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ABSTRACT:   
 

Software Cloning has grown an active area in software engineering research community 
yielding numerous techniques, various tools and other methods for clone detection and 
removal. The copying, modifying a block of code is identified as cloning as it is the most basic 
means of software reuse. Agile Software Development is an approach which is currently 
being used in various software projects, so that it helps to respond the unpredictability of 
building software through incremental, iterative work cadences. Software Cloning has been 
introduced to Agile Environment and many Agile software Development approaches are 
using the concept of Software Cloning. This paper discusses the various Agile Software 
Development approaches. It also discusses the degree to which the Software Cloning concept 
is being introduced in the Agile Software development approaches. 
© 2015 The Authors. Published by Elsevier B. V. 
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[1] INTRODUCTION  

The reuse approach of existing code is called code coning and the passed code 

fragment which may be with or without modifications is called a clone of the original. A code 

fragment CF1, which is sequence of code line is clone to another fragment CF2, if they have 

similar properties i.e. F (CF1) = F (CF2), where “F” is a similar function [1]. 

Reusing code fragments via copy-and-paste, with or without modifications or adaptions 

is a common behavior of software engineers for quick code reuse. But it introduces a 

disadvantage to reuse by creating clones. Various software development approaches 

methodologies are accompanied with high degree of reuse. Refactoring is on of the main 

practices followed in Agile Environment and thus refactoring is used in the cloning process. 

 

[2] SOFTWARE CLONING  

Software Cloning is two fragments of code from software clone if they are similar 

enough according to a given measure of similarity. It has been found that 5%-20% of code in 

software systems is clones. Code clones have the effect of increasing source code size and 



 
SOFTWARE CLONING AND AGILE ENVIRONMENT 

 76 
 

duplication of errors. Unfortunately, clones are harmful in software maintenance and 

evolution [2]. Several studies show that software system with code clones are more difficult 

to maintain that the ones without them [3] [4]. Different clone definitions can be classified 

according to the level of granularity. They are list of strings, sequence of tokens, Abstract 

Syntax Trees (AST) and semantic information [5]. 

Software clones are four types. They are: Type I, Type II, Type III and Type IV. Code 

clones of Type I, Type II and Type III are characterized based on textual similarity [6] [8]. 

Type I defines identical code fragments except for variations in white space (may be also 

variation in layout) and comments. Type I code clones are also widely known as exact clones. 

Type II defines structurally/syntactically identical fragments except for variations in 

identifiers, literals, types, layouts and comments. The reserved words and the sentence 

structures are essentially the same as the original one. Type III defines copied fragments with 

further modifications. Statements can be changed, added or removed in addition to variations 

in identifiers, literals, types, layouts and comments. Type IV defines two or more code 

fragments are identical or similar i.e. they have similar pre and post conditions. Type IV is 

also called semantic clone [9].  

 

[3] AGILE SOFTWARE DEVELOPMENT  

Agility, in a software development environment, is the power of software to choose and 

react expeditiously and fittingly to various changes in its surround and to the demands 

imposed by this surround. The methodology evolved out of a need to address the direct 

problems facing the software industry. The most notable “state-of-the-union” report on the 

software industry was published and the now famous “Chaos” report by the Standish group in 

1995 [10]. Agile Software Developments methods are based on iterative and incremental 

development, where requirements and solutions evolve through collaboration between self-

organizing, cross-functional teams. The “Agile Movement” in software industry saw the light 

of day with the Agile Software Development Manifesto published by a group of software 

practitioners and consultants in 2001 [11] [12]. 

The Agile Manifesto [13] states the main focus of the agile development as the 

following 

1.   Individuals and Interactions over processes and tools. 

2.   Working software over comprehensive documentation. 

3.   Customer collaboration over contract negotiation. 

4.   Responding to change over following a plan. 

  

 The most common methods are Extreme Programming (XP), Scrum, Agile 

Modeling (AM), Adaptive Software development (ASD), Agile Unified Process (AUP), 

Crystal Methodologies, Disciplined Agile Delivery (DAD), Dynamic Systems Development 

Method (DSDM), Feature Driven Development (FDD), Lean Software Development, 

Kanban, Scrum-ban.  

 

[4] MAPPING OF SOFTWARE CLONING WITH AGILE SOFTWARE 

DEVELOPMENT METHODOLOGIES  
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 The mapping between software cloning and agile methodologies is described in the 

next sub-section. 

[4.1] Extreme Programming (XP) 

 Extreme Programming is abbreviated as “XP”. The methodology works by bringing the 

whole team together in the presence of simple practices, with enough feedback to enable the 

team to see where they are and to tune the practices to their unique situation [14]. XP takes 12 

software development “best practices”, and applies them to the extreme [15]. Extreme 

Programming focuses on delivering business value in every iteration. To, accomplish this 

over the course of the whole project, the software must be well-designed. So, XP uses a 

process of continuous design improvement called “Refactoring”. The refactoring process 

focuses on removal of duplication, and on increasing the cohesion of the code, while 

lowering the coupling. The results is that XP team start with a good, simple design and 

always has a good simple design for the software [16]. So, XP completely satisfies Software 

Cloning.  

 

[4.2] Scrum 

 Scrum is a framework within which people can address complex adaptive problems, 

while productively and creatively delivering products of the highest value [17]. The 

framework is iterative and incremental for projects and product or application development. 

At the Centre of each Scrum project is a backlog of work to be done. This backlog is 

populated during the planning phase of a release and defines the scope of the release. The 

development process of a Scrum project is divided into a series of short iterations called 

sprints. Each sprint aims to implement a fixed number of backlog items. The members of the 

team identify the backlog items for the sprint. During a sprint, the team has daily stand-up 

meeting of 15 minutes. The sprint stage comprises of the following practices: simple design, 

testing, refactoring, pair programming, collective ownership, continuous integration and 

coding standards [18]. So, Scrum completely satisfies Software Cloning.  

 

[4.3] Agile Modeling 

 Agile Modeling (AM) is a practice-based methodology, and is collection of values, 

principles and practices, for modeling software that can be applied on a software development 

project in an effective and light-weight manner. The key focus in AM is on practices and 

cultural principles [19]. Refactoring is a coding technique which is compatible with AM. AM 

does not address programming-related issues. Therefore, there is no technical overlap between 

the programming-related issues and refactoring [20]. So, AM completely satisfies Software 

Cloning. 

 

   [4.4] Adaptive Software Development (ASD) 

 Adaptive Software Development (ASD) is about “balancing on the edge of chaos” its 

aim is to provide a framework with enough guidance to prevent projects from falling into 

chaos, but not too much, which could suppress emergence and creativity [21]. It embodies the 

principle that continuous adaptation of the process to the work at hand is the normal sate of 

affairs [22]. In ASD, the life cycle is dedicated to continuous learning and oriented to change, 
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re-evaluation, peering, into an uncertain future, and intense collaboration among developers, 

management and customers [23]. The ASD life cycle consists of Speculate, Collaborate and 

learn. In the Collaborate phase of ASD life cycle, several components undergo concurrent 

development. The components are continuously refined in the iterative process to reflect any 

new information, and to cater for changes in components requirements [21]. So, ASD 

completely satisfies Software Cloning.   

 

 

[4.5] Future Driven Development (FDD) 

 Feature Driven Development is a model driven short iteration process. It begins with 

establishing an overall model shape with a series of two-week design by feature and build by 

feature iterations. The features are small i.e. useful in the eyes of the client results [24]. It 

focuses on the design and building phases rather than covering the entire software development 

phases. FDD uniquely uses very small blocks of client-valued functionality called features 

allowing users to describe what they want in short statements, organizing those little blocks into 

business-related groupings. It provides detailed planning and measurement guidance and tracks 

and reports progress with surprising accuracy. Coding process in FDD is not exciting and 

challenging. FDD strongly encourages code ownership. Refactoring is highly discouraged in 

FDD since it takes time and does not bring any value to the customer. So, FDD does or satisfy 

Software Cloning [25]. 

 

[4.6] Lean Software Development 

 The concepts of Lean Software Development were drawn from lean manufacturing and 

lean product development. The lean manufacturing is focused slowly on the production process 

and focused on removing waste from the production process [26]. It focuses on the creation of 

change-tolerant software. This methodology embodies that dynamic stability. In implementing 

lean software development, seven principle of lean manufacturing can be applied to optimize 

the whole IT value stream. These principle offer practical, measurable ways to transform 

software delivery process [26]. The principles are Eliminate Waste, Amplify Learning, Decide 

As Late As Possible, deliver In and See The Whole and The Build Integrity In principle highly 

encourages refactoring for integral architecture. Addition of more features to the original code 

base makes more complex for further improvements. Use of refactoring concepts to the codes 

makes it simple and clear and minimum amount of features are present in the code. So, lean 

Software Development completely satisfies Software Cloning [27]. 

 

[4.7] Agile Unified Process (AUP) 

 The Agile Unified Process (AUP) is a hybrid modeling approach by combining rational 

Unified Process (RUP) to agile methods [28]. The AUP is an iterative-incremental process 

consisting of work flows and phase. The overall development cycle consists of four phases. 

They are: Inception, Elaboration, Construction and Transition. Each phase can be further 

broken down into iteration. Each phase can be further broken down into iterations. Each 

iteration consists of seven work areas (disciplined) n\performed during the iteration. The AUP 

applies agile techniques like test-driven development (TDD), Agile Modeling (AM) and 

database refactoring. Since database refactoring maintains informational semantics in addition 
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to behavioral semantics. Behavioral semantics represents code refactoring. So, AUP completely 

satisfies Software Cloning [29] [30].  

 

[4.8] Dynamic System Development Method (DSDM) 

 Dynamic System Development Method (DSDM) is a framework which embodies much 

of the current knowledge about project management. DSDM is dynamic and uses incremental 

prototyping, and is particularly useful for the systems to be developed in short time span [31]. It 

focuses on rapid delivery of the basic functions so that workable systems can be produced 

quickly, thus reducing the cost and time of projects [32]. DSDM applies 9 principles in its 

development framework for implementing projects. Violation of any principles leads increases 

the risk of the project. The principles of DSDM are Active user Involvement is Imperative, 

Teams Must be Empowered to Make Decisions, Focus on Frequent Delivery, Fitness for 

Business Criterion for Accepted Deliverables, Iterative and Incremental development is 

Mandatory, All Changes During Development Must be reversible, requirements are Base lined 

at High-Level, testing is Integrated throughout the Life cycle, Collaborative and Co-operative 

and Co-operative Approach. DSDM practices the reconstruction of the code by using concept 

of backtracking. So. DSDM completely satisfies Software Cloning [33]. 

 

[4.9] Kanban 

 Kanban literally means visual card or signboard or billboard is a project management 

frameworks. Toyota originally used Kanban cards to limit the amount of inventory ties up in 

“work in progress” on a manufacturing floor. Kanban characterizes itself as a limited pull, 

work-in-progress system that is incremental and evolutionary. Kanban has six core practices. 

They are visualize your work flow, limit work in progress, manage flow, make policies explicit, 

create opportunities for feedback and improve collaboratively and evolve experimentally [34]. 

In software development, Kanban queues. So, Kanban completely satisfies Software Cloning 

[35]. 

 

[4.10] Disciplined Agile Delivery 

 Disciplined Agile Delivery (DAD) is a process decision framework and is a hybrid 

agile approach to IT solution delivery. It address the full delivery life cycle from project 

initiation to production [36][. DAD process framework has several important characteristics. 

These characteristics are people-first, learning-oriented, agile, hybrid, IT solution focused, goal-

driven delivery life cycle, risk and value driven and enterprise aware. The role on DAD is 

divided into primary roles and secondary optional roles [37] [38]. The practices that DAD 

follows during software development are continuous integration (CI), daily coordination 

meetings, refactoring, initial requirements envisioning, initial architecture envisioning and end-

of-life cycle testing [36]. So, DAD completely satisfies Software Cloning. 

 

[4.11] Scrum-ban  

 Scrum-ban methodology represents the best elements from Scrum and Kanban where 

the key concepts of team working together to complete work i.e. Scrum and the amount work 

limited to an optimized amount i.e. Kanban. Scrum and Kanban combines together for high 

throughput and visibility into the development process. Some of the key Scrum-ban features are 
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work backlog which is equivalent to Scrum's product backlog with minor differences for how 

work items are tracked, work item is the individual descriptions of functionality needed by the 

business, work line describes the series of stages in the software development process that pull 

work for the work backlog and produce shippable business value and stages which describes 

the common and discrete steps required to deliver software withing an organization. As Kanban 

is compatible with Scrum so at the cultural level it will look like Kanban where software 

evolution occurs [30]. So, Kanban completely satisfies Software Cloning. 

 

[4.12] Crystal Methodologies 

 Various methodologies are included in the Crystal family of Methodologies. A color is 

marked to each member of the methodology to indicate its heaviness. The family members of 

Crystal are categorized base on the number of developers. They are: Clear (6-10 developers), 

Yellow (10-20 developers), Orange (20-40 developers) and Red (40-100 developers). Crystal 

Orange has a role called reuse point which is a part-time role carried out by an architect or a 

designer-programmer. This role identifies the reusable software components [21]. So, Crystal 

Orange completely satisfies Software Cloning. 

 

 [5] CONCLUSIONS  

The software industry i.e. the small scale and medium scale software enterprises are 

bundled up with many outsourced national and international projects. It has been seen that 

agile methodologies are playing a vital role in software development projects. The demand 

for more complex software developments in the market results in code reuse or which called 

it as Software Cloning. This paper explored the answer to the user of Software Cloning and 

Agile Methodologies. It has been that most of the Agile Methodologies prefer Software 

Cloning except the Feature-Driven Development (FDD). And it is also seen that among the 

four family members in Crystal Methodologies only Crystal Orange satisfies Software 

Cloning. 
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