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Abstract
In commercial software system development, software
vendors often face the many difficulties to deathwliarge
amount of requirements that enter the company edayy It
is not possible to satisfy all the requirements diven
constraint like time, cost, etc. hence there isadnto select
the requirements that are more important. Requirtsmen
prioritization is a way that can play importanteoh the
selection of requirements. Selecting the right pragé
requirements for product release depends on hoeesstully
the requirements are prioritized. There are differe
requirement prioritization methods available witkffetent
characteristics. In this paper, we take a closek lof 9
different Requirement Prioritization techniques, pdas
Fuzzy Analytical hierarchy process(FAHP), Classical
Analytical hierarchy process(AHP), Hierarchy Anadgt
hierarchy process, minimal spanning tree, bubblg bnary
search tree, priority groups, planning game, an@ fint
method. The Criteria used that are used for comparise:
required completion time, ease of use, reliabibityd required
number of comparison.
Keywords:  Software
Soecifications.

Techniques,  Requirement

Introduction:

Software vendors have to fulfil the requirementatth
enter the company through customers, R&D, sales &
marketing. An industrial project have hundreds huf t
requirements which is bounded by time, budget and
resources[l]. The project manager should know
requirements priority so that they can implemensmo
important features of the project[2] with in timada
budget[3]. In market driven development does neeha
easily identifiable customers and the requiremertd

to be invented based on the needs of several
customers[4].draw out the required information from
customers can be difficult to achieve, especialhemw
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multiple customers with diverse expectations are
involved[5].

Therefore Customer involvement is a major
contributing factor to company success[6]. Notth#
requirements contain equal customer satisfactiam. F
example, financial managers look for the requiretsen
with low cost, project managers look for the
requirements which can be implemented fast andyeasi
market manager look for the requirements with high
market value, and end users look for the requirésnen
which are easy to use. Hence need to satisfy all
requirements but we cannot include all the requéineis
reasons:- Available market opportunity, risks, prctd
strategies, and costs need to be taken into coasicie
when planning. Now-a-days, projects are facing the
problem of low success rate. According to an annual
report named ‘CHAOS’ summary 2011 prepared by
Standish group[7], only 37% of all projects were
considered as successful which are delivered oa,tim
on budget, with the required features and functigna
Among the rest, 41% were challenged which are late,
over budget, and/or with less than the requiretufea
and functionality. 22% projects failed which are
cancelled prior to completion or delivered and meve
used. Ten major factors causing failure in projects-

1. Lack of change management. 2. Poor communication
3.inadiquate resources, 4. Poorly  defined
requirements.,5. Inaccurate estimates, 6. Poor risk
management 7.pooly defined deliverables, 8.over
optimism, 9.no time for project management,
10.improved PM Skillset needed. Three major are poo
communication, inadequate resources, poorly defined
requirements. Requirement prioritization decreakes
poor communication by user involvement by lettihg t
stakeholders decide which requirements projectldhou
contain. This helps the stakeholder to understdued t
current constraints like inadequate resources aod\p
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defined requirements. Ngo-The and Ruhe et al[%ikthi
requirements prioritization has been recognizedraes
of the most important decision making processesen
software development process.

This paper provides an investigation of nineiba
methods for prioritizing requirements: Fuzzy Analgt
hierarchy  process(FAHP), Classical Analytical
hierarchy  process(AHP), Hierarchy  Analytical
hierarchy process, minimal spanning tree, bubblé& so
binary search tree, priority groups, planning gaarej
100 point method. To study these methods, we
systematically applied all methods to prioritize thO-
well defined requirements on a library management
system for BPS Women University. We categorized the
methods from a user's perspective according to a
number of criteria such as required completion time
ease of use, reliability, and required number of
comparison.

This paper is organized as follows. Section 2 nadé&s

this work, and the paper continues in Section 3 by
outlining the nine different prioritizing methods.
Section 4 describes the evaluation framework and
Section 5 presents the way to find out the besinigcie
among the techniques under consideration Section 6
represents results and conclusion.

Motivation:

Industrial software development has found a growing
acknowledgement that requirements are of varying
importance. Yet there has been little progressaie,d
either theoretical or practical, on the mechanidors
prioritizing software requirements [9]. In a reviexl
the state of the practice in requirements engingeri
Lubars et al. [10] found that many organizationkelve
that it is important to assign priorities to reguents
and to make decisions about them according torrakio
guantitative data. Still it appeared that no compan
really knew how to assign priorities or how to
communicate these priorities effectively to project
members [11].

A sound basis for prioritizing software requirents
is the approach provided by the analytic hierarchy
process, AHP [12] where decision makers compare the
requirements pair-wise to determine which of the isv
more important, and to what extent. In industrial
projects, this approach has been experienced ag bei
effective, accurate and also to yield informatived a
trustworthy results [13]. Probably even more impott
after using the approach in several commercialggtsj
practitioners are found to be very attracted by the
approach, and continue to use it in other projects
[11].but AHP has only been used in few applicagion
the software industry because AHP has a fundamenta
drawback which impedes its industrial
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institutionalization. Since all unique pairs of
requirements are to be compared, the requiredteffor
can be substantial. In small-scale developmeniepts)j
this growth rate may be acceptable, but in largdesc
development projects the required effort is madetlji

to be overwhelming [11].

Since AHP may be problematic for large-scale ptsjec
Karlsson et al [11] identified five complementary
approaches to challenge AHP. since previous studies
indicate that all of these methods involve pairewis
comparisons, making relative judgments tends to be
faster and still produces more reliable resultsntha
making absolute judgments [13]. Again, Paetschlet a
[14] claims that agile software development habex
popular during the last few years and in this fiede

of the most popular methods is the extreme
programming, which uses a prioritization technique
called Planning Game (PG). In this paper, we
investigated easy and accurate method and théiteis t
FAHP method. Next section gives a brief descriptibn
each method, both in theory and then how it works
practically. We focused on methods which may reduce
the required effort, but still able to produce higlality
results, considered trustworthy by its users.

Prioritizing Methods:

Prioritizing methods helps decision makers to asaly
requirements to assign numbers or symbols thatatefl
their importance. According to Karlsson et al[14],
prioritizing session may consist of three conseeuti
stages:

» The first stage is preparation stage where a person
structures their requirements according to the
principle of the prioritizing methods to be used. A
team and a team leader for the session is selected
and provided all necessary information.

e The intermediate stage is execution stage where the
decision makers do the actual prioritizing of the
requirements using the information they were
provided within the first stage. The evaluation
criteria must be agreed by the team before the
execution stage is started.

» The last stage is presentation stage where théégesu
of the execution are presented for those involved.
Some prioritizing methods involve different kinds o
calculations that must be carried out before the
results can be presented.

This section describes the prioritization techngue

investigated in this paper:

a). Classical Analytic hierarchy process(AHP)

The AHP was introduced by saaty [15] in 1980. The

AHP is a systematic decision-making method that has

been adapted for the software’s requirement

prioritization [15,16].it is conducted by compariiad
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possible and unique pairs of requirements to determ
which of the two is of higher priority, and to what
extent. The total number of comparisons n*(n-
1)/2(where n is number of requirements) are requioe
perform by the decision maker. In AHP the result is
exponential increase in number of comparison as the
number of requirements increases. Studies havershow
that the AHP is not suitable for large numbers of
requirements[17,18].AHP is very trustworthy, In
original form, the redundancy of the pairwise
comparisons allows a consistency check where
judgement errors can be identified. More advantages
that the resulting priorities are relatives andelolasn a
ratio scale, which allows for useful assessments of
requirements. Saaty[15] states that the intensity o
importance should be according to table 1.

Table 1:-Fundamental scale for pairwise comparisons
Intensity of Description

importance

Of equal importance
Moderate difference in importance
Essential difference in importance
Major difference in importance
Extreme difference in importance

If requirement i has one of the
above numbers assigned to it when
compared with requirement j, then
j has the reciprocal value when
compared with i.

DO~ WE

eciprocals

b).Hierarchy AHP

In large-scale development projects the requiresent
are often structured in a hierarchy of interrelated
requirements[19]. The most essential requiremerds a
placed at the top of the hierarchy and the moreifpe
requirements on levels below. Hierarchies are a
common structure in daily use of AHP. But, to separ
this hierarchical requirements structure from thet f
requirements structure outlined previously.

Hierarchy AHP possesses similar characteristics to
AHP. Using a hierarchical structure reduces the
required number of comparisons, and also the amount
of redundancy. Thus it is more sensitive to judgialen
errors than AHP .

c). Fuzzy AHP

The limitations of AHP are that it is failed to diegth
human vagueness. Hence in order to deal with
vagueness of human thought, Zadeh first introdulced
fuzzy set theory[20]. Fuzzy set theory generalizes
classical sets in an attempt to model and simulate
human linguistic reasoning in a domain charactdrize
by incomplete, uncertain and vague data. The dalssi
AHP cannot reflect the human thinking style. Avoli
these risks on performance introduces the studiesyf
AHP to address the limitation. A fuzzy linguistiblel
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can represent by a fuzzy number which is repredente
by fuzzy set. A TFEN (triangular fuzzy number) is
applied all fuzzy theories. A TFN is represented3y
tuple (I, m,u). There is no standardizing scal&AHP.
The most popular scale which is used generallyisrg

in table2. Fill the pairwise comparison matrix aslFA
but using TFN shown in table 2.

Table 2:-Example of Fundamental scale for pairwise
comparisons in FAHP

Intensity of Description

importance

(1,1,2) Of equal importance

(5/2,3,7/2) Moderate difference in
importance

(9/2,5.11/2) Essential difference in
importance

(13/2,7,15/2)
(17/2,9,19/2)
Reciprocals
(2/u,2/m,1/)

Major difference in importance

Extreme difference in importance
If requirement i has one of the
above numbers assigned to it
when compared with requirement
j» then j has the reciprocal value
when compared with i.

The optimal solution is to find the normalized trgalar
fuzzy weights to obtain the local fuzzy weights.

d). Minimal Spanning Tree

The pairwise comparisons in AHP provide interesting
relationships to each other. For example, if rezyaent

A is determined to be of higher priority than
requirement B, and requirement B is determinedeo b
of higher priority than requirement C, then reqoient

A should be of higher priority when compared to
requirement C. Despite this, AHP lets the decision
maker perform the last comparison. Because of this
redundancy AHP can indicate inconsistent judgments
(such as claiming A to be of higher priority thanirC
this example).

The redundancy of the comparisons would be
unnecessary if the decision makers being perfectly
consistent. In such a case only (n—1) comparisons
would be needed to calculate the relative intensfty
the remaining comparisons. This implies that treste
effort required by a decision maker is to create a
minimal spanning tree in a directed graph (i.e.gteph

is at least minimally connected).In the directedpir
which can be constructed by the comparison provided
there is at least one path between the requirenments
pair-wise compared [11].

The minimal spanning tree approach is supposecto b
very fast as it dramatically reduces the number of
pairwise comparisons. On the other hand, it is more
sensitive to judgmental errors since all redundamey
been removed.

e). Bubble Sort
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Bubble sort is one of the simplest and most basic
methods for sorting elements with respect to aiGan
[22]. It is also a candidate method for prioritigin
software requirements, since the actual priorigzin
process can be viewed as sorting requirementstliiee.
elements) according to their priorities (i.e. thiéecion)
[11].

Interestingly, bubble sort is closely related to AHAs
with  AHP, the required number of pairwise
comparisons in bubble sort is. But, the decisiorkena
only has to determine which of the two requiremeasts
of higher priority, not to what extent [11].

f). Binary Search Tree

A binary tree is a tree in which each node has @tm
two children. A special case of a binary tree Erary
search tree where the nodes are labelled with eltsme
of a set[21]. Consider the elements of the sethas t
candidate requirements. This is of interest for
prioritizing purposes since an important propertyao
binary search tree is that all requirements stameithe

left sub tree of the node x are all of lower pitipthan

the requirement stored at x, and all requiremetared

in the right sub tree of x are of higher prioribah the
requirement stored in x. If the nodes in a binasrsh
tree are traversed using in order traversing metti@oh

the requirements are listed in sorted order.
Consequently creating a binary search tree with
requirements representing the elements of a set
becomes a method for prioritizing software
requirements [11].

Prioritizing n software requirements using the bjna
search tree approach involves constructing a binary
search tree consisting of n nodes. The first thinge
done is to create a single node holding one reongne.
Then the next requirement is compared to the tajeno
in the binary search tree. If it is of lower prigrthan

the node, it is compared to the node’s left chilidd so
forth. If it is of higher priority than the nodet is
compared to the node’s right child, and so forinalty

the requirements are inserted into the proper plexck
the process continues until all requirements haaenb
inserted into the binary search tree [11 ].

Since the average path length from the root t@fifea
BST is O(log n), inserting a requirement into a BST
takes on the average O(logn) time. Consequently,
inserting all n requirements into a BST takes oa th
average O(nlog n)time. In this case, too, the
requirements are ranked on an ordinal scale.

0). Priority Groups

In some software development projects, one set of
requirements can clearly be of a different kind of
importance than another set. One way to reduce the
required effort is therefore not to compare the
requirements in these distinct sets. Thus another
candidate method is to initiate the prioritizingppess
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by dividing the requirements into separate groupsed

on a rough prioritization. Subsequently, the grooas

be internally ranked either by using a suitablerapph

for ordering the requirement, for example, usingFAH
or to continue with another grouping of even finer
granularity [11].

The primary gain is that, it is not necessary tompare
high priority requirements with requirements of low
priority, since they are placed in different groupte
actual choice of the number of groups depends en th
situation as well as the knowledge of the people
performing the prioritization. A simple strategy
suggests using three distinct groups: low, mediumich a
high priority. It may even be the case that thehhig
priority requirements must be implemented, and bBenc
there is no need to prioritize between them. Inséume
way the low-priority requirements may perhaps
postponed to a later release [11].

h). Planning Game (PG)

In PG, numerical assignment and ranking is combined
by first dividing the different requirements intoiquity
groups and then ranking requirements with each
other[24]. In extreme programming the requirements
are written down by the customer on a story carithvh

is then divided into three different piles. Accaorglito
Beck [22], the piles should have the names; “those
without which the system will not function”, “thosleat

are less essential but provide significant busivease”

and “those that would be nice to have”. At the same
time, the programmer estimates how long time each
requirement would take to implement and then bégin
sort the requirements into three different piles, sort

by risk, with the names; “those that can be estha
precisely”, “those that can be estimated reasonably
well” and “those that cannot be estimated at &ihal
result of this sorting is a sorted list of requieits on

an ordinal scale[23].

Since PG takes one requirement and then decidehwhi
pile the requirement belongs to and each requirémsen
not being compared to any other requirement, the ti
to prioritize n requirements is n comparisons. This
means that PG is very flexible and can scale uptteer
high numbers of requirements, without taking tonglo
time to prioritize them all[23].

i). 100 Points Method

The 100 point is very straight forward techniqueeven
the stakeholders are given 100 imaginary units to
distribute between the requirements. In this method
each stakeholder gets hundred points of some value.
With these points they should “purchase ideas”.hEac
person writes down on a paper how much he/sheghink
that one requirement is worth. When all the pgstois
have written down their points, one person caleglat
by taking the paper and summing up the points that
each requirement has got, and presents the cunwilati
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voting results. The requirement that has got tlghdst
score is the most important requirement [.
Theoretically 100P is equally flexible as PG whe
comes to the number of comparisons, i.e. n req@nts
takes n comparisons. Hence, it should really fast
and scalable method, also in comparison to both .
and BST. However, even though it has the same ah
of comparisons as PG, i.e. n, it probably wouldet
longer time to do the actual comparisons. The om
for this is that, while in PGhe decision should be
which pile to put a requirement, i.e. ordinal scataich
is the same scale as BST, in BST the decision dhme
if requirement A is more or less important tt
requirement B. For 100P the scale is ratio, whicthe
same scalas for AHP. So the person that does
prioritization has to consider to which extent «
requirement is more or less important than therothe
the same time he/she has only a small amount otg
to distribute, which probably also takes some titw

take into account in the distribution of points ttee
different requirements [23].

Evaluation:

The objective is to evaluate the prioritizing meth
presented in the previous section. This sectiotuat@s
which has beencarried out in the form of 3
experiment. We performed a single project withaha
of evaluating the nine prioritizing technique fraime
perspective of PMs and us¢ We took 10 basic
requirements likeuser-interface, functionality, size,
cost, performance, O¢Srequired, reliability,

correctness, flexibility,  maintainability.  This
experiment was carried out ordifferent libraries’ staff
members i.e. on chiefibrariar, and other library
members. Theequirements was prioritize according

their need.
Techaiquex/ AHP Hicarchy FAHP Nimimsw  Rahbk Bimary Priorily  Plasing 100 Poinix
Paramelers AHP Spanming Sort  SearchTree  Gromp Game
Tree
Consistency Yes Yes Yes No Ko No No Ko No
Imdex
Measaremont
Year 1930 199 002 1983 1933 1997 2000 2004 00
Ambor'sName TL. Saaty  Foremem CKKwong  Ullman, AV Aw Ryan, Beck Beck Leffingwell
Hopaoft Karkson
Sophisication  Complex  Complex Ve Easy  VeyFasy Fasy  Comples
Complex
Average Time  O(N7) O(N%) 0() ONlegn)  O(N) O(Nogt)  O(Nlog) O(N) O(Nogh)
Complexity
Stremgtis 1.Rank 1 Reiducesthe | Changes 1 Weight  1Compae 1Reduces  1Sqkehdde 1Veayesy No
choicesmthe momberof  hemispto  scalefree  aljacemt  therumber rhavetn tooperate  mahematicd
orlerofher compaisms TFN. network requirement  of choose o calealations
cffeciveness 2. Amangete 2 More 2Greedyin s COMMETISOG  Sroup. 2 gvereslisin
2 Easyto requrement  relisbleand  matore 2 Effeive 1 Easyto 2 Easy perceniages
operate msrdure  acomate forless implement  operate
mmber of
Teuirement
5
Weaknorses 1 Afixraling 1 Fxming [ noressein 1 Difficuit 1 Weight 1 Weightof 1 FRecursive 1Giveless  [frequirements
scale. scale calcolations  toopeate?.  of requirement i natore accurate are high then
2imcreasein 2moamyfix Less requirement  should be results need toincrezse
mathematicd scale/meéwd acoute. choddbe  knowm the points.
calculstions o solve known.
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Evaluation Criteria:

Required completion Time:- This is average tim
required to complete all the stages of the met
Shown in Figure 1.

Ease of use:-this measure is used to describe how ¢
it is to use the prioritizing methodsown in figure -
Reliability:-this measure is used to describe |
reliable the results are judged to be. Shown inréd3
Required number of comparisons:-for first five methods
the number of decisions are pdefined, lut last four
methods the number is based on the specific se
was carried out. Shown in figure 4.

Required completion Time

200
100
0
R R R & & & O &M
SIS 08 O
Figurel \
Ease of Use
200
0 T T T T T T T T 1
v.." \2\." Q-" @." %% %." QO Q." \."
Figure2
Reliability
200
0 T T T T T T T T 1
Q S S N NI CRN SR N
BT @H &S
Figure 3
Required number of comparisons
200
100
0
R R R & & & O 7
G R
Figure4
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Overall Best Technique
200
100
0
R R R A& & & O &9
SEEE @ e
Figure5

Calculating the Best Techniqu:-

After calculating data based on criteria, we assi
weight for each criteria to find the overall b
technique. Each criteria was assigned weight agug
to table 3.

Table 3:-
Name of the Criteria Weight
Required Completion 6
Time
Ease of Use 9
Reliability 8.5
Required number of 7.5
comparison
1 SG=Xi; Wi*Cjby using this formula th
Score of criteria is calculate
0S=SC/n

Where OS=overall score

nc= number of criteria

n= number of technique

SG= score of technique j
W;=weight of criteria i

Cj=score of technique j under criteri

Conclusion:-

Figure 5.is the combined graphical representatfche
above comparison graph. From the figure 5 we

conclude the technique name Fuzzy Analyt
Hieratical process has the highest points and

technique is best among all the othechnique. This
technique takes a range of the values and the more
reliable resultsThis paper will be very useful in futt

when there will be need of the requirem
prioritization. The user can easily see the congparof
the various technique odifferent criteria and the
overall results.
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