Journal of Informatics and
Web Engineering

Vol. 1 No. 1 (March 2022) eISSN: 2821-370X

Incorporating Semi-Automated Approach for
Effective Software Requirements Prioritization:
A Framework Design

Fang-Fang Chua'’, Tek-Yong Lim?, Bushra Tajuddin®, Amarilis Putri Yanuarifiani*

123Multimedia University, Malaysia
4Telkom University, Indonesia
*corresponding author: (ffchua@mmu.edu.my, ORCiD: 0000-0003-4114-1320)

Abstract - Software Requirements Prioritization (SRP) is one of the crucial processes in software requirements engineering. It
presents a challenging task to decide among the pool of requirements and the variance of the stakeholder’s needs in prioritizing
requirements. Semi-automated requirements prioritization is implemented in both manual and automatic processes. When
prioritizing requirements, these aspects such as importance, time, cost and risk, should be taken into account. The emergence of
machine learning is advancing to improve and automate the SRP process whereby decision making can be performed with minimal
human intervention. Incorporating machine learning approaches in prioritization techniques can be implemented in the ranking
process and classifying the priority group of the software requirements. A Semi-Automated Requirements Prioritization framework
(SARIP), which implements semi-automatic process in requirements prioritization is proposed. SARiP concentrates on the areas
related to prediction of requirements priority group and ranks requirements using classification tree and ranking algorithm. SARiP
has been successfully evaluated in the government sector domain by the i-Tegur team from the Department of Information
Technology, Ministry of Housing and Local Government of Malaysia (KPKT). 80% of the participants agreed that SARIP is
extremely likely to help the participants in prioritizing the requirements for their projects. All participants agreed that SARIP is
reliable and useful. Recording the requirements and results for the prioritization will be considered for future work and traceability
function will be included to trace the requirements changes.
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[. INTRODUCTION

Software Requirements Prioritization (SRP) is one of the crucial processes in software requirements engineering. One
of the challenges during software development could be the selection of the ‘right’ requirements among a pool of
requirements to fulfill different stakeholder’s needs. This may lead to difficulties in organizing an effective
prioritization process, forcing the organization to either rely on developer’s experience or perform an additional
requirements analysis and validation. Making a wrong selection will not only decrease the quality of the developed
software but it will also incur additional cost for rectification processes in later phases. Thus, requirements
prioritization would help to discover the most desirable requirements in different software product releases.
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Most of the time, prioritization needs to be done constantly or urgently especially when facing dynamic changes of
project constraints. For example, prioritization for agile projects is a critical strategy in product releases through a
series of time boxes running on a fixed schedule [1]. As requirements are changing frequently through the development
cycle, [2] proposed a framework to prioritize requirements in agile software development which start early from user
story. Besides, SRP also has to cope with the limited resources of projects whereby the process involved in managing
different requirements are based on relative importance and urgency [3]. If budgets are limited or time is running out,
[3] stressed that adequate prioritization should be performed in order to ensure the highly important requirements are
attended to urgently. The classical requirement prioritization methods for incremental software development consider
mostly the functional requirements and often ignore the non-functional requirements which might lead to disastrous
failures in the final system [4]. In view of the mentioned problems, [4] proposed a novel prioritization approach for
functional requirements which also considers the conflicts among non-functional requirements.

Current SRP processes are being performed offline, manually and independently which is time consuming especially
if the amount of requirements is massive. In short, when the requirements are wrongly prioritized and not validated,
this may lead to the delay of product delivery and the worst case; it will impact the overall cost, time and risk of the
project. In addressing the mentioned problem statements, there is a need to identify the prioritization criteria to be
used in software requirements selection. It is also crucial to identify the methods to be used to perform SRP processes
automatically for quality decision making. Besides, the importance of evaluating the proposed framework in a real-
world context will be highlighted in this proposed work. The aims of this research work are (1) to identify the
prioritization criteria for requirements selection, (2) to propose a semi-automated framework that prioritizes software
requirements for practical decision making and (3) to evaluate the proposed framework in the government sector
domain. A Semi-Automated Requirements Prioritization framework (SARiP), which implements both manual and
automatic process in requirements prioritization is proposed. The research work will focus on the software
requirements prioritization for both functional and nonfunctional requirements in the government sector domain.

The proposed framework aims to automate activities which are involved in the SRP process which helps in the
requirements selection as well. One of the software applications used by the public and developed by the Malaysian
government, namely i-Tegur from the Ministry of Housing and Local Government of Malaysia (KPKT) will be used
as the case study in this research study. The “project team” involved in this research study consists of a project manager,
two system analysts, one business analyst, one data analyst, three developers and two testers while the “stakeholders”
consist of the management staff of KPKT and representatives from local councils across Peninsular Malaysia. The
business analyst and data analyst which are also the owner of the project were representing the stakeholders for this
project. The proposed work contributes in the process of managing the relative importance, criticalness and urgency
of different requirements types automatically and thus helps in reducing the risk during software development.

The remainder of this paper is divided as follows: Related Work section describes and compares the existing works in
software requirements prioritization; Methodology section explains the six phases involved in this research; Proposed
Solution section presents the proposed overall architecture and workflow; User Evaluation section presents the user
evaluation results and the work is concluded in Conclusion section.

II. RELATED WORK

Relevant subject topics such as process flow of requirements prioritization, requirements prioritization techniques,
machine learning techniques used in prioritization and existing semi-automated framework for prioritization are
reviewed and analyzed. SRP is one of the crucial processes in software requirements engineering. It presents a
challenging task to make a decision based on a set of requirements and the variance of the stakeholder’s needs in
prioritizing requirements. The prioritizing aspects such as time, importance, risk, cost, penalty, volatility, other aspects
and combining different aspects of prioritization should be taken into account while prioritizing requirements [5],[6].
A SRP has three consecutive stages; (1) preparation stage which includes collecting requirements, choosing
prioritization techniques and finalizing prioritization criteria; (2) execution stage which performs requirements
prioritization activities and (3) presentation stage to present the results of the prioritization [7].

The process flow of requirement prioritization can be categorized as manual and semi-automated. The manual process
flow starts manually from the beginning until the end of the requirement prioritization process whereas the semi-
automated process flow starts with the manual process and followed by automated process to finalize the requirement
prioritization. The most challenging task of manual process flow is to handle the conflict between different
stakeholder’s needs while prioritizing the requirements. Hence, various semi-automated requirements prioritization is



Journal of Informatics and Web Engineering Vol. 1 No. 1 (March 2022)

being proposed as a solution to minimize the conflict between stakeholders. [8] proposes a new semi-automated
scalable prioritization technique called ‘SRPTackle’ to address the main challenges of the prioritization process such
as scalability, unavailability of quantification and lack of automation.

A. Requirements Prioritization Techniques

1. Nominal scale

Under nominal scale category, requirements will be assigned to groups with different priorities but requirements
within the same group are considered equal priority [9]. There are six different techniques of nominal scale such as
“In or Out”, three-level scale, MoSCoW, numerical assignment, Kano model and top ten requirements. MoSCoW,
numerical assignment and Kano model are used in the proposed work for manual prioritization. The “In or Out” is
considered the simplest technique among all prioritization techniques and involves two groupings only [1]. The
stakeholders will be given a list of requirements and they decide which requirement will be included and which
requirement is not included. Those requirements grouped as “In” are considered the same priority and to be
implemented within a product. On the other hand, those requirements grouped as “Out” will be put aside for future
consideration or removed completely. Three-level scale is another prioritization technique commonly used in which
requirements are grouped into three different levels of priority, namely high priority, medium priority and low priority
[1]. In order to make this prioritization process objective and precise, the stakeholders must agree and clearly define
what high, medium and low priority means.

MoSCoW is a prioritization technique to group the requirements into four possible priority classification, namely
Must, Should, Could and Won't [1]. Requirements that must be satisfied in the final product would be grouped in
“Must”. On the other hand, requirements grouped in “Should” is considered important but it is not compulsory. “Could”
group contains requirements that are desirable by stakeholders and only implemented if time and budget is sufficient.
The last “Won’t” group consists of requirements that will not be implemented in the final product. Numerical
assignment is also a commonly used prioritization technique where requirements are grouped into different priority
groups and these groups are representation of what is demanded by the stakeholders [9]. For example, stakeholders
may group requirements as “critical”, “standard”, “optional” and a percentage of requirements that can be placed for
each group.

The Kano model explains how stakeholder satisfaction would change based on three different quality types, namely
performance quality, basic quality and excitement quality [10]. If the product fulfills these requirements, there will be
an increase in stakeholder satisfaction. When these requirements are not met, the stakeholders are more likely to be
unsatisfied. Certain basic quality requirements are expected to be implemented in the product and stakeholders will
take it for granted because these requirements are usually not clearly stated by the stakeholders. Even if the basic
quality requirement is fulfilled, the stakeholder satisfaction level did not increase because these requirements are
expected to be there. A decrease in the stakeholder satisfaction level will occur when these requirements are left out.
When the excitement quality requirement comes together with the product, stakeholders will love it even if the
stakeholders don't know or think about this requirement. The stakeholders are not affected if the product did not meet
any excitement quality requirement.

2. Ordinal scale

For the ordinal scale, every requirement is prioritized in an ordered list. In other words, every single requirement has
a different priority level. There are three common prioritization techniques under ordinal scale such as ranking, bubble
sort, and pairwise comparison. Ranking technique which is being used in the proposed work allows the stakeholders
to sort a list of requirements from number 1 (for the most important requirement) to number “n” (for the least important
requirement). Sometimes, stakeholders may face difficulties sorting two similar requirements into the different ranks
either “rank higher than” or “rank lower than”. Bubble sort was introduced by [7]. This approach requires the
stakeholders to compare two requirements and swap the requirements if the stakeholders found these requirements in
the wrong priority order. The process will be repeated until there is no need to swap or the requirements are all in
order of priority. The end list is the final ranked requirements. Pairwise comparison requires stakeholders to compare
all possible pairs of requirements and make a decision which requirements in each pair have a higher priority. A matrix
style tool is commonly used to support this pairwise comparison technique. At the end, the stakeholders make a rank
order out of a list of requirements where the highest priority requirement refers to the requirement with the most
appearance in the matrix.
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3. Ratio scale

Ratio scale is considered as the viable among all the scales because it provides a relative distance between
requirements on top of the ordering of requirements. One-hundred-dollar test and Analytical Hierarchy Process are
examples of prioritization techniques utilizing ratio scale. In the hundred-dollar test, stakeholders will put a price on
each requirement and the total value will come to a hundred dollars. The requirement that has the highest value is
ranked first and so forth with the least important requirements will have the smallest value. Analytical Hierarchy
Process (AHP) is a process to determine which requirements that have a higher priority and to what extent, all
identifiable pairs of hierarchically classified requirements are compared and the importance are usually from a scale
of one to nine with one representing equally important requirements and nine means it is an absolutely very important
requirement. Then, the stakeholders will calculate the relative value and implementation cost of each requirement. A
cost-value diagram is generated and the stakeholders evaluate the requirements based on this diagram. In short, AHP
is highly time consuming.

B. Machine Learning in Prioritization Techniques

The existing semi-automated requirements prioritization in the market focused on the requirements ranks using various
techniques. Machine learning in prioritization techniques is not only applicable in the ranking process but also can be
implemented in classification approaches such as classifying the priority group of the software requirements. CBRank
proposed by [11] uses the machine learning technique in processing stakeholder preferences of requirements ordering.
With an intention to construct a strong classifier from a sample of weak classifiers using an ensemble technique,
boosting method can create a very high accuracy rank prediction by using moderately accurate partial orderings and
combining it linearly. Besides, classification techniques can be implemented to classify the priority group which is
similar to the three-level scale in prioritization technique. According to [12], the classification approach in machine
learning is mostly used in forecasting the group membership for data instances.

[12] conducted a research which focused on commonly used classification techniques such as Decision Tree, Bayesian
Network (BN) K-Nearest Neighbor (kNN) and Support Vector Machines (SVM) which can be regarded as among the
highly well-known and suitable technique for solving problems in connection to data classification, learning and
prediction. According to [13], among challenges developers will face is using prior information to cluster stakeholders
and requirements, but through clustering, patterns from ratings by already elicited stakeholders will be easier to find.
SRPTackle proposed by [8] provides a semi-automated process based on an integrated formulation of requirement
priority value function, such as multi-criteria decision-making method, clustering algorithms (K-means and K-
means++), binary search tree, to increase efficiency and minimize human intervention.

By applying collaborative algorithms to clustered requirements and stakeholder, more effective and accurate
prediction will be achieved. Clustering will help extend the framework enabling a scope of improvement. Particle
Swarm Optimization (PSO) which was adopted in CDBR by [14]. PSO is swarm intelligence meta-heuristic where a
population based state of algorithm is continuously modified until a termination criterion is met. DRank used
RankBoost algorithm to generate subjective requirement prioritization formula, generate requirement dependency
graphs (RDGs) based upon the contribution dependencies and business dependencies among the requirements, and
analyze the contribution order to calculate the contribution of every requirement by using PageRank algorithm to
finally integrate the final requirements prioritization [15]. SAFFRON used social networks and collaborative filtering
to prioritize the stakeholders and their importance based on roles of the stakeholders [13]. Subsequently, it merges the
matrix and uses correlation analysis to find similarity among the requirements for predicting new requirements
prioritization.

C. Existing Semi-Automated Prioritization Approaches and Framework

Few existing semi-automated approaches and framework for requirements prioritization are being reviewed in the
section. Collaborative Dependency Based Ranking approach (CDBR) is a collaborative requirements prioritization
method based on semi-automated dependency proposed by [14]. This approach concentrates on minimizing the
differences in opinion among stakeholders and developers, to ensure an effective collaboration can be done and for
the preferable approximation from the result of the final prioritization that is agreeable to the stakeholder and developer.
The CDBR targeted three major constraints which are usually overlooked in an existing work namely requirements
dependencies, communication between stakeholders and developers, and the issue of scalability. Particle Swarm
Optimization algorithms are used for the automation process whereby ranking is calculated in the order of the
difference that stakeholders and developers have and being processed to produce a final priorities of implementation
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agreeable by all stakeholders. CDBR however doesn't consider incorporating new requirements or change to existing
requirements which shows lack of flexibility for the prioritization process.

[15] proposed a semi-automated prioritization method called DRank and this method is based on preferences and
dependencies. It has seven steps: (i) select ranking criteria; (ii) selected evaluation attributes (SEAs) as based in
selecting a scale value for each requirement; (iii) prioritize sampled requirements pair (Srps); (iv) create a subjective
requirement prioritization (SubjRP); (v) generate requirement dependency graphs (RDGs); (vi) analyze contribution
order (CO); and (vii) merge final requirement prioritization (FinalRP). A semi-automated DRank consists of both
manual and automatic processes. The manual steps involved stakeholder’s participation which includes selection of
ranking criteria, ranking the requirements according to SEAs and selecting pairs of requirements in order to compare
it using pair-wise. Stakeholders will then make an allocation of each pair relative priority afterwards. Finally, DRank
integrated the final requirements prioritization as FinalRP. Same as CDBR, DRank did not consider incorporating new
requirements or the changing of existing requirements. Hence, rank reversal issues will arise.

[13] proposed a Semi-Automated Framework for soFtware Requirements priOritization (SAFFRON), which predicts
stakeholders rating to reduce human interactions. There are eight steps in SAFFRON; (i) collection of stakeholders
ratings; (ii) calculating how stakeholders roles and individual influence can influence the project; (iii) every
stakeholder’s importance for each requirement from ratings and project influence will be calculated; (iv) requirements
are prioritized based on total importance; (v) ratings are collected from a group of stakeholders for new requirements;
(vi) merged rating matrix will provide gathering of user-requirement relation matrix and merging both matrices from
previous requirements and new requirements; (vii) determine which users that will predict ratings; (viii) using
collaborative filtering to predict ratings and use the new predicted rating. Stake-Rare approach is a two-step approach
with an objective of finding similarity between requirements through correlation analysis and using a technique of
model-based collaborative filtering to predict a rating from a certain stakeholder. The result of estimating the new
requirements will be the final priority rank which will solve the rank reversal issue. As proposed by [11], CBRank is
a SRP through Machine Learning Approach using Case Base Ranking. CBRank uses the machine learning technique
in processing stakeholder preferences of requirements ordering. With the use of this method, preference information
given by effort from humans can be reduced but at the same time, perpetuate the accuracy of the final ranking
approximation. This method also allows exploitation of domain knowledge encoded as an incomplete order relations
described over the requirement attributes, resulting in support of an adaptive elicitation process. CBRank however
doesn't consider incorporating new requirements or change to existing requirements, thus inviting the issue of rank
reversal.

D. Gap Findings

CDBR, DRank, CBRank and SAFFRON did not consider the utmost feature of requirements prioritization, which is
providing the final rank of software requirements prioritization. CDBR, DRank and CBRank failed to consider the
rank reversal, especially where the new requirements or a change of existing requirements occurs. SAFFRON did
consider this issue but it did not consider classifying the priority group of the requirements. A Semi-Automated
Requirements Prioritization framework (SARiP), which implements both manual and automatic process in
requirements prioritization is proposed. SARiP concentrates on the areas related to prediction of requirements priority
group and ranks requirements using classification tree and ranking algorithm. SARiP concentrates on the areas related
to prediction of requirements priority groups and ranks. It will adopt machine learning classification techniques using
decision tree and ranking algorithm for conducting the prediction of new requirements prioritization. The comparison
of features for the requirements prioritization approaches is summarized in Table 1.

Table 1. Comparison of semi-automated framework for prioritization

CDBR DRank SAFFRON CBRank SARiP
[14] [15] [13] [11]
Manual Numerical Ranking, Ranking Pairwise MosCoW,
Prioritization assignment, Pairwise comparison Numerical
Dependency Flow comparison assignment,
Graph Kano Model
Automatic Particle Swarm RankBoost, Social Networks, RankBoost Classification
Prioritization Optimization PageRank Collaborative filtering, tree,
Merge matrix, Ranking
Correlation analysis algorithm
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Most of the semi-automated requirements prioritization still follows the manual process flow in which these methods
maintain the preparation process manually and automate the execution and presentation processes. The preparation
process is done manually since this process requires input from the stakeholders and developers as initial priority
requirements. This information will be also used as training data in the automation process to calculate the final
requirements prioritization and predict the requirements prioritization for new requirements. The proposed Semi-
Automated Requirements Prioritization framework (SARiP) will implement the preparation process manually, e.g:
data collection from stakeholders and project team. Combination prioritization techniques of MoSCoW, Numerical
Assignment and Kano model will be applied by the project team and stakeholders to classify the requirements criteria
and scale the requirements based on selection criteria. The automated part for SARIP will be done using a classification
approach which includes a decision tree in machine learning technique. This approach is conducted to forecast the
priority group of the requirements based on the scoring of the requirements. SARiP will also adopt a ranking algorithm
to rank the requirements. Both approaches will be conducted when the need to predict new requirements prioritization
or change of existing requirements prioritization occurs. The proposed method will focus on the classification of
prioritization grouping and rank reversal issues which involve prediction of the new requirements by the stakeholders.

[II. METHODOLOGY

This section proposed the research methodology to be used. There are five phases of research activities involved in
implementing SARiP. Requirements are gathered and analyzed. Semi-automation method is then being proposed and
SARIP is developed for the requirements prioritization process. The input and output for each phase in research
methodology with the activities involved are represented in Figure 1.

Requirements L. .
Data Acquisition & Pre-processing

«  Elicit requirements (e.g: interview)

Data cleansing

h

Requirements
List

Requirements Analysis
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Figure 1. Proposed Methodology
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A. Data Acquisition & Pre-Processing

Qualitative research method is adopted to elicit the requirements from a project team in government sector, where the
primary data is gathered and analyzed. An in-depth interview with the government officers is conducted in order to
gauge their views, expectations, and understanding on the current and future services demands with regard to adopting
the semi-automated software requirements prioritization framework in government enterprise architecture. The pre-
processing of the primary data gathered and the requirements is done manually to ensure that only the relevant
information will be taken for analysis purposes. The data set used consists of functionality and quality requirements
for i-Tegur project. The data will go through cleansing processes such as eliminating the noisy data, handling the
missing values (filling in the values or eliminated if not important), or resolving the inconsistencies in the data before
it is transformed into an understandable format. The cleansing processes were done manually.

B. Requirements Analysis

Requirements analysis is conducted according to data gathered in the early phase and requirements generated shall be
atomic, uniquely identified, complete, consistent and unambiguous. Requirements analysis phase is important to
ensure all the requirements are clear, clean and ready for the prioritization process. The prioritization criteria for
requirements selection are also determined in this phase. The project team and stakeholders will decide on the weight
of each prioritization criteria. The proposed SARIP framework prototype prioritization criteria are represented in Table
2.

Table-2. Prioritization criteria and details information

Criteria Details
MoSCoW Measure the significance of requirements using MoSCoW technique
Cost Measure the cost involved in developing the application
Time Measure the time sensitivity to develop application
Risk Measure the risk while developing application, the risk if development of requirements delayed
Complexity Measure the complexity of the requirements
Importance Measure the importance of requirements using Kano model

The pre-processing of the primary data gathered and the requirements is done manually to ensure that only the relevant
information will be taken for analysis purposes. The project team and stakeholders will then proceed with the process
of identifying the prioritization criteria which involves deciding the weight of each prioritization criteria. The
prioritization criteria for the proposed SARIP prototype include MoSCoW, cost, time, risk, complexity and importance.
The stakeholders will decide the weight for each requirement criteria. The total weight of the criteria will be 100
percent. Table 3 shows the example of weight criteria for the proposed SARIP prototype requirements prioritization.

Table 3. Example of weight criteria for requirements prioritization

Criteria % Weight
MoSCoW 10

Cost 10

Time 20

Risk 10
Complexity 25
Importance 25

Total 100

C. Manual Prioritization

The manual prioritization process involved participation of the project team and stakeholders. The first process in this
phase involved the project team who will use MoSCoW technique to identify and classify the requirements
accordingly. MoSCoW is used as a guideline to ensure the basic importance of the requirements. The project team
will rate and score the requirements based criteria of the scoring method. The scoring method for MoSCoW technique
is depending on the criteria (e.g: 1 - the least important priority, 4 - the highly important priority) stated in Table 4.
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Table 4. Scoring criteria for MoSCoW technique

Criteria Score
Must 4
Should 3
Could 2
Won’t 1

The project team and the stakeholders will then use numerical assignment techniques to rate the scoring for other
prioritization criteria as in Table 5. The scoring method for these criteria is based on the criteria in Table 5 with the
scale of 1 to 10 (e.g: 1 - the least important priority, 10 - the highly important priority).

Table 5. Scoring criteria for cost, time, risk and complexity

Criteria Score
Cost 1-10
Time 1-10
Risk 1-10
Complexity 1-10

The final process in manual prioritization involved stakeholders where the stakeholders will rate the scoring for
importance criteria based on the Kano model. The basic quality and performance in the Kano model will be taken into
consideration and the excitement part in the Kano model will be a guideline for an added value to the requirements.
The added value indicates that it’s nice to have but not important. Thus, it will be considered after the important
requirements were being prioritized. The scoring method for importance criteria is based on the criteria (e.g: 1 - the
least important priority, 3 - the highly important priority) in Table 6.

Table 6. Scoring criteria for importance

Criteria Score
Basic 3
Performance 2
Excitement 1

D. Automatic Prioritization

The automation process adopts machine learning techniques in generating the priority groups and final priority ranks
of requirements which consist of two parts, prioritization and prediction. Accuracy testing is done while choosing the
suitable classification model for the proposed prototype. Thus, Decision Tree and Naive Bayes are selected in
conducting accuracy tests for classification models. The function of this classification model is to predict the priority
groups. Results of the accuracy testing between two classification models chosen are shown in Figure 2.

Decision Tree Classification model Naive Bayes Classification model

confusion Matrix and statistics confusion matrix and stavistics

reference reference
prediction High Low Medium prediction High Low medium
High 3 0 0 wigh ] 0
Low o 2 0 Low ] [+] ]
Medium o o 11 Medium B 2 1

overall statistics

overall Statistics

Accuracy @ 1 Accuracy : 0.5238
95% €I : (0.8389, 1) 95% €I @ (0.2978, 0.7429)
wo Information Rate : 0.5238 No Information Rate : 0.5238
P-value [Acc > NIR] : 1.267e-06 P-value [acc > NIR] : 0.5874
Kappa : 1 Kappa : 0
mcnemar's Test P-value @ Na Mcnemar's Test P-value : NA
statistics by Class: statistics by Class:
class: High Class: Low Class: medium

class: Wigh class: Low Class: Medium

sensitivity 1. 000 1. 00000 1. 0000 Sensitivity 0. 0 0., 00000 1. 0000
specificity 1.000 1. 00000 1. 0000 specificity 1.000 1. 00000 0. 0000
Pos Pred value 1.000 1. 00000 1. 0000 Pos Pred value Nan NaN 0. 5238
neg Pred value 1.000 1. 00000 1. 0000 Neg Pred value 0.619 0.90476 Nam
pPrevalence 0. 381 0.09524 0.5238 Prevalence 0. 381 0.09524 0.5238
Detection Rate 0.381 0.09524 0.5238 Detection Rate 0. 000 0.00000 0.5238
pDetection Prevalence 0. 381 0.09524 0.5238 petection Prevalence 0.000 0. 00000 1. 0000
Balanced Accuracy 1.000 1. 00000 1. 0000 Balanced Accuracy 0. 500 0. 50000 0. 5000

Figure 2. Comparison of two classification models
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From the results shown in Figure 2, Decision Tree is chosen as classification model for SARIP prototype. The input
of automatic prioritization is the initial set of prioritized requirements with the top-level of selection criterion. The
prioritization part will start by calculating the score based upon the initial set of prioritized requirements by the project
team and stakeholders. The weight criteria and scoring method identified in the previous phase will be used in
calculating the score for requirements prioritization. The formula for calculating each criteria of the requirement are
defined as Equations (1), (2), (3), (4), (5) and (6).

MoSCoW - % * moscow_weight (1)
Cost » =22« cost_weight (2)
Time - 2% « time_weight (3)
Risk » =% « risk_weight (4)
Complexity — 0T & complexity_weight (5)
Importance — T « importance_weight (6)

The weight of each requirement criteria is defined in the requirements analysis phase by the project team and
stakeholders. Total score for requirements criteria will be calculated using Equation (7) when the criteria of each
requirement are calculated.

Total Score — MoSCoW + Cost + Time + Risk + Complexity + Importance (7)

The second part of SARIP framework automatic prioritization is prediction. There are commonly used classification
techniques in machine learning including Decision Tree, Support Vector Machines (SVM), K-Nearest Neighbour
(kNN) and Bayesian Network [12]. Based on commonly applied classification techniques and accuracy testing done
previously, the proposed SARIP prototype adopted Decision Tree algorithm to predict classification of priority groups
which consist of three different priority groups (e.g: Low, Medium and High priority). The build classification or
regression models of the decision tree are in the form of a tree structure. It works by disintegrating the dataset into
smaller subgroups while concurrently; an associated decision tree is gradually developed. The output of it is a tree
with decision nodes and leaf nodes. The highest node in a tree which has no parent is called root node. Decision trees
can cope with both numerical and categorical data. A classification tree is applied to learn a classification function.
This function forecasts the value of a target attribute given the values of the predictors (input) attributes. To build a
decision tree, one needs to calculate impurity. Entropy is one of the techniques used to measure impurity. Formula to
calculate entropy as Equation (8), which the logarithm is base 2.

E(S) = Xi_, —pilog 2 pi (8)

A pure table of entropy is zero which consists of a single class, where the probability is 1 and log(1) = 0. The entropy
achieves its maximum value when entire classes in the table have perfect probability. The purpose of classification
technique using decision tree is to predict the priority group classification. The classification of priority groups is
divided by the total score as defined in Table 7.

Table 7. Priority group score

Priority Group Score
High >175
Medium <=175
Low <50
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The next step conducted in the SARIP framework is the prediction of requirements ranks based on score and priority
group which involves a ranking algorithm in machine learning using order.scores function. A new data frame is created
for ranks, and order.scores function is applied to get the approximated ranks based on the total scores and priority
group for the requirements. When there are new requirements coming in or a change of existing requirements, there
is a need to predict the new ratings for those new requirements. Indirectly, it will be able to minimize human
interactions and shorten the time of requirements prioritization activities. Prediction of new requirements and change
of existing requirements uses both techniques as in the previous step, classification using decision tree and ranking
algorithm. Classification is performed using decision tree and ranking algorithm whereby the original data will be
partitioned into two sections; training data and testing data. The training data consists of 70% of the original data
(existing requirements) and the other 30% of the data (new requirements) will be used as testing data. Once the training
process is completed the prediction of the priority group for new requirements starts. Then, both training and testing
data will be combined to get the new ranks for the final approximation prioritization ranks.

E. SARIP Prototyping

A prototype of SARIP, a semi-automated software requirements prioritization framework is developed to visualize
the prioritization process as well as to obtain feedback and recommendation for the framework implementation.
Prototyping also helps in determining the direction of the entire project, and its eventual success. The phase starts with
the design of template of the requirements prioritization. The template is used for initial requirements prioritization,
which is done manually in the preparation stage by both project team and stakeholders. The template is designed and
adjustments will be made to the data to ensure that the data fits the template accordingly.

F. Evaluation

The evaluation of the SARIP framework is conducted to validate the requirements prioritization group and ranks. The
evaluation process is done by the government officials as a case study. The process starts with the testing of the
prototype and the users will be given an evaluation form to evaluate the tested prototype. This is to ensure that the
framework is developed according to the user requirements and the final ranks with the prediction of new priority
ranks are correct and accurate. Correctness and accuracy are defined by the users as in the user requirements and
validated during the evaluation phase.

IV. PROPOSED SOLUTION

The proposed SARIP framework begins with data acquisition and pre-processing, followed by requirements analysis.
When both phases are done, a requirements list will be issued. The requirements list will be used in SARIP for
prioritizing the requirements. The execution starts with the manual prioritization, where the requirements will be
prioritized manually by the project team and stakeholders. The output of this process is the initial prioritization list.
Then, the initial prioritization list will be used as an input for automatic prioritization. The final output of the SARiP
framework is the list of requirements with classification of priority grouping and the prioritization rank. Finally, the
approximated requirements prioritization priority group and rank will be evaluated. Overall architecture of the SARiP
framework is represented in Figure 3 and Figure 4 depicted the overall process flow of the SARiP framework.

Semi-Automatad Framework

| Initial Prioritization List |

Feaquirements List
Auntomatic prioritization

| Feguirsments Prioritization |

Ewaluate Raguiraments
Prioritization List

Figure 3. Overall architecture of SARIP framework
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Y
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EVALUATION

Finalize raquiraments &
prioritization criteria

Fool of finalized
reguirsments

Initial
prioritization

Anto-gsnerats

“'““1 prioritization

Final prioritization
eroup &ranks

Evaluats rasults

Figure 4. Process flow of SARiP requirements prioritization

Use case diagram of SARIP framework which captures the main functionalities of SARIP is represented in Figure 5.
Two main user groups were identified, namely project team and stakeholders. Both user groups can use the SARiP
framework prototype for six different use cases such as set requirements prioritization weight, upload initial
requirements prioritization list, view prioritization priority and ranking, edit requirements prioritization weight, upload
new initial requirements prioritization list, view prioritization priority and re-ranking. Class diagram is a static image
that depicts the static view of an application. The class diagram is used as a visual description and documentation on
different aspects of an application. Class diagram of the SARiP framework is represented in Figure 6.

-

SARIP Framework Prototype

.

Project team

~

Figure 5.

Use case diagram of SARiP framework
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Figure 6. Class diagram of SARiP framework

The automatic prioritization requires an interface for interaction between manual process and automatic process. Thus,
the Graphical User Interface (GUI) of the SARIP framework main page is designed as represented in Figure 7.

= x

http://127.0.0.1:7043 | 5 | Open in Browser | (=) “Z- Publish -

Semi-Automated Software Requirements Prioritization (SARIP)

~

Prioritization Weightage Requirements Rank Requirements Re-Ranking
Steps to follow;

Show entries H
1. Define your percentage (%) of Search

prioritization weightage using the

sliders below. Total must be 100% Gritaria Percentage
1 MoSCow 10
2 Cost 10
3 Time 20
4 Risk 10
5 Complexity 25
6 Importance 25
7 Total 100
Showing 1to 7 of 7 entries BrEIBES \I] —

2. Upload your Requirements List.
Click on Prioritize button

Input: Requirements List

Browse No file selected

3. Upload your New Requirements List.
Click on Re-Prioritize button

Input: New Requirements List

Browse... | No file selected

Prioritize! Re-Prioritize!

Figure 7. Graphical User Interface (GUI) of SARIP framework
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The proposed SARIP framework offers a flexible setting of weight prioritization criteria, in case the stakeholders
decide to change the weight criteria. For example, the final list of requirements prioritization with the priority group
and ordered ranks has been issued, but the stakeholders suddenly decide to change the weight of prioritization criteria
which the SARiIP framework is able to handle in this situation. The project team will just be required to change the
weight prioritization criteria accordingly and re-run the program. The final result of requirements prioritization with
the priority group and ordered ranks will be re-calculated and displayed accordingly in the respective displayed tab.
Hence, SARIP framework is able to handle different datasets as long as the dataset is using an understandable format.
Example of requirements prioritization result is shown in Figure 8.

Prioritization Weightage H Requirements Rank Requirements Re-Ranking

Show 10 - entries Search:

D Priority Rank
1 RQ65 High 1
2 RQ67 High 2
3 RQ79 High 3
4 RQ1 Medium 4
5 RQ3 Medium 5
6 RQ70 Medium 6
7 RQ78 Medium 7
8 RQsa1 Medium 8
9 RQ5 Medium 9
10 RQ6 Medium 10

Showing 1 to 10 of 84 entries

Previous 2 3 4 5 9 Next

Figure 8. Example of requirements prioritization result

V. USER EVALUATION

User evaluation was conducted and participated by the i-Tegur team. Five respondents, including project manager,
system analyst, data analyst, developer and tester, were participating in the evaluation of SARiP framework. The
participants tested the SARiP framework and filled in the evaluation form. The evaluation form is made of ten
questions and evaluation results summary which includes Satisfaction, Meet the needs, Helps in requirements
prioritization and SARiP characteristics are shown in Figure 9. 80% of the participants agreed that in overall, the
proposed SARIP framework prototype is somewhat satisfied and another 20% thinks that it is very satisfied and
effective. Participants are being asked whether the proposed SARiIP framework prototype will help in prioritizing the
requirements for their projects. Result shows that 80% of the participants agreed that the proposed SARiP framework
prototype is extremely likely to help the participants in prioritizing the requirements for their projects. All participants
agree that the proposed SARIP framework is reliable and useful. 80% of the participants agreed that SARIP framework
produced an accurate result. 40% of the participants agreed that the prototype is unique and 20% thinks that the
proposed SARIP framework is a high quality product which facilitates an effective prioritization process.

VI. CONCLUSION

Requirements prioritization is always a challenging task to solve the variance of needs between stakeholders. Much
time and effort is used to select and prioritize the requirements in satisfying all stakeholders who might cause the delay
of software development. A semi-automated framework is proposed to facilitate the requirements selection and
ranking process for practical decision making. MoSCoW, cost, time, risk, complexity and importance are identified
as the requirements prioritization criteria with flexible setting weight. The proposed framework is known as the SARiP
prototype which performs both manual and automatic process of requirements prioritization. The manual process
involved MoSCoW technique, numerical assignment technique and Kano model as a guideline for the project team
and stakeholders. The automatic process implemented a classification tree to predict the requirements priority group.
Ranking algorithm was applied to predict the ranks of the requirements. The proposed SARIP prototype also
considered rank reversal issues for extension of new requirements. Finally, the proposed SARiP framework has been
successfully evaluated in the government sector domain by the i-Tegur team from the Department of Information
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Technology, Ministry of Housing and Local Government of Malaysia (KPKT). Currently, the proposed SARiP
prototype uses excel file as input in generating the requirements prioritization results and does not store them in the
database. Hence, storing the requirements and results for the prioritization shall be considered for future works. Other
than that, traceability to trace the requirements changes would also be an added advantage in the future.
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