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Abstract

Adoption of the most suitable Requirements
Engineering (RE) process and selection of the most
appropriate RE techniques for a given project is a
common challenge faced by industry. This paper presents
a methodology for RE process development for a given
project. The novelty of this work is four-fold. First, a RE
Process Knowledge Base (REPKB) is established and it
helps during RE process development. Second, a decision
support mechanism is provided during RE process
development. Third, this methodology uses three
components: process building blocks, standard templates
of the RE process and development guidelines, to help
process development. Fourth, it explicitly links project
characteristics with RE process development so that the
most suitable RE process can be developed. The theory
behind this methodology is described in the paper.
Preliminary results suggest that the methodology is of
valuable help to requirements engineers during RE
process development and process customization.

Keywords: Requirements engineering, process model,
process development

1. Introduction

The importance of requirements engineering (RE) has
been stressed numerous times in RE literature. Some
literature provides empirical evidence of the benefits of
RE [1-2], while others give case studies [4-5] and
statistical results showing that improving the RE process
will likely lead to improvements in the productivity in
large and medium sized software organizations [6]. Most
people agree that following a well defined RE process and
using appropriate RE techniques has a positive impact on
software quality. Nevertheless, there is still a big gap
between RE theory and practice [7, 23].

Currently, numerous RE process models are available
and each one uses various techniques to address different
issues of software development. In our previous research,
we identified about twenty-six RE process models and

fifty-six techniques that can be used in RE processes for
various domains [7, 20]. There are a number of factors,
which make the application of RE processes different
from organization to organization, and from project to
project [8]. These factors include technical maturity of the
organization, the involvement of engineering and
managerial disciplines, organizational culture, application
domain, specific characteristics of the project, etc.
Therefore, different projects have different needs that
require different RE process models. Based on our
previous research results and observations of our current
research, a framework of RE process development was
developed and is described in this paper. The framework
is a step towards bridging the gap between RE theory and
practice. This is done by providing comprehensive help to
requirements engineers for the development and
customization of RE process models as well as for
selecting the most suitable RE techniques for a given
project in an incremental, iterative, and efficient way
supported by a tool. A RE process model developed with
our framework will be more suitable for the project it was
designed for; therefore, leading to higher project success.
The methodology proposed in this paper is a cornerstone
of the framework that we have developed in recent years.
This methodology is complementary to the N-dimensional
process development methodology [9] developed in our
earlier research.

This paper is organized as follows: section 2 discusses
an overview of the framework. The RE process
development methodology is presented in section 3. A
simple case study is given in section 4. Conclusions and
ideas for future research are discussed in section 5.

2. Framework Overview

The objectives of our framework are three-fold:

e Help requirements engineers to develop the most
suitable RE process for a specific project in a particular
company in an incremental and iterative way supported
by a tool.

e Provide a mechanism to assess RE process models.



e Provide a knowledge base for requirements engineers
to learn and access various RE process models and
techniques. Due to the high number of process models
and techniques available for RE, it is difficult even for
an expert to know them all, so a database containing
such knowledge is an asset.

In order to achieve these objectives, we have developed

a RE process knowledge base (REPKB), several models

and a methodology within the framework. The conceptual

diagram of the framework is given in Fig. 1. The
following provides brief introductions to each of the
components:

e A RE process knowledge base (REPKB). In this
research, all identified RE models and techniques were
classified, analyzed, compared and stored in the
REPKB according to the templates we defined.

e Decision support models. Case-based reasoning and
rule-based reasoning models are used to help the
process engineer decide which RE process models and
techniques are most suitable for a given project. A
description of these models can be found in [10].

e A RE process development methodology. Three major
components are used in this methodology: the RE
process template, RE process building blocks and RE
process development guidelines. These components
provide information on how to define a RE process
model and select the most appropriate techniques. The
suggestions for the selection of building blocks and
guidelines depend on the project and product attributes
of the given project. The discussion about this

e The evaluation models. These models provide
information for the evaluation of user developed RE
process models and the selected techniques within the
context of the given project and product attributes. The
major evaluation models are the model for major
concerns of RE [18, 22], a revised RE process CMM
assessment model [3] and a suitability assessment
model.

3. Process Development Methodology

Developing a general software process model has been
extensively discussed in literature [8, 11-13, 24, 25]. The
methods and techniques proposed in the literature have
certain limitations and cannot be used for RE process
development for the following reasons:

e Most process development is done at the organizational
level rather than at the project level. In this case, the
developed process might not be well-suited for a
specific project.

e Existing international standards, used as templates, are
tailored towards specific project. The advantage of this
method is that it is possible to know the maturity level
of a particular software process model. On the other
hand, the problem with this method is that the tailoring
process is too tedious and time consuming because of
the possibly large size of the template. For this reason,
this method is rarely applied in project-based process
development.

e With the exception of maturity assessment, no other

methodology is the focus of this paper.
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means have been used to evaluate user-developed

software process models.

e Currently available international standards for a
software process have limited guidance for RE process
development. For example, all existing international
standards, such as the CMM model, have very little
guidance related to RE practice.

Based on these observations, we developed a
methodology specifically for RE process development.
The following subsections provide a more detailed
discussion on this methodology.

Requirements volatility: This attribute is defined as the
percentage of requirements change (). The attribute can
have the following values: very high (Y>=50%), high
(50%>Y>=30%), average (30%>Y>=10%), Ilow
(10%>Y>=1%) and very low (1%>Y).

Project category: This attribute defines the type of project.
The possible values are: Communication, embedded,
semi-embedded and dynamic. Some of these possible
values are borrowed from the COCOMO model [21].
Degree of safety criticality: This attribute is defined as the
degree of safety required by the system with regards to the

Table 1. The rules for technique selection (partial list)
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Decision attributes
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3.1 RE Process Knowledge Base (REPKB)

3.1.1 Project and Product Attributes. Based on our
research on the relationship between software projects and
RE processes, we have developed a set of software project
attributes and organized them into two categories. The
attributes in the first category are considered to be more
important factors during decision-making and are
therefore used more frequently. They provide a means to
characterize projects, RE process models, techniques, and
methodologies and to establish links between them. Each
of these attributes has been defined in detail in [18]. A
brief description is given here:

Project size: This attribute is defined as the size of the
project (X) in terms of number of requirements. The
possible values are: Very big (X>=4000 requirements),
big (4000=>X>=2500), medium (2500=>X>=1000), small
(1000=>X>100), very small(X<100).

loss of human life or property. The values are defined as
follows: very high, high, average, low and very low.

Similarly, we define other attributes such as Product Type,
Team Size, Project Complexity, Time Constraints,
Organization and  Customer relationship  [2],
Acquaintance of the domain, Product Quality Standard,
etc. The various values of these attributes provide helpful
information for the selection of RE models and techniques.

3.1.2 REPKB. The REPKB includes information related
to the development of a RE process, such as

o software project cases

RE process models

RE technique and methodologies

RE process building blocks

RE process tailoring guidelines

RE process activity sets (“best practices”)

e major concerns of the RE process



The rules define when to use certain RE process
models, techniques, methodologies, process building
blocks and process tailoring guidelines. The rules are
based on information from two sources:

Table 2. Guidelines for RE process developments

Key | Quantfi- - Suggested Building | Suggested
attributes cation Heuristics Blocks Models

Suggested Techniques
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appropriates V'EW‘;?:S;:E " safety-critical
o Every major concens of requirements engineering system)
should be addressed among the model or Formal Techniques
construction (when system is safety-
Other description: criica syste) .

« Many hardware and software elements interact D: Semi-Formal notation
or Formal notation

with each other need to be considered
) ) ) or Structured Text.
 These kinds of projects, generally built by many V&V: Formal inspection
distinct organizations, so identify the relationship or Formal
among these organizations and make Methods
requirements consistent with each other are

strongly recommended.

Sizeand | Projectsize: | Use standardized documents all building blocks | Goal-oriented
Complexity | Medium + Formalize requirements traceability and cross-org. | are recommended

E: Group Session
approach

(Cont) communication Viewpoints- A Fu&’&aiag:zg?k
Complexity: " " oriented ] ike
« Where possible combine documentation and techniques
Medium testing across organization. D. Semi-formal
« Share RE tools across organization if it is documentation or
available formal
o Ifrequirements volatilty is high, lightweight V&V: Formal
model be considered inspection,
E: customer on line
Size and Project size: |* If_tlmet? market pressure |s_h|gh, thena Elicitation RUP "
. lightweight process model is recommended communication
Complexity | small A&N. An
(Cont) (incremental RE process) Analysis RAD, y
Complexty: |4 Basic ion of requi s D: Textual use case, text
Jow- ecommended D Serum V&V: customer on line
fii verification,
o I domain s unclear, then incremental prototyping Cd“” "FI ) xp informal
o Communicaion within group ill behighly | Eniicaton inspection,
recommended technical review

Analysis method should be consistent with the
whole design process, i.e. if you use OO analysis,
then should use OO language in the later design
phrases

Keys: E: stands for Elicitation. A&N: stands for analysis and negotiation. D: documentation. V&V: stands for verification and validation

e A thorough review and analysis of RE literature on
currently available RE process models, techniques and
methodologies  was  conducted.  Firstly, the
characteristics of those RE models, techniques and
methodologies are  identified.  Secondly, the
applicability of certain RE process models, techniques
and methodologies to a certain type of project is
identified and documented as rules.

e A survey of people from academia and industry was
carried out. The experience and knowledge of experts
was identified and documented as rules.

Some sample rules for the selection of RE techniques
are presented in Tables 1 and 2.

In Table 1, the column of decision attributes shows the
recommendations regarding the suitability of various RE
techniques for different types of projects based on the
different condition attributes listed in the table. All
recommended RE techniques are organized into four main
activities of the RE process (Fig. 2), namely elicitation,
analysis & negotiation, documentation and verification &
validation. All these rules are stored in the REPKB. The
recommendations for different categories of activities are
as shown in the decision attribute column. The decision
support for choosing a particular set of techniques for a
project is based on similarity reasoning. Similarity

reasoning is carried out according to the attributes and
rules in Table 1 though the values of the attributes of the
given project might not be exactly the same as that
provided in the table.

Tables 1 and 2 only show a few examples of the cases
and rules. The REPKB contains a more extensive
collection. More rules to support the decision making
process will be added as the work progresses.
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3.2 A Conceptual Framework for RE Process
Development

The conceptual framework of RE process development
is shown in Fig. 1. The general development process is
summarized as follows:

1. Define the context of the project. In this step, the user
needs to define the values of the project attributes and
the weight of each attribute according to his/her
perception of the project. The values of these attributes
determine the selection of the RE process building
blocks, process model, techniques as well as the higher
level guidelines for process development.

2. Case-based reasoning based on the decision support
model. Case-based reasoning is carried out based on the
values of the project attributes defined in step 1. The
purpose of case-based reasoning is to look for those
cases that have similar condition attribute values to the
ones defined for the given project. The similarity
between the condition attributes (Table 1) of the
existing rules and the attributes of the given project is
calculated using the weighted Euclidean distance
metrics calculation model [20]. The values of the
decision attributes of the existing (cases) rules that are
very similar to the given project are taken as the results
of this step. Let’s assume that:

e R is the existing set of rules contained in REPKB;

e 7 = (Xx,,D,) represents the existing rules (cases);

i=1, ---, n, with n being the number of the rules; all



the existing rules have k condition attributes and m
decision attributes.

® X;=(Xy XX, denotes the values of the
condition attributes of the ith rule in REPKB; x;

represents the value of the jth condition attribute for
the ith rule; j=1,--- k;

e D, =(d;,,d;,,.d;,) denotes the values of the decision
attributes of the ith rule in REPKB; d,, represents

the value of the pth decision attribute for the ith rule;
p=1,-,m;

® Y =(y,.Y,Y) denotes the attributes of the given
project; y; represent the value of the jth attribute for
the given project; j=1, k;

e W; denotes the weight for each condition attribute;
j:]'!l”!k;

Then, the similarity result is given as:

1 .
i=1,,n.

, 2
j%Wj(xi,j ) (1)

The recommended techniques and/or process models
for the given project will be:
{di1disendin |7 e RAMaxsim(X;,Y ), i=1,-n, }  (2)

Max(sim(X,;,Y )) indicates the maximum value of the

Sim(X,,Y)=

similarities calculated among all existing rules
according to equation (1).

In this similarity calculation, we assume that no two
existing rules have exactly the same value of overall
similarity with the given project, i.e. no X, exists,

such that sim(x;Y)=sim(x;Y) . If X, exists then

additional attributes must be considered that help
differentiate between those cases.

3. Information retrieval. According to the results of case-
based reasoning and the constraints that the user
defined, a set of RE process building blocks, RE
process models, techniques and/or methodologies, and
higher-level process development guidelines are
selected from the REPKB and recommended to the
process engineer. The recommendations given in this
step are not decisions by themselves but critical
information which helps the requirements engineer
make qualified decisions.

4. RE process model comparison. A comparison among
the recommended process models is conducted based
on several criteria such as level of completeness of the
process model, RE CMM level, the major concerns of
RE addressed [18, 22], level of complexity,
introduction cost and application cost, etc.

5. Comparison of methodologies and techniques. A
comparison between recommended techniques and
methodologies is conducted based on certain criteria,
such as introduction cost, application cost, complexity,

strengths, weaknesses, and suitability of techniques for
certain projects.

6. Decision making. Based on the recommendations given

in step 3 and the comparisons in step 4 and 5,
requirements engineers select one RE process model, a
subset of techniques and methodologies and a subset of
RE process building blocks from the recommendations
given in step 3. Once a RE process model is selected,
further queries are conducted and more detailed
information about the selected RE model as well as
process development guidelines can be retrieved. The
information is ready to be used in the next step.

7. Process development. Based on the decision made in

the last step, process development is carried out in one

of three possible ways:

i. Using the selected existing process model as a
reference process model, requirements engineers
develop a new RE process model by using
building blocks, techniques and guidelines
through the following operations: adding,
splitting, deleting, merging and modifying.

ii. Using the RE process template defined in our
framework [20], requirements engineers develop
a new RE process model by tailoring the RE
process template and using the building blocks,
techniques and guidelines.

iii. Requirements engineers develop a RE process by

using the Process Development Assistant (PDA)
of our previous work [9].

It is worth mentioning that process development is an
iterative process. Several iterations might be necessary
based on the situation and the judgment of the
requirements engineer. After completion, the new user-
defined process can be assessed using the assessment
models we developed. The discussion of the assessment
models is beyond the scope of this paper; interested
readers can refer to [20] for more details.

3.3 Templates

In order to facilitate RE process development, six
templates were developed: the RE process template, the
process model definition template, the techniques
definition template, the activity definition template, the
rules template and the guidelines template. In the
following we will discuss four of the six templates in
more detail.

3.3.1 The RE Process Template. The RE process
template serves as a standard RE process template and/or
reference model for the development of a RE process. The
high-level components of this template are shown in Fig.
2. The following provides the definition of the RE process
template and a brief explanation of each component of the
template:



e Based on Kotonya & Sommerville’s RE process model
[8], we defined the RE process template shown in Fig.
2. The template includes four main activities:
Elicitation, Analysis/Negotiation, Documentation and
Validation & Verification. Each main activity can also
be considered as a process since they include a lot of
sub-activities that implement part of the tasks defined
in the main activity. A sub-activity is defined as the
smallest element in a RE process model in our RE
process template. This means the activity is at the
lowest level of a RE process template. Requirements
management is involved in all four activities as
illustrated in Fig. 2. Which techniques will be selected
in a RE process depends on the evaluation of the
suitability of each technique for a given project based
on its characteristics.

e RE process management includes a wide variety of
topics. It is mainly related to the issues of RE process
planning, requirements and process metrics with a
focus on monitoring and controlling the RE process.

Table 3. Templates for the process model, technique and activity

Process Model Template Technique Template Activity Template

Process Model Name Technique Name Activity ID

Activities: Techniques Category Activity Name
Techniques Used Capability: Actors

Tool Support Tool Support Category

Introduction Cost: Introduction Cost: Major COREs Addressed
Application Cost: Application Cost: Pre-Activity

Strengths: Strengths: Post-Activity

RE CMM Level
Complexity of the model Complexity of the Technique | Introduction Cost
Major CORESs addressed Applicable Project Type Application Cost
Maturity Assessment Results | Recommended project Artifacts

Applicable Project Type Detail description: Candidate Techniques
Recommended system Reported Case Detail Description

Weaknesses: Weaknesses:

Detail description:
Post-mortem Assessment*

3.3.2 Other Templates. In order to help the RE process
developer, several other templates have been defined. The
most important ones are the process model definition
template, the techniques definition template and the
activity definition template. The basic elements of these
three templates are shown in Table 3. The following
provides only brief explanations of these templates; more

detailed descriptions can be found in [20]:

1. The underlined elements (see Table 3) such as
Activities, Techniques Used, major COREs (COncerns
of RE) addressed are composite data types. For
example the element Activities is organized according
to the four main activities of the RE process and each
main activity has several sub-activities.

2. The elements that are not underlined are primitive data
types; most of them are self explanatory. Some
attributes that are worth mentioning are:

e Introduction Cost. This element represents the cost
of introducing the technique or activity into the
process if this activity or technique has never been

used before in the organization. In this case,
training for using the technique is needed.

e Application Cost. This element represents the cost
of carrying out the activity or using the technique
during the RE process.

e Capability.  This element indicates the
effectiveness of a certain technique. It could mean
different things for different techniques. For
instance, in the case of a requirements
documentation technique, capability means the
expressiveness of the notations used for the
requirements documentation.  Therefore, the
capability is judged by the effectiveness and
flexibility of the technique adopted.

e Maturity assessment results. This element
represents the maturity level of the given RE
process model. It is one of the evaluation criteria
for the RE process.

e Major COREs addressed. The major COncerns of
RE (COREs) model is a RE process assessment
model developed in our research [18, 22]. This
element represents the number of the concerns that
are addressed by an activity and/or a RE process
model. By defining this element, the connection
between RE process development and the major
COREs is established.

These five elements provide a mechanism for the

evaluation of the activities, techniques and the
development of an RE process model as a whole.

3.4 RE Process Building Blocks

An RE process building bock is a structured unit of RE
process knowledge. Each building block is composed of a
set of guidelines of a certain part of RE knowledge. The
following factors have been considered in the construction
of the RE process building blocks in order to facilitate RE
process development:

e The building blocks and the knowledge structure
whereas it is based, should reflect the current RE
process research and practice.

e The organization of the building blocks should have a
connection with the attributes of the project.

e The building blocks should contain a cohesive set of
RE process knowledge.

Based on these considerations, we developed the RE

process building blocks illustrated in Fig. 3.

A brief explanation of these building blocks is given as
follows. The interested reader can refer to [20] for more
details.

e FEach of the main activities in our RE process template
is defined as a building block to facilitate RE process
development. These building blocks are Elicitation,
Analysis & Negotiation, Documentation and Validation
& Verification. Additionally, sub-activities and



associated knowledge are also organized into building
blocks.

Elicitation Activities Analysis & Documentation Validation
Negotiation Activities Activities &Verification Activities
Requirements ‘ Metrics g Techniques g ‘ Reuse g ‘ Tools ﬁ
Management
Process Risk Interaction Process Models Process Development
Management Guidance

Fig. 3. RE process building blocks

The building block of RE Process Risk Management
contains a checklist of RE process risk indicators, some
of which are derived from the taxonomy-based risk
identification framework [14].

The building block “Process Development Guidance”
contains a collection of process development guidelines
at two different levels of abstraction. Section 3.5
contains more details on this building block.

The blocks “Process Models” and “Techniques”
contain a collection of currently identified RE process
models and techniques. These models and techniques
are organized according to the four main activities of
the RE process template (Fig. 2).

The “Interaction” building block includes various
issues related to the management of requirements
interaction, requirements inconsistency and
requirements conflict.

e The “Metrics” building block is related to the
knowledge of methods, techniques for measuring
requirements and the overall requirements process in a
qualitative and quantitative way.

The “Tools” building block includes information about
the selection of RE tools.

The “Requirements Management” building block
contains information on techniques and activities
related to requirements management.

The “Reuse” building block includes details on
techniques and activities related to requirements reuse
as well as product families and product lines.

3.5 Development Guidance

There are many different RE models and techniques
which make it difficult for requirements engineers to
select the most appropriate RE model and the most
suitable techniques. For this reason, we developed
guidelines at two levels (Figure 4):

o General guidelines. These guidelines provide general or
high-level guidance for process definition, process
tailoring, model and techniques selection. The heuristic
guidelines are examples of this type of guidelines
(Table 2).

e Specific guidelines. These guidelines can be divided
into the following types:

i. RE process building block guidelines: These
guidelines recommend the appropriate building
blocks for the construction of the RE process
(Table 2).

ii. Process model guidelines: These guidelines are
for the selection of the RE process model.

Guidelines for selection
of RE process building
blocks
Values of attributes of a project l
Project Size: Very big Guidelir}es for selection
Project Complexity: Very high /" of techniques
Requirements Volatility: Low i . T
Degree of Safety Criticality: High | Map Function:
Project Category: Embedded Fu(reqs) — Guidelines for selection
Hardware/SW N of RE process model
...... .\'\- ‘
b Guidelines for activity 3

selection and definition
Q Activity-based
Q Concerns of RE process

Fig. 4. Relationship of the guidelines and project attributes

iii. Technique guidelines: Technique guidelines
provide information about the suitability of
techniques for certain projects.

iv. Activity guidelines: These guidelines provide
information about the activities that are to be
used in the selected RE process model. There are
two kinds of guidelines in this category: the first
category contains activity-based guidelines while
the second category contains the major concerns
of a RE process. An in-depth description of the
concept of major COREs is given in [18, 22].

There are relationships between these guidelines and
the values of the project and product attributes. Fig. 4
illustrates these relationships: solid lines indicate that the
attributes of project and product are directly mapped to
the specific guidelines for the selection of RE process
model and building blocks. The selection of an RE model
as a reference model will further influence the selection of
techniques and activities. The dashed lines indicate an
indirect relationship between higher level RE technique
selection and activity definition guidelines. A more
detailed discussion about the rationale of the relationships
can be found in [20].

3.6 Process Development Operations

Several operations are defined to help RE process
development. These operations are addition, deletion,
splitting, merging and modifying.

o Addition inserts additional activities into the RE
process model under development.




e Deletion removes activities from the process model as
they might be too expensive or not necessary for the
given project.

e Splitting divides an activity into sub-activities if the
tasks of the activity are too complex to be
accomplished as one activity.

e Merging combines several activities to form a higher
level activity if these activities accomplish the same or
similar tasks.

e Modifying changes the name or definition of an activity
to makes it more useful.

Table 4. The definition of project

Project This project is a “Port Scheduling Systeni”. The objective of the systemis
Description | to schedule a container terminal with a throughput of over 1 million TEU
(twenty foot equivalent unit) each year. Smaller cargos must also be
possible to be handled. The project requires a highly interactive interface.
Project Size: middle (>1000 and <3000 Requirements)

Project Complexity: middle

Requirements \olatility: low

Organization and Customer relationship: SCR (SCR stands for
responding to a Specific Customer Request)

Project Category: Semi-detached mode

Team Size (Number of people in the Project): 30

Degree of knowledge of Requirements: middle

Degree of safety criticality: high

Quality Standard: high

Product type: New

Project
Attributes

Product
Attributes

Table 5. Recommendations and final selection

Recomendation Final selection
REprocess | VORD (Miewpoints-besed Mbdel), Goal-besed | VORD (Viewpoints-Oriented
mocel Model, RUP Requiremerts Definition)

RE process Hlicitation, Analysis & Negotiation, Elicitation, Analysis &Negotiation,
building block | Docurrentation, Verification &Vvalidation, Tool | Docurrentation, Verification & Validation, Tool
support:, IVEtrics, Technique set, Model set, support, Technicue set, Change menagenent,

Change meragenent
REtechniques | E: | Interview; Focus Group, JAD, Foous group, Interview

AIN: | Viewpoint OO, Scerario-Based Viewpoint OO
Analysis (use case), 00 Aralysis,
Structure Aralysis, AHP, Goal Based
Anlysis,

D | Viewpoint definition, Structure Formrel | MViewpoint definition
specification, UML,

V| Viewpoint Validation, Formal Forml Inspection
Inspection

T: | DOORS, RequisitePro DOORS

: E: standk for Elicitation.  ASN: standks for analysis and

iation. D: doourrentation. \V&\V: stands for verification and validation

4 Case Study

Several case studies have been conducted throughout
the course of this research based on the methodology
introduced above. Currently, we are in the process of
building a prototype of the tool. The following case study
shows the feasibility of the methodology discussed above.
A software organization starts working on a medium-sized
project to develop a Port Scheduling System. Realizing
that none of the existing RE process models in the
organization is suitable for the new project, the
requirements engineers decide to use the methodology to
develop a suitable RE process model to guide the RE
process for the given project. A simple description of the
case study using this methodology is shown below:

1. Project definition (see Table 4)

After the initial analysis of the project, the
requirements engineers proceed to provide a basic
definition of the project. This procedure involves two
steps:

(@). Identification of the characteristics of the project
based on its description.

(b). Assign the appropriate values to the project attributes

identified in (a).

2. Decision support:

Based on the values given in Table 4, the following
activities are performed:

(a). Case-based reasoning using the REPKB: The results
of the reasoning are (Table 5):

i. Recommendations of RE process building blocks
for process development.

ii. Recommendations of RE process models. These
process models serve as reference models for the
definition of the new RE process model for the
given project.

iii. Recommendations of RE techniques.

(b). High-level guidelines can be retrieved from the
database that help with the selection of the RE
process model. Two typical examples of these
guidelines are “Choose rigorous RE model”,
“techniques with highly expressive notation are
preferred”.

(c). More detailed information about recommended RE
process models, techniques and activities can be
retrieved from the database. Table 6 gives three
simplified examples of such information.

Table 6. Examples of the Retrieved Information

Model

Technique

Activity

Process Model Name: VORD

Activities:

E: Prune the abstract viewpoint class

hierarchy...

A&N: Prioritize requiremens...

D: Document viewpoint with defined

language...
V&V: Check for conflicts of
Viewpoints...

Technique used: Document mining,
Modeling...

Tools Supports: viewpoint based tool
available

Introduction Cost: medium

Application costs: medium

Maturity Assessment Results: level 1

Recommended system: Interaction
intensive system

Complexity of the model: medium

Technique Name: AHP

Match value: ~ High

Techniques Category: A&N
Introduction Cost: medium
Application Cost: low
Capability: High

Recommended system: Any,

Tool Support: Available in the
market.

Complexity of the techniques: Low
Strengths: give priority for the
requirements

Weaknesses: Time consuming when
number of requirements is large
Recommended project: number of
requirements s not very large

Activity Name: Identify system stakeholders

Actors: requirements engineers

Category: E

Major COREs addressed: identification of the

stakeholders

Pre-Activities: Prune the abstract viewpoints

Post-Activities: Hold focus group meeting to

identify viewpoints requirements

RE CMM Level: level 1

Introduction Cost: low

Application Cost: low

Artifacts: List of stakeholders, ideally, the
prioritized list of the stakeholders.

Candidate Techniques: interview

Detail_description: ...

3. Decision making

Based on the recommendation and guidelines given
above, requirements engineers make the final decisions
about the RE process model and the techniques that are to
be used during the next steps. The results of the decision
making are shown in Table 5. The reasons behind the
decisions are briefly explained:



(a). According to the project description, the project is a

(b).

(a).

(0).

highly interactive system. Based on the guidance and
the information of the recommended RE models, the
VORD model is selected as the reference model for
the definition of the new RE process model for the
project. The main reasons for this choice are:
e VORD is a process model designed for highly
interactive system.
e VORD is more suitable for systems with multiple
stakeholders.
e The requirements engineers are familiar with
viewpoint-based analysis methods.
e VORD provides a fairly complete structure for
the requirements specification document.
According to the project characteristics, i.e., low
requirements  volatility, —more than 1,000
requirements, etc., the requirements engineer decides
to choose the building blocks illustrated in Table 5.
Process development
Process definition is carried out using the VORD
process model as the reference model. Realizing that
VORD has to be customized for the project at hand,
the requirements engineer decides to use the
operations of Addition, Deletion, Merging,
Modifying to develop a new process model for the
project. As shown in Table 7, several elements are
added to the newly defined RE process model. This
newly developed RE process model addresses more
major COREs and is more suitable for the given
project.
The definition of activities in the new RE process
model is based on both the activity definition
template and guidelines:
Defining the activities of the new process model by
using the template and guidelines generated from the
VORD process model.
Defining the activities of the new process model by
using the template and guidelines generated from the
major COREs model.
An example of an activity definition using the
activity template is shown in column 3 of Table 6.
More new activities developed for the new RE
process model for the given project are given in
Table 7. These new activities shown in italics are
based on the consideration of the major COREs and
the attributes of the project; other activities are either
directly used or modified versions of the activities of
the VORD process model. Reasons for some of the
newly defined activities are summarized in the
following:
o Since the project involves a lot of stakeholders

the activity “record the rationale of the
viewpoints requirements” becomes a very
important issue in order to manage the

requirements. This activity also addresses one of
the major COREs.

o Since the project requires a high degree of safety
and criticality, the requirements engineer decides
to analyze safety related requirements in the
system using Fault Tree Analysis techniques,
which is a technique s/he is familiar with. This
activity also addresses one of the major COREs.

o Based on guidance from the major concern
“Understanding non-functional requirements and
system constraints”, the requirements engineer
realizes that non-functional requirements are of
great importance in this project, so an activity
Document non-functional requirements with a

structured language is defined.

Table 7. Comparison between the original VORD and the
modified process model

Phases Original activities in VORD Activities defined for the Project
E: Identify o Prune the abstract viewpoint class o Prune the abstract viewpoint class hierarchy
viewpoints hierarchy o Identify the systemstakeholders
o Corsicer the system stakeholders o Identify systemoperators and consicer the roles of the
o Useamndel of the system principal individual who might be associated with that
architecture, identify system class.
Viewpoint. *  Hold focus group meeting to elicit requirements from
o Identify systemoperators various viewpoints (both functional and non-
o Corsicer the roles of the principal functional)
indivicual who might be associated | Record the rationale of the viewpoints requirenents
with that class.
AN o Prioritize requirenents o Prioritize requirements
Alysisand | e Consier/analyze nonfunctiorel | o Analyze and understand non-functional reqirenrents
negotiation of requirements and constraints and constraints
viewpoints | e \Vbdel vienpoint service behaviour | e Model viewpoirt service behaviour
requirements (functional reguirements modelling) e Represent and nodel user interface requirements as
© Represent user interface reguirements constraints on viewpoint services
& constraints on viewpoint services o |dentify and analyze the safety related requirements
inthe systemusing Fault Tree Analysis techniques.
o Dewelop the test cases for key functional
requirements.
o ldentify the conflict and resolve the corflict by
negotiation with stakeholder
o Analyze and ientify the relationship of requirements.
D: Docunent | e Docurrent viewpoint with defined Docurment viewpoint requirenents with the teplate
viewpoints language of viewpoints
o Docurrent viewpoint reguirements o Define terminology in the system level
with the tenplate of viewpoint Docurrent functional recirements of all viewpoints
with UML
o Docunent non-functional viewpoints recuirements
with structured language.
o Docunent the test case for key function requirements.
o Docurrent the relationship of requirements.
\% o Check viewpoint docurrentation o Check requireents docurentation by using defined
Verification | « Analysis conflicts checkdist.
and validation | e Resolve conflicts o Check docunent to ensure reguirements
conpleteness, unarbiguous and inplenentable
o |dentify and resolve interactions
o \Verify and validate the safety requirements of the
system
Requirenents | e Vanage requirements (viewpoints) o Ientify and docurment requirerments with high
Management evolutions (change). volatility
o Use requirements baseline technicues to management
requirements.
Tools Support | e Use appropriate tool O Buy requirements menagenent tool to menagenent
reguirements.

5. Process evaluation

After the definition of the activities of the new RE
process model and the selection of the techniques, the
newly developed RE process model is assessed based on
the evaluation models.



The new process model is applied to the project once
the requirements engineer is satisfied with it, otherwise,
more modifications are necessary.

This case study has shown the feasibility of the
methodology proposed in this paper. We are currently
working on several industrial case studies that will
provide further improvement of the methodology.

5. Conclusions and Future Research

Developing the most suitable RE process and using the
most effective RE techniques have been considered as key
factors for the success of RE [16, 17]. However, process
development is time-consuming and expensive, and only
few project teams can afford to develop their own models
from scratch [15]. For this reason, support for process
development is necessary to enact effective software
processes. This is also true for RE process development.
The framework proposed in this paper provides a possible
solution for RE process development by combining

decision support mechanisms with evaluation mechanisms.

Our case study has illustrated the support provided by the
framework during RE process development and
techniques selection. The benefits gained from this
framework and the methodology as a whole are not only
that they can help requirements engineers to develop
suitable RE process models, but they can also provide
educational opportunities for requirements engineers to
enrich their RE knowledge through REPKB.

Our further research will provide more evaluation
functions for RE models, further refinement of the
framework, as well as an implementation of the approach.
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