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Abstract
Requirement prioritization process is a big challenge in a software company that develops software using the incremental model. Because of limitations
in efforts and time, the proper requirements in proper time must be selected for implementation. A requirement prioritization framework with customer
value base is introduced in this work. Four factors of customer value are extracted from the requirements, including business rules, revenue, process
improvement, and technology. Analytic Hierarchy Process (AHP) is applied for calculating the weighting factors of customer value. The number of
requirements is reduced to minimize the complexity of proposed framework by a filtration process. Key customer and requirement types are used as
the controlled parameters in this process. The result of this study is a ranking list of requirements for a software release project. The list is ordered by
the score manipulated with the weighting factors of customer value. The highest score means the highest priority. Framework performance is evaluated
by stakeholders of the software release project. The stakeholders agree and accept that the proposed framework could enhance the existing manual
process and the customer satisfaction.
© 2016 Published by ITMSOC Working Group.
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1. Introduction

D

ELIVERING the right software features in the right time is
a key success of software development business. “The customer’s overall assessment of the utility of a product is based on
the perceptions of what is received and what is given” [1]. In software market, the requirement engineering is very important for
offering the right benefits to customer, because it is the process to
address the customer’s needs on a new or modified project.
Software production is driven by competition in global market.
Many organizations utilize information technology (IT) system
as a solution for their business. However, the business behavior
is very dynamic, i.e., the strategies always change for increasing
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their competitiveness. While business changes, a new requirement is occurred. To respond this event, the software requirement
analysis is needed to perform.
Previously, the traditional software production development
model is waterfall. The software is developed sequential stage.
Kotonya and Sommerville [2] introduced the five stages of software production development for waterfall model. Those are
given as: requirement definition, system and software design, implementation and unit testing, integration and system testing, and
operation and maintenance. However, this model consumes a long
time, and the software is released to customer in the final stage.
Currently, a new proposed software development model is
called “incremental model”. It divides software development process into a short period of time, called “increment”. Each increment contains system requirement engineering, system designing,
coding, and testing. It is delivered to customer as a software package. This model does not need to complete the software develop-
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Table 5. Requirement Score List with Weighting Factors.
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2.1. Prioritization Techniques
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Simple requirement prioritization has done by voting process
among stakeholders. These techniques are used for convincing
among the stakeholders to clarify the essential requirements. The
famous techniques are introduced as follows.
Theory W is also known as Win-Win Model [3]. Negotiation
is the best way to solve the different opinion among stakeholders. The success critical stakeholder is identified, then ask them
to rank the requirements carefully. After that, the negotiation is
performed to find the win-win situation packages of requirements.
Finally, the value-based controls and monitors for win-win equilibrium through the implementation process is completed.
Karlsson and Ryan [4] proposed the prioritizing requirement
based on relationship of value to cost of implementation. The
customers interest the candidate requirements in view of benefit
or value. Normally, a company concerns in the cost for implementation of the candidate requirement. Analytic Hierarchy Process
(AHP) was applied to calculate the value-cost ratio. The results
of this approach were represented in cost-value graph for using in
the release decision.
Azar et al. [5] believed that a valid Requirement Engineering
process (RE) must produce a set of candidate requirements by
balancing the customer needs, the business value, the cost, and
the schedule. Therefore, they introduced a novel process, namely
Value-Orientated Prioritization (VOP). The VOP approach provided the fundamental needs (i.e., customer needs, business values, and project risks) to prioritize and make decision. All stakeholders were involved in the VOP for discussion and argument
over one-by-one requirement.
Moreover, Greer and Ruhe [6] proposed a method to optimally allocate requirements to increments, namely EVOLVE. The
method focused on balancing between the requirement and the
available efforts by genetic algorithm (GA).

24

A. Chindapornsopit & T. Samanchuen / ITMSOC Transactions on Innovation & Business Engineering 01 (2016) 21–27

2.2. Analytic Hierarchy Process (AHP)

3.1. Data Collection

This work studies about Analytic Hierarchy Process (AHP) for
support decision-making process. AHP was introduced by Saaty
in 1970s [7]. AHP is a well-known method of the Multi-Criteria
Decision-Making (MCDM) to search the best solution for a decision. Input data of the approach can be either qualitative or
quantitative value.
The problem will be decomposed to a hierarchy. The hierarchy consists of 3 levels, given as: the top level that is a goal of
decision-making, the intermediate level that is a criterion and subcriterion to determine, and the low level that is an alternatives of
decision. AHP uses the pairwise comparison matrices to compare
the value of preference on one element with the other one element.
The preference is divided into nine levels as shown in Table 1.
To determine priority and weight of each alternative by performing the comparison matrix, AHP applies the eigenvector
technique to get a weight of each criteria and a ranking of priorities from pairwise matrix. The member of matrix is inserted by
this formula:
1
.
(1)
a ji =
ai j

Performing this study, the data about software development
must be gathered. In this study, a set of sample data from a software company, who provides a system and service for supporting
the passenger service in airline business, is used. There are two
types of following data are needed, given as:

Saaty [8] proposed the consistence by Consistency Index (CI),
given as:
λmax − n
CI =
,
(2)
n−1
where, n is the size of pairwise matrix, and λmax is the maximal
eigenvalue.
The Consistency Ratio (CR) being less than 0.1 is acceptable
consistency matrix. The value of CR can be calculated by:
CR =

CI
,
RI

(3)

where, RI is the random index which is the average CI of 500
randomly filled matrices [8].

3.1.1. Customer Data
Customer data are collected from the customer’s portfolio of
the key customer. In this study, we focus on selling information.
The key customer means the company who has more influence to
the income of the company.
3.1.2. Customer Requirement Information
It is a set of data which type is the Change Request (CR). The
request’s type must be the new customization that requests for the
new feature or the new implementation
3.2. Stakeholders of Software Release Planning
For this study, we found that the stakeholders of software release project, who should score for the candidate requirements,
are 3 positions.
3.2.1. Account Manager (AM)
AM is a contact person for the customers. AM will support
the customers for the issues which are found during the release
periods, and will estimate the feasibility for the new requirement
in business aspect. In software release planning process, AM is in
role of the customer agent.
3.2.2. Product Manager (PM)
PM is an expertise of product, who knows all the product specification, the product constrains, and the customer requirements.
PM knows what the product roadmap is, and can estimate the feasibility of new requirement for implementation.

3. Framework Implementation
Our work focuses on analyzing customer values from the customer requirements in a change management system, using the
extracted values as the primary factors of requirement prioritization process, and applying the AHP technique for weighting criteria. The proposed of framework is shown in Fig. 1.
The requirement prioritization framework contains 3 main processes. The first process is a requirement analysis. It is to search
for the key requirements from the lower priority requirements in
system. The second process is a customer value analysis. It is to
elicit the customer values of product and to calculate the weight
by using AHP approach. The last one is a requirement prioritization process that uses the results obtained from 2 previous parts to
perform the prioritization.

3.2.3. Business Analyst (BA)
BA is an expertise for airline business, who cooperates with
PM for analyzing the customer requirements and designing the
specification for PM, and develops the team to implement.
These are 3 people who need to score the candidate requirements on each dimension of customer value.
3.3. Requirement Analysis
The requirement analysis is performed to extract the key requirements for software release project from abundant requirements in change management system. We determine the key requirement by aspect of the key customer. Therefore, we have to
analyze who the key customer is.
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3.3.1. Customer Analysis
The sample selling information is collected from the customer
payment report. The company’s revenue was got paid from 17
customers who are charged by their usage transactions. To identify the key customer, we apply Pareto analysis in this paper. The
revenue cumulative data are utilized to create a Pareto chart for
analyzing the key customer. The results are shown in Fig. 2.
Referring to Pareto principal, i.e., “80:20 rule”, we found that
customer A is the most important customer, because it purchased
the highest amount of the service at 37.01% of the cumulative of
payment. Hence, we can conclude that the customer A is the key
customer of this company.
3.3.2. Requirement Flitration
From this sample data, there are 448 requests which do not
assign “lose” or “On-Hold” status by customer. We need to identify the related requests from the unrelated requests. There are 2
rounds of filtration as follows.
3.3.2.1. Requirement Filtration by Key Customer
The first round of requirement filtration utilizes the results of customer analysis as the selection criteria. The results are shown in
Table 2. We found that 214 requests are requested by customer A
from total 448 requests. According to this process, we can eliminate the related data from 448 requests to 214 requests.
3.3.2.2. Requirement Filtration by Type of Request
For software release project, we need only requests that create the
new features of system. The 214 requests of customer A is classified by type. The result is shown in Table 2. There are 6 types of
customer request. Only Change, New, and Implement types can
pass the filtration process and send to next step. Therefore, the
result of this process is 63 requests.
Because of time limitation of this work, using all 63 requests
could take long time for next process. Thus, we roughly prioritize and select 18 requests that probably include in this release
project. To simplify the presentation, customer requirement is denoted by R1-R18. Remember that all of the filtered requirements
must be used when the proposed framework is applied to the real
application.
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3.4.1. Customer Value Elicitaion
To elicit customer value, business characteristics of all customers have to be analyzed. The business characteristic could
indicate classes of benefit that customers expect from the product,
while the customers of this company are airlines. After studying
the business characteristics of airline software industrial, we can
extract the customer value into 4 dimensions as follows.
3.4.1.1. Business Rule (CVB)
In this paper, customer’s business characteristic is multi-country
business. Many laws, rules, policies of countries must be followed. Moreover, the safety is very important for business. There
are some specific rules that need to take action seriously. Therefore, some of customer requirement is to customize the system for
responding some business rules.
3.4.1.2. Revenue (CVR)
Everybody does a business for revenue including airline. Many
requirements are the requested functions or the features of software for increasing the company’s revenue. Hence, the release
package software should provide this value to customer.
3.4.1.3. Process Improvement (CVP)
Because of the complexity of business operation, the customers
spend a lot effort to operate it. Nowadays, IT can support many
process of business. It causes many requirements for improving
their business process and reducing time for each task.
3.4.1.4. Technology (CVT)
In the present, e-commerce is the strategy of many companies.
To be a market leader, they need to update their tools frequently
for the latest technology for overtaking and taking the benefit of
them to improve their business. Therefore, the technology is an
important factor which could improve the customer satisfaction.
3.4.2. Priority Vecter of Customer Value
After obtaining a set of customer values, it needs to determine
how each customer value influences to the others, which can be
done by using AHP. The outcome is depended on situations. The
priority vector can be applied as a weight factor for each customer
value dimension. Thus, AHP is applied for calculating the weight
of each customer value as follows.

3.4. Customer Value Analysis
According to related study, the success of release project is considered by customer satisfaction. The customer value that will be
distributed to customer is also dealed with customer satisfaction.
Thus, this section describes the process of elicitation of proposed
customer values and the process of AHP to determine the weight
of each customer value.

3.4.2.1. Hierarchy Construction
The AHP hierarchy states on the top level as an objective. Our
work states the problem as “the priority of customer values”. In
intermediate level, we stated as customer values that are “Business rule”, “evenue”, “Process improvement”, and “Technology”.
Our hierarchy did not need the alternative level, because we just
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need to know the weight of each value. The hierarchy is shown in
Fig. 3.

calculated result of this process is represented in Table 5. From
Table 5, we can see that the highest score is 4.04 given by R18,
while the lowest score is 0.93 given by R9.

3.4.2.2. Pairwise Comparison Evaluation
This process is to create a pairwise comparison form distributed to
Account Manager (AM) to evaluate how important of each value
is, in case of one-by-one comparing. We use the eigenvector
technique to derive the weight matrix of customer value. PV =
[0.663, 0.231, 0.067, 0.038]T is the priority vector result of business rule, revenue, process improvement, and technology, where
(.)T is the matrix transpose. Principal eigenvalue = 4.610 and CR
= 22.3%. As proposed by Saaty [7], CR which is less than 10%
is acceptable matrix. Thus, the balanced scale is used to improve
consistency, proposed by Pöyhönen et al. [9]. The balanced scale,
Saaty’s scale, and their matching with verbal judgments are given
in Table 3.
The balanced scale is applied to improve the consistency of
matrix. Therefore, the new pairwise matrix from this modification is represented in Table 4. From Table 4, the eigenvector
technique derives eigenvalue = 4.212, CR = 7.5%, and PV =
[0.572, 0.258, 0.098, 0.072]T . Now, CR is less than 10% which
is acceptable value.
3.5. Requirement Prioritization
At this point, all requirement parameters are archived, including the candidate requirements, the customer value, and the priority vector for customer value. This state consists of scoring
the candidate requirements, calculating the score, and ranking the
requirements to derive the priorities of each requirement, respectively.
3.5.1. Scoring Requirement
The candidate requirement lists are distributed to all stakeholders (AM, PM, and BA) for scoring each requirement referring to
each customer value, where the minimum score of 0 means that
the requirement does not provide the benefit in this value aspect,
and the maximum score of 5 means that the requirement absolutely provides the benefit in this value aspect.
After receiving requirement scores from the stakeholders, the
average score of each factor and requirement is calculated. Then,
we calculate the total score by multiplying the average score of
each factor which weighting factor is obtained from previous section, i.e., PV = [0.572, 0.258, 0.098, 0.072]T . The equation for
calculating the total score is given as:
Z=

n
X

Vi Wi ,

(4)

i=1

where, Z is the total score of a requirement; Vi is the average
score of the i-th customer value; Wi is the weighting factor of the
i-th customer value; and n is the number of customer values. The

3.5.2. Ranking Requirement
In this section, the candidate requirements are ordered according to the total score in Table 6. This is the outcome of this implementation. This ranking list will be a decision support for the
management team in order to select the requirements for implementation of the next incremental software package.
Because of resource limitation as previously described, only
some requirements could be selected for the next incremental software package. For example, only the first 10 ranked requirements
of all 18 requirements are selected for implementation. This set of
requirement is called “the selected requirement”. The left of candidate requirements, which do not select for the upcoming software release, will be selected for the further software release.
4. Result Evaluation and Discussion
To confirm the potential of the proposed framework, the evaluation process is demonstrated in this section, which consists of
three processes. The first process is to evaluate the ranking consistency. The second process is to evaluate the stakeholder satisfaction. The last process is to interview the stakeholder about
framework acceptation as discussion.
4.1. Ranking Consistency Evaluation
To create the benchmark of this study, after we got the candidate requirement, AM is asked to rank the list manually. The
list is ranked by the most customer preference. It is the existing
method in this company.
To evaluate the ranking result, the top 10 ranking customer
preference from AM is used to compare with the top 10 ranking result of framework from Table 6. We can obtain the result as
given in Table 6.
According to the results in Table 6, from top 10 requirements,
there are only 2 requirements, i.e., R7 and R8, that are not listed
in the top 10 ranking of proposed framework. We can say that the
difference between the result of the proposed framework and the
result of the conventional process is 20%.
4.2. Stakeholder Satisfaction Evaluation
To evaluate the stakeholder satisfaction of the proposed framework, the experts were asked to evaluate the framework in 4 dimensions. The dimensions for evaluation also include four categories, given as: improving the key customer satisfaction, ranking
the consistency, supporting the release planning process, and applying the feature for all customers. Score of 5, the highest score,
is represented as strongly agree level and Score of 1, the lowest
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score, is top represented as strongly disagree level. The result of
stakeholder satisfaction is given in Table 7.
The satisfaction evaluation of proposed framework results in
Table 7. It shows that the most satisfied dimension of stakeholder
is the category of supporting the release planning process with its
average score of 4.00. Improving key customer satisfaction and
applying feature for all customer get are the equal score of 3.67.
The lowest score of 3.00 is given to the category of ranking the
consistency.
4.3. Stakeholder Discussion
To sum up the discussion of stakeholders, they accept the ranking result of framework. It makes the process of selecting requirement for software release planning process easier. It eliminates
the time of review requirements meeting, the release direction is
clear to all stakeholders. However, there are some comment that
the framework should be concerned with the internal organization
factors, e.g., resource available, cost, version compatibility, and
so on.
5. Conclusions
The software prioritization framework is developed for the software release planning process in incremental model. The proposed framework consists of 3 main parts, i.e., the requirement
analysis which is a process for looking through the proper candidate requirements for the prioritization, the customer value analysis which is a process for eliciting the customer values as the
factors for decision making in the prioritization process, and the
prioritization process which is a process for generating the prioritized requirements list for the software release planning process.
Performance of this work was evaluated by comparing the framework results with the results taken from the traditional process.
Moreover, stakeholder interview was also performed to confirm
about the exceptional of framework results. The top 10 ranking
members are close to members of the traditional process results,
and the stakeholder interview confirmed that they accepted the
framework result and gave some suggestion about other factors of
project management, e.g., timeframe, efforts, etc.
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