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ABSTRACT

Meeting stakeholders’ requirements and expectations becomes one of the
critical aspects on which any software organization in market-driven
environment focuses on, and pays a lot of effort and expenses to maximize
the satisfaction of their stakeholders. Therefore identifying the software
product release contents becomes one of the critical decisions for software
product success. Requirements prioritization refers to that activity through
which product releases contents that maximize stakeholder satisfaction can
be identified [8]. This paper illustrates the Value-Oriented requirement
prioritization approach for software product management. The technique
proposed in this paper is based on the Hierarchical Cumulative Voting (HCV)
and Value-Oriented Prioritization (VOP) techniques. The proposed technique,
Value-Oriented HCV (VOHCV) addresses the weakness of HCV through
selecting the best candidate requirements for each release not only based on
the stakeholder’s perceived value as HCV but also in terms of associated
anticipated cost, technical risk, relative impact and market-related aspects.
The VOHCV also addresses the weakness of VOP through supporting not
only requirements flat structure as VOP but also through supporting
hierarchical structure. By this means VOHCV inherits the strengths of both
VOP and HCV and addresses their weaknesses while selecting the best
candidate release requirement, to maximize stakeholders’ value and
satisfaction [11].

Keywords: Requirements prioritization, Value-Oriented prioritization,
Hierarchical Cumulative Voting prioritization.

1- INTRODUCTION

Due to the continuous increase in the number of software requirements for
market-driven products, there is an increasing need for methods capable of
prioritizing candidate requirements since not all requirements can usually be met
with available time and resource constraints in one software release [9]. Thus
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many organizations believe that it is not only important to enable their customers
to assign priorities to requirements and to make decisions about them but also to
provide them with different alternative solutions tailored for their own needs [7]. By
this way they will provide more value for their customers through selecting the
most valuable requirements to be implemented in each one of the product
releases [31].

Managing requirements for any software product becomes a key factor that
identifies not only the project success or failure but also the organization destiny.
The critical portion of this process is to identify those requirements that balance
the stakeholders’ needs, customer expectations, business values, total cost and
schedule [8]. Therefore requirements prioritization and selection processes that
maximize the stakeholder value have a great impact on the product success [17].

Value-Oriented Prioritization (VOP) refers to that process which evaluates the
requirements from different stakeholders based on the impact on specific
business core values for both the organization and the stakeholders themselves
[29] since focusing on value provides the opportunity to create a strategy to
achieve long-term profitable growth and sustainable competitive advantage [6].
VOP also supports the stakeholders with a visible mechanism during decision-
making to be able to provide their values and weights for each requirement. Using
the quantitative and visible approach of VOP, it becomes much easier for the
stakeholders to emphasize the business values [16].

The organization of the paper is as follows. In the next section, we will refer to the
related work for our research. In section three we will elaborate the rationale for
the VOHCYV algorithm, and the research methodology we have applied to develop
it. In section four, we will discuss the VOHCYV algorithm specifications. Section five
will illustrate the practical advantages from the VOHCYV algorithm through a case
study. In section six, we will validate the practical benefits from VOHCV algorithm
through a comparison between HCV and VOHCYV algorithms. The final section
summarizes our conclusions and introduces our future research.

2- RELATED WORK

2-1 Measurement scale

Measurements systems are classified into four different scale types ordered
based on richness: Nominal, Ordinal, Interval and Ratio. Ratio-scale type is said
to be richer than the ordinal-scale type as all the relations in the ratio-scale are
contained in the ordinal-scale [4]. Thus the scale type is used to determine which
arithmetic operations are allowed and which kind of analysis can be performed
based on these operations. For the requirements prioritization, both ordinal-scale
and ratio-scale types are the most common techniques. Ordinal-scale preserves
the order of the requirements according to the value assigned to each require-
ment, which indicates that no arithmetic operations are allowed. Ratio-scale on
the other hand supports all arithmetic operations. Thus ratio-scale provides not
onlv the order of the reauirements but also the relative distance between the dif-
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ferent requirements. Ratio-scale can also identify by how much one requirement
is more important than another [5]. When using a prioritization technique that pro-
vides relative priorities on a ratio-scale, it is possible to calculate the total impor-
tance of a set of requirements by adding together their priorities. One of the most
interesting advantages of the ratio-scale is that it allows sophisticated calculations
for preparing different candidate solutions to base decisions on.

2-2 Requirements hierarchy

Requirements exist naturally on different levels of abstractions. This will make
the process of requirements prioritization more difficult especially when the re-
quirements exist in different abstraction levels [32]. This difficulty arises be-
cause requirements in different levels of abstractions have different importance
since lower-level requirements (leafs) were considered less-important then high-
level requirements (goals). Thus only those requirements exist on the same
level of hierarchy should be compared while performing prioritization [33]. For
multi-level prioritization, lower-level requirements can either inherit the priorities
from high-level requirements, or be assigned these priorities directly. The former
case is used when the lower-level requirements have AND-relationship between
themselves, while the latter is used when the lower-level requirements have
OR-relationship between themselves.

2-3 Hierarchical Cumulative Voting prioritization

Hierarchical Cumulative Voting (HCV) prioritization is a ratio-scale prioritiza-
tion technique. HCV was designed to overcome the drawbacks for Analytical
Hierarchy Protocol (AHP) [28] and Cumulative Voting (CV) [35] techniques,
and to inherit the advantages and good features of both techniques [4]. By
other means HCYV is taken to be an extension for the CV technique by sup-
porting hierarchy. This feature enables HCV to solve multi-aspect decision
problems like AHP. Having HCV provides relative priorities based on a ratio
scale, gives it the opportunity to calculate the total importance of a set of re-
quirements by adding together their priorities. It also helps combine the differ-
ent aspects and calculate rations in between these aspects. For example, you
can calculate the cost-value ration for the requirement that represents how
much value each requirement adds relative to the implementation anticipated
cost [18]. The strength of HCV will increase when the number of requirements
grows because the need for a structural/hierarchical approach gets larger.
HCV provides this structure through using natural relationships between the
requirements to perform the prioritization in a series of steps and hence mini-
mize requirements prioritized at a time.

The main concept behind HCV is to quantify the requirement importance by
distributing points between the requirements to reflect this importance. How-
ever, when prioritizing with HCV, not all requirements are prioritized at the same
time. Instead, prioritizations are performed at different levels of the hierarchy,
and within different blocks of the requirements in the hierarchy as (shown in
figure 1). As illustrated in figure 1, the requirements are distributed over two lev-
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els of the hierarchy: high-level requirements (HLR) and low-level requirements
(LLR). The relationship between the lower-level requirements are OR relation-
ship among themselves. Only those requirements within the same block (grey
area in the figure) are prioritized at the same time. This will make the prioritiza-
tion process smoother and the risk of neglecting any requirement will decrease.

100 points

T T
e S e

.....................

PR
. -

LLR_1 LLIR2 [: & |LLR3 LLR_4 || LLR_S |}

N
. . . .
" H
T I O 'nn;}'u‘non-v'nno'}"f-ou-'
N / P
i

.,
. “~
*, P R
v Lo

100 points 100 points

Figure 1 HCV requirements hierarchy

2-4 V/alue-Oriented Prioritization

Value-Oriented Prioritization (VOP) is proved to be the process which aligns
product demands with company goals and stakeholders expectations through
providing a visible and defined process for prioritizing and managing require-
ments over the product life cycle [28]. It helps out the stakeholder to view the
whole picture for the sake of the organization targets and vision, rather than
arguing over which product requirements to implement [28].

The whole idea behind VOP is to focus on the core business values that lead
to stakeholder’s satisfaction while prioritizing the product requirements as in-
dicated by Karl Wiegers [30]. Examples of these core business values are the
customer value gained from implementing the requirement, the implementa-
tion cost, risk associated with implementing this requirement, impact that will
occur if this requirement is not implemented and other market-related aspects
that will be affected if this requirement is not implemented [24]. Requirement
attractiveness is proportional to the value it provides and inversely propor-
tional to its cost, associated risk, impact and market aspects. Each business
value is given a weight based on the organization objectives and vision. Each
stakeholder puts his estimate against each business value for each require-
ment. All these input values are consolidated together while generating the
requirement rank [3].
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3- RATIONALE AND RESEARCH TECHNIQUE

3-1 Rationale

The rationale behind the VOHCV is to combine both HCV and VOP tech-
niques to gain the advantages of both. VOHCV will not only take value as in
HCV or cost and risk as in VOP into account while prioritizing the require-
ments [18], but it will also take into account the other business values like
relative implementation impact and market-related aspects. This will yield to
higher quality results because it takes the different features that affect the re-
quirement throughout the product life cycle into account while producing
whole release ranks [10].

3-2 Research technique

The research methodology we followed for the conception of this technique is
based on the incremental software delivery approach and described as fol-
lows:
= Literature review for the current and practical challenges for the soft-
ware product management industry from both business and strategic
perspectives. The outcomes from this review point out the importance
of the prioritization process in handling these challenges [16, 19, 20,
22, and 23].
= Literature review for the prioritization techniques that helps achieve
the software product management challenges. The outcomes from
this review pointed out that both HCV and VOP techniques are the
best candidates which focus the value gained while prioritizing the
product requirements [1, 12, 15, 17, and 34].
= |dentifying the pros and cons for those prioritization techniques [13,
14, 15, and 21].
= A prototype implementation for the VOHCV technique based on the
knowledge gained from the previous points.
= Designing a framework with the core engine based on the proposed
prioritization technique to facilitate testing and evaluating the effec-
tiveness of VOHCV.
= Using the designed framework to address a group of the open issues
with HCV to help maintaining the robustness of VOHCV [3].

4- VOHCV ALGORITHM DETAILS

To handle the requirements prioritization using VOHCYV, there is a series of

steps needed to be followed as follows:

= Step 1: Assign the core business values global weights. The supported
business values for each requirement in VOHCV are, the anticipated im-
plementation cost, associated implementation risk, perceived customer
value, relative impact and market-related aspects. These weights are as-
signed based on the organization strategic goals and future vision. These
weights will range from 1 to 10 (1 reflects lowest importance and 10 re-
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flects highest importance).

Step 2: Assign the weights for each business value features. These
weights will reflect how much each feature is important to the stakeholders
and controlled by the organization objectives. These weights will be com-
mon to the entire stakeholder sharing in the requirements prioritization
process. These weights will range from 1 to 10 (1 reflects lowest impor-
tance and 10 reflects highest importance).

Step 3: Each stakeholder will enter his point of view for each business
value feature in terms of feature value. This value will reflect how this fea-
ture will affect the requirement from his own point of view. All business val-
ues mentioned before have different features except (Value) business
value which has only one feature. These values will range from 1 to 10 (1
reflects lowest importance and 10 reflects highest importance).

Step 4: Calculate the requirement distribution points assigned to each re-
quirement based on the above feature weights and values. This should be
done by each stakeholder sharing in the requirements prioritization proc-
ess. To show how this distribution points are calculated, let us assume the
following parameters :

1- Woc: Weight for the global (Cost) business value.

2- Wv: Weight for the global (Value) business value.

3- Wr: Weight for the global (Risk) business value.

4- Wi: Weight for the global Impact business value.

5- Wa: Weight for the global (Aspect) business value.

6- Wi,j: Weight assigned to requirement (Ri) with respect to business
value feature (Fj).

7- Vi,j: Value assigned to requirement (Ri) with respect to business value
feature (Fj).

8- Nc: Count of features per (Cost) business value.

9- Nr: Count of features per (Risk) business value.

10- Ni: Count of features per (Impact) business value.

11- Na: Count of features per (Aspect) business value.

12- Nb: Count of business values that affect requirement.

13- CBVavr: Average value for the (Cost) business value affect require-

ment.

14- RBVavr: Average value for the (Risk) business value affect require-
ment.

15- IBVavr: Average value for the (Impact) business value affect require-
ment.

16- ABVavr: Average value for the (Aspect) business value affect re-
quirement.

17- TNdist: Total distribution number for the requirement.

18- ANdist: Average distribution number for the requirement.

19- Cf: Compensation factor to control the range of the distribution num-
ber. It will be set to 10 to have the distribution number range between
1 and 100 similar to ordinary HCV.

20- R_Pt : Number of points assigned to each requirement.
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The process of calculating the average distribution number for each require-
ment can be shown as follows:

1-Calculate the average business value for each requirement.
= Average value for the (Cost) business value
CBVavr= (X WijXVij )/Nc €))
Nc

= Average value for the (Risk) business value
RBVavr= (> WijXVij )/Nr )
Nr

= Average value for the (Impact) business value

IBVavr= (2 WijXVij )/Ni 3)
Ni
= Average value for the (Aspect) business value
ABVavr = (2 WijXVij )/Na 4
Na

2-Calculate the total distribution number for each requirement.
TNdist = WeX CBVavr + WrX RBVavr + WiX [BVavr + WaX ABVavr + WvXVij )

3-Calculate the Average distribution number assigned to each requirement.
We will refer to this number later as the assigned priority.
ANdist = TNdist / (NbXCf) 6)

4-Calibrate the distribution number between the different LLRs of the same

HLRs to have the sum of all the LLRs points equals 100 as indicated by CV

technique [4] . This can be calculated by using the relation between the LLRs

distribution numbers and the below equation.

2R Pt=100 @)
HLR/LLR

= Step 5: Calculate the intermediate priorities for the requirements either

through the straight or compensated calculation. To show how the inter-

mediate priority is calculated, let us assume the following parameters:

1-PiLLR u : Intermediate priority value for the Lower Level Requirement
(LLR) (u).

2-Pa,LLR_u : Assigned priority value for the Lower Level Requirement
(LLR) (u) calculated from the previous step.

3-Pa,HLR_v: Assigned priority value for the Higher Level Requirement
(HLR) (v), or the parent of LLR_u .

4-CHLR v: Block specific compensation factor, this could be the number
of requirements within the prioritization block.

Pi,LLR u=CHLR v XPa,LLR uX Pa,HLR v (8)
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= Step 6: Calculate the final priorities for the requirements at the level of in-
terest. The calculation is performed across the blocks within the same
level. This indicates that all requirements located at this specific level will
be prioritized relative to each other. To show how the final priority has been
calculated, let us assume the following parameters:

1-Pf,LLR u : Final priority value for the Lower Level Requirement (LLR)
(u).

2-Pi,LLR_k : Intermediate priority value for all the Lower Level Require-
ment (LLR) (k) of the (HLR_v).

PfLLR u =PiLLR u/Y Pi,LLR k 9)
Pk

= Step 7: Calculate the final priorities based on the consolidated stake-

holders weighted priorities calculated from the previous steps. To show

how the final priority is calculated, let us assume the following parameters:

1-Pmf LLR u : Final priority value for all stakeholders of the Lower Level
Requirement (LLR) (u).

2-PfLLR u,S_k : Final priority value for stakeholders (S_k) of the Lower
Level Requirement (LLR) (u).

3-Wk : Stakeholder normalized weight.

PmfLLR u=Y Wk X PfLLR u,S k (10)
k

= Step 8: Calculate the final ranks based on the final priority value assigned
to each requirement.

5- CASE STUDY

In order to show the practical advantage from VOHCV, we will illustrate that
through an example based on the requirement hierarchy structure (shown in
figure 1). In this example, there are two abstraction levels and one stake-
holder. Furthermore there are two high-level requirements (HLRs) and five
low-level requirement (LLRs). Given the business value weights, features
weights and features values for each requirement from table 1, we will be able
to calculate the requirements by following the VOHCV algorithm steps men-
tioned in the previous section.

The first step in the VOHCV algorithm is to calculate the number of points as-
signed to each requirement of the same block, or by other means distribute
100 points over the requirements of the same block.
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Table 1. Input values and weights

Business value Cost Risk Impact Aspect Value
(B.V.)
B.V. Weight 9 10 6 4 5
Feature type C1 C2 R1 R2 11 Al A2 V1
F. Weight 5 8 10 6 3 7 8 10
HLR1(Value) 3 4 5 3 1 1 5 2
HLR2(Value) 9 6 6 8 9 10 3 7
LLR1(Value) 1 10 10 7 2 5 9 4
LLR2(Value) 8 10 9 10 10 8 9 10
LLR3(Value) 3 5 6 5 4 3 2 10
LLR4(Value) 1 2 2 4 3 2 4 3
LLR5(Value) 9 8 10 7 9 10 9 10

This can be done by applying equations 1 through 7, given the values and
weights of table 1. These points are illustrated in the first two columns in table
2. After all the requirements in the prioritization blocks have been assigned
priorities, the next step is to calculate the intermediate LLR priority using
equation 8, given that the compensation factor is equivalent to the block size
as illustrated in the third column of table 2. The intermediate LLR priority is
illustrated in the fourth column of table 2. The next step is calculating the final
normalized LLR priority using equation 9. The final LLR priority illustrated in
the fifth column of table 2. The last step is to rank the LLRs based on the final
LLR priority. The LLR ranks priority is illustrated in the sixth column of table 2.

Table 2. VOHCV Requirements output ranks

HLR/LLR HLR LLR Compansa- Intermediate Final Rank
points point tion factor priority priority
HLR1/LLR1 30 40 2 2400 9 5
HLR1/LLR2 30 60 2 3600 13 3
HLR2/LLR3 70 33 3 6930 26 2
HLR2/LLR4 70 15 3 3150 12 4
HLR2/LLR5 70 52 3 10920 40 1
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As shown from the first two columns of table 2, HLR2 (70%) is more important
than HLR1 (30%) and LLR5 is considered to be the most important LLR and
accounts for (40%) of the importance of all the LLRs while LLR (9%) is con-
sidered to be the lowest important LLR over all the other LLRs.

6- EVALUATION OF VOHCV IN COMPARISON TO HCV

In order to show the strength of the new proposed technique (VOHCV) com-
pared to the ordinary (HCV), an empirical evaluation should be conducted.
The main drawback of HCV is that it takes only the “Value” perspective into
account while prioritizing the requirements and neglecting the other business
perspectives. On the other hand VOHCYV fixes this by taking the other busi-
ness perspectives into account through the prioritization process.

To show that, we will use the example introduced in the previous section and
exclude all perspectives except “Value” perspective to gain the HCV ranking.
After that a detailed comparison between the two techniques will be con-
ducted based on the results.

In order to calculate the distribution points for both LLRs and HLRs for HCV
based on the values mentioned in the ninth column of table 1, we will use the
relation between these values that belongs to the same prioritizing block. For
example both LLR1 and LLR2 belong to the same block and have value equal
to 4 and 10 respectively. To distribute 100 points over these two LLRs with
keeping the relation between the assigned values, we can conclude by a sim-
ple mathematical calculation that LLR1 can be assigned 71 points and LLR2
can be assigned 29 points. The same can be done for both LLR3,LLR4 and
LLR5 as they are belong to the same block. The calculation for the later case
will yield to LLR3 will be assigned 43 points, LLR4 will be assigned 14 points
and LLR5 will be assigned 43 points. The prioritization calculation will be
(shown in table 3) as follows:

Table 3. HCV Requirements output ranks

HLR/LLR HLR LLR Comp. Inter. Final Rank
points point factor prior- prior-
ity ity
HLR1/LLR1 22 71 2 3124 11 4
HLR1/LLR2 22 29 2 1276 4 5
HLR2/LLR3 78 43 3 10062 36 1
HLR2/LLR4 78 14 3 3276 13 3
HLR2/LLR5 78 43 3 10062 36 2

Comparing the results between HCV and VOHCYV as illustrated from table 1
and 2, we conclude the followings:
» LLR5 is considered the most important of the LLRs and accounted for
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(40%) of the importance of all the LLRs as result of applying VOHCV tech-
nique.

= LLR3 is considered as the most important of the LLRs and accounted for
(36%) of the importance of all the LLRs as result applying HCV technique.

= LLR1 is considered as the least important of the LLRs and accounted for
(9%) of the importance of all the LLRs as result of applying VOHCV tech-
nique.

= LLR2 is considered as the least important of the LLRs and accounted for
(4%) of the importance of all the LLRs as result of applying HCV tech-
nique.

= Neglecting the effect of the other business perspectives rather than “Value”
yields to a miss leading result. This can be shown by comparing the fea-
tures values for both LLR5 (The most important of the LLRs from VOHCV)
and LLR3 (The most important of the LLRs from HCV) from table 1. The
values of LLR3 indicate that the stakeholder assigns to them small values
to indicate low importance of this LLR compared to the others. While the
values for LLR5 indicate that the stakeholder assigns to it a large value to
indicate how important this LLR is compared to the others which are de-
tected by VOHCV.

= The results quality from VOHCYV is much higher than HCV and reflects the
real business case. The real business case not only takes the effect of
“Value” and neglects the other perspectives, but it takes all the different
perspectives that affect the requirement throughout the product life cycle
into account.

= Adopting VOHCV as a methodology for prioritizing the requirements yields
to higher credibility with the release contents that results in customer satis-
faction [25].

7- CONCLUSIONS AND FUTURE WORK

In this paper, we have presented the strengths and weaknesses of both Value-
Oriented Prioritization (VOP) and Hierarchical Cumulative voting (HCV) tech-
niques. From these strengths and weaknesses, we came up with the new prioriti-
zation technique which is Value-Oriented Hierarchical Cumulative Voting
(VOHCV). VOHCV combines the strengths of both VOP and HCV to improve the
quality of the requirements prioritization process. The main difference between
the HCV and VOHCYV is that VOHCYV uses the value-oriented approach not only
to get the effect of value but also to get the effect of different other core business
values like cost, risk, aspect and impact [10]. By this way VOHCV enables the
product manager to take all the aspects that affect the requirement into account while
selecting the best candidate for product release [22].

We already designed a release management framework with VOHCV embedded to get
benefit from the results produced by VOHCYV in the release planning and software product
management [29]. VOHCYV acts as the main core engine for the designed framework. The
results from the VOHCYV taken as inputs for further release planning activities to support
and enable product manager to easily control and manage the software product [26].

Since only a few studies have been performed to evaluate the efficiency and suitability of
VOHCWV. there is a need to do further studies for some issues that can affect the aleorithm
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efficiency [2, 12, and 21]. Examples of these open issues like how many points we should
distribute over the requirements of the same block, how many hierarchy levels should be
prioritized, how large priority blocks are possible to prioritize and also the effect of the
requirements order on the requirements ranking, will be our objective for the next phase of
our research.
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