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ABSTRACT

System dynamics is modeling the software as it changes over time, in order to understand the underlying
mechanisms. This paper describes the software evolution process and it aim to provide a better understanding of
how applications change over time and how software can be better model with an improved understanding of the
change process. In this work, the model for software evolution process was designed. The designed comprises of
five main components; the change requests, impact analysis, release planning, change implementation and
system release.
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1. INTRODUCTION

Software are often configured and customized to fit with the specific use context. They are long-living; often evolving
over several decades. Bug fixes and upgrades are delivered on a regular basis. Though especially for software
products that need to evolve to keep up with technical and application domain developments, the architecture or model
should be an important asset (Unphon and Dittrich, 2010). Evolution implies change, which is a fact of life for large
software systems. Organization needs and requirements change during the lifetime of a system, bugs have to be
repaired, and systems have to adapt to changes in their environment. Evolution is here understood as the continuing
fixing, adaptation and enhancement of software systems, version after version, release after release within changing
application domain and stakeholder needs (Kahen et al., 2001).

If changes can be anticipated at design time, they can be built in by some form of parameterization. The fundamental
problem, supported by 40 years of hard experience, is that many changes actually required are those that the original
designers cannot even conceive of. The change is a process that either introduces new requirements into an existing
system, or modifies the system if the requirements were not correctly implemented, or moves the system into a new
operating environment. Software change is inevitable. All software systems must evolve to meet the ever-expanding
needs of its users. Therefore, it is vital for organizations to perform software maintenance in such a way as to reduce
complications arising from changes and the potential for new bugs to be introduced by the change. Software developers
need a comprehensive solution that helps them understand changes and their impact.
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This understanding is important because, as changes are made architectural complexity tends to increase, which will
likely result in an increase in the number of bugs introduced (Eick et al., 2001; Hochstein and Lindvall, 2005; Parnas,
1994). According to Hawk (2022), software evolution is a process whereby computer program requires continuous
updating, maintenance and improvement over time in order for it to remain a viable product. Arbuckle (2011) defined
software evolution as the way in which software artifacts change between versions. A version need not represent a full
release but could simply represent the current development status. Versions need not be chronologically ordered.
Software evolution process varies depending on the type of software being maintained, the development processes
used in an organization and the skills of the people involved. |

n some organizations, evolution may be an informal process where change requests mostly come from conversations
between the system users and developers (Sommerville, 2011). Kahen et al., (2001) was of the view that it is generally
agreed that the term software evolution encompasses activities that address functional fixing, adaptation, and
enhancement of a software system over life time. Software evolution takes place only when the initial development
was successful. The goal is to adapt the application to the ever-changing user requirements and operating environment.
The evolution stage also corrects the faults in the application and responds to both developer and user learning, where
more accurate requirements are based on the past experience with the application.

The goal of software evolution research is to use the history of a software system to analyze its present state and to
predict its future development. Such an analysis requires information about a system to give accurate insights about
its history. Traditionally researchers extract their data from versioning systems, as their repositories contain the artifacts
the developers produce and modify (Robbes and Lanza, 2007). The software product undergoes modification to code
and associated documentation due to a problem or the need for improvement. The objective is to modify the existing
software product while preserving its integrity. Revalidation and testing are required after changes are made to
software. These activities can be very time consuming and are an integral part of maintenance.

The evolution of software makes developers/programmers get inconsistent views of the system. Software developers
learn not to trust design documents or the original specifications when they are faced with an evolving code base.
Similarly, test cases lose relevance when developers fail to add new test cases as the software evolves. Component
interaction, originally thought to be simple, becomes much more complex so that the developers might not be able to
describe or understand it in its final form. These and related problems are bad in a moderate-sized system; they are
often fatal as systems get larger and more complex. In short, developers need a software development framework or
model that supports the consistent evolution of all the dimensions of software. Some of the problems with software
development process are poor requirement, unrealistic schedule, inadequate testing, futures and miscommunication

A software process model often represents a networked sequence of activities, objects, transformations, and events
that embody strategies for accomplishing software evolution. Such models can be used to develop more precise and
formalized descriptions of software life cycle activities. The remainder of this paper is organized as follows: Section 2
presents a literature review of software change; it aims to give the reader an overview of the software change process.
Section 3 discusses the research model. Section 4 presents the conclusion.
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2. LITERATURE REVIEW

The Laws of Software Evolution have been extensively studied (Barry et al, 2003; Barry et al, 1999; Capiluppi et al,
2005; Capiluppi et al, 2007, Cook et al, 2005; Gall 1997; Herraiz et al, 2006; Lee et al, 2007; Lehman et al., 1998;
Lehman et al., 1997, Nanda and Madhaviji, 2002; Phillips and Black, 2005; Tu and Godfrey, 2002). In understanding
these laws, and the necessity of software change, researchers have developed methods for handling changes, e.g.,
using change classification schemes, performing impact analysis, and building effort prediction models. These methods
are continuing to improve. As more research is performed to understand changes, more can be done to help engineers
implement changes. Practitioners then will not have to suffer from an uncontrollable increase in complexity or decline
in quality ( Briand and Basili, 1992).

Change classification schemes have been used to qualitatively assess the impact and risks associated with making
certain types of changes (Briand et al., 2003; 2006). Software change classification schemes also allow engineers to
group changes based on different criteria, e.g. the cause of the change, the type of change, the location of the change,
the size of the code modification or the potential impact of the change. Another benefit of change classification is that
it allows engineers to develop a common approach to address similar changes thereby reducing overall effort compared
with addressing each change individually (Nurmuliani et al, 2004).

Riel et al., (2012) gives insight into the development of one component of a consistent qualification and certification
scheme, which is in its entirety particularly targeted at Integrated Design Engineers in various industrial sectors. Calvo-
Manzano et al. (2012) describes a multi-model methodology that implements a smooth and continuous process
improvement, depending on the organization’s business goals and allowing users to establish their improvement
implementation pace. The methodology focuses on basic process components known as ‘best practices’. Besides, it
covers following the topics: knowledge management and change management. The methodology description and the
results of a case study on project management process are included.

According to Pries-Hejeet al. (2008), investments in SPI often have not achieved the expected changes and
improvements. This is because the protocol followed by current process improvement is: (i) analyze the company
weaknesses, (i) design their processes, often based on international models and standards, beyond the activities
carried out in the company, and (jii) implement the processes developed in depth within the organization (too many
changes at the same time that are too large or too fast) (West, 2007). This way of implementing a process creates a
process revolution, generating change resistance that leads to a failure in the process improvement initiative.

Top-down process improvement approaches provide a high-level model of what the process of a software development
organization should be. Such models are based on the consensus of a designated working group on how software
should be developed or maintained. They are very useful in that they provide general guidelines on where to start
improving, and in which order. However, the majority of them have only worked in scenarios within large companies.
Garcia et al. (2012) adopt an iterative approach by providing a Process Improvement Web-based Tool (SysProVal) to
help small software development organizations.
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3. THE MODEL FOR PROPOSED SOFTWARE EVOLUTION PROCESS

The software evolution process includes the fundamental activities of change request, change analysis, release
planning, system implementation and releasing a system to customers. Figure 1 depicts the proposed intelligent system
dynamic for software evolution process.
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Figure 1: Proposed Intelligent System Dynamic for Software Evolution Process
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(a) Submit Change Request (CR): The change process is initiated when a ‘customer’ completes and submits a
change request describing the change required to the system. These requests may reflect suggestions and feedback
from customers or analyses of what is offered by competing products. It could be a bug report, where the symptoms of
the bug are described, or a request for additional functionality to be added to the system. The change requests may
be submitted using a change request form (CRF).

(b) Change Requests: This relate to system problems that have to be tackled urgently. These urgent changes can

arise for three reasons:

o [faserious system fault occurs that has to be repaired to allow normal operation to continue.

o Ifchanges to the systems operating environment have unexpected effects that disrupt normal operation.

o [fthere are unanticipated changes to the business running the system, such as emergence of new competitors or
the introduction of new legislation that affects the system.

After a change request has been submitted, it is checked to ensure that it is valid. The checker may be from a customer
or application support team or, for internal requests, may be a member of the development team.

() Change Analysis and Aggregation: Checking is necessary because not all change requests require action.

This comprises of requirement specification, component analysis and initial requirement validation

= Requirement Specification: identifies the problems a new software system issupposed to solve, its operational
capabilities, its desired performance characteristics, andthe resource infrastructure needed to support system
operation and maintenance.

= Component Analysis: Given the requirements specification, a search is made for components before
implementing that specification. The system is check to determine if the requirements specified is already in
existing system. All similar change request submitted by different customer or stakeholders with high level of
relevance are aggregated together to form a unique request in order to avoid duplication of requests.

= Requirement Validation: If the change request is a bug report, the bug may have already been reported.
Sometimes, what people believe to be problems are actually misunderstandings of what the system is expected
to do. Occasionally, people request features that have already been implemented but which is unknown to them.
If any of these are true, the change request is closed and the form is updated with the reason for closure. Ifitis a
valid change request, it is then logged as an outstanding request for subsequent analysis. This activity checks the
requirements for realism, consistency, and completeness. During this process, errors in the requirements
document are inevitable discovered.
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Figure 2: Change Analysis and Aggregation Model

(c) Impact Analysis: For valid change request, the cost and impact of these changes are assessed to see how much
of the system is affected by the change and how much it might cost to implement the change. Following this analysis,
a separate group should then decide if it is cost effective from a business perspective to make the change to the
software. This group considers the impact of the change from a strategy and organizational rather than a technical
point of view. It decides whether the change in question is economically justified and prioritizes accepted changes for
implementation.

(d) Release Planning: If the proposed changes are accepted, a new release of the system is planned. During release
planning, all proposed changes (fault repair, adaptation, and new functionality) are considered. Functional Specification
or Prototyping identifies and potentially formalizes the objects of computation, their attributes and relationships, the
operations that transform these objects, the constraints that restrict system behavior, and so forth.
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(e) Change Implementation: A decision is then made on which change to implement in the next version of the system.

This stage modifies the system specification, design and implementation to reflect the changes to the system.

o Change Proposal: The software engineers’ work with customers and system end-users to find out about the
application domain, what services the system should provide, the required performance of the system, hardware
constraints, and so on. During the evolution process, system changes are proposed. The change proposal may
come from existing requirements that have not been implemented in the released system, requests for new
requirements, bug reports from system stakeholders, and new ideas for software improvement from the system
development team.

¢ Requirements Analysis& Updating: After the proposal, the new requirements that reflect the changes are then

analyzed in detail to reflect the changes that were not apparent in the earlier change analysis process. The change
implementation may consist of several steps, each visiting one specific software component. If the visited
component is modified, it may no longer fit with the other components because it may no longer properly interact
with them. In that case secondary changes must be made in neighboring components, which may trigger additional
changes, etc. Detailed Component Design Specification defines the procedural methods through which each
module's data resources are transformed from required inputs into provided outputs.
Furthermore, customer/stakeholder discussions may be required before they are implemented and validated. A
system stakeholder is anyone who should have some direct or indirect influence on the system requirements.
Stakeholders include end-users who interact with the system and anyone else in an organization that will be
affected by it. Other stakeholders might be engineers who are developing or maintaining other related systems,
business manager, domain experts, and trade union representatives.

o Software Development: This is the Component Implementation and Debugging phase which codifies the
preceding specifications into operational source code implementations and validates their basic operation.

(f) Verification and Validation: affirms and sustains the overall integrity of the software system architectural
configuration through verifying the consistency and completeness of implemented modules, verifying the resource
interfaces and interconnections against their specifications, and validating the performance of the system and
subsystems against their requirements. The aim of validation is to ensure that the software meets the customer’s
expectations. It goes beyond simply checking conformance with the specification to demonstrating that the software
does what the customer expects it to do.

(9) System Release: There are usually several releases to customers during the software evolution stage. The time
of each release is based on both technical and business considerations. Managers must take into account various
conflicting criteria, which include time to market or time of delivery, stability of software, fault rate reports, etc. The
release, which is the traditional boundary between software development and software maintenance, can be a blurred
and to a certain degree an arbitrary milestone. The system release involves releasing the software for external use and
keeping track of the system versions that have been released for customer use. A system release is not just the
executable code of the system. The release may also include configuration files, data files, an installation program,
electronic and paper documentation, as well as packaging and associated publicity that have been designed for that
release. For software with a large customer base, it is customary to produce a sequence of versions. These versions
coexist among the users and are independently serviced, mostly to provide bug fixes. This servicing may take the form
of patches or minor releases so that a specific copy of the software in the hands of a user may have both a version
number and release number. The releases rarely implement a substantial new functionality; that is left to the next
version.
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4. CONCLUSION

Evolution means change and software change is inevitable. Evolution is critical in the life cycle of all software systems
especially in highly volatile business domains such as banking, e-commerce and telecommunications. All software
systems must evolve to meet the ever-expanding needs of its users. The time of change has impacts on the kind of
change mechanism that is needed. Any systems that allow dynamic evolution must ensure that at runtime, the system’s
integrity is preserved and that there is an appropriate level of control over the change. Otherwise, when the changes
are implemented, the running system will crash or behave erroneously.
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