VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

INTERNATIONAL JOURNAL OF RESEARCH IN
COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at:
Ulrich's Periodicals Directory ©, ProQuest, U.S.A., EBSCO Publishing, U.S.A., Cabell's Directories of Publishing Opportunities, U.S.A., Google Scholar,

Index Copernicus Publishers Panel, Poland [iffCAVAINEIONS08 8. number of libraries all around the world.
Circulated all over the world & Google has verified that scholars of more than 4767 Cities in 180 countries/territories ~ are visiting our journal on regular basis.
Ground Floor, Building No. 1041-C-1, Devi Bhawan Bazar, JAGADHRI — 135 003, Yamunanagar, Haryana, INDIA

http://ijrcm.org.in/




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

CONTENTS

Sr. Page
No. TITLE & NAME OF THE AUTHOR (S) No.

1. |IMPACT OF ASSET QUALITY ON SOLVENCY & LIQUIDITY OF BANKS: A COMPARATIVE STUDY OF 1
PUBLIC SECTOR AND PRIVATE SECTOR BANKS IN INDIA
NARASIMHA PRAKASH & DR. S. RAMESH

2. |AN ANALYSIS OF ATTITUDES OF EMPLOYEES TOWARDS OVERTIME PRACTICES IN PHARMACEUTICAL 6
INDUSTRY
DR. VIJAYALAKSHMI KANTETI

3. |ACOST EFFECTIVE ANALYSIS OF TECHNICAL TRAINING IN POWER SUPPLY COMPANY 9
COLLINS MUDENDA & PRISCA KAPUTO

4. |ASTUDY OF PROGRESS AND CHALLENGES OF SHGs IN KARJAT TALUKA 14
DR. B.S.RUPNAWAR & SNEHA G. UPADHYE

5. |CYBER-BULLYING: VICTIMIZATION OF ADOLESCENT GIRLS 17
DR. AARTI TOLIA

6. |FINANCIAL PERFORMANCE EVALUATION OF KARNATAKA CO-OPERATIVE MILK PRODUCERS 19
FEDERATION LTD. IN KARNATAKA WITH SPECIAL REFERENCE TO DAKSHINA KANNADA MILK UNION
JAYALAKSHMI H. Y. & DR. P. N. UDAYACHANDRA

7. |SOFTWARE EVOLUTION: PAST, PRESENT AND FUTURE 23
M. VENKATESWARA RAO

8. |CUSTOMER PERSPECTIVE OF RELATIVE IMPORTANCE OF VISUAL MERCHANDISING VARIABLES: A 28
CASE OF ELECTRONIC GOODS RETAILER IN HYDERABAD
M. HIMABINDU

9. |CUSTOMER EXPECTATIONS & HEALTHCARE PROFESSIONALS PERCEPTION OF CUSTOMER 31
EXPECTATION OF SERVICE QUALITY: A GAP ANALYSIS
SWETA DCUNHA, SUCHARITA SURESH & DR. VIJAYA KUMAR

10. |HRPRACTICES AND PERFORMANCE ON THE HOTEL INDUSTRY IN INDIA 38
DR. V. SIVAKUMAR & ABDUL SIBIRIL

11. |EFFECT OF PEOPLE PRACTICES ON TEACHER’S PERCEIVED ORGANIZATIONAL SUPPORT 40
NITHYAGOWRI.P. & DR. KIRUPA PRIYADARSHINI.M

12. |ISSUES AND TRENDS CHANGING SUPPLY CHAIN MANAGEMENT 44
A. KIRAN KUMAR

13. |FINANCIAL ANALYSIS OF CHHATTISGARH RENEWABLE ENERGY DEVELOPMENT AGENCY (CREDA) 47
SUMONA BHATTACHARYA & DR. R. P. AGARWAL

14. |E-COMMERCE: THE INNOVATIVE FACE OF MARKET 57
PARUL GABA & KANCHAN WADHWA

15. |GROWTH AND PERFORMANCE OF SELECT NON BANKING FINANCE COMPANIES IN INDIA 60
V. THILAGAVATHI & M. LALITHA

16. |ROLE OF OUTSIDERS IN DISTRIBUTION OF INFORMATION OVER THE INTERNET 64

HARPREET SINGH WALIA

17. |CSR AS A MEASURE FOR ENHANCED REPUTATION: A REVIEW OF WORLD RENOWNED SELECT 66
COMPANIES
BHAWNA KAPOOR

18. |ASTUDY ON FACTORS INFLUENCING COMPACT CAR CUSTOMERS IN DECISION MAKING AND BUYING 71
OF COMPACT CAR WITH SPECIAL REFERENCE TO COIMBATORE CITY
DR.V.RANGANATHAN, K. MANGAIYARKKARASI & M. KOVARTHINI

19. |INSEARCH OF EXCELLENCE IN SOFTWARE DEVELOPMENT PROJECT: A STUDY 77
AMIT KUMAR PARMAR

20. |[LIVELIHOOD ANALYSIS OF HANDLOOM COMMUNITY: A CASE STUDY OF BALARAMAPURAM 83
HANDLOOM WEAVERS OF KERALA
MUHAMMED JABIR M M

REQUEST FOR FEEDBACK & DISCLAIMER 87

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

CHIEF PATRON

PROF. K. K. AGGARWAL
Chairman, Malaviya National Institute of Technology, Jaipur
(An institute of National Importance & fully funded by Ministry of Human Resource Development, Government of India)
Chancellor, K. R. Mangalam University, Gurgaon
Chancellor, Lingaya’s University, Faridabad
Founder Vice-Chancellor (1998-2008), Guru Gobind Singh Indraprastha University, Delhi
Ex. Pro Vice-Chancellor, Guru Jambheshwar University, Hisar

FOUNDER PATRON

LATE SH. RAM BHAJAN AGGARWAL
Former State Minister for Home & Tourism, Government of Haryana
Former Vice-President, Dadri Education Society, Charkhi Dadri
Former President, Chinar Syntex Ltd. (Textile Mills), Bhiwani

FORMER CO-ORDINATOR,
DR. S. GARG
Faculty, Shree Ram Institute of Business & Management, Urjani

ADVISORS

PROF. M. S. SENAM RAJU
Director A. C. D., School of Management Studies, 1.G.N.O.U., New Delhi
PROF. S. L. MAHANDRU
Principal (Retd.), Maharaja Agrasen College, Jagadhri

EDITOR

PROF. R. K. SHARMA
Professor, Bharti Vidyapeeth University Institute of Management & Research, New Delhi

EDITORIAL ADVISORY BOARD

DR. RAJESH MODI
Faculty, Yanbu Industrial College, Kingdom of Saudi Arabia
PROF. PARVEEN KUMAR
Director, M.C.A., Meerut Institute of Engineering & Technology, Meerut, U. P.
PROF. H. R. SHARMA
Director, Chhatarpati Shivaji Institute of Technology, Durg, C.G.
PROF. MANOHAR LAL
Director & Chairman, School of Information & Computer Sciences, I.G.N.O.U., New Delhi
PROF. ANIL K. SAINI
Chairperson (CRC), Guru Gobind Singh I. P. University, Delhi
PROF. R. K. CHOUDHARY
Director, Asia Pacific Institute of Information Technology, Panipat
DR. ASHWANI KUSH
Head, Computer Science, University College, Kurukshetra University, Kurukshetra

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

DR. BHARAT BHUSHAN
Head, Department of Computer Science & Applications, Guru Nanak Khalsa College, Yamunanagar
DR. VIJAYPAL SINGH DHAKA
Dean (Academics), Rajasthan Institute of Engineering & Technology, Jaipur
DR. SAMBHAVNA
Faculty, I..T.M., Delhi
DR. MOHINDER CHAND
Associate Professor, Kurukshetra University, Kurukshetra
DR. MOHENDER KUMAR GUPTA
Associate Professor, P. J. L. N. Government College, Faridabad
DR. SHIVAKUMAR DEENE
Asst. Professor, Dept. of Commerce, School of Business Studies, Central University of Karnataka, Gulbarga
DR. BHAVET
Faculty, Shree Ram Institute of Engineering & Technology, Urjani

ASSOCIATE EDITORS

PROF. ABHAY BANSAL
Head, Department of Information Technology, Amity School of Engineering & Technology, Amity University, Noida
PROF. NAWAB ALI KHAN
Department of Commerce, Aligarh Muslim University, Aligarh, U.P.
ASHISH CHOPRA
Sr. Lecturer, Doon Valley Institute of Engineering & Technology, Karnal

FORMER TECHNICAL ADVISOR,

AMITA
Faculty, Government M. S., Mohali

FINANCIAL ADVISORS

DICKIN GOYAL
Advocate & Tax Adviser, Panchkula
NEENA
Investment Consultant, Chambaghat, Solan, Himachal Pradesh

LEGAL ADVISORS
JITENDER S. CHAHAL
Advocate, Punjab & Haryana High Court, Chandigarh U.T.
CHANDER BHUSHAN SHARMA
Advocate & Consultant, District Courts, Yamunanagar at Jagadhri

SUPERINTENDENT

SURENDER KUMAR POONIA

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/

iv




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

CALL FOR MANUSCRIPTS

We invite unpublished novel, original, empirical and high quality research work pertaining to recent developments & practices in the areas of Computer
Science & Applications; Commerce; Business; Finance; Marketing; Human Resource Management; General Management; Banking; Economics; Tourism
Administration & Management; Education; Law; Library & Information Science; Defence & Strategic Studies; Electronic Science; Corporate Governance;
Industrial Relations; and emerging paradigms in allied subjects like Accounting; Accounting Information Systems; Accounting Theory & Practice; Auditing;
Behavioral Accounting; Behavioral Economics; Corporate Finance; Cost Accounting; Econometrics; Economic Development; Economic History; Financial
Institutions & Markets; Financial Services; Fiscal Policy; Government & Non Profit Accounting; Industrial Organization; International Economics & Trade;
International Finance; Macro Economics; Micro Economics; Rural Economics; Co-operation; Demography: Development Planning; Development Studies;
Applied Economics; Development Economics; Business Economics; Monetary Policy; Public Policy Economics; Real Estate; Regional Economics; Political
Science; Continuing Education; Labour Welfare; Philosophy; Psychology; Sociology; Tax Accounting; Advertising & Promotion Management; Management
Information Systems (MIS); Business Law; Public Responsibility & Ethics; Communication; Direct Marketing; E-Commerce; Global Business; Health Care
Administration; Labour Relations & Human Resource Management; Marketing Research; Marketing Theory & Applications; Non-Profit Organizations;
Office Administration/Management; Operations Research/Statistics; Organizational Behavior & Theory; Organizational Development;
Production/Operations; International Relations; Human Rights & Duties; Public Administration; Population Studies; Purchasing/Materials Management;
Retailing; Sales/Selling; Services; Small Business Entrepreneurship; Strategic Management Policy; Technology/Innovation; Tourism & Hospitality;
Transportation Distribution; Algorithms; Artificial Intelligence; Compilers & Translation; Computer Aided Design (CAD); Computer Aided Manufacturing;
Computer Graphics; Computer Organization & Architecture; Database Structures & Systems; Discrete Structures; Internet; Management Information
Systems; Modeling & Simulation; Neural Systems/Neural Networks; Numerical Analysis/Scientific Computing; Object Oriented Programming; Operating
Systems; Programming Languages; Robotics; Symbolic & Formal Logic; Web Design and emerging paradigms in allied subjects.

Anybody can submit the soft copy of unpublished novel; original; empirical and high quality research work/manuscript - in M.S. Word format
after preparing the same as per our GUIDELINES FOR SUBMISSION; at our email address i.e. infoijrcm@gmail.com or online by clicking the link online
submission as given on our website (FOR ONLINE SUBMISSION, CLICK HERE).

GUIDELINES FOR SUBMISSION OF MANUSCRIPT
L COVERING LETTER FOR SUBMISSION:

DATED:

THE EDITOR
IJRCM

Subject: SUBMISSION OF MANUSCRIPT IN THE AREA OF

(e.g. Finance/Mkt./HRM/General Mgt./Engineering/Economics/Computer/IT/ Education/Psychology/Law/Math/other, please
specify)

DEAR SIR/MADAM

Please find my submission of manuscript entitled * ’ for possible publication in one
of your journals.

| hereby affirm that the contents of this manuscript are original. Furthermore, it has neither been published elsewhere in any language
fully or partly, nor is it under review for publication elsewhere.

I affirm that all the co-authors of this manuscript have seen the submitted version of the manuscript and have agreed to their inclusion
of names as co-authors.

Also, if my/our manuscript is accepted, | agree to comply with the formalities as given on the website of the journal. The Journal has
discretion to publish our contribution in any of its journals.

NAME OF CORRESPONDING AUTHOR

Designation

Institution/College/University with full address & Pin Code

Residential address with Pin Code

Mobile Number (s) with country ISD code

Is WhatsApp or Viber active on your above noted Mobile Number (Yes/No)
Landline Number (s) with country ISD code

E-mail Address

Alternate E-mail Address

Nationality

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

10.
11.

NOTES:

a) The whole manuscript has to be in ONE MS WORD FILE only, which will start from the covering letter, inside the manuscript. pdf.
version is liable to be rejected without any consideration.

b) The sender is required to mention the following in the SUBJECT COLUMN of the mail:

New Manuscript for Review in the area of (e.g. Finance/Marketing/HRM/General Mgt./Engineering/Economics/Computer/IT/
Education/Psychology/Law/Math/other, please specify)

c) Thereis no need to give any text in the body of mail, except the cases where the author wishes to give any specific message w.r.t.
to the manuscript.

d) The total size of the file containing the manuscript is expected to be below 1000 KB.

e) Abstract alone will not be considered for review and the author is required to submit the complete manuscript in the first
instance.

f)  The journal gives acknowledgement w.r.t. the receipt of every email within twenty four hours and in case of non-receipt of
acknowledgment from the journal, w.r.t. the submission of manuscript, within two days of submission, the corresponding author
is required to demand for the same by sending a separate mail to the journal.

g) The author (s) name or details should not appear anywhere on the body of the manuscript, except the covering letter and the
cover page of the manuscript, in the manner as mentioned in the guidelines.

MANUSCRIPT TITLE: The title of the paper should be bold typed, centered and fully capitalised.

AUTHOR NAME (S) & AFFILIATIONS: Author (s) name, designation, affiliation (s), address, mobile/landline number (s), and
email/alternate email address should be given underneath the title.

ACKNOWLEDGMENTS: Acknowledgements can be given to reviewers, guides, funding institutions, etc., if any.

ABSTRACT: Abstract should be in fully italicized text, ranging between 150 to 300 words. The abstract must be informative and explain
the background, aims, methods, results & conclusion in a SINGLE PARA. Abbreviations must be mentioned in full.

KEYWORDS: Abstract must be followed by a list of keywords, subject to the maximum of five. These should be arranged in alphabetic
order separated by commas and full stop at the end. All words of the keywords, including the first one should be in small letters, except
special words e.g. name of the Countries, abbreviations.

JEL CODE: Provide the appropriate Journal of Economic Literature Classification System code (s). JEL codes are available at
www.aeaweb.org/econlit/jelCodes.php, however, mentioning JEL Code is not mandatory.

MANUSCRIPT: Manuscript must be in BRITISH ENGLISH prepared on a standard A4 size PORTRAIT SETTING PAPER. It should be free
from any errors i.e. grammatical, spelling or punctuation. It must be thoroughly edited at your end.

HEADINGS: All the headings must be bold-faced, aligned left and fully capitalised. Leave a blank line before each heading.
SUB-HEADINGS: All the sub-headings must be bold-faced, aligned left and fully capitalised.
MAIN TEXT:

THE MAIN TEXT SHOULD FOLLOW THE FOLLOWING SEQUENCE:

INTRODUCTION
REVIEW OF LITERATURE
NEED/IMPORTANCE OF THE STUDY
STATEMENT OF THE PROBLEM
OBJECTIVES
HYPOTHESIS (ES)
RESEARCH METHODOLOGY
RESULTS & DISCUSSION
FINDINGS
RECOMMENDATIONS/SUGGESTIONS
CONCLUSIONS
LIMITATIONS
SCOPE FOR FURTHER RESEARCH
REFERENCES
APPENDIX/ANNEXURE

The manuscript should preferably range from 2000 to 5000 WORDS.

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

Vi

http://ijrcm.org.in/




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009

12. FIGURES & TABLES: These should be simple, crystal CLEAR, centered, separately numbered & self explained, and titles must be above
the table/figure. Sources of data should be mentioned below the table/figure. It should be ensured that the tables/figures are referred
to from the main text.

13. EQUATIONS/FORMULAE: These should be consecutively numbered in parenthesis, horizontally centered with equation/formulae
number placed at the right. The equation editor provided with standard versions of Microsoft Word should be utilised. If any other
equation editor is utilised, author must confirm that these equations may be viewed and edited in versions of Microsoft Office that
does not have the editor.

14. ACRONYMS: These should not be used in the abstract. The use of acronyms is elsewhere is acceptable. Acronyms should be defined
on its first use in each section: Reserve Bank of India (RBI). Acronyms should be redefined on first use in subsequent sections.

15. REFERENCES: The list of all references should be alphabetically arranged. The author (s) should mention only the actually utilised
references in the preparation of manuscript and they are supposed to follow Harvard Style of Referencing. Also check to make sure
that everything that you are including in the reference section is duly cited in the paper. The author (s) are supposed to follow the
references as per the following:

. All works cited in the text (including sources for tables and figures) should be listed alphabetically.

. Use (ed.) for one editor, and (ed.s) for multiple editors.

J When listing two or more works by one author, use --- (20xx), such as after Kohl (1997), use --- (2001), etc, in chronologically ascending
order.

. Indicate (opening and closing) page numbers for articles in journals and for chapters in books.

. The title of books and journals should be in italics. Double quotation marks are used for titles of journal articles, book chapters,

dissertations, reports, working papers, unpublished material, etc.
. For titles in a language other than English, provide an English translation in parenthesis.

. Headers, footers, endnotes and footnotes should not be used in the document. However, you can mention short notes to elucidate
some specific point, which may be placed in number orders after the references.

BOOKS
. Bowersox, Donald J., Closs, David J., (1996), "Logistical Management." Tata McGraw, Hill, New Delhi.
. Hunker, H.L. and A.J. Wright (1963), "Factors of Industrial Location in Ohio" Ohio State University, Nigeria.

CONTRIBUTIONS TO BOOKS

. Sharma T., Kwatra, G. (2008) Effectiveness of Social Advertising: A Study of Selected Campaigns, Corporate Social Responsibility, Edited
by David Crowther & Nicholas Capaldi, Ashgate Research Companion to Corporate Social Responsibility, Chapter 15, pp 287-303.

JOURNAL AND OTHER ARTICLES

. Schemenner, R.W., Huber, J.C. and Cook, R.L. (1987), "Geographic Differences and the Location of New Manufacturing Facilities,"
Journal of Urban Economics, Vol. 21, No. 1, pp. 83-104.

CONFERENCE PAPERS

. Garg, Sambhav (2011): "Business Ethics" Paper presented at the Annual International Conference for the All India Management
Association, New Delhi, India, 19-23

UNPUBLISHED DISSERTATIONS
. Kumar S. (2011): "Customer Value: A Comparative Study of Rural and Urban Customers," Thesis, Kurukshetra University, Kurukshetra.

ONLINE RESOURCES

. Always indicate the date that the source was accessed, as online resources are frequently updated or removed.
WEBSITES
. Garg, Bhavet (2011): Towards a New Gas Policy, Political Weekly, Viewed on January 01, 2012 http://epw.in/user/viewabstract.jsp

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT

A Monthly Double-Blind Peer Reviewed (Refereed/Juried) Open Access International e-Journal - Included in the International Serial Directories

http://ijrcm.org.in/

Vii




VoLUME No. 6 (2016), | ssue No. 02 (FEBRUARY) | SSN 2231-1009
SOFTWARE EVOLUTION: PAST, PRESENT AND FUTURE

M. VENKATESWARA RAO
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PULADIGUNTTA

ABSTRACT

Change, being a fact of life, is inevitable even in software systems. On its own part, software has become both omnipresent and vital in our information-based
society which is highly dependent on computers and software. Software need to be updated regularly to ensure preservation and maintenance of their values.
There is therefore the need for software to evolve. In this paper, the concept and importance of evolution are explained while emphasis is laid on Lehman’s laws
and perspectives of software evolution. Also, the relationships and differences between software maintenance and software evolution are brought to the fore. The
laws highlighted that a software system must be frequently modified; otherwise it gradually becomes less adequate in use. It is pointed out that software lifecycle
undergoes a number of distinct stages. There is a review of various software development models. Despite the challenges facing software evolution, the emerging
trends are open source software evolution and unanticipated software evolution.

KEYWORDS

software evolution, computer development.

1. INTRODUCTION
he famous Greek philosopher, Heraclitus, stated that change is central to the universe and that the only constant is change. [1][2] His statement implies
that there is nothing permanent except change. Being a fact of life, change is therefore inevitable. Consequently, change is everywhere and the main
challenge is learning how to handle it effectively. [3]
1.1 EVOLUTION VERSUS REVOLUTION
There are two perspectives of change: evolutionary and revolutionary. [3] Usually evolutionary change occurs gradually and incrementally overtime; it takes place
step by step and little by little. On the other the other hand, revolutionary change is fundamental, transformational; results in complete overhaul, renovation and
reconstruction and at times irreversible. [3] As a matter of fact, in considering evolution, focus is always on whatever happens to a system over time. An
organisation or a product can undergo an evolution.
Organisations may undergo an evolution due to external pressures and do so for effective address of the needs of the stakeholders while product evolution is to
keep up with emerging technologies. With respect to change, software is no exception since it is impossible to produce systems of any size which do not need to
be changed. [4] The inevitability of change makes it an essential characteristic of software development as software must respond to all environmental pressures
and other evolving requirements and so on. [5]
1.2 SOFTWARE CLASSIFICATION
The ubiquity of computers and hence of software in virtually all aspects of human activity has resulted in the society becoming ever -more software dependent.
Software has become vital and universal. [6][7]Usually, software is classified into two: system software and application software. There is still another system of
classification. It is known as SPE program classification scheme produced by Lehman and Belady. S represents specified; P stands for problem solving or practical
—type and E represents evolutionary or embedded.
Here, S-type programs refer to those that can be specified formally in a set of specifications and whose solution is equally well understood. The stakeholders of
these systems understand the problem and thus know what is needed to resolve it.
The P-types are those that cannot be specified and the solution is not immediately known thus employ iterative process in order to find working solution. Thus,
the stakeholders of this type know the needed end result, but do not have the means of describing how to obtain it.
The E-type programs are for systems that are actively used and embedded in a real world domain. In fact, E-type software is a model-like reflection of a real world
where the criterion for acceptability is satisfaction of stakeholders needs. E-type systems have an intrinsic property which entails that they must be continually
changed if they must remain satisfactory in a constantly changing world. [8][9][10][11][12][27]
1.3 SOFTWARE EVOLUTION
It was in the late 60s that the phenomenon of software evolution was first identified. However, at that time the term evolution was not used until the 70s. [10]
The process by which programs are modified and adapted in a changing environment is referred to as software evolution. [12] Software evolution aims at
implementing the possible major changes in the system and ensuring its reliability and flexibility. [13] Despite its importance, software evolution has received little
attention and the amount of information available to researchers is limited. Even Professor Meir Lehman of Imperial College London carried out an empirical study
of software evolution within IBM with the idea of improving the company’s effectiveness. Surprisingly, the study received little attention and thus had no expected
impact on the company’s development practice. [12]
In the course of his study, Lehman identified a number of observations of how software evolves over time and this led to the formulation of the laws of software
evolution. Actually, these laws were originally based on observations concerning propriety software such as IBM’s 0S/360 and 0S/370 evolutions. [7] [8][11][12]
1.4 IMPORTANCE OF SOFTWARE EVOLUTION
The successful evolution of software is becoming increasingly critical since the increasing dependence of computers and software at all levels of the society. Regular
update of software along with its modernisation, therefore, is very important more so when several organisations invest heavily in their software systems as they
consider them to be critical resources for their business. [7]These ensure preservation and maintenance of the values of these business assets. To all companies
that are producing and consuming software there is a great need for software to evolve. [10] The relevance of software evolution is on the increase due to the
fact that this evolution is inevitable. [14] Furthermore, in understanding and practice of software development, studies in software evolution plays a central role.
1.5 SOFTWARE EVOLUTION VERSUS SOFTWARE MAINTENANCE
Software maintenance and software evolution are related and are at times used interchangeably. However, they are not the same. While software maintenance
focuses on fixing of viruses and making minor improvements, software evolution lays emphasis on modification and resettlement. In software evolution process,
programs transform their shapes and adjust to the situations in the market. Whereas maintenance is concerned with preservation and fixing of problems, evolution
centres on what happens to a system over time and new designs evolving from the old ones. [5][7] Maintenance can be described in terms of constituent activities
such as perfective, adaptive, corrective and preventive. [15]
Software evolution is seen as one of the difficult and challenging areas in the field of software engineering having about 60-80% of the cost of the life cycle
dedicated to it. It plays an important role in system management. [7] This type of evolution is now widely recognised as a topic that deserves serious study.
Software engineering education should include software evolution. Software evolution phenomenon is a topic that is necessary to investigate. [6] Since research
in software evolution is very young, it entails continuous change in its focus and basic concepts.
The objectives of this study are to stress the inevitability of software evolution, to differentiate it from software maintenance, to note its centrality in software
engineering and to encourage more research in this important field.
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This paper is divided into five chapters. As usual, chapter one is the introduction. There is a review of software development, maintenance and evolution in chapter
two. Chapter three deals extensively on the theory, processes and perspectives of software evolution. The emerging trends and challenges are handled in chapter
four, while chapter five is the conclusion.

2. REVIEW OF SOFTWARE DEVELOPMENT, MAINTENANCE AND EVOLUTION

Usually, during the lifecycle of the software, it passes through a number of distinctive stages: initial development, evolution, servicing, phase out and close down.

It is during the initial development that the system develops its first functioning version whereas the evolution stage offers the engineers opportunity to extend

the system’s capabilities and functionalities. As the software enters the servicing stage, it is subjected to minor defect repairs. However, at the phase out stage

there is no more servicing; while at close down, the software is withdrawn from the market. [15]

2.1 SOFTWARE DEVELOPMENT

Simply put, software development is the planned process of the development of a software product which involves the conception of the desired software through

to the final release of the software. Of the several purposes for developing software, the three most common are: meeting specific needs of a specific

client/business, meeting perceived need of potential users or for personal use. Also, in developing software one can adopt the engineering-based approach or the
incremental approach. No matter the approach, the stages in software development are virtually the same though the order in which they are carried out may

vary. [16].

2.1.1 SOFTWARE DEVELOPMENT PROCESS

Also called software development life-cycle and software process, it is simply a structure imposed on the development of a software product. In this process,

information systems, models and methodologies that are used to develop these systems are created or altered. [16][17] While developing the software, it will go

through such activities as planning, implementation, testing, documentation, deployment and maintenance. Several models are employed in the course of
software development and they are meant to streamline the development process.

2.2 SOFTWARE DEVELOPMENT MODELS

During the development process of software, several development approaches are defined and designed. [19] Actually, a software development model refers to

a strategy organised for executing the various steps in the life cycle of a system and is designed to take place in an efficient, repeatable and predictable manner.

[18] Some of the common models include: build and fix, water fall, spiral, rapid prototyping, incremental, and iterative development.

2.2.1 BUILD AND FIX MODEL

This model which works best in a monopolistic or semi-monopolistic environment took its bearing from an earlier and simpler age of hardware product

development. [18] In this type, new models are brought out and old models updated and sold without testing. Here, testing is left to the customer to carry out. Of

course this approach does not address the product’s overall quality and provides no feedback mechanism.

2.2.2 WATERFALL MODEL

Here is a sequence of stages in which the output of each stage becomes the input for the next stage. It was introduced by Win Royce in 1970s and derives its name

from the fact that it can be represented in a cascade from defining requirements, to design creation, to program implementation, to system test and to release to

customers. [18] The original waterfall model had no feedback paths; feedback was introduced in later versions. Due to complexity issues, this model has been
unsatisfactory for software products since it is practically impossible to perfectly address every stage before proceeding to the next.

2.2.3 SPIRAL MODEL

This model can be drawn in a spiral form and is visualised as a process passing through four phases in iterations. The phases are: planning, risk analysis, engineering

and evaluation and this model is viewed as an enhancement of the waterfall model. It does not depend on ability to assess risks during development accurately.

[18] Here, feedback is added to earlier stages just like other improvements of waterfall model. It is good for large and mission-critical projects and can be a costly

model and therefore unsuitable for smaller projects.

2.2.4 RAPID PROTOTYPING MODEL

The activity of producing prototypes of software applications is known as software prototyping. [20] There are two major types of prototyping: throwaway

prototyping and evolutionary prototyping. Throwaway prototyping also known as rapid prototyping is the creation of a model that will be eventually discarded

rather than becoming part of the final delivered software. In rapid prototyping, a working model of the various parts of the system is created at the early stage
after a relatively short investigation.

Among the benefits of rapid prototyping is that the designer and the implementer can get valuable feedback from the users early in the project. Therefore, a very

important factor is the speed with which the model is provided. Simply put, the main reason for using Rapid prototyping is that it can be done quickly. The rapidity

and iteration involved in the process generates feedback very early and leads to improvement in the final design. [21]

2.2.5 INCREMENTAL MODEL

This model recognises that the whole requirement in the software development steps are not discrete but are instead divided into a number of builds. Here, there

are several development cycles with each cycle divided into smaller easily managed modules. Each build goes through the phases of requirements, design,

implementation and testing. Usually the first build or the working version is improved upon and functionality is added until it becomes second build; the third
build is generated from the second build, and so on. Thus, each subsequent release of the module adds a function to the previous release and the process continues
till the complete system is achieved. The advantage of this model is that is that it is flexible enough to respond to critical specific changes as the development

progresses. [18][22]

2.2.6 ITERATIVE DEVELOPMENT MODEL

This is also called evolutionary model and maintains a continuous feedback between each stage and the previous one and at times there is a feedback across

several stages. It is different from build-and-fix and the original waterfall that operate on open loop.

2.3 SOFTWARE MAINTENANCE

Simply put, maintenance work refers to any work done to change the software after it is in operation. It is a broad activity which includes the following; error

corrections, enhancements of capabilities, deletion of obsolete capabilities and optimisation. The essence of software product modification after delivery is to

correct faults and to improve performance or other attributes. Usually, it consumes a large part of the overall lifecycle costs. [23] There are three types of software
maintenance: maintenance to repair software faults, maintenance to repair software to a different operating environment and maintenance to add to or modify
the system’s function.

The impetus for software change comes from dissatisfaction with a current system and the driver of the change is innovation and not preservation. The idea is

that there should be a new system that is better adapted to its environment. For instance, there was a rapid growth of software maintenance at the end of the

twentieth century as a result of two massive software updates.

Set of changes that were needed to support the new unified European currency; that is the Euro. Close to 10% of the total volume of the world software needed

to be updated in support of the Euro.[25]

. The Y2K or year 2000 problem was caused by the use of only two digits for storing calendar dates. For instance, the year 1997was stored as 97. The use 00
for the year 2000 would violate normal sorting rules. The effect was the failure of many software applications and in some cases production of incorrect
results. Globally, 75% of the installed software applications were adversely affected by Y2K problem.

The double impact of the Euro conversion work and the Y2K repair work resulted in the engagement of more than 65% of professional software engineering

population in various maintenance activities during the period 1999 and 2000. [25]
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2.4 LAWS OF SOFTWARE EVOLUTION

These refer to a number of observations of how software evolves over time which Meir Lehman identified in the course of his study of the evolution of software
systems. Really, the laws were not presented as laws of nature; instead they are general observations that are expected to hold for all E-type systems irrespective
of specific programming or management practices. The eight laws and their years of formulation are summarised in Tablel. [7] [8] [13][24][26][27]

TABLE 1
S/N | Name of Law Statement/Description Year
1 Continuity Change An E-type system must be continuously adapted else it becomes progressively less satisfactory. 1974
2 Increasing Complexity As software develops, its complexity also increases with it, except when efforts are made to maintain or reduce | 1974
it.
3 Self-regulation E-type system evolution process is self regulating with measures of product and process attributes close to | 1974
normal distribution.
4 Conservation of organisational | The normal efficient global activity rate on a developing as well as growing system over the product life time is | 1978
stability (Invariant work rate) invariant.

The above laws apply mainly to monolithic, proprietary software. Also, the laws are applicable in large and tailored systems developed by large organisations.
Actually, the laws represent an emerging theory of software process and software evolution based on many inputs which include software development. [25]
2.5 APPLICATIONS OF SOFTWARE EVOLUTION

According to the Third International, ERCIM (European Research Consortium for Informatics and Mathematics) Symposium on Software Evolution held on 5t
October, 2007 in Paris, software evolution is applied in the following areas: software architectures, real-time systems, entrenched systems, web servers and mobile
and ambient computing. [7]

3. THEORY, PROCESSES AND PERSPECTIVES OF SOFTWARE EVOLUTION
Now that the society has become ever dependent on computers and consequently on software, it is imperative that real world software be changed and adapted
in response to computer usage and changes in the application. Also, the functionalities and behaviours of systems are expected to keep pace with all changes. [10]
3.1 THEORY OF SOFTWARE EVOLUTION
For the purpose of ensuring reliable planning and management of software evolution, it is essential that a theory of software evolution be established so as to
facilitate understanding, refinement and extension. [6] There have been several ways of achieving an empirically grounded theory in science and they are
applicable to natural, artificial and hybrid phenomena. The relevant approach to the formulation of software evolution is based on observation, hypothesis and
assumptions. [10] The next is to look for patterns, regularities and trends which will provide inputs for the development of hypotheses. As the confidence in
hypothesis builds up, relationships are looked for and this will help in developing the seeds of a theory from a collection of observations and inferences. [10]The
development of theory follows from here.
In systematic study of software evolution, two aspects are brought to the fore: nounal view and the verbal view. The nounal view of evolution also called evolution
as a noun focuses on the nature of evolution, its causes, properties, characteristics, consequences, impact, management, control and exploitation. Thus, it studies
the nature of evolution, its process and products. Equally it is called the why and what of software evolution. For instance, it asks such questions as: what evolves?
Why does it evolve? What drives, controls, constrains evolution process? [9]
On the other hand, there is the verbal view which is also called evolution as a verb. Any person who adopts this view concerns himself with providing and improving
means, processes activities, languages and tools. Also called the how view, it considers implementation of evolution process. It asks the questions what is the goal
of evolution activity? Where or which part must be evolved to attain goal. [9][10]
3.2 SOFTWARE EVOLUTION PROCESS
Recently, software evolution has become a subject of serious academic study due to the increasing strategic value of software. [28] According to Lehman and
Ramil, software evolution involves all activities that change a software system. In fact, the activities of evolution of software go on with the preliminary
development and also continue after the delivery of the initial version of the system. On the other hand software evolution process refers to all programming
activities that are proposed to produce new software version from an earlier operational version. It is the process by which programs transform the shape, adjust
the market situations and take over some characteristics fro some pre-existing programs. .[7]
Therefore, in discussing evolution process, the following objectives are borne in mind:

Explanation of the reason for change being predictable if software structures are useful

Discussion on maintenance of software, preservation of cost factors and approaches that are used to access revolution strategies for altering software

system. [7]
3.3 PERSPECTIVES OF SOFTWARE EVOLUTION
There are different types of software systems and each serves different purposes. In the same vein, the rate and scope of evolution varies depending on the nature
of the system. For instance, business systems are embedded within an organisation. On its own part, evolution can vary both in scope and in frequency depending
on the system type. The concept of software evolution is now viewed from several perspectives.
3.3.1 EVOLUTION AS A PERSPECTIVE ON CHANGE
Software maintenance and evolution offer different perspectives on the nature of change. Whereas research on software maintenance addresses practical
engineering goals, research on software evolution asks questions of a broader and more scientific nature. For instance, in maintenance, the questions that one
may be concerned with are those have to do with next thing to-do, the risk involved and work validation. On the other hand, the researcher on software evolution
handles questions on system growth speed, emergence of internal module boundaries and the difference between open source development and industrial source
development. [5]
3.3.2 THE STAGED MODEL OF THE SOFTWARE LIFECYCLE: A NEW PERSPECTIVE ON SOFTWARE EVOLUTION
Software evolution is now viewed from the perspective that it is totally different from servicing, phase out and close- down. This perspective is useful in planning
and helps to stimulate a set of research issues. Furthermore, there has been an assumption that maintenance phase is uniform over time in terms of activities
undertaken, the process and tools used. The new perspective is that maintenance is not single uniform phase; instead, it consists of several distinct stages, with
each phase having different technical and business perspective. This perspective is known as staged model. [15]

4. TRENDS AND CHALLENGES

Nowadays, there is a steady increase of reliance of ICT on software and consequently, virtually all sectors of both our private and public lives are dependent on
software. It is therefore expedient that software evolves in order to be able to adapt to the real —world environment and the speed of evolution is a function of
the feedback loop structure and other characteristics of the global system. [13]

4.1 TRENDS

When Lehman made his observations on software evolution, he was not given attention initially. But now, software evolution is gradually gaining attention in the
area of research, open software and unanticipated software evolution.

4.1.1 RESEARCH

Generally, research in software evolution is in infancy stage and thus it is an area for exploration. [30] The whole idea of software evolution research, of course, is
to use history of software system to analyse its present state and to predict its future development. For evolution research to be meaningful, it is required that
there be accurate data concerning the system being studied. At present, the research is limited by the amount of information available to researchers. [33]
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4.1.2 OPEN SOURCE SOFTWARE EVOLUTION

Software evolution has led to open source software evolution resulting in the discovery of new ideas that will lead to system improvement. [13] Open source
software is the type of software in which users are given licences that allow them to use, modify and redistribute the original source code. With the licence, the
user may decide to review the software, add features to it or fix bug or even bring out a new version. Examples of open source software are Linux which is a UNIX-
like operating system and Apache open source program which is designed for Web servers. [29]

Recently, the empirical study of open source software evolution has not only become a topic of interest but its development has virtually disseminated throughout
the software world. The evolution of open source software is different from that of proprietary or closed source software. [30][31]

4.1.3 UNANTICIPATED SOFTWARE EVOLUTION

In evolving software, in spite of the fact that unexpected requirement changes account for most of the technical problems, they are not well supported. [7] As a
matter of fact, most of the technical complications and expenses suffered by software evolution result from changes that were not anticipated in the original
design. [35] Of course predicting the future is usually difficult and the techniques and technologies that support software evolution are never ideal.

There is now an emerging technology known as Unanticipated Software Evolution (USE). USE technology recognises the fact that unanticipated changes in software
systems are inevitable. Therefore, it explores mechanisms in such a way as to accommodate the unanticipated needs in the software systems. This technology is
a big asset to software engineers because it works more automatically, dynamically and has a greater assurance of success. [7][35]

To explore the USE technology, the First Workshop on Unanticipated Software Evolution was held on 10-14 June 2002 at Malaga, Spain and was dedicated to
towards better support for unanticipated software related runtime infrastructures.[36]

4.2 CHALLENGES

There are several challenges that are associated with software evolution; some are discussed in this paper.

4.2.1 SOFTWARE QUALITY IMPROVEMENT AND PRESERVATION

As the software system changes, its quality slowly and steadily degrades as a result of a slow decline in quality. The negative social and economic effects of aging
can be overcome by the provision of more tools and techniques which will eventually ensure development of the quality characteristics of a system irrespective
of its complexity and size. [7]

4.2.2 MULTI- LANGUAGE SUPPORT

There is an increase in the number of languages that are used in the software systems. In order to tackle this crucial challenge of multi-programming languages,
software evolution techniques that support multi-language are provided.[7]

4.3.3 HUGE AMOUNTS OF DATA ANALYSIS

The study of software evolution is challenging due to difficulties in collecting empirical data. Here, for proper manipulation of large quantities of data, new
techniques and tools such as data mining techniques used by the database community are considered. [7][34]

5. CONCLUSION

The characteristic of a software system to easily accommodate changes over time is referred to as software evolution. This feature enables software systems to
incorporate new requirements in order to meet business objectives of the stakeholders. [32] In software evolution, emphasis is on preserving and improving
software quality and minimizing complexities. The laws of software evolution as proposed by Lehman and his colleagues are now major players in the field of
software engineering and computer science. There is the need to increase the awareness of the importance of software evolution since evolution research is still
a young field. Greater attention should be given to such areas as open source software evolution and unanticipated software evolution.
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