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ABSTRACT

Project management discipline has showed its impacsoftware industry and has been now establistsedore
concept for organizing, innovative as well as st endeavors. Software development organizatdovs
some process when developing a software produftiv&® Methodology plays a key role software degwelent
process on which the process is based. The paaticukthodology can significantly affect overalklifycle cost
associated with a software product. The selectibthe methodology is also based on the some prestbfiasic
characteristics of the project under design. Instipiaper a fuzzy logic based approach is presentedssist
organizations in making the decision regarding wh#oftware development methodology to select fratioRal
Unified Process (RUP), Rapid Application Developm@AD) and Extreme Programming (XP) by considering
the associated initial characteristics with the jgt. Taking the correct decision regarding whattware
development methodology is to be use can leackifirst step towards the success of the project.
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INTRODUCTION

Project success is defined as based on the thste thanensions of project which are delivery witlsichedule,
within cost, and quality (satisfaction of custombased on the requirements). Software development
methodologies have an impact on the project sucebde talking about all three dimensions mentiordxbve.
Wide range of software development methodologies Heeen elaborated, so selection of suitable ama these
many available methodologies is the tedious taskclwhmust be carried out during the inception of the
development process and will show great impact fen dverall success of the project. False decisiothe
selection of unsuitable organizational softwareadepment process can increase the risk which in toay be
result as a project failure. While an organizatiollows documented processes for software developntleere is

a greater chance that this organization will beeatol consistently deliver successful projects. Hleévities
required to produce software include project plagni development of requirements, development of
specifications, architecture design, software apnfition, software development, testing, documantatraining,
support, and maintenance. The success rate of a@ftwdevelopment projects can be increased by using
methodology that is adequate for the specific attarastics of those projects. Project based charatics must be
considered for taking the initial decision abow thethodology to be used for the specific project.

There is always certain amount of uncertainty imedl in undertaking software engineering activisesce these
relate in many ways to software projects. Softwangects have several risks and assumptions assdcwgth

them. Such kind of problems can be better solvéagube fuzzy logic. Selection of suitable methadypl for the
ongoing project is also comprises of some of theewmainty. Fuzzy logic approach can be help to &akkecision
for selection of suitable methodology during théiah phase of the software development and overcdhe

uncertainly problem.

The goal of this research is to help organizatidestify what software development methodology $tidae used
for specific projects to facilitate delivering pests within schedule, within cost and meeting hi fproject
requirements. During this research only three nuolagies wiz Rational Unified Process (RUP), Rapid
Application Development (RAD) and Extreme Programgn{XP) were considered.
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SOFTWARE DEVELOPMENT METHODOLOGIES

Software development methodologies have been edaligit from the evaluation of programming langumage
These methodologies guides development processsarally divides the development process into phases for
each phase, the developer has to apply the guédelirat the selected methodology provides forghase. These
methodologies enhanced the software developmertepsoand the number of failed and incomplete so#wa
project ratio was reducing by a big numbers [1]isawn et al defined a software development methagoss ‘it is

a collection of procedures, techniques, tools amcuthentation aids which will help the systems depets in
their efforts to implement a new information syst¢a.

Following methodologies have been evolved and adplh developing of the software’s: Waterfall, 8piFeature
Driven Development (FDD), Joint Application Devetoent (JAD), Lean Development (LD), Agile Software
Development, Dynamic Systems Development Model (MEDRapid Application Development (RAD), Extreme
Programming (XP), Rational Unified Process (RUIR) et

Rapid Application Development (RAD) model is ‘higheed’ model which was developed to respond toées

to deliver systems very fast. It adapts many stepsa waterfall model in which rapid developmengishieved by
using component based construction approach. [RAP works to reduce overall project risk by dedomsting

the project into smaller segments during which ggies are created and refined. RAD supports clsadgeng

the development process — change can be introdateghy time in the cycle. RAD is based on iterative
prototyping, user participation, and the use ofddbat facilitate rapid development. The foundatid RAD is to
satisfy customer business requirements in a stmoouat of time [5]. Phases of RAD Model are Commatian,
Planning, Modeling (Business modeling, Data modgliRProcess modeling) and Construction. Risk related
requirements, delivery deadlines involved during ithplementation of RAD methodology.

Extreme Programming (XP) is based on values of kiityg communication, feedback, and courage. Irkgoby
bringing the whole team together in the existerfcsimople practices, with enough feedback to en#ideteam to
see what they are doing and where they are. IneXBry member of the project is an integral parthaf whole
team and plays a specific role [6]. The main phifdses of XP include planning by creating user is&r
managing small releases with continuous integratiod refactoring, using a metaphor for the projéetying
developers work using pair programming, and emghasicollective ownership of the project. XP prtgeaork
through four phases: planning, designing, codingl &esting. Planning involves designing the useries,
creating the project schedule, planning the iterafor each cycle. The main purpose of it is taviélwhat the
customer needs, at the time it is needed. In addiv this, one of the main reasons of its sucteds ability to
accept changes at anytime during the developmeft. a¥so emphasizes teamwork; experiences from all
stakeholders are employed to meet the specificsgaad within the given constraints [7]. Factorsohtaffect the
XP are team size, physical environment, commurdoadind coordination between team members, projeet s
interdependencies between modules.

RUP is another software development approach whits up producing & delivering a quality softwareduct
which is aligned with the requirements of its ers#ns in a controlled schedule and finances. didge a process
framework which is followed and enriched in ordebest qualify the requirements of the organizaf&nit is an
iterative and incremental software development @pgn in which a project is broken down into varimosdules
which is dev eloped one after the other. RUP eistadd four phases of development which are inceptio
elaboration, construction, transition. Each phaserganized into a number of separate iteratioasrtiust satisfy
defined criteria before the next phase is undertakach iteration starts with a milestone to achiaud similarly
ends up with a deliverable which takes the prodotd the final stages gradually. Every iteration REJIP is
constituent of various steps like requirements gpaitly, requirements analysis, implementation, ai¢aiion and
test phase [9].

FUZzZY LOGIC

Fuzzy logic is originate from the Fuzzy set theanyl can be classify as an extensive form of thesial logical
system. These techniques have found mass appea@rious computational and manufacturing engineering
domains. In numerous problems of different doméiazy logic has been successfully applied and gésee the
useful results [10-12]. In the software engineeriltgnain also fuzzy logic was applied in various elegment
phases and on the artifacts released through fitesses. A fuzzy model structure can be represdiyteti set of
fuzzy If-Then rules [13]. It serves as a conceptitamework which works to cater to the uncertaiitythe
knowledge representation. In the fuzzy logic intedmate values will be defined between conventi@valluations
like yes or no, true or false, good or bad, low edimm - high, etc and these notions can be forradlat
mathematically and processed by computers [14].

Fuzzy logic based approach, to solve any problesndivided into three steps which are Fuzzification,
Development of Fuzzy Rules, and Defuzzificationz#fication process is carried out by developingmbership
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functions generated from different input sourcese Tuzzy rule base is usually constructed frometkgerience of
the decision maker, which will be applied over fwzmnput and arriving at the fuzzy output. They eteo
knowledge about a system in statement of the form:

IF (X1is X1, %08 X5 ,........ % IS X;,) THEN (y1iS Y1, Y2 IS Yo,........ Yo is Yy)
where linguistic variables xi, yj take the valuefefzy sets Xi and Yj respectively [15].
Defuzzification is the reverse procedure of thezffization and used to take crisp decision by apmgy
membership functions like Max membership princigbgntroid Method (Center of Gravity Method), Weigght
Average Method, Mean—-max Membership etc. on theyflwutputs and used to represent them in a singlais
guantity [15].

FUZzZY BASED PROPOSED APPROACH

While taking the decision of appropriate method@egfor the software development, few charactessand
factors must be considered by the project mandgmtowing are the few characteristics or factorsiohhwere
under study in this research:

» Clarity of Requirements (COR)

» Accurate Initial Estimations (AIE)

» Changes In Requirements (CIR)

» Software Criticality (SC)

» System Complexity (SyC)

» High Reliability Requirements (HRR)

» Reusable Components (RC)

» Tight Project Schedule (TPS)

1. Using the impact of 2. Crisp Input
factors on the project Fuzzification using
as the crisp input membership functions
4. Defuzzification of 3. Evaluation of Fuzzy
Fuzzy Output Output using Fuzzy Rule
base application on
Fuzzv Innu

Fig. 1 Flowchart for Fuzzy Approach

All these factors are uncertain and can be expddssgualitative terms like LOW, MEDIUM, and HIGHherefore

it is needed to apply fuzzy based approach to dfyatitese qualitative terms by deriving suitable mirership

functions to find suitable methodology for softwalevelopment process for current project. The fluavt of the

used fuzzy approach is shown in Fig 1. Mamdanizjuinference method is used in the proposed approghe

first step is to take the inputs and determinedibgree to which they belong to each of the appatpfuzzy sets via
membership functions. The factors, can be integgrets linguistic variables, are given as inputhe Fuzzy

Inference System (FIS). The methodology choice (RXB, RUP) are the linguistic variables for outpstshown

in Fig 2.

Fuzzy inference is the process of formulating thepping from a given input to an output using fulzgic. The
membership functions can be of different types sagkriangular membership functions and trapezadlrership
function depending upon the experience of the @wtimaker/project manager. Using the impact ofdexcbn the
project and output preference of methodology aed #waluation in qualitative terms such as lowdam, high as
the crisp input, membership functions can be geeédray fuzzifing them as shown in Fig 3 and Fig 4.

METHODOLOGIES SELECTION RAD_XP_RUP =

AN

RAD

WETHODOLOGIES SELECTION RAD_XP_RUP : : :
(mamdani}

View

X

LA

RUP
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Fig. 2 Fuzzy Inference System for Proposed Approach
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Fig. 3 Membership Function of Inputs (a) Clarity of Requirements (COR), Software Criticality (SC), Hidh Reliability Requirements
(HRR), Reusable Components (RC), Tight Project Scluelle (TPS) (b) Accurate Initial Estimations (AIE), Changes In Requirements
(CIR), (c) System Complexity (SyC)
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Fig. 4 Membership Function of Outputs Rapid Applicdion Development (RAD), Extreme Programming (XP), Rtional Unified Process
(RUP)

Membership Functions and their parameter valuealfdhese variables used for the experiment afelksvs:

. or (HRR 3 HIGH) o R i HIGH) o TP s HEGH) then (RAD i HEDUN) (4P
2.1 (COR s HIGH)or [AE is EDUN) o (CR i LOW) or (5 s WEDIA)or (3 i HIH) or (4RRis NEDIM)or (R i HIGH)or (P is NEDUI) hen (RAD s LOWYP s LOWYRUP s HIGH) (1)
% 1 (COR s HIZH) o [AE i HIH) or (CRis NEDIM)or (5 i HGH)or (34C i HGH) or (HRR s HIGH) o (R i NEDIM) o (TPS i EDUN) then (RAD s LOWYP i LOW)RUPis HESH) (1)
4 (COR s HGH) or (A i NEDUM)or (CR s NECKUM) or (SC s HGH) o Sy i NEDIUM)or (R i HIH) o (RC i EDUN) r T25 i HGK) e (RAD s LOWIXP s NEDUM)RUR s HIGH) 1)
5 (COR s NEDWH) o (AE i EDUM, or (CRi HGH)or (3C i NEDUN)or (34C s EDUN) or (KRR s HIGH) o (RC s NEDIN) or (TPS s EDUM) hen (RAD s HGHKP s EDUMYRUP s LOW) (1)
Y (CORs MEDUN)or (AF i NEDIUN) o [CR i HIGH) o (5C s HEDUN) o (SyC s NEDWN) o (R HGH)or (RC i LOW) or (T2 i LOW)ten (RAD s HIGH)XP s LOW)RUP s LOW) (1)
7. I (COR s NEDWH) o (AE i WEDIUM) or (CRs HGH)or (SC i HGH)or (34C s EDUM) or (HRR s NEDIM) o (RC s LOW) o 95 s LOW) then (RAD & HGHYXP s EDUM)RUP s LW (1)
( (
(
f
f
f

B F{COR s EDIN)or (AE i DN, or (CRis HIGH) o (5C s EDUN)or (3G s NEDIM) o (HRR s NEDIN) o (RC is EDUM)or (TS s LOW) then (RAD i HGH)XP s LOW)RUPis LOW) (1
9, {COR s LOW) or (AE 5 LOW) o (CR s HGH)or (5C s HEDUIN) or (34C i LOW)or (HRR 3 LOW)or (R s NEDIM) o (TP i HGH) hen (RAD s EDUIMYXPis HGHIRUP s LOW) (1)

10, /COR & LOW)or (AE 5 NEDUM) o (CR s HIGH) o 5C s EDUN) or (34C s LOW)or (KRR i LOW)or (R s NEDIM) o (TPS i MEDIH) hen (RAD i LOW)XPis HGHYRUP s LOW) (1)

11, (COR & LOVE)or (AE s NEDKM) r (CRs IGH) o (SC is DU or (34C s LOW)or (KRR & HGH)or (R s NEDIM) o (TPS i HGH) then (RAD s EDUIXPis HGHYRUP s LOW) (1)
12,1 /COR s LOW)or (AE s LOW) o (CRS HIGH)or (S0 s HEDUN) or (34 & MEDIUM)or (KRR i LOW)or (R s NEDIM) o (TPS i MEDUH) hen (RAD s LOW)XPis HGH)RUP3sLOW) (1)

Fig. 5 Fuzzy Rule base for finding the appropriatesoftware development methodology

After generating the membership values of all ttdrs, fuzzy rule base, as shown in Fig 5, isttoated to arrive
at the fuzzy output. Also all the 12 rules areelisin the table 2, where H, M, L stands for HIGHEMUM, and
LOW qualitative values.

Fuzzified input gives the degree to which each phthe antecedent has been satisfied for eachiiglee we have
eight inputs on which the fuzzy operator OR is @plto obtain one number that represents the regulhe

antecedent for that rule. This number will thenapplied to the output function to get suitabilitfy e@ach of the
methodology (RAD, XP and RUP) for the current scena

The Rule Viewer displays a roadmap of the wholefunference process. Form the rule viewer, as shovfig 6,
we can study the relationship of specific paramiteyutput and analyze the change in output funati@mbership
as the changes happened in the specific factor.

As much as fuzziness helps the rule evaluationnduthe intermediate steps, the final desired oufputeach
variable is generally a single number for showinigability of that output variable representing fomethodology.
However, the aggregate of a fuzzy set encompasssma of output values, and so must be defuzzifieatder to
resolve a single output value from the set. Rulet® 4 suggest the selection of RUP on priorityleviules 5 to 8
suggest the selection of RAD on priority and R@es 12 suggest XP on priority for software devetemt. With
respect to values of input parameters for the ptajader development, surface graphs in Fig 7(@) @nd 7(c)
show reflection on output.
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Table -1 Membership Functions and their Parameter \dlues for all these Variables
MEMBERSHIP FUNCTION PARAMETERS
LOW MEDIUM HIGH
COR TRIANGULAR FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
[0 2 4] [35 48 58 7] [6.5 8.3 10]
AIE TRIANGULAR FUNCTION TRIANGULAR FUNCTION TRIANGULAR FUNCTION
[0 2 4 [35 525 7] [6.5 83 10]
CIR TRIANGULAR FUNCTION TRIANGULAR FUNCTION TRIANGULAR FUNCTION
[0 2 4] [35 525 7] [6.5 8.3 10]
% sc TRIANGULAR FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
|C_> [0 2 4] [35 48 58 7] [6.5 8.3 10]
(©) SVC TRAPEZODIAL FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
= Y [0 15 25 4] [35 48 58 7] [65 83 10]
HRR TRIANGULAR FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
[0 2 4 [35 48 58 7] [65 83 10]
RC TRIANGULAR FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
[0 2 4] [35 48 58 7] [6.5 8.3 10]
TPS TRIANGULAR FUNCTION TRAPEZODIAL FUNCTION TRIANGULAR FUNCTION
[0 2 4] [35 48 58 7] [6.5 8.3 10]
RAD TRIANGULAR FUNCTION TRIANGULAR FUNCTION TRIANGULAR FUNCTION
@ [0 2 4 [3 5 7] [6 8 10]
2 XP TRIANGULAR FUNCTION TRIANGULAR FUNCTION TRIANGULAR FUNCTION
5 [0 2 4] [3 5 7] [6 8 10]
®) RUP TRIANGULAR FUNCTION TRIANGULAR FUNCTION TRIANGULAR FUNCTION
[0 2 4] [3 5 7] [6 8 10]
Table -2 Fuzzy Rule base for finding the Appropriaé Software Development Methodology
FACTORS AS INPUT VARIABLES OUTPUT
COR | AE | CR| sc| syc| HRR| Rc| Tsp  Suitability of Methodology
RULE 1 H H M H H H H H RAD=M XP=LRUP=H
RULE 2 H M L M H M H M RAD =L XP=L RUP =H
RULE 3 H H M H H H M M RAD =L XP=LRUP =H
RULE 4 H M M H M H M H RAD =L XP=M RUP =H
E RULE 5 M M H M M H M M RAD = H XP=M RUP =L
g RULE 6 M M H M M H L L RAD =H XP=LRUP =L
g RULE 7 M M H H M M L L RAD = H XP=M RUP = L
@ RULE 8 M M H M M M M L RAD =H XP=LRUP =L
RULE 9 L L H M L L M H RAD = M XP=H RUP =L
RULE 10 L M H M L L M M RAD =L XP=HRUP =L
RULE 11 L M H M L H M H RAD =M XP=H RUP =L
RULE 12 L L H M M L M M RAD =L XP=H RUP =L
COR=55 AE=55 CR=55 5C=55 SyC=55 HRR=55 RC=55 TPS=55 QA0 =540 Xp=549 AUR=538
1 D D [ 3 2 2 O & s 4
A 7 4 2 O 4 2 O O N Y 4
N 1 O 7 N A 7 I O 29 O 7 O O Y N 4
[ ] 0 Mg e ) C4
] A 7 Y d 2 [ 0 T4 L& b
] ] 2 D 09 2 B O C4 b b
A0 O O 0 g A L] L Cd el bl
0 A O D d D D 1 C4 b b
INEENEN NSRRI VD
L] O O Y 0 B O 4 M 4d A
L] D 0 D O D A O b
L] 0] [0 Y Y B 2 T M 4d A
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Fig 6: Rule View of Input /output Membership Functions
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Fig 7: Surface View of (a) RAD (b) XP and (c) RUP

CONCLUSION

This paper evaluates the selection suitability ahethodology (RAD, XP, and RUP) for a developmehthe
current project. To perform this task, a Fuzzy lefee System is used in MATLAB which takes intoaott all the
arguments that must affect the selection choicea ahethodology. Each parameter is defined by merhlpers
functions. Then 12 different rules are made base@-then’ conditions. This research can be ukeduture scope
to get the more accurate selection decision infitld of software project development. If number inputs
parameters can be increased or some other paramatebe added which actually affects the selestitability so
then same model with little modification can give taccurate selection decision. The results ofresearch are
useful for the developers by helping them to idgnithat software development methodology can bel wsigh
success for a specific project.
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