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ABSTRACT

The importance of the prioritization in commercial software development has been analyzed by many researchers. The
gathered requirements are required to be put into an order of some priority. In other words we can say that there is a need
to prioritize the requirements. It is evident that most of the approaches and techniques proposed in recent research to
prioritize the requirements have not been widely adopted. These approaches are too complex, time consuming, or
inconsistent and difficult to implement In this paper we propose a fuzzy based approach for requirement prioritization in
which requirement are prioritized in early phase of requirement engineering as post elicitation step. This category of
prioritization is known as early requirement prioritization. The proposed fuzzy based approach considers the nature of
requirements by modeling their attributes as fuzzy variables. As such, these variables are integrated into a fuzzy based
inference system in which the requirements represented as input attributes and ranked via the expected value operator of
a fuzzy variable
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1. INTRODUCTION

After successful requirement elicitation process the next challenge is to prioritize the requirement. There are various
stakeholders involved in the project and each stakeholder has consolidated concerns over requirements. Requirement
prioritization is all set to prioritize the needs and requirement of the stakeholders. Requirement Prioritization provides
support to project manager and analyst to resolve conflicts, plan for staged deliveries and make the necessary trade-off
decisions, opting balancing strategy is to drop or defer low priority requirements to later release and implementing higher
priority requirements. Early Requirement Prioritization is the process to prioritize the requirements according to need and
requirement of the stakeholders [4] after successful requirement elicitation [2][3][5]. This technique is performed as post
elicitation technique. In early requirement prioritization process, after successful requirement elicitation the gathered
requirements are prioritized so that the requirements with high priority are implemented first than low priority requirements.
It's difficult for an analyst to decide which of his requirements are most important; gaining agreement among multiple
stakeholders with diverse expectations is even more challenging. Analysts prioritize requirements initially from the
perspective of how valuable each requirement is to them. There are various factors on the basis of which an analyst
assigns a priority to requirements. The challenge is to decide which factor is used as a basis for requirement prioritization
and selection of appropriate technique for requirement prioritization. In this paper various methods of requirements
prioritization are studied and analyzed and finally a fuzzy based method for early requirement prioritization is proposed.

2.REQUIREMENT PRIORITIZATION TECHNIQUES

There is a growing acknowledgment in industrial software development, that requirements are of varying importance and
there is need for methods capable of prioritizing requirements. Reasons for this include that not all requirements can
usually be met with available time and resource constraints. Efficient and trustworthy methods for prioritizing requirements
are therefore strongly demanded by practitioners. There are several methods of requirement prioritization .In this paper we
studied, analyze and compare six methods based on various parameters are shown in table 1.

Table 1: Comparison of Prioritization Methods

Methods Concept No of Ease of | Reliability | Size of Fuzziness Complexity
: use Project Analysis
Comparisons

Analytic Pair-wise n*(n-1)/2 Easy High Medium Not o(nd

Hierarchy Comparison Supported

Process

Fuzzy AHP Pair-wise < n*(n-1)/2 Easy High Medium Supported o(n%)
Comparison

Spanning Pair-wise n-1 Difficult | Low Medium Not O(log n)

Tree Matrix Comparison Large Supported

Bubble Sort | Comparison of | n*(n-1)/2 Very Medium Small Not o(n%)
Adjacent easy Supported
requirement

B -Tree Comparison of | n*(n-1)/2 Very Medium Medium Not O (t*logt n)
Adjacent easy L Supported
requirement arge

Priority Relationship n-1 Difficult | Low Medium Not O (nlog n)

Group Matrix Supported

3.COMPARISON OF REQUIREMENT PRIORITIZATION TECHNIQUES

All the methods discussed so far are compared on the basis of the parameters shown in table 1.From the results provided
in Table 1, it is seen that AHP [6] can provide the most reliable result of the six methods, but it requires the largest number
of decisions and the longest time consumption. Minimum spanning tree [8] involves the smallest number of decisions and
the shortest amount of time consumption, but it provides the least reliable result and the lowest fault tolerance. Bubble sort
[7] is the easiest method to use and it can provide relatively reliable results and relatively good fault tolerance, but it
involves the largest number of decisions. Hierarchy AHP [9] and binary search tree reside in the middle. They produce
less reliable results than AHP and bubble sort, but also take fewer decisions and less time to perform than AHP and
bubble sort. It is seen that no one prioritization method is perfect among these six methods. Minimum spanning tree
requires less effort and time to perform the prioritization process, but it contains a high risk of misdirecting project
resources and time since it provides low reliable results. B-Tree[8] is a well established method for sorting elements. The
idea of B-Tree is that its internal nodes can contain a variable number of children nodes .The complexity of B-tree is O
(tlogt n) and the complexity of AHP is O(n?). It is seen that the number of comparisons is dramatically reduced for B- Tree
compared with AHP. This is significant when there are a large number of requirements that need to be prioritized, but only
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a small number of comparisons are required. It is seen that no one of the prioritization method is perfect among these six
methods especially in large scale project .In large scale projects requirements set are very large, and the most important
challenge is to prioritize the requirement. The above discussion conclude that for early requirement prioritization an
effective approach is needed by which analyst can easily prioritize the requirements during implementation phase
especially in large scale projects. The proposed fuzzy based approach for requirement prioritization requires less
comparisons as compared to other techniques, supports grouping of prioritized requirement ,reliable ,easy to implement ,
cost effective, less time to perform , fault tolerant in nature and suitable for large scale projects.,. The results obtained
using fuzzy based approach are always appreciable as compared to other techniques and provide support to analyst in
decision making related to requirement prioritization.

4 BACKGROUND OF FUZZY INFERENCE SYSTEMS

Fuzzy Logic is a powerful problem-solving methodology to deal with imprecision and information granularity [14]. Fuzzy
logic is completely empirical and relies on experience and knowledge rather than the technical understanding of the
subject for modeling the complex system [11] [13]. A fuzzy inference system (FIS) tries to derive answers from a
knowledge base by using a fuzzy inference engine. Fuzzy Inference Systems are conceptually very simple. An FIS have
three stages named, input, processing and output stage. The input stage maps the inputs like deadline, execution time,
and so on, to the appropriate set of membership functions and truth values. The processing stage calls each appropriate
rule and generates result for each rule. After that it then combines the results of all the rules designed. In the last stage,
output stage converts the combined result back into a specific set of output values [10].

5.REQUIREMENT PRIORITIZATION USING FUZZY SYSTEM

The proposed model for early requirement prioritization has an input stage consisting three linguistic variables. The output
stage consists of one linguistic variable called priority rating P,. The input and output variables are mapped into fuzzy sets
using appropriate membership functions. The shape of the membership function for each linguistic term is determined by
the expert. There are 27 rules specified for fuzzy inference system. These rules are aggregated for the output. The output
of fuzzy inference system is priority rating P.. If P, value is high the more important is the requirement. The requirements
with high priority are implemented in first phase of implementation.

5.1 Selection of Requirement Prioritization Input Attributes

The success of requirement prioritization depends on the selection of factors on the basis of which the analysts prioritize
the requirements. After critical analysis of various factors on the basis of their role, project support and impact on
prioritization process, three attributes are identified which gives better results in requirement prioritization process. These
factors are as follows.

1. Complexity Level
2. Degree of Reusability
3. Importance to customer

The impact of identified factor on requirement prioritization is high as compared to other factors. The fuzzy based
approach for early requirement prioritization is proposed for large scale project where the requirements are large. The
three factors support large scale projects. In fuzzy based approach, linguistic inputs are used as input to fuzzy based
system. The three factors selected for prioritization are worked as linguistic inputs .Considering these factors one can
easily prioritize the requirement. After critical analysis of identified factors various metrics are defined .The impact of these
metrics are shown in the table 2 .

Table 2: Requirement prioritization Input attributes

Input Attributes Metrics Definition Value
Complexity Level | Interface Complexity | Defines the Ext/Int interface complexity
(Il
Low Level
User Complexity | Defines the users complexity Medium Level
[uC]
System Feature Complexity | Defines the system features complexity High Level
[SFC]
Design Constraint Imposed | Defines the total no of constraints imposed on the
[DCl] system
Degree of Observability [OBS] measures how easy it is to observe a
Reusability [OBS] component Low Degree
Existence of Meta-Information | The existence of [MI] indicates whether the [MI] of Medium
[MI] the target component is provided. u
Degree
Customizability [CST] indicates the built-in capability for supporting .
[CST] the customization. High Degree
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Understandability
[UDS]

[UDS] indicated the understanding of components

Portability [PRT] indicated the portability of components
[PRT]
Functionality Usage | [FU] indicates the important functionality of the | Less
[FU] system Important
Importance to
customer Customer Satisfaction | [CS] indicates the customer satisfaction of the | Intermediate
[CS] customer in the system Importance
High
Importance

5.2 Algorithm to Solve Requirement Prioritization problem using Fuzzy logic

Early_RequirementPrioritization ()

{

Input: R ={ry,r> .. ., ra}. // Assume that the set of possible software requirements elicited form each stakeholders.

S ={s1, S2. . Sn}

/IAssume that the set of possible Stakeholders denoted by S

rn} /| Each stakeholder is associated with a set of requirements.

FuzzyRegPrior ()

{

Stepl: Defining FIS variables and fuzzification of the input variables using membership function editor

Step 2: Specifying rules for Fuzzy inference system using Rule Editor for requirement Prioritization Problem.

Step 3: Rule Evaluation

Step 4: Aggregation of the rule output

Step 5: Defuzzification of the output value

}
}

5.3 Description of Algorithm

Step 1: Using Fuzzy Inference System to Solve Requirement Prioritization problem.

Fuzzy logic starts with the concept of a fuzzy set. A fuzzy set is a set without a crisp, clearly defined boundary. A
membership function (MF) is a curve that defines how each point in the input space is mapped to a membership value
between 0 and 1. There are five primary GUI tools for building, editing, and observing fuzzy inference systems in Fuzzy

Logic Toolbox as

e  Fuzzy Inference System (FIS) Editor

e Membership Function Editor

e Rule Editor and Rule Viewer

e Surface View

Step 2: Defining FIS variables and fuzzification of the input variables using membership function editor
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Figure 2: FIS variable Complexity Level
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Figure 4: FIS variable ITC
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Figure 5: FIS output variable Py
Step 3: Specifying rules for Fuzzy inference system using Rule Editor for Requirement Prioritization Problem.

Table 3: Fuzzy Rules

Complexity Level Degree of Reusability Importance to Customer | Priority Rating
Low Low Low Low
Low Low Medium Low
Low Low High Low
Low Medium Low Low
Low Medium Medium Medium
Low Medium High Medium
Low High Low Medium
Low High Medium Medium
Low High High High
Medium Low Low Low
Medium Low Medium Medium
Medium Low High Medium
Medium Medium Low Medium
Medium Medium Medium Medium
Medium Medium High Medium
Medium High Low Medium
Medium High Medium Medium
Medium High High High
High Low Low Medium
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) Rule Editor: Requirement_Prioritization_Problem

File Edt View Options

(ComplextyLevel is L) and (Reusahilty is Low) and (ImportanceToCustomer is less) then (PriorityRating is low) (1)
(ComplexityLevel is L) and (Reusahilty is Low) and (ImportanceToCustomer is Intermediate) then (PriortyRating is low) (1)
(ComplexityLevel is L) and (Reusahilty is Low) and (ImportanceToCustomer is high) then (PriorityRating is low) (1)
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Figure 6: Rule Editor for Requirement Prioritization Problem.
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Step 4: Rule Evaluation Aggregation of the rule output and Defuzzification of the output value.
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Figure 8: Surface view of Requirement Prioritization problem
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5.4 Empirical Analysis

In previous sections the fuzzy based approach for early requirement prioritization is proposed. The methodology of the
fuzzy based for early requirement prioritization approach is shown in the algorithm and results are shown in fig 8.In this
section the proposed Fuzzy based approach for early requirement prioritization is applied to a project as a case study. The
proposed fuzzy based approach shown in the fig 1 to fig 8 is applied to calculate the priority of the requirements. CMS
project is selected as a case study for the empirical analysis of fuzzy based approach for early requirement prioritization.
CMS project enables the ability to acquire, store and reuse the assets necessary for the successful content management
of any business platform. The requirements of CMS project gathered during requirement elicitation phase and prioritized
using fuzzy based system. Table 4 listed few requirements of CMC project gathered during requirement elicitation phase.
These requirements are elicited by using proposed requirement elicitation framework [5]. Now the next challenge is to
prioritize the requirements of CMC project. The gathered requirements are prioritized as early phase of requirement

engineering.
Table 4: CMS Requirements Elicited

Req_Id Requirement Description

R Customize the User Interface.

R> Add Content Editor and content approver role.

R3 To provide a portal to the Content provider with options.

R4 Email notifications to be send to content provider.

Rs Conversion of the content to Digital form.

Rs Quality check of the content.

Rz Check Content format.

Rs Apply security over the content.

Ro Create of package.

Rio Create poster for advertisements.

Table 5: Prioritized Requirements
Requirement | Complexity Degree of Reusability Importance to Priority Rating
Level customer

R1 6.5 3.9 7.0 6.0
R2 5.5 9.7 9.9 9.5
Rs 9.0 4.8 8.0 8.8
R4 2.0 2.2 2.0 2.0
Rs 6.0 8.5 7.7 5.4
Re 9.5 9.1 7.2 9.7
R7 4.3 3.7 4.0 5.7
Rs 1.0 6.2 25 2.0
Ro 15 4.5 3.7 5.0
Rio 2.9 1.9 8.8 2.0

. Table 6: Requirement Priority of CMS project

Requirements

Priority High Medium Low
{ R2,R3,Rg} { R1,Rs,R7,Ro} { R4,Rg,R10}
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The CMC project requirements are prioritized using Fuzzy based system having three inputs ,complexity level, degree of
reusability ,importance to customer and 27 rules are defined in FIS, output is defuzzified using P, variable. The results are
shown in table 5 and table 6. Above table shows that P, value of Rz, Rz and Rg are high calculated by applying fuzzy logic
system and considered as high priority requirements. These CMC requirements of high priority are implemented in the first
phase of implementation. Fuzzy Based Approach for Early Requirement Prioritization is efficient approach to prioritize the
requirements especially in large scale projects where requirement set is large.

6. CONCLUSION

Requirement prioritization is the important activity of requirement engineering. In this work requirements are prioritized
using fuzzy based system. Fuzzy based early requirement prioritization method supports large scale projects where the
requirement set is large and requirements are prioritized according to the needs of stakeholders. This work proposes an
approach for prioritizing software requirements based on the formulation of a fuzzy logic based System. The results of
fuzzy based system are accurate, reliable and acceptable to variety of projects. Proposed fuzzy based system for
requirement prioritization is efficient approach to prioritize the requirements.
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