Future work 

The obvious direction for future work would be to experiment with the proposed 

principles and approaches in the context of real information system modernization 

projects. Various combinations of sequential and parallel project phases could be 

attempted. Given that such projects commonly extend over one to three years and cost 

millions of dollars, it would be important to minimize risk by sticking as much as 

possible to proven techniques. Success would likely be defined in terms of the client 

satisfaction with: 

1. How well the resultant application integrates with other applications via 

the web services; 
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2. How quickly and cost-effectively were the project phases completed; 

3. How accurately the modernized functionality resembles the legacy 

functionality; and 

4. The perception of the client's IT department regarding the quality of the 

application source code in terms of its organization and maintainability. 

Future work with the proposed combined approaches would also likely include 

exploration of processing alternatives within various steps in the process. For instance, 

one might consider developing an approach to reduce the number of COBOL mini 

programs created in step one of transformation option "B", since each input-to-output 

path is transformed into a mini COBOL program then redundant ones are eliminated or 

combined. Another example is experimentation with a higher degree of parallel 

activities, in comparison with the largely sequential approach described in Chapter 3. If 

successful, this type of approach could offer the potential to save even more time on a 

modernization project. 
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