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Abstract. Software requirements prioritization is the act of ranking user’s
requirements in order to plan for release phases. The essence of prioritizing
requirements is to avoid breach of contract, trust or agreement during software
development process. This is crucial because, not all the specified requirements
could be implemented in a single release due to inadequate skilled
programmers, time, budget, and schedule constraints. Major limitations of
existing prioritization techniques are rank reversals, scalability, ease of use,
computational complexities and accuracy among others. Consequently, an
innovative model that is capable of addressing these problems is presented. To
achieve our aim, synthesized weights are computed for criteria that make up
requirements and functions were defined to display prioritized requirements
based on the global weights of attributes across project stakeholders. An
empirical case scenario is described to illustrate the adaptability processes of
the proposed approach.

Keywords: Software, requirements, weights, prioritization, model.

1 Introduction

Prioritization is the act of determining an ordered set of requirements based on their
perceived importance by project stakeholders so as to plan for software release phases
[1-3]. It is considered to be a multi-criteria decision making process. Essentially, the
basic components of decision-making problems are: goal/objective goal,
criteria/factors or alternatives/actions. During decision making, many unambiguous
criteria are used to elect best alternatives from a pool. These criteria could either be
quantitative, qualitative or both. The ranking of alternatives are finally achieved
through weighting scales which contain values that decision makers use to determine
the relative importance of alternatives.

Decision making in software development process is inevitable if the proposed
software must satisfy or meet user’s requirements and delivered within time and budget.
This is a crucial aspect of software development because; clients specify too many
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requirements for implementation without considering the availability of time and
resource constraints. Therefore, a meticulously selected set of requirements must be
considered for implementation with respect to available resources [4]. The process of
selecting preferential requirements for implementation is the most prominent attributes
of requirements prioritization techniques. This process aims at determining the most
valued or prime requirements from a set or pool of specified requirements [5].

The main aim of this study is to develop a preference based multi-criteria decision
making (MCDM) model, capable of enhancing stakeholder’s quest for prioritizing
requirements with respect to multiple criteria and diverse criteria priorities. A rank is
computed by collating all the weights for the requirements in a set with respect to the
total number of stakeholders involved in the ranking process. Software products that
are developed based on prioritized requirements can be expected to have a lower
probability of being rejected.

To prioritize requirements, stakeholders will have to relatively compare them in
order to determine their relative value through preference weights [6]. These
comparisons grow with increase in the number of requirements [7]. State-of-the-art
prioritization techniques such as AHP and CBRanks seem to demonstrate high
capabilities [8]. These techniques have performed well in terms of ease of use and
accuracy but, still lacking in various areas. In this paper, an enhanced approach for
software requirements prioritization is proposed based.

The rest of the article is structured as follows: Section 2 discusses the related work
while section 3 enumerates the proposed approach. Section 4 presents an empirical
example in order to evaluate the performance of the proposed approach. Section 5 deals
with the experimental result which lead to conclusion and future work in section 6.

2 Related Work

In literature, many techniques have been proposed for prioritizing software
requirements during development processes but most of these techniques are not
easily adoptable due to one limitation or the other. Analytic hierarchy process (AHP)
seems to be the most widely adopted technique for prioritizing alternatives including
software requirements but this prominent technique suffer serious scalability
challenges. It cannot prioritize large number of requirements and it is said to be time
consuming [9-11]. However, attempts have been made to address the scalability
challenges inherent in AHP. For example techniques like binary priority list [12],
Case based ranking [13], EVOLVE [14], fuzzy based requirements prioritization
approaches [15, 16], Pair wise analysis [17], TOPSIS [18, 19] and fuzzy based
MCDM approaches [20, 21] among others. Again, none of these techniques is
flawless. Techniques like binary priority list and fuzzy AHP did not cater for
dependencies that could exist among requirements before prioritizing them. Case
based rank is limited in its inability to support coordination among different
stakeholders through negotiations, EVOLVE is reported to be computationally
complex along with pair wise comparisons which is also known for producing
unreliable results. TOPSIS on the other hand do not possess the ability of updating
rank status whenever requirements evolves while the fuzzy based approaches suffer
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generally from three major setbacks which include: requirements dependency issues
as well as lack of implemented tool to support the proposed approaches. Also,
validations of these techniques with real-world projects have not been achieved yet. A
detailed analysis and descriptions of existing prioritization techniques with their
limitations can be found in [22]. Nonetheless, obvious limitations that cut across
existing techniques ranges from rank reversals to scalability, inaccurate rank results,
increased computational complexities and unavailability of efficient support tools.

3 The Proposed Approach

The main objective of this study is to propose an approach that supports stakeholders
in ranking software requirements. In this context, the proposed steps are described as
follows:

Step 1: Decompose the problem into a hierarchy of requirements and their interrelated
attributes;

Step 2: Generate input data consisting of preference weights of attributes across all
stakeholders;

Step 3: Synthesize each subjective judgments and compute the global weights;

Step 4: Calculate the final weights to display prioritized requirements.

The proposed prioritization approach consists of defining a common hierarchy of

requirements with their respective attributes to aid comparison by all the stakeholders
involved in the software development project (Figure 1).
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Fig. 1. Representation of the 4-level structure of ranking process

Let us assume that, we have x and yrequirements and the aim is to rank them
based on the weights of attributesq,,,...,a,,,d,,,...,a,, provided by the respective

stakeholders, each attribute will then have to be ranked based on a weight scale.
Therefore, the prioritization process consists of finding the weights that engenders the
determination of relative importance of requirements. The structure describing the
proposed approach is shown in Figure 2.
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Fig. 2. Structure of the prioritization process

The relative value of each requirement is measured on the basis of the accrued
weights across project stakeholders. The prioritized output will then be the cumulative
sums of the accrued weights.

Definition 3.3.1: Let X be a measurable requirement set that is endowed with
attributes of o-functionalities, where N is all subsets of X. A prioritization function g

defined on the measurable space (X,N)is a set function g:N —[0,1] which
satisfies the following properties:

8(@)=0,g(X)=1 ey
But for requirement sets X, ¥; the equation for the prioritization process will be:
XcYeN—>[0]] 2)

From the above definition, X,Y, N, g are said to be the parameters used to measure or

determine the relative weights of requirements. This process is monotonic.
Consequently, the monotonicity condition is obtained as:

g(X UY) 2max{g(X),g(Y)}; g(X NY) <min{g(X),g(Y)} €)
In the case where g(X UY)>max{g(X),g(Y)}, the prioritization function g

attempts to determine the total number of requirements being prioritized and
ifg(X NY)<min{g(X),g(Y)}, the function attempts to compute the relative

weights of requirements provided by the relevant stakeholders.
Definition 3.3.2: Let j _ Z X1, be a simple function.
i=l

1

pairwise disjoints, but if M (X,)is the measure of the weights between all the

. » is the attribute function of the requirement set X, € N,i =1,...,n; the sets X, are
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attributes contained in x,, then the integral of 4 which is used to find the local weights
of requirements is given as:
[hdM =% M(X,)., “
i=1
Definition 3.3.3: Let X,Y,N,gbe the measure of weights between two sets of
requirements, the integral of weights measure g : N — [0,]] with respect to a simple
function £ is defined by:
[1(r)g(r) = v(h(r) A g(X,)) = max min{r', g(¥,)) (5)
Where h(r, yis a linear combination of an attribute function Ir, such
thatx, cv,c..c X, cy,andX, ={rlh(r)2>Y,}. This is used to determine the

global weights between requirements.

Definition 3.3.4: Let X, N, gbe a measure space. The integral of a measure of
weights by the prioritization process g : N — [0,1] with respect to a simple function A
is defined by

[ nrydg = Y 1hr) = g (X)) ©

Similarly, if ¥, N,g is a measure space; the integral of the measure of the weights

with respect to a simple function 4 will be:
[neydg =3 1) - (e 18(Y) 0

However, if g measures the relative weights of requirements, defined on a power set
P(x) and satisfies the definition 3.3.1 as above; the following attribute is evident:

VX, Ye P(x),XNY=¢=g,(XUY)=g,X)+g,¥)+1g,(X)g,¥) (8)
For 0S A<
Therefore, for requirement set X = {1 Fyest, } s the density of weights measure

w, ={r;} can be formulated as follows:

n n-1 n n
w({r, 1y, }) = Zwi +ﬂz Z:w“.wi2 Fot X Wy wpyw, = %(H(l+ﬂ.wi) -1 ©)
i=1 i=1

=1l dy=i+l
For 0< A< oo
However, h is a measurable set function defined on the certain measurable space of
requirement weights x, N and assuming h(r,) > h(r,) >... > h(r,) , then the integral of
the weights measure of requirements g(-) with respect to i(-) can be defined as
follows:
[hdg = h(r,).8(X) +Th(r, ) = ()@ (V) + .+ [h(F ) = h(r )] (10)

=h(r,).[g(X) = g(r, D+ h(r, ).[8(¥) = g(r )]+ h(r wr) (1)

where X = (r,,r,,...,7,);Y = (F',F 2, n)-

Therefore, the computation of relative weights across all the requirements in the
given sets is a dependent relation between attributes and the stakeholders. Multi-
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attributes multiplicative utility function known as non-additive multi-criteria
evaluation technique can be used to refine the situations that do not conform to the
assumption of independence between attributes criteria [23].

In practical application of the prioritization process, X =(r,r,,...,7,);

Y = (;»'l ,F2,..,r ») probably represents two sets of requirements with their respective

attributes that are to be ranked. In these sets, attributes are not necessary mutually
independent. In order to drive the synthetic utility values, we first exploit the factor
analysis technique to extract the attributes that possess common functionalities using
Equation 1. This caters for requirement dependencies challenges during the
prioritization process. The attributes with the same functionalities are considered to be
mutually dependent. Therefore, before relative weights are assigned to the
requirements by relevant stakeholders, attention should be paid to requirement
dependencies issues in order to avoid redundant results.

However, when requirements evolve, it becomes necessary to add or delete from a
set. The algorithm should also be able to detect this situation and update rank status of
ordered requirements instantly. This is known as rank reversals. It is formally
expressed as follows: (1) failure of the type 0 — 1 or 1 — 0; (2) failures of the type 0 —
gor 1 — ¢ (where ¢ = the null string) (called deletions); and (3) failures of the type ¢ —
0 or ¢ — 1 (called insertions). A weight metric w, on two requirement sets (X, Y) is
defined as the smallest number of edit operations (deletions, insertions and updates) to
enhance the prioritization process. Three types of rank updates operations on X — Y are
defined as: a change operation (X # ¢ and Y# @), a delete operation (Y =¢) and an insert
operation (X=¢). The weights of all the requirements can be computed by a weight
function w. An arbitrary weight function w is obtained by computing all the assigned
non-negative real number w (X, Y) on each requirement sets. This is achieved by
Equations 2-7. However, in additive and non-additive measurement (rank updates)
cases, Equations 8-11 is utilized to find the synthetic utilities of each attribute in the
set within the same factor. On the other hand, there is mutual independence between
attributes, and the measurement is an additive case, so we can utilize the additive
aggregate method to conduct the synthetic utility values for all the attributes in the
entire requirement sets.

Before requirements prioritization is performed, it is expected to ensure that all the
attributes and requirements are mutually independent. Thereafter, the relative weights
and performance score of each attribute corresponding to each requirement set is
computed across all the stakeholders. Then, these scores are aggregated to obtain the
final ranks of requirements. The relative weight of the j-th attribute is calculated by
obtaining the subjective weights of stakeholders using weight scale shown in Table 1.

Table 1. Weight scale

Variables Rank Relative numbers
Extermely important (EI) 1 (0.75, 0.90, 1.00)
More important (MI) 2 (0.25, 0.50, 0.65)
Less important (LI) 3 (0.15, 0.30, 0.45)
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4 Empirical Example

To illustrate the concept of our approach, an electronic health records system is
considered in this case. A hospital would like to develop new software to replace the
existing one that do not support distributed healthcare delivery services. The new
system should allow a medical practitioner to administer quality healthcare from any
geographical location across the three tiers of healthcare institutions (primary,
secondary and tertiary). The system must be flexible enough to enable physicians gain
access into the system and administer appropriate healthcare. It is required that the
system be scalable and interoperable. The project consists of nine stakeholders, with
four requirements sets denoted as P, F, U, and M representing Performance,
Flexibility, Usability and Maintainability respectively containing fourteen attributes
all together. Tables 2-4 show the relative variables, synthesized and global weights of
the various attributes for the specified requirements.

Table 2. Relative variables

Table 3. Synthesized weights

P Po, Ps Py Ps Fy Fp, Fp Uy U My My My My

S; [0.675 0.675 0.675 0.675 0.675 0.081 0.081 0.081 0.081 0.081 0.675 0.675 0.675 0.675
S, [0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675
S; [0.081 0.081 0.081 0.081 0.081 0.675 0.675 0.675 0.675 0.675 0.020 0.020 0.020 0.020
S, [0.081 0.081 0.081 0.081 0.081 0.020 0.020 0.020 0.675 0.675 0.675 0.675 0.675 0.675
S5 [0.675 0.675 0.675 0.675 0.675 0.081 0.081 0.081 0.020 0.020 0.081 0.081 0.081 0.081
Se [0.081 0.081 0.081 0.081 0.081 0.675 0.675 0.675 0.020 0.020 0.081 0.081 0.081 0.081
S; [0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.675 0.020 0.020 0.081 0.081 0.081 0.081
Sg [0.081 0.081 0.081 0.081 0.081 0.020 0.020 0.020 0.081 0.081 0.081 0.081 0.081 0.081
Sy [0.675 0.675 0.675 0.675 0.675 0.081 0.081 0.081 0.020 0.020 0.675 0.675 0.675 0.675

Table 4. Global weights

Py Po P Py Ps Fu Fn Fs Uy Up My My My My
Si 1040 040 040 040 040 0.16 0.16 0.16 020 020 041 041 041 041
S2 1040 040 040 040 040 033 033 033 058 058 041 041 041 041
S310.13 0.13 0.13 0.13 0.13 033 033 033 058 058 0.07 0.07 0.07 0.07
S4 {0.13 0.13 0.13 0.13 0.13 0.10 0.10 0.10 058 058 041 041 041 041
Ss [0.40 040 040 040 040 0.16 0.16 0.16 0.10 0.10 0.14 0.14 0.14 0.14
Se [0.13 0.13 040 040 040 0.10 0.10 0.10 0.10 0.10 0.14 0.14 0.14 0.14
S710.40 0.40 040 040 040 0.10 0.10 0.10 0.10 0.10 0.14 0.14 0.14 0.14
Ss 10.13 0.13 0.13 0.13 0.13 0.10 0.10 0.10 020 020 0.14 0.14 0.14 0.14
So [0.40 0.40 0.40 040 040 0.16 0.16 0.16 0.10 0.10 041 041 041 041
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5 Experimental Results
The results displayed in Table 5 shows the summary of output executed for the
prioritized requirements, obtained from preference weights of stakeholders. The

overall result is shown in Table 6.

Table 5. Execution output

Requirements Stakeholders Mean Std. deviation
QoS (Py1) 9 0.411 0.313
Scalability (P;2) 9 0411 0.313
Security (Py3) 9 0.411 0.313
Data communication (P4) 9 0.411 0.313
Data redundancy (P;s) 9 0.411 0.313
Installation ease (F,;) 9 0.329 0.329
User friendly (Fy) 9 0.329 0.329
Compatibility (F») 9 0.331 0.327
Code change (Us)) 9 0.252 0.318
File change (Us,) 9 0.252 0.318
Documentation quality (M) 9 0.338 0.320
Maintenance plan (M) 9 0.338 0.320
Installation manual (M,;) 9 0.338 0.320
User training (My4) 9 0.338 0.320

The proposed approach has the capacity to accurately address rank reversal and
dependency issues as against the existing techniques. For example, in Table 6, R; and
R, emerged as prime requirements even though R; had more attributes than Ry. It is
also applicable to large numbers of requirements. Determining the weights of
stakeholder’s requirements was achieved by synthesizing the priorities over all levels
obtained by varying numbers of requirements.

Table 6. Prioritized requirements

Requirements Final rank
R, 1.40
R, 0.51
R; 0.56
Ry 1.00

6 Conclusion and Future Work

Many software development projects fail not because there are no skillful
programmers but because there are no skillful elicitors who have the capacity of
acquiring and ranking requirements in an efficient and precise manner in order to plan
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for software releases. This research has proposed an approach that will help guide
developers, elicitors, architects and other stakeholders in their quest to develop
systems that meet the requirements of the users. Surely, when requirements are
vaguely elicited, the resulting system will not function as expected even when the
codes are free of errors. In conclusion, this research proposed a preference weights
model for prioritizing software requirements. Four user’s requirements with fourteen
respective attributes were described to describe the application of the proposed
approach. By using this approach, the subjective judgments can be quantified to make
comparison more efficiently and reduce assessment biasness. These efforts will aid
developers in designing an architecture and software with preferential requirements of
stakeholders. For the future work, the implementation of the proposed approach and
its application in real-world project with large number of requirements and
stakeholders is underway. Also, there is need to minimize the disagreement rate
between final rank weights.
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