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Abstract

The objective of the thesis consists in modeling, understanding and evaluating how
efficiently very complex distributed systems are operated and maintained. We consider
that the systems are serving a large-scale organization, composed of sub-organizations
which have distinct operational mandates, budgets, goals, managers and staff. We used
the User Requirement Notation (URN), an international requirements engineering
standard that integrates goal-oriented and scenario based modeling to model a subset of
the requirements for the case study system. The requirements we focus on are concerned
with the way the operation of the system is organized, how different departments
involved in the system activities interact and what is the impact on the realization of their
goals. During the construction of the model, an analysis and evaluation was done,
allowing to understand some areas of improvement. A new version of the system, called

the proposed system is designed, evaluated and compared with the working system.
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1 Chapter: Introduction

1.1 Objectives and Motivation

The objectives of the thesis consists in modeling, understanding and evaluating the
operation, maintenance, refurbishment and evolution of very complex distributed systems
in early development phases. The kind of system considered here is a component of a
complex distributed system that serves a large scale country-wide organization.

This organization is composed of many modules or sub-organizations which have distinct
operational mandates and their own managers, receive distinct budgets and operate with
their own staff members. Often different sub-organizations (including users, stakeholders,
legal, regulatory, business analysis and internet technology departments, which have
different responsibilities, access rights and goals) are involved in inter-departmental
projects across the enterprise and in external projects with various clients, having their
work based on contracts, memoranda of understanding or legal agreements established
between the participants. The roles of the users from our case study are related to
mandatory activities; they include receiving tens of thousands of data records on annual
basis from various clients that are interested in what the system does and contribute to the
system’s requirements; responding to thousands of requests received from external
clients, which include companies, government agencies, universities, the Canadian
public; providing data analysis reports on annual basis for the use of the public, as well as
ad-hoc reports requested by some clients, including regulatory departments, the
organization’s stakeholders and universities.

The modeling language used in the thesis is the User Requirements Notation (URN)

[Amyot04] which is supported by the jJUCMNav tool [JUCMNav a]. URN is a modeling



language that permits system engineers to model the requirements of an existing system
or of a system to be developed and to ensure that they are complete and correct. The
URN is composed of two views that complement each other: the Use Case Map (UCM)
and the Goal-oriented Requirement Language (GRL) notations. URN enables the
combination of different scenarios for operational aspects and rationalization of structural
and performance means represented in UCM, with modeling notations and abstractions
for intentions and planned objectives supported by GRL. URN is normally used for
requirement identification, speciﬁcatipn, analysis and validation, including the functional
and non-functional requirements of the system. The URN notation is supported by the
jUCMNav tool, which is a free plug-in for Eclipse, providing the graphical editing
environment and the transformation and analysis means that support the URN.

The focus of the thesis is on a subset of the system requirements related to the way in
which the operation of the system is organized, to the interaction between different
departments involved in the system activities and the impact of this interaction on the
realization of different goals. We are concerned with how the information is transmitted
between different operational modules across the organization, what type of processes
and reporting loops have been implemented. We intend to understand how the
administrative information is being monitored at system level and how system matters are
being reported to system administration, management, users and clients; to determine
who will address and initiate corrective actions requests and how they will propagate
across the organization; and to identify who needs to know what for a distributed system
model that has different managers for each component module. The model is based on an

existing real system, which is called from here on the working system model. During the



construction of the model, an analysis and evaluation was done. This has allowed us to
understand how different goals are achieved for different organization’s components; to
determine strategies that are less supportive for the realization of objectives; to identify
goals that could be achieved or not, at the planned satisfaction level, for specific
strategies. As a result, we realized there is room for improvement. A new version of the
system, called proposed system is described and compared with the working system.

In most of the cases, the models have strategies and scenarios ending with different
results. Usually scenarios have both positive consequences and negative effects,
depending on the components characteristics, relationships contributions and what
specific resolution has been applied. The outcome of scenarios really depends on how
much the sub-organizations involved are in charge, comprehend, and carry on the
management of requirements. According to studies [Easterbrook04], these can be
reflected by the following indicators: a) the expense for resolving system issues, b) the
reasons for unsuccessful projects and c) the causes for success. Studies that have looked
at the life cycle of projects [Boehm81], [Lamsweerde00], starting with the requirements
phase and ending with the deployment of the final product, have demonstrated that the
successful completion of a project or system implementation is tightly linked to the
requirements. They have estimated that it could be almost 200 times more expensive to
correct requirements [Boehm81] and fix the errors generated at a later date, compared to
modeling, analyzing, evaluating the problems at an earlier date, when the requirements
were gathered. Results of this survey [Easterbrook(4] are indicating the factors that could
lead to successful system implementations or to cause unsuccessful projects. The factors

with positive contributions are user’s participation, engagement and sustainability from



management, and clear and complete requirements [Kotonya98]; while negative impacts
are generated by lack of interest in the user’s participation and contribution, difficulties

in reaching common

onsent while defining
pecifications,  unclear
efinitions of conditions,
ontinue modification of
equirements. Research

ork by [McConnell93]

Figure 1.1: Cost to resolve errors [McConnell93]

has demonstrated that “the cost of incorrect or incomplete requirements is extremely
high” as per (Figure 1.1) which makes more difficult and expensive to correct errors in
any development phases except analysis. We have modeled the working system to be
able to understand how it operates, what could cause functional/operational issues, and to

learn how the problems could be improved.

1.2 Thesis contributions
The contributions of the thesis are as follows:

1. Develop a URN model of a complex system, inspired from reality, with participants
from different departments across a very large organization, which have different

goals and responsibilities and operate with their own budget, managers and staff.

2. Use the URN model to understand and evaluate how the goals of different actors can
be achieved in our case study system. The objectives were as follows: understand

4



how the administrative information is being monitored at system level; analyze
monitoring techniques; report system issues to stakeholders, to system administration
and to users; determine who will address and initiate the corrective actions, how the

corrections will propagate and what will be the impact at different system levels.

3. Design the URN model of a new system by transferring some responsibilities
managed at organizational level by other departments to the sub-organization that
uses and owns the system. The objective is to reduce the overhead due to the back-
and-forth reporting of administrative information to other sub-organizations that have
different goals and responsibilities, and different managers; to reduce the delay in
addressing and resolving requests collected at an organizational level from all sub-
organizations; to increase the system knowledge and to improve the monitoring of the

system with services that will ensure continuous assistance 24 hours a day.

1.3 Thesis Content

The material of the thesis is structured as follows.

Chapter 2 describes the literature review. We present background information on
engineering techniques used to gather system requirements, including: conceptual
models, requirements engineering and social modeling. We provide a review of current
modeling notations, such as i*star and URN, and a summary of their applications in other
domains than engineering and telecommunications.

Chapter 3 presents the URN model of a working system inspired from reality. During the
modeling process, our focus was on a subset of the system requirements which are

concerned with the way the operation of the system is organized, how different



departments involved in the system activities interact and what is the impact on the
realization of the goals, how is the information transmitted between different operational
modules across the organization, what type of processes and reporting loops have been
implemented; understand how the administrative information is being monitored at
system level and learn how system matters are being reported to system administration,
management, users and clients; determine who will address and initiate corrective actions
requests and how they will propagate across the organization; identify who needs to
know what for a distributed system model that has different managers on component
modules.

Chapter 4 introduces the proposed new systemn. During the modeling of the working
system, its evaluation was done and we realized that the system has various
inefficiencies. A new version, called proposed system is described in this chapter and its
URN model is presented.

Chapter 5 compares the results of the evaluation of the two models, the working and the
proposed system. The strategies used for the evaluation of the goal satisfaction levels are
described, key-performance indicators are defined and used for evaluation. The results of
the two models are compared step-by-step and the causes for the difference in results are
analyzed.

Chapter 6 summarizes the work on the thesis by presenting our contribution and

discussing benefits and conclusions, and identifies directions for future work.



2 Chapter: Literature Review

In this chapter we present background information on engineering techniques used to
gather and analyze system requirements. The following sections provide a review of the

current modeling notations and the supporting tools.

2.1 Conceptual Model

As presented in [Mylopoulos04], Conceptual Models (CM) also known as *“visual
models” are used to “describe proposed requirements and design” characteristics “for the
new system”; they provide the tools “to capture people’s understanding
(conceptualization) of what is being modeled, and are usually represented in terms of a
graph structure”. Studies such as in [Mylopoulos04] are showing that the basis of CM
have been set around the 60s and 70s, starting with “semantic networks” [Quillian63,
Quillian68], followed by SIMULA [Dahl66], the programming language developed to
describe the events of a system. Next were developed the “semantic model” [Abrial74]
and the “entity-relationship model” [Chen76]. They evolved rapidly into “Structured
Analysis and Design Technique (SADT)” [Ross77b] created to share believes,
interpretations and views, and for specifying requirements. CMs are independent of
implementation issues and design concerns. An instance of CM is presented in
[Embleyl1] as code that communicates with the machines, providing information to be
executed. Related studies [YuOla, YuOlb] are reporting an increased interest in using
CMs to design systems, and are recognizing the essential role [Lamsweerde00] of the
requirements engineering in the design of the product to be built. The CM based on
Requirements Engineering (RE) approach is a method to refine the *“quality of the
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software production process” [Insfran02]. The method uses a complex mechanism to
identify functional attributes of the system and to break down high level requirements

into accurate qualifications able to describe the architecture of the system.

2.2 Requirements Engineering and Social Modeling

In the last 10 years it has been acknowledged that requirements are a source of concern
for software development. Even early studies have raised awareness that “inadequate,
inconsistent, incomplete or ambiguous requirements” could have “a critical impact on the
quality” [Bell76] of the final product. Various lessons learned explained that “the
requirements for a system do not arise naturally; they need to be engineered and have
continuing review and revision” [Bell76]. They must define the needs of the system
[Ross77a], as the main components in the process of gathering requirements [Kotonya98]
for applications in software and engineering domains. Studies on projects life cycles
[Boehm81, Lamsweerde00], starting with the requirements phase and ending with the
delivery of the fine product, have concluded that the successful completion of a project or
implementation of a system is tight to its requirements, and have estimated that it could
be almost 200 times more expensive to correct requirements and fix the errors generated
at a later date rather than at the time when the requirements were gathered.

2.2.1 Requirements Engineering

Requirements depict the goals of a software intensive system [Easterbrook(04], being
engaged with system concerns, functionalities, attributes and relationships created
between them and their qualifications [Zave97]. They provide the foundation for

understanding how the system works and what it supposed to do [Roy(07], enabling us the
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notations and tools to assess if the system design is good and how well it will meet the
expectations if specific design configurations were chosen [Easterbrook04, Roy07]. The
requirements contain two categories: Functional Requirements (FR - the specifications
that indicate what the system should do), and the Non-Functional Requirements (N-FR -
the specifications that indicate the attributes and restrictions of the system). Different
methods have been developed to handle RE [Roy07] including requirements elicitation,
analysis, specification, verification and management [BoldtO1, NuseibehOO]. Even though
software RE methods were created for structural programming to capture declarative,
behavioral and interactive aspects of systems, goal-oriented requirements analysis has
been proposed more recently [Mylopoulos99, Roy07]. To support this analysis type, new
concepts have been developed [Yu97, YuOlc]. They have enabled the capability of
investigating possible choices, resolutions and adjustments, instead of looking only for
FR [Yu98]. The goal-based interpretation is important [Lanwerde00] for investigating
software limitations, management disagreements, handling of exceptions and
administration of design options. In parallel, scenario modeling approaches [Amyot03d]
that are easy to follow by the stakeholders, were created to present requirements [Roy07]
and to help identify hidden issues.

Challenges in RE

Studies [Som97] and work experience in the domain have reported a type of pressure and
a demand in the competitive industry for “shorter software development cycles [Som97].
Different development projects and systems refurbishments have been limited due to
environment and IT policies, being forced to fit in a given system architecture. Concerns

have been raised [Som97, Sawyer(1] on this approach, advising that “is almost always



impractical to implement requirements engineering as a linear, deterministic process
where system requirements are elicited from the stakeholders, baselined, allocated,
handed over to the software development team”. Such circumstances could have helped
in identifying problems, later in the process, with the price of an expensive correction
work. In other cases described in [Lutz93, Standish95, European96, NuseibehOO] and
presented in (Table2.1), systems have been delivered without meeting the requirements
due to weak RE. Reports on these cases concluded that unfinished specifications and
requirements [Standish95] were ranked second of the most important reasons that lead

projects to failures.

Table 2.1: Problems generated by requirements ([European96, Lutz93, Standish95])

Study of | Studies of errors found in NASA Programs. | Errors found in FR and in
errors Safety issues found in different software | interface requirements in ,
applications [Lutz93] Galileo, Voyager projects
2 | Survey From 8000 projects identified as started in | Incomplete requirements,
conducted | 350 companies, only half were completed. | lack of users input and
in USA Out of all projects, the ones not finalized | participation, constant
were 1/3", partial completed were %. The | changing of requirements,
rest were partial completed with delays, over | “unrealistic expectations and
budget and with missing components unclear objectives” [ Sta95]
3 | Survey For approximate 3800 companies located | “Requirements specification
conducted | across 17 countries had problems related to | and management” [ESI96]
in Europe | software applications.

2.2.2 Social Modeling

With the rapid development of technology, new challenges appeared, stressing out on the
boundaries of modeling and indicating interest in modeling not only the system, but also

its environment [Yu09]. New issues have also emerged, questioning if the system would
be able to deliver each planned application and support the organization in achieving its

objectives; if it would be beneficial to be used in specific circumstances, and if there were
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any available alternative options [Santader02]. In [Mylopoulos98a] it has been indicated
that modeling was growing stronger, considering the importance of business
characteristics in the organization’s life, and that it was the right time for new types of
modeling, intentional and social, to respond “to the emerging needs of the information
revolution” [Mylopoulos98a]. Recent studies [Yu09] have shown that social modeling

[Kling96, Yu09] has the methods and the tools to enhance software development

2.3 Current Models for early analysis

For many years, models have been developed representing two views: the static
(structural view ) through class diagrams and the dynamic (behavioral view) through state
charts and/or interaction diagrams [Yu09], having the FR identified with Use Case
Diagrams (UCD) in the Unified Language Modeling (UML) [Santader02]. Given the
limitations of UML ““for modeling organizational requirements” [Santader02], new tools
have been developed. Techniques like i* and User Requirements Notation (URN) have
been created to support the modeling of organizational aspects [Amyot03e, [TUO8]. The
i* model works with goals to characterize actor’s profiles, to enable the modeling of
management concerns, responsibilities [Roy07]. URN integrates FR/N-FR [Amyot0O3a,
Amyot02c] supporting identification, presentation, specifications analysis, enabling links
between business processes and goals [Pengfei07].

2.3.1 Thei* model

The i* model has been designed to be used in the early stage of RE [Roy07] and has been
presented for the first time in 1993 at the “International Symposium on Requirements

Engineering” [Yul1]. Its development included the intention of integrating social aspects
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in system modeling, ensuring a leading role of the social characteristics in the
development phase. Intentional aspects are collected when requirements are gathered,
describing what is desired by the actors, how they plan to achieve goals and who is
involved in relationships. There are slight differences between the i* and other modeling
tools. The i* modeling is supported by “intentional relationships amongst agents, called
actors” [Roy07, YuOlc]. They rely on each other to fulfill their “intentional elements”
[Roy07] and are related to tasks to be completed, goals to be accomplished and resources
to be assigned [Yu97, YuOl, Yu09]. UML also works with goals, of functional type, and
actors that participate in the completion of operations, while the KAOS model [Yu09]
accepts all types of goals without being concerned about the actor’s intentions. New tools
have been developed to support i* and the modeling of complex systems. Some are open
sources and work with Eclipse [fjUCMNava, J-PRiM, OpenOME], while others have been
developed “on the programmability of general purpose tools” [Lockerbie06]. With the
diversity of meta-models it has been proposed to build an adequate exchange format
[Cares08], to resolve different characteristics [Lucena08] and manage the issues created
by many versions of a certain model [Sabetzadeh06]. In 2008, i* has been included in

standard ITU-T Z.151 [ITUOS, LiuO1a].

2.3.2 The URN Model

As presented in [Amyot99a] and ITU-T Z.151 recommendation [ITUQ8], the URN has
been “intended for the elicitation, analysis, specification, and validation of requirements”
[AmyotO8a]. The acceptance of URN as a standardized notation in 2008 [Amyotl1a,
ITUOS8, LiuO1] brought the recognition of RE activities, proving that they are accurate,

reliable and able to be predicted, while producing correct, complete and consistent
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