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AREA-TEAM Abstract

ABSTRACT

Since the software architecture is a key artifact of the software development life-cycle, so
architectural analysis is also a key practice involved in the process. Software
architectures are usually complex and developed on the quality attributes based on
preliminary requirements. Requirements are specified during requirements engineering
phase and normaily are incomplete and ambiguous and their effects are propagated in the
software architecture. The devised method “Architecture Requirements Engineering
Accuracy and Error-The Analysis Method (AREA-TEAM)”, provides solid technical
foundations for performing architectural analysis. It is based on the analysis of software
architecture with respect to the requirements and finding the architecture accuracy factor
and architecture error factor. The major contribution of AREA-TEAM is quantification of
the error made by the architect as well as the stakeholder, generally the customer, The
AREA-TEAM is a method that has been applied and tested on Islamabad Stock
Exchange’s software architecture of its data warehouse solution. AREA-TEAM is refined

in practice over the research tenure.

Vi



AREA-TEAM Table of Contents

TABLE OF CONTENTS

Ch. No. Contents Page No.
J O B 115 o s L 2ot 4o F P 1
JI ST s (o] 11 o1 RO DS 3

1.1.1 System Software Architecture.............c..oooevviiiinn P 3

1.1.2  Software Architecture Evaluation............c..cooviviiiiii s 4

1.2 Research Paradigms on Software Architecture..........covoviviinniiiiieiinineanen 5
1.3Research Agenda.........cooiiiiiiiiiii 6

131 ObJeCtiVeS. e iin i iine e et et et e et 6

1.3.2 Approach.......cciiiiiii e 7

1.4 Validation of the Research.........ccooiiiiiiiiiii e, 7

1.4.1 The Organization ...coevuereinee i it ceiinerineretrrinsaaan 7

1.42 Data Warehouse Project of ISE..........o i 9

1.5 Overview of Thesis.....ooe i e 10

1.5.1 Publications related to this thesis.........c..coiiiii i, 11

LA 1= vt (N 1] o 2= OO A 13
2.1 The Quantified Design Space (QDS). ..ovviiiiiiiii e, 15

2.2 Software Architecture Analysis Method (SAAM)........coooiiiiiininn, 16

2.3 Architecture Trade-Off Analysis Method (ATAM)............coon 17

2.4 Cost Benefit Analysis Method (CBAM)..........oo i 18

2.5 Summary of ReSearch.........ovvieiiiiiiviiii i 19

3 Problem Defimition. ..ovieuer i e e e s 21
3. Hypothesis. ..o vviniiiii it e e 22
3.2 Significance of the Research...........coii i 23

3.3 Problem Statement. . ..o e ieie vttt r e e e 23

4 Proposed SoIution. ... c.uieuirre i e 26
4.1 The Conceptual Model......... ... 27

4.2 Development of the Method.............ocoo 28
42,1 Participants in AREA-TEAM ... 29

422 Outputs of the AREA-TEAM ... 31

4.2.3 Phases of the AREA-TEAM.......oo i 33

424 Steps of the AREA-TEAM Phases..........ocooeviiiiiinn, 34

5 80 SIUAY .ttt it e e e e e e e 41
5.1 Start of the Evalnation. ......cooovriiiiin i e 42
5.2Phase 1 of Evaluation........coviiiiiniiiiit it i e 42
5.3 Phase 2 of Evaluation........ccooirviiiiiiiiii i e e e e 43

5.4 BuSINESS DIIiVerS. oottt e et e 43

5.5 Architecture Available for Evaluation...........oooiiiniinnn, 44

5.6 Step-wise Evaluation of the Architecture.............oooviiiiiiii i 45

vii



AREA-TEAM Table of Contents

6 ResUlts S CONCIUSION . .. ot eire ettt e ee e e et a et e 64
LT A TR S 1=t o T i - NP 65
References & Bibliography.......ccooiiiiiiiiiiii i e 68

Appendix A- Publication # 1
Appendix B- Publication # 2
Appendix C- Islamabad Stock Exchange: Data Warehouse Project

Vil



Chapter 1

INTRODUCTION



Chapter 1 Introduction

1 Introduction

An architecture is the result of a set of business and technical decisions. There are many
influences at work in its design, and the realization of these influences will change
depending on the environment in which the architecture is required to perform. An
architect designing a system for which the real-time deadlines are believed to be tight will
make one set of design choices; the same architect, designing a similar system in which
the deadlines can be easily satisfied, will make different choices. And the same architect,
designing a non-real-time system, is likely to make quite different choices still. Even with
the same requirements, hardware, support software, and human resources available, an
architect designing a system today is likely to design a different system than might have

been designed five years ago.

In any development effort, the requirements make explicit some—but only some—-of the
desired properties of the final system. Not all requirements are concerned directly with
those properties; a development process or the use of a particular tool may be mandated
by them, but the requirements specification only begins to tell the story, Failure to satisfy

other constraints may render the system just as problematic as if it functioned poorly.

When a stage has reached that an architect has designed and documented an architecture.
This leads to discuss how to evaluate or to analyze the architecture to make sure it is the
one that will do the job. One of the most important truths about the architecture of a
system is that knowing it will tell important properties of the system itseif—even if the
systemn does not exist yet. Architects make design decisions because of the downstream
effects they will have on the systemn(s) they are building, and these effects are known and
predictable. If they were not, the process of crafting an architecture would be no better
than throwing dice: We would pick an architecture at random, build a system from it, see
if the system had the desired properties, and go back to the drawing board if not. While
architecture is not yet a cookbook science, we know we can do much better than random

guessing.
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Architects by and large know the effects their design decisions will have. Architectural
tactics and patterns in particular bring known properties to the systems in which they are
used. Hence, design choices—that is to say, architectures—are analyzable. Given an

architecture, we can deduce things about the system, even if it has not been built yet.

Why evaluate an architecture? Because so much is riding on it, and because you can. An
effective technique to assess a candidate architecture—before it becomes the project's
accepted blueprint—is of great economic value. With the advent of repeatable, structured
methods (such as the ATAM, presented in Chapter 2), architecture evalnation has come
to provide relatively a low-cost risk mitigation capability. Making sure the architecture is
the right one simply makes good sense. An architecture evaluation should be a standard

part of every architecture-based development methodology.

It is almost always cost-effective to evaluate software quality as early as possible in the
life cycle. If problems are found early, they are easier to correct—a change to a
requirement, specification, or design is all that is necessary. Software quality cannot be
appended late in a project, but must be inherent from the beginning, built in by design. It
is in the project's best interest for prospective candidate designs to be evaluated (and

rejected, if necessary) during the design phase, before long-term institutionalization.
1.1 Background

This research encompasses system software architecture and its analysis. Before going
into further details of AREA-TEAM, we need to have sound understanding and

knowledge of system software architecture and its analysis.

1.1,1 System Software Architecture

There are various schools of thought regarding the concepts of system software

architecture. Since the evolution of the field of software engineering Software

AREA-TEAM 3



»

-y

Chapter | Introduction

Engineering Institute (SEI), Camegie Mellon University has been evolved as the most

profound source of knowledge. We also support SEI's concepts on software architecture.

The Software Engineering Institute (SEI) defines what software architecture is. This

definition comprises of what constitutes a software architecture.

“The software architecture of a program or computing system is the
structure or structures of the system, which comprise software elements,
the externally visible properties of those elements, and the relationships

among them. {1]

Importance

Software architecture forms the backbone for building successful software-intensive
systems [2]. Architecture largely permits or precludes a system's quality attributes such as
performance or reliability. Architecture represents a capitalized investment, an abstract
reusable model that can be transferred from one system to the next. Architecture
represents a common vehicle for communication among system's stakeholders, and is the
arena in which conflicting goals and requirements are mediated. The right architecture is

the linchpin for software project success. The wrong one is a recipe for disaster.

1.1.2 Software Architecture Evaluation

An organization should analyze a software or system architecture, because it is a cost-
effective way of mitigating the substantial risks associated with this highly important
artifact [3). Architectures are the blueprints for a system, and the carriers of the system's

quality attributes.

Most complex software systems are required to be modifiable and have good
performance. They may also need to be secure, interoperable, portable, and reliable. But

for any particular system, what precisely do these quality attributes - modifiability,
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security, performance, reliability - mean? Can a system be analyzed to determine these
desired qualities? How soon can such an analysis occur? How do we know if a software

architecture for a system is suitable without having to build the system first?

Experience has shown that the quatity attributes of large software systems live principally
in the system’s software architecture. In such systems the achievement of qualities
attributes depends more on the overall software architecture than on code-level practices
such as language choice, detailed design, algorithms, data structures, testing, and so forth.
It is therefore a critical risk mitigation measure to try to determine, before a system is

built, whether it will satisfy its desired qualities.

The Software Engineering Institute (SEI) has developed several methods for analyzing
system and software architectures — Active Reviews for Intermediate Designs (ARID),
the Architecture Tradeoff Analysis Method (ATAM), and the Cost-Benefit Analysis
Method (CBAM). These techniques can be used in combination to obtain early and
continuous benefits. ARID can be used to evaluate early designs or portions of designs
for their viability in satisfying stakeholder concerns. Once the software architecture is
more fully developed, the ATAM can be used to reveal how well the architecture satisfies
particular quality attribute requirements and the risks, sensitivities, and tradeoffs involved
in satisfying those requirements. The CBAM guides system engineers and other
stakeholders to determine the economic tradeoffs associated with the architectural

decisions that result in the system's qualities.

1.2 Research Paradigms on Software Architecture

Over the past decade, software architecture research has emerged as the principled study
of the overall structure of software systems, especially the relations among subsystems
and components. From its roots in qualitative descriptions of useful system organizations,
software architecture has matured to encompass broad explorations of notations, tools,
and analysis techniques. Whereas initially the research area interpreted software practice,

it now offers concrete gnidance for complex software design and development.
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We can understand the evolution and prospects of software architecture research by
examining the research paradigms used to establish its results. These are, for the most
part, the paradigms of software engineering. We advance our fundamental understanding
by posing research questions of several kinds and applying appropriate research
techniques, which differ from one type of problem to another, yield correspondingly
different kinds of results, and require different methods of validation. Unfortunately,
these paradigms are not recognized explicitly and are often not carried out correctly;
indeed not all are consistently accepted as valid. This retrospective on a decade-plus of
software architecture research examines the maturation of the software architecture
research area by tracing the types of research questions and techniques used at various
stages. We will see how early qualitative results set the stage for later precision,
formality, and automation and how results build up over time. This generates advice to

the field and projections about future impact. [4]

1.3 Research Agenda

Much work has been done in the area of software architecture analysis. Software
Engineering Institute (SEI) at Carnegie Mellon University, USA is leader of the research
relating to this area. Many software architecture analysis methods have been developed
by SEI that has opened up many interesting areas for research. Turning the pages of
recent SEI reports and Software Architecture conferences reveals a wealth of research
directed towards architecture analysis, but the analysis of the architecture w.r.t. the
requirements is missing. This thesis seeks the development of an architecture analysis

method w.r.t. the software requirements.

1.3.1 Objectives

The objectives identified from the problem statement are given as follows:

e Development of a software architecture analysis method
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e Mapping of requirements on the software architecture
e Quantification of error factor present in the architecture
e Todiscover and explore the benefits associated with this new method

e To specify how the method satisfies the stakeholders

1.3.2 Approach

The selection of appropriate research methodology is an important decision in a research
project. Software engineering as a field offers many competing research paradigms and
methodologies. The methodology employed in this thesis is to develop a new method for
analysis or evaluation research paradigm [5]. Software engineering research answers
questions about methods of development or analysis, about details of designing or
evaluating a particular instance, about generalizations over whole classes of systems or
techniques, or about exploratory issues concerning existence or feasibility. Methods of
analysis or evaluation help software engineers and architects to answer, “How can I
evaluate the gquality/correctness of X?” or How do I choose between X and Y? We have

designed a new software architecture analysis method,

1.4 Validation of the Research

For the validation of our method and prove the claims, it was decided to test the method
on an industrial case study. For this purpose an industrial-academia liaison with
Islamabad Stock Exchange (ISE) was established on Data Warehouse project. For
analysis of the software architecture of Data Warehouse project of ISE, series of
meetings, surveys and reviews with the software engineering team of Islamabad Stock

Exchange were conducted.

1.4.1 The Organization

Islamabad Stock Exchange (Guarantee Limited) is the youngest stock exchange in

Pakistan. It came into existence on October 1989. ISE started trading on 8th October,

AREA-TEAM 7



Chapter 1 Introduction

1992, At that time there were very few listed companies and members with ISE. But with
the passage of time ISE showed extensive improvements in terms of companies,
members and business volumes. There are 101 corporate as well as individual members

listed with ISE. There are 285 listed companies eligible to be traded by ISE.

Islamabad Stock Exchange (Guarantee Limited) is a place where second hand securities
can be bought and sold. If a share or debenture is listed, its holder can sell it on the
exchange of the desired bidder. Company must be listed if its shares are to be traded in
the stock exchange. There.are specified members of Islamabad Stock Exchange who can
trade on behalf of their clients. As by law, only a member is allowed to conduct trading in
the stock exchange. Since there is a bulk of transactions going on in a stock exchange so
members themselves can’t involve themselves directly into the business trading activity.
They have their representatives called agents who perform the trading as ordered by the

member and its client.

The stock exchange is one of the very important places for mobilizing national resources
and broadening industrial ownership base to promote economic development of the
country. The stock exchange, the world over has assumed a very important and vital
place in the sphere of industrial and business finance. Because of its role in promoting
investment climate and capital formation, it also ensures the maximum opportunities of
equities participation for growth and expansion of small and medium size industries in
the country. The stock exchange redirects the capital lying idle with the potential investor

to industry and commerce.

Islamabad Stock Exchange is rightly considered to be a barometer of Pakistan’s
economy. If the economy and politics of the country are stable then the market will
flourish and vice versa. Islamabad Stock Exchange satisfies itself that the company is
substantial, its shares are legally issued and the company agrees to issue adequate, timely
public notices for its financial position, for the closure of its books i.e. purpose of

dividend, right and bonus issues.
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Trading Scenario

All the stock holders meet at the same place and trading competition between them
ensures that the best price is obtained. Only registered companies with the stock
exchange can be traded in a stock exchange. The companies listed with the stock

exchange are compelled to disclose more information that is demanded by law.

Overall Market Performance

Market pecformance is judged by the network index that is calcvlated at the end of each
day. If the share prices increase then the index progresses and if the prices decrease then

the index shows a downward trend.

Company Distributions

Registered companies distribute a certain profit to their clients depending upon their
performance throughout the year. Company distribution plays a major role in the
fluctuation of the stock prices. Similarly companies are required to conduct the board

meetings annually and after regular intervals of time,

1.4.2 Data Warehouse Project of ISE

The project that was selected as a case study is Data Warehouse project of ISE. The

system is designed and developed to meet the following objectives:

v" To provide a full fledged and very less error prone online transaction processing
system for a stock exchange. It includes real time transaction processing among

different agents working under specific members of a stock exchange.

v To enhance the decision support for the stock exchange by developing a data

warehouse for bulk storage and efficient retrieval of data. The operational database
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cannot be used for deep data drilling and decision making, so a data warehouse can be
used to store huge volumes of data i.e. up to Terabytes. It also includes the

replication, loads and stores of data among distributed databases.

v" To improve the overall business scenario of the stock exchange by retaining the
customers. This will help in increasing the market capital and overall business
activities. It will lead to gather maximuom customers (investors) and to motivate the

people to invest in the stock market.

v" To develop software, that provides business intelligent data of a stock exchange on
handheld Palm device. Synchronizing the Palin device with the data source for quick

and efficient data retrieval.

For discussion about the modules of the Data Warehouse project please see Appendix C.

1.5 Overview of Thesis

This section provides an overview of the research presented over the following five

chapters.

Chapter 2 presents a critical analysis of previous research relevant to this thesis, Some of
the legacy techniques to analyze the software w.r.t. requirements are discussed. A number
of existing software architecture analysis methods are also discussed. Limitations in prior
research in the area of software architecture analysis w.r.t. the requirements are used to
motivate the thesis research agenda and methodology. In particular the techniques of the
existing software analysis methods to analyze the software architecture helped us a lot to
design a new architecture analysis method w.r.t requirements. Due to this reason
proposed method can easily be accepted in the current family of the architecture analysis

methods.
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Chapter 3 mainly describes the Problem Definition. Research Questions are identified
which makes the focus of the research clearer to find answers. The research questions
lead us to perform research activities towards how to analyze the architecture with
respect to requirements, to find out the benefits from this method and to explore the
advantages that stakeholders can get with the help of the newly developed method. This
research uses a hypothesis that the degree to which a software system fulfils the
requirements leads it towards success, Moreover there are inherent difficulties associated
with the requirements elicitation phase. Software architecture is an emerging field in this
era of software engineering and the software development companies are moving towards
the design of the software architecture that provides a basis for a successful software
system. If the architecture is analyzed at an earlier stage to check whether it meets all the
user requirements then it can save the cost of development if some requirements are
missing and identified at a later stage. Therefore it was decided that a new software
architecture analysis method may be devised in order to analyze the software architecture

with respect 1o requirements.

Chapter 4 discusses the newly devised architecture analysis method AREA-TEAM. The
discussion encompasses the development of the method beginning from the conceptual

model towards its final shape and structure.

Chapter 5 is the industrial case study that is used to validate the method and find out the

associated benefits and drawbacks.

Chapter 6 concludes the thesis by summarizing the main findings, benefits and

limitations of the method.

1.5.1 Paublications Related to this Thesis

We have published two research papers relating to this thesis work. First paper presents
the method itself [6]. The architecture analysis method AREA-TEAM is described in

detail and a dummy case study is also part of the paper.
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Second paper describes the use of the developed architecture analysis method AREA-
TEAM on an industrial project [7]. The paper presents results found after analyzing the

reference architecture by applying our analysis method.

AREA-TEAM 12



Chapter 2

LITERATURE SURVEY



Chapter 2 Literature Survey

2 Literature Survey

Software architecture is a novel area with a lot of research potential. New questions arise
with a rapid pace and researchers are investigating with new ideas. Software Engineering
Institute (SEI) has developed many software architecture evaluation methods (discussed
in the following sections). While studying these methods, the idea of evaluating the

software architecture with respect to the requirements came in our mind.

The study introduces a way to analyze the software architecture with respect to the
requirements gathered during the requirements engineering phase and as a result delivers
the accuracy and error factors related to the architect and the stakeholders. The name was
proposed, “The Architecture Requirements Engineering Error & Accuracy-The Analysis
Method (AREA-TEAM). The method focuses on the requirements and error factor
calculation during the architecture analysis process. The requirement engineering
provides the appropriate mechanism for what customer wants, analyzing need, assessing
feasibility, negotiating a reasonable sclution, specifying requirement and their validation
[8]f9]. There is always some percentage of error involved on part of both the
development team and the customers. A plus point in the AREA-TEAM is that it
calculates both Error by the Architect (£,) and Error by the Stakeholder (E;) separately,

which helps identifying the competency of the architect and the maturity of the customer.

The idea of analyzing different artifacts involved in various phases of software
engineering with respect to the requirements is not new. Due to the popularity of modern
notations to represent the software architecture, older methods of architecture analysis are
outdated. Moreover a number of drawbacks were found in these methods. Other methods
of architecture analysis with respect to requirements are unable to differentiate between
the architect and the customer errors and have no proper measurement mechanism. The
initial methods were unable to provide proper mapping from requirements to architecture
because many architectural patterns were very complex and provided no provisions of
mapping, for example, call-and-return architecture [10]. For that purpose structured

design evolved, which stressed modularity [11], top-down design [12] and structured
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program [13]. Myers and Stevens proposed dataflow oriented design translation from the
architectural patterns but they were not able to measure neither the performance of

dataflow diagrams nor the architectural competency and error responsible authority [31].

2.1 The Quantified Design Space (QDS)

The quantified design space method [14], a spread sheet model based on realization
mechanisms and contribution analysis in the software architecture and the architectural
decisions are prioritized. The Quantified Design Space (QDS) is supported by a software
analysis tool. It combines the techniques of Quality Function Deployment (QFD) and
Design Space to create a powerful software engineering tool for requirements elicitation,
software design, and product evaluation [14]. QFD is a structured methodology and
mathematical tool used to identify and quantify customers' requirements and translate
them into key critical parameters {15). QFD helps to prioritize actions to improve the
process or product to meet customers' expectations. Design spaces provide a uniform,
semi-formal way for describing and classifying both requirements and properties of
software artifacts [16]. They are equally suited to capture functional as well as non-
functional properties such as architectural issues or time and memory complexity. During
the development of an application, a vast number of design decisions have to be taken.
The design space for a specific application domain is intended to describe the entirety of
these design choices along with the possible alternatives. In order to structure design
space descriptions, it is possible to define groups of design space dimensions referring to
some distinct part of the overall system functionality, e.g. fault tolerance or scalability
aspects. This allows emphasizing that certain classification criteria are closely related,
and thus facilitates understanding of the design space by the application developers. The
concept of design spaces is useful for a variety of purposes. First, the dimensions in the
requirements design space can be considered as a catalogue enumerating important
criteria for the requirements specification, providing hints concerning the relevant criteria
that have to be taken into account. By reusing this catalogue, the activity of requirements

specification is considerably facilitated. Another effect is that the requirements
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specifications of different systems belonging to the same application domain become

comparable.

The Quantified Design Space (QDS) is therefore a useful method in development of high
quality software that meets the requirements and satisfies the stakeholders. Its application
on the software architecture has also been under discussion [14]. This method aids
towards the development of software with good design and this is not an architecture
evaluation method. The drawback is that the requirements’ weights are neglected and ne

error finding mechanism is present for architecture measurement.
2.2  Software Architecture Analysis Method (SAAM)

While software architecture has become an increasingly important research topic in
recent years, insufficient attention has been paid to methods for evaluation of these
architectures. SAAM is a method proposed by SEI for analyzing the properties of
software architectures [17]. It evaluates the architecture with respect to software quality.
Evaluating architectures is difficult for two main reasons. First, there is no common
language used to describe different architectures. Second, there is no clear way of
understanding an architecture with respect to an organization's life cycle concerns--
software quality concerns such as maintainability, portability, modularity, reusability, and
so forth. SAAM is a five-step method for analyzing software architectures that discusses

the above mentioned issues.

This method is based upon a common understanding and representation for architectures
and an analysis of an organization’s lifecycle requirements. SAAM permits the
comparison of architectures within the context of an organization’s particular quality

requirements. This sort of comparison has been up till now quite difficult.

The SAAM pléces strong demands on an organization to articulate those quality
attributes of primary importance. It also requires a selection of benchmark tasks with

which to test those attributes. The purpose of the SAAM is not to criticize or commend a
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particular architecture, but to provide a method for determining whether the architecture
supports an organization’s needs or not. This method aids in selection of the appropriate

architecture.

2.3  Architecture Trade-Off Analysis Method (ATAM)

The ATAM is another method which focuses on quality attribute requirements [18].
Evaluating an architecture using the ATAM, goal is to understand the consequences of
architectural decisions with respect to the quality attribute requirements of the sysiem. A
system is motivated by a set of functional and quality goals. For example, if a telephone
switch manufacturer is creating a new switch, that system must be able to route calls,
generate tones, generate billing information and so forth. But if it is to be successful, it
must do so within strict performance, availability, modifiability, and cost parameters. The
architecture is the key to achieve—or failing to achieve—these goals. The ATAM is a
means of determining whether these goals are achievable by the architecture as it has
been conceived, before enormous organizational resources have been committed to it. It
evaluates the quality attributes by considering each quality attribute in isolation and
identifies sensitivity of quality attributes by various architectural attributes, which may
result in evaluating the architecture w.r.t. the quality scenarios [19]. Since the basic goal
of ATAM is to find out the trade-offs made w.r.t quality attributes while making
architectural decisions, therefore, it does not provide a proper way for mapping of
requirements with the architecture. Similarly there are no proper metrics for architecture
correctness percentage and error propagation authority. But for our method AREA-
TEAM, ATAM is one of the major inspiration in terms of its technique to analyze the

software architecture.
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Figure 2.1: Steps of the Architecture Tradeoff Analysis Method (Adopted from [20])

24 Cost Benefit Analysis Method (CBAM)

The Cost Benefit Analysis Method (CBAM) is a method for economic modeling of

software and systems, centered on an analysis of their architectures [21]. The CBAM

builds on the ATAM to model the costs and benefits of architectural design decisions and

to provide a means of optimizing such decisions [22]. A simple way to think about the

objectives of this method is that we are adding money to the ATAM as an additional

attribute to be traded off, We are showing how to make decisions in terms of benefits per

dollar, as well as in terms of quality-attribute responses. The CBAM begins where an

ATAM leaves off and depends on the artifacts that the ATAM produces as output, see

Fig. 2.1.
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Figure 2.2: The Context for the CBAM {Adopted from [23])

The ATAM uncovers the architectural decisions that are made (or are being considered)
for the system and links these decisions to business goals and QA response measures via
a set of elicited scenarios, The CBAM builds on this foundation, as shown by the shaded
pentagons in Figure 2.2, by enabling engireers to determine the costs and benefits
associated with these decisions. Given this information, the stakeholders could then
decide, for example, whether to use redundant hardware, checkpointing, or some other
method to address concerns about the system’s reliability. Or, the stakeholders could
choose to invest their finite resources in some other QA—perhaps believing that higher
performance will have a better benefit/cost ratio. CBAM focuses on cost and benefit in
terms of money and resources. This question is addressed after the question of whether
the architecture meets the requirements or not, which is answered by our method AREA-
TEAM.

2.5 Summary of Research

There are a number of methods available for the analysis of software architecture. These
methods are used to evaluate the architecture with respect to the software quality, trade-
offs between the quality attributes and cost & benefit related to the architectural decisions
made during the architecture design. These techniques can be used in combination to
obtain early and continuous benefits. The popularity is gained by the methods proposed
by the Sofiware Engineering Institute (SEI) at Camnegie Mellon University, USA. Many

of the organizations are taking benefits from this family of methods.
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In remaining part of this report we will elaborate the steps of the AREA-TEAM, explain
its foundations, and concludes with an extended example of applying the AREA-TEAM

to a real system.
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3 Problem Definition

In this chapter we shall specify the problem statement, specific objectives that will be
addressed by the research which we are going to conduct and the approach that we shall

use in problem solution. We shall try to answer the research questions given below.

» How the software architecture can be analyzed with respect to the requirements?

e How the architecture analysis with respect to the requirements can provide an early
benefit?

» How the stakeholders can be satisfied about the architecture with the help of the

analysis with respect to the requirements?

3.1 Hypothesis

The primary measure of success of a software system is the degree to which it meets the
purpose for which it was intended. Broadly speaking, software systems requirements
engineering (RE) is the process of discovering that purpose, by identifying stakeholders
and their needs, and documenting these in a form that is amenable to analysis,
communication, and subsequent implementation. There are a number of inherent
difficulties in this process [24]. Stakeholders (including paying customers, users and
developers) may be numerous and distributed. Their goals may vary and conflict,
depending on their perspectives of the environment in which they work and the tasks they
wish to accomplish. Their goals may not be explicit or may be difficult to articulate, and,
inevitably, satisfaction of these goals may be constrained by a variety of factors outside

their control,

The software architecture has emerged as a new field in the broader spectrum of software
engineering. The software architecture may contain a factor of error due to the
conflicting, misunderstood or unidentified requirements. Although a number of methods
and techniques exist to analyze the low level design with respect to requirements. But no

method or study exists to analyze the software architecture (the higher level design) with
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respect to requirements. A number of benefits can be achieved by analyzing the

architecture at an early stage with respect to requirements.

We shall devise a method for the software architecture evaluation with respect to the
requirements. The error factor that exists in the architecture will be quantified. One of the
major benefits of the method will be to save the cost if the requirements are changed
during the software development or some new requirements arrive at a later stage. The
study will also include discovering of some other benefits that we can get, by applying

the method on an industrial case study.

3.2 Significance of the Research

No such method exists up to the time on which the research is in progress according to
the best of our knowiedge. Moreover the existing analysis methods may be applied only

to the low level design to analyze the software with respect to the requirements.

Since no studies related to the software architecture have been conducted in the domain
of requirements engineering. It is important to conduct research in order to devise a

method to analyze the software architecture with respect to the requirements.

3.3 Problem Statement

In the light of discussion in the preceding sections of this thesis, the problem statement is

written as follows:

“A method will be proposed to analyze the software architecture with
respect to requirements, i.e., to analyze whether the architecture meets the
requirements or not. The error factor present in the architecture due to the
problems faced during requirement elicitation phase of requirements

engineering will be quantified. The benefits of analyzing the architecture
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with respect to the requirements will also be discovered. The feedback of
the stakeholders will also be collected to check how the method benefits

them.”

This problem statement provides us a base line for this research. Our devised method will

provide a comprehensive solution for the remedy of the mentioned problem.
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4 Proposed Solution

The purpose of this research thesis is to describe the approach used behind the
architecture requirements engineering accuracy and error-the analysis method (AREA-
TEAM) and discuss its steps in practice, its implementation on a case study and its
benefits. Software architecture of a program or computing system is a structure or
structures of the system which comprise software elements, the externally visible
properties of these elements and the relationships among them [25]. AREA-TEAM is
important because it elaborates how well an architecture satisfies important requirements
and finds the architecture accuracy factor and architecture error factor both in terms of
errors of the architect and error by the stakeholder. Now the question arises, why do we
need AREA-TEAM? We all know that architecture is a key ingredient in a successful
software engineering process. The software architecture is developed based on the quality
attributes identified from the key requirements [26). It is a key to achieve or failure to

meet the requirements {27].

AREA-TEAM is a way to analyze whether the requirements are achieved in the
architecture. Such an analysis is significant because valuable organizational resources are
allocated to the project and if at a later stage it is discovered that the architecture was not
fulfilling the requirements, the resources may go astray. It also contributes to find the
factor of error made by the architect and the customer. This method uses the standard
architecture documentation techniques as prescribed by SEI {28]. It is a low-cost high-
benefit method for analyzing software architectures in the light of the key requirements
and finding the error factor. It identifies places where the architecture is unsuitable in
terms of meeting the requirements at an earlier stage, thus resulting in lower eventual
project cost. Added benefits include open communication channels between the architect

and the stakeholders.

AREA-TEAM relies on assembling the stakeholders to articulate what the important
requirements are, and then exercising the architecture to make sure that those key
requirements are satisfied by the software architecture. The result is a high-fidelity

architecture analysis coupled with high-quality familiarization with the architecture in
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light of the requirements it meets on the part of the stakeholders. It calculates the error
factor, i.e., software architect’s error percentage as well as customers propagated error
percentage separately. Therefore it helps to analyze the performance of architect and
judge the customers’ maturity. All the stakeholders are saved from loss by adapting a

pro-active risk strategy.

The AREA-TEAM draws inspiration and techniques from various areas: the notion of
architectural styles; the Architecture Trade-off Analysis Method [18]; and the Software
Architecture Analysis Method (SAAM) [17], which was the predecessor to the ATAM
and the process of Requirements Engineering {29] and Quantified Design Space {14]. It is
intended for analysis of architecture in terms, whether it meets the requirements or not. It
also guantifies the error factor. Although this is the AREA-TEAM’s focus, but there is a
problem in operationalizing this focus. We (and the software engineering community in
general) do not understand how to specify the requirements well: the “requirements
elicitation”, “requirements analysis and negotiation”, ‘‘requirements specification™
changes from system to system, from stakeholder to stakeholder, and from community to
community. This propagates errors from one stage to another and finally reflects in the
architecture. If the actual requirements are denoted by A and architect error factor and
stakeholder error factor are denoted by E, and E; respectively, then the equation 4.1
shows the deviation from the desired requirements and deviated requirements are denoted

’

byA

A'=A+E, +E, @1

4.1 The Conceptual Model

Proposed method consists of a series of steps for architecture analysis and error factor
quantization. First of all it method assembles the identified stakeholders in a meeting.
The AREA-TEAM is presented and the core requirements are discussed. The
requirements are prioritized by taking votes of the stakeholders and prioritization factor is

calculated. Weights are assigned to each requirement in order to calculate the
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significance factor of each requirement. This is done with the help of stakeholders by
feedback forms. Average requirement significance factor is calculated for each
requirement. Then the requirement criticality is computed by finding the mean of
Prioritization Factors and Significance Factors for each requirement. The architecture is
analyzed by the analysis team and both the architecture accuracy factor and the
architecture error factors are calculated. Software development is an agile process. Every
time novel requirements are identified. These requirements are given by the stakeholders,
generally customers. The error factor is also calculated for these new requirements. This

is the stakeholder error factor. The process is further elaborated with the conceptual

model of AREA-TEAM in Fig. 4.1.
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Fig. 4.1 Conceptual Model of AREA-TEAM

4.2 Development of the Method

After problem definition we started research work in order to provide solution of the

problem in order to meet the identified objectives (section 1.2.1).

While developing an architecture analysis method we had to consider that the devised
method must be acceptable in the Software Engineering community in terms of its
techniques and application. Major motivation of the development of the method came

from the architecture analysis methods proposed by Software Engineering Institute (SEI)
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at Carnegie Mellon University. The methods like SAAM, ATAM and CBAM provide
different architecture analysis techniques to analyze the architecture in different aspects.
These techniques can be used in combination to obtain early and continuous benefits.
Once the software architecture is more fully developed, the ATAM can be used to reveal
how well the architecture satisfies particular quality attribute requirernents and the risks,
sensitivities, and tradeoffs involved in satisfying the requirements. The CBAM guides
system engineers and other stakeholders to determine the economic tradeoffs associated

with the architectural decisions that result in the system's qualities.

Evajuating an architecture for a large system is a complicated task. First, a large system
will have a comparably large architecture that will be difficult to understand in a limited
amount of time. Second, according to Nietzsche and the Architecture Business Cycle
(ABC), a computer system is intended to support business goals and the evaluation will
need to make connections between those goals and the technical decisions [30]. Finally, a
large system usually has multiple stakeholders and acquiring their different perspectives
in a lirnited amount of time regnires careful management of an evaluation process. We
can see from this set of difficulties, managing limited time for an architecture evaluation

1s a major problem.

While designing the AREA-TEAM, main technique is adapted from the existing
architecture analysis methods from SEI mentioned above. AREA-TEAM is designed to
evaluate whether the software engineers have properly gathered and understood the
requirements during the requirements elicitation phase to meet the business goals for the
system as well as for the architecture. It is designed to use those requirements and
stakeholder participation to focus the attention of the evaluators on the portion of the

architecture that is central to achieve those requirements.

4.2,1 Participants in the AREA-TEAM

The AREA-TEAM requires the participation and mutual cooperation of three groups:
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i The Evaluation Team: This group is external to the project whose architecture is
being evaluated. It usually consists of three to five people. Each member of the
team is assigned a number of specific roles to play during the evaluation. (See
Table 4.1 for a description of these roles, along with a set of desirable
characteristics for each.) The evaluation team may be a standing unit in which
architecture evaluations are regularly performed, or its members may be chosen
from a pool of architecturally savvy individuals for the occasion. They may work
for the same organization as a development team whose architecture is on the
table, or they may be outside consultants. In any case, they need to be recognized

as competent, unbiased outsiders with no hidden agendas or axes to grind.

il. Project Decision Makers: These people are empowered to speak for the
development project or have the authority to mandate changes to it. They vsuaily
include the project manager, and, if there is an identifiable customer who is
footing the bill for the development, he or she will be present (or represented) as
well. The architect is always included—a cardinal rule of architecture evaluation
is that he/she must willingly participate. Finally, the person commissioning the
evaluation is usually empowered to speak for the development project; he or she

should be included in the group.

iii. Architecture Stakeholders: Stakeholders have a vested interest in the
architecture performing as advertised. They are the ones whose ability to do their
jobs hinges on the architecture promoting the business goals according to the
identified requirements. Stakeholders include developers, testers, integrators,
maintainers, performance engineers, users, builders of systems interacting with
the one under consideration, and others. Their job during an evaluation is to
articulate the specific requirements to meet the business goals that the architecture
should meet in order for the system to be considered a success. A rule of thumb is
that you should expect to enlist the services of twelve to fifteen stakeholders for

the evaluation.
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Role Responsibilities Desirable Characteristics
Team Leader Sets up the evalvation; coordirates with Well-organized, with managerial skills;

client, making sure client's needs are met;
establishes evaluation contract; forms
evaluation team; checks that final report
is produced and delivered

{although the writing may be delegated)

gond at interacting with client; able 1o
meet deadlines

Evaluation Leader

Runs evaluation; facilitates elicitation of
requirements; administers requirements
selection/prioritization process; facilitates
evaluation of requirements agatnst
architecture; facilitates onsite analysis

Comfortable in front of audience;
excellent facilitation skills; good
vnderstanding of architectural issues;
practiced in architecture evaluations;
able 1o tell when protracted discussion is
leading to a valuable discovery or when
iLis pointless and should be re-directed

Requirement

Scribe

Writes requirements on flipchart or
whileboard during requirement
elicitation; captures agreed-on wording of
each requirement, halting discussion until
exact wording is captured

Good handwriting; perfectionist about
not moving on hefore an idea
(requirement) is captured; can absorb
and distill the essence of technical
discussions

Proceedings

Scribe

Captures proceedings in electronic form
on laptop or workstation, raw
requircments, issue(s) related to the
requirements, and resolution of each
requirement when applied to architecture;
also generates a printed list of adopted
scenarios for handout to all participants

Good, fast typist; well organized for
rapid recali of information; good
understanding of architectural issues;
able 10 assimilate technical issues
quickly; vnafraid to interrupt the flow of
discussion (at opportune {imes} to (est
understanding of an issue so that
appropriate information is captured

Process Observer

Keeps notes on how evaluation process
could be improved or deviated from;
usually keeps silent but ;may make
discreet process-based suggestions to the
evaluation leader during the evaluaticon;
after ¢valuation, reports on how the
process went and lessons learned for
future improvement; also responsible for
reporting cxperience to archilecture
evaluation team af large

Thoughtful observer; knowledgeable in
the evaluation process; should have
previous cxperience in the architecture
evaluation method

Time Keeper

Helps evaluation leader stay on schedule;
helps control amount of time devoted to
each scenario during the evaluation phase

Willing 10 interrupt discussion to call time

4.2.2 Qutputs of the AREA-TEAM

Table 4.1 AREA-TEAM evaluation team members & their roles

An AREA-TEAM-based evalunation will produce at least the following outputs:

. A concise presentation of the architecture: Architecture documentation is often

thought to consist of the object model, a list of interfaces and their signatures, or

some other voluminous list. But one of the requirements of the AREA-TEAM is
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that the architecture be presented in one hour, which Jeads to an architectural
presentation that is both concise and, usually, understandable.

e Articulation of business goals: Frequently, the business goals presented in the
AREA-TEAM are being seen by some of the development team for the first time.

e  Prioritization of the requirements: The requirements are ordered in the form of a
list according to the priority assigned to each requirement as desired by the
stakeholders.

e  Capturing new/changed requirements: The AREA-TEAM based analysis
supports agility. New requirements that were missed due to some reason during
requirements elicitation phase are often captured during the analysis process.
Change in existing requirements may also be recorded.

+  Mapping of architectural decisions to requirements: Architectural decisions can
be interpreted in terms of the requirements that they support or hinder. For each
requirement examined during AREA-TEAM analysis, those arciitectural decisions
that help to achieve it are determined.

. Quantification of error factor: The error factor present in the architecture due to
problems faced during requirements elicitation phase is calculated. An error factor
for the architect (as a measure of performance of the architect) and an error factor
for the stakeholder (as measure of maturity of the stakeholder) are included in the
output of AREA-TEAM based analysis. Besides that the architecture accuracy
factor is also determined.

¢ A set of risks and non-risks: A risk is defined in the AREA-TEAM as an
architectural decision that may lead to undesirable consequences in light of stated
requirements. Similarly, a non-risk is an architectural decision that, upon analysis,
is deemed safe. The identified risks can form the basis for an architectural risk
mitigation plan.

e A set of risk themes: When the analysis is complete, the evaluation team will
examine the full set of discovered risks to look for over-arching themes that identify
systerpic weaknesses in the architecture or even in the architecture process and

team. If left untreated, these risk themes will threaten the project's business goals.
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The outputs are used to build a final written report that recaps the method, summarizes
the proceedings, captures and prioritizes the requirements and their analysis, and catalogs

the findings.

There are secondary outputs as well. Very often, representations of the architecture will
have been created expressly for the evaluation and may be superior to whatever existed
before. This additional documentation survives the evaluation and can become part of the
project's legacy. Also, the requirements discussed and captured by the participants are
expressions of the business goals and requirements for the architecture and can be used to
guide the architecture's evolution. Finally, the analysis contained in the final report can
serve as a statement of rationale for certain architectural decisions made (or not made).

The secondary outputs are tangible and enumerable.

Some of the results of an AREA-TEAM based evaluation are intangible. These include a
palpable sense of community on the part of the stakeholders, open communication
channels between the architect and the stakeholders, and a better overall understanding
on the part of all participants of the architecture and its strengths and weaknesses. While
these results are hard to measure, they are no less important than the others and often are

long-lasting.
42,3 Phases of the AREA-TEAM

AREA-TEAM is divided in to two main phases (see table 4.2 to view the phases and their

characteristics).

Phase 1 is named as “Rehearsal”. During the rehearsal phase the activities are performed
in order to prepare the team for the architecture analysis. The evaluation team leadership
and the key project decision makers informally meet to work out the details of the
exercise. The project representatives brief the evaluators about the project so that the
team can be supplemented by people who possess the appropriate expertise. Together, the

two groups agree on logistics, such as the time and place of meetings, who will bring the
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flipcharts, and who will fulfil the other requirements like refreshment etc. They also
agree on a preliminary list of stakeholders (by name, not just role), and they negotiaie on
when the final report is to be delivered and to whom. They handle formalities such as
statement of work or nondisclosure agreements. They work out delivery to the evaluation
team of whatever architectural documentation exists and may be useful. Finally, the
evaluation team leader explains what information the manager and architect will be
expected to show during phase 2, and helps them construct their presentations if

necessary. This meeting usually lasts for a day.

Phase 2 “Architecture Requirements Engineering Analysis”, is the evaluation phase,
where everyone gets down to the business cf analysis. Analysis team and the stakeholders
are assembled and the main activities of the architecture requirement engineering analysis

commence, Nominally this phase takes a day or two,

Phase | Activity Participants Typical Duration
1 Rehearsal Evaluation icam leadership | Typically a day
and key project decision | (May vary depending on the
makers project)
2 Architecture Requirements | Evaluation team, project Normally a day ortwo
Engineering Analysis decision makers, and
stakeholders

Table 4.2 AREA-TEAM Phases & their characteristics

4.2.4 Steps of the AREA-TEAM phases

The AREA-TEAM analysis phases (phase 1 and phase 2) consist of thirteen steps, Steps
1 through 5 are carried out in phase 1. In phase 2, with all stekeholders present, those
steps are summarized and steps 6 through 13 are carried out. The analysis steps are
nominally carried out in sequential order according to the set agenda, but sometimes there
must be dyramic modifications to the schedule to accominodate persennel availability or
architectural information. Every evaluation is unique, and there may be times when the
team returns briefly to an earlier step, jumps forward to a later step, or iterates among

steps, as the need dictates.
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Step 1

Identify stakeholders: In this case, stakeholders are the customers who will own this
software, Software engineers who are expected to use the software architecture, users
who will be expected to use the software and the quality assurance inspector.
Approximately a dozen stakeholders aimed, but this can vary depending on the size of the
user community. Names of the stakeholders who will participate in the analysis process

must be finahized in this step.

Step 2

Prepare core requirements: The Software Project Manager, Evaluation Team Leader
and the Software Architect identify a set of core requirements, which played the key role
in the architectural development. These are identified to develop a consensus between the

stakeholders regarding core requirements.

Step 3

Prepare architecture briefing: The Software Architect prepares a briefing explaining
the software architecture. A rule of thumb is to aim for two hours' worth of material.
Include examples of how the software architecture meets the user requirements. The goal
is to present the software architecture in sufficient detail so that a knowledgeable

audience member could understand the software architecture.

Step 4
Identify architecture approaches: The AREA-TEAM focuses on analyzing the
architecture by understanding its architectural approaches. In this step they are identified

by the architect, and captured by the analysis team, but are not analyzed.

Concentrate on identifying architectural approaches and architectural styles because these
represent the architecture’s ways of addressing the highest priority reguirements, the
means of ensuring that the critical requirements are met in a predictable way (26]. We
look for approaches and styles because not all architects are familiar with the langoage of

architectural styles, and so may not be able to enumerate a set of styles used in the
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architecture. But every architect makes architectural decisions, and the set of these we
call “approaches.” These can certainly be elicited from any conscientious architect. These
architectural approaches define the important structures of the system and describe the
ways in which this system can grow, respond to changes, withstand attacks, integrate

with other systems, and so forth.

Step 5

Prepare materials: Copies of the presentation, core requirements, and feedback forms
are produced for distribution to the stakeholders during the Phase 2 meeting. The meeting
is scheduled, stakeholders are invited, and steps are taken to assure the presence of a

quorum of stakeholders at the meeting.

Start of Phase 2
At this point phase 1 is completed. Next, when the Evaluation team, project decision
makers are ready to resume and stakeholders are assembled, phase 2 starts. With this the

main activities of the architecture requirement engineering analysis commence.

Step 6
Present AREA-TEAM: Software Project Manager delivers a brief presentation
explaining the steps of AREA-TEAM to the participants.

Step 7

Present software architecture and core requirements: The software architect presents
architecture overview presentation and backtrack the architecture how it meets the core
requirements, which were considered for architecting the system. During this time, a
scribe captures each question and any novel requirements mentioned by the stakeholders.
The new requirements may or may not be reflected in the present architecture. AREA-

TEAM is an agile process that is light and adaptive.
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Step 8

Requirements Prioritization Factor: The AREA-TEAM analysis team uses the show-
of-hands method in order to get the votes from the stakeholders. The purpose of voting is
to identify and prioritize the core requirements as per interest of the stakeholders. These
voles are recorded in the requirements prioritization metric. This is to negate the error
factor involved in the identification of the prioritized requirements both by the architect
and the stakeholders. Then the prioritization factor (PF) is calcnlated by dividing the

number of votes (V) cast by the total number of stakeholders (Ts).

PE, =V, {Ts ,whereiisfrom ! Ts (4.2)

Step 9

Requirement Significance Factor: The significance of each requirement is gathered
from stakeholders with the help of feedback forms. The significance is constrained
between 0 and 100. O shows no significance whereas score of 100 shows maximum
significance. The significance for each requirement given by each stakeholder is recorded
in the requirements significance metric. The average significance factor (ASF) for each
requirement is calcufated. It is reflected by the percentage of the average of the

significance (8) chosen by each stakeholder for each requirement [Equation 4.3].

a Ts
ASF, =((D.3.8,)/Ts)/100 (4.3)

i=l j=I

Step 10

Requirement Criticality Analysis: The requirement criticality (RC) is calculated by
finding the mean of Prioritization Factors (PF) and Average Significance Factors (ASF)
for each requirement [Equation 4.4). The readings are recorded in the requirements

crificality metric.

RC, =(PF,+ ASF}/2, whereiisfrom1ton (44)
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Step 11

Novel Requirements Prioritization Factor, Average Significance Factor and
Criticality Analysis: The novel requirements (if any recorded in step 7) are also
processed in the same manner as it was done with the key requirements from step 8 to

step 10 [Equations 4.5, 4.6, 4.7].

NPF, = NV, [Ts , where i is from { to 1. 4.5)
n It
NASF, = (3. NS}/ T5)/100 (4.6)
=l j=}
NRC, = (NPF, + NASF,}! 2, where ifrom I ton. .7
Step 12

Analyze Architectural Approaches: The AREA-TEAM analysis team examines the
highest ranked requirements one at a time. The novel requirements are also analyzed
separately. The software architect is asked to explain how the architecture supports each
one and there may be a case where the architecture already fulfils some novel
requirement. Team members specially the questioners probe for the architectural
approaches that the architect used to carry out the requirement. The goal is for the
evaluation team to find the architecture approach contribution factor (ACF), that is, be
convinced that either the approach is appropriate in meeting the requirernent for which it
is intended or it is inappropriate. If the architecture approach is appropriate then the score

1 is assigned and if it {s inappropriate the score { is assigned to the approach.

Step 13

Architecture Accuracy Factor and Architecture Error Factor: The score assigned to
each architectural approach formulated during step 12 are put in the architecture accuracy
metric. Then the architecture approach contpbution (AAC) percentage is calculated
{Equation 4.9] for each requirement, by dividing the requirement criticality (RC) for each
requirement by the total requirement criticality (TRC) [Equation 4.8]. The data 1s stored

in Architecture Accuracy Metric.
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TRC =) RC, (4.8)

=]
AAC, =(RC ITRC)YX100, where i from I ton. (4.9)

Then the architecture accuracy factor (AAF) is calculated.

AAF =3 AAC, , where ACF, =1 {4.10)

i=1

The architecture accuracy factor (AAF) reflects the ratio by which the architecture has
successfully addressed the requirements. Then the architecture error factor (AEF) is
calculated.

AEF =3 AAC, , where ACF, =0 @.11)

i=1

The architecture error factor (AEF) reflects the ratio by which the architecture has not

addressed the requirements.

For calculating the error factor by the stakeholder, the new requirements recorded in step

7 are also included in the calculations process.

NTRC = ¥ NRC, (4.12)

i=]

NAAC, = (NRC, {TRC + NTRCY)x 100, where i is from 1 to n. (4.13)

Then the new architecture accuracy factor is calculated. The data is stored in Architecture

Accuracy Metric with New Requirements.

NAAF = NAAC, , where NACF, =1 (4.19)

=1

The new architecture accuracy factor reflects the ratio by which the architecture has
successfully addressed the requirements including the new requirements. Then the new

architecture error factor is calculated.
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NAEF = NAAC, ,where NACF, =0 (4.15)

i=1

The new architecture error factor reflects the ratio by which the architecture has not
addressed the requirements including the new requirements. The stakeholder error factor

is calculated with the following equation.

SEF = NAEF —~ AEF (4.16)

The adverse effect introduced into architecture accuracy due to the stakeholder is

calculated by the following equation.

SAF = NAAF — AAF (4.17)

This 1s the last step of the method. After this the analysis is complete and final analysis

report may be prepared and presented.
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Chapter 5 ISE Case Study

5 Islamabad Stock Exchange (ISE) Case Study

During this research, the Software Engineering Group at I[IUI has developed the
Architecture Requirements Engineering Error and Accuracy-The Analysis Method
(AREA-TEAM). This method permits evaluation of the software architecture in terms of
its compliance with the requirement specifications. The devised method “Architecture
Requirements Engineering Accuracy and Error-The Analysis Method (AREA-TEAM)”,
provides solid technical foundations for performing architectural analysis. It is based on
the requirements and finding the architecture accuracy factor and architecture error
factor. The major contribution of AREA-TEAM is quantification of the error made by the
architect as well as the stakeholder, generally the customer. In order to test the method
and validate the results, we have selected Date Warehouse project of Islamabad Stock
Exchange (discussed in appendix C). The following chapter discusses the evaluation of

the reference architeciure using AREA-TEAM.
5.1 Start of the Evaluation

At the ume of the AREA-TEAM evaluation, the development team for the reference

architecture had progressed through the following three phases:

» Understand the problem and scope of the effort
e Document the reference architecture

e Performed the evaluation on the reference architecture using AREA-TEAM

5.2 Phase 1 of the Evaluation

The AREA-TEAM method is applied in two phases. The first phase is named as
“Rehearsal”. It involves the initial connection of the evaluation team leads with the
architects and the beginning of the exploration and analysis. Phase 1 allows the
evaluation team to get acquainted with the architect(s), the system purpose, and the

architecture and to begin a preliminary analysis of the architecture. Phase 1 also permits
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the architects to become familiar with the AREA-TEAM and understand the information

they must supply for the complete evaluation to proceed.

An AREA-TEAM evaluation team was selected for this evaluation. The team leads met
with reference architecture architects and provided templates for architecture presentation
to be given as part of the evaluation exercise. A draft utility tree and seed scenarios were
produced. A template was also given to the architecture manager to be used in the

presentation of the business drivers.

Phase 1 of the evaluation tock place at the Islamabad Stock Exchange Building, Blue
Area, Islamabad on April 18, 2005. Five “decision maker” stakeholders were present,
which included two members of the International Islamic University (contractor
organization) (architect and project manager), two members of the ISE IT Department

and the Secretary stock exchange.

5.3 Phase 2 of the Evaluation

All of the AREA-TEAM steps are executed during Phase 2, which typically lasts two
days. The phase 2 is called “Architecture Requirement Engineering Analysis. Any

preliminary analysis resulting from Phase 1 1s presented.
Phase 2 of the evaluation also took place at the Islamabad Stock Exchange Building, Blue
Area, Islamabad on April 28, 2005. Ten stakeholders were present, which included

Secretary Stock Exchange, 2 members of stock exchange, 2 clients, 1 vser, 1 project

manager and 1 software architect, 1 IT manager and [ quality assurance inspector.

5.4 Business Drivers

The system is designed and developed to meet the following objectives.
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v' To provide a full fledged and very less error prone online transaction processing
system for a stock exchange. It includes real time transaction processing among

different agents working under specific members of stock exchange.

v" To enhance the decision support for the stock exchange by developing a data
warehouse for bulk storage and efficient retrieval of data. The operational database
cannot be used for deep data driiling and decision making, so a data warehouse can be
used to store huge volumes of data ie. up to Terabytes. It also includes the

replication, loads and stores of data among distributed databases.

v To improve the overall business scenario of the stock exchange by retaining the
customers. This will help in increasing the market capital and overall business
activities. It will lead to gather maximum customers (investors) and to motivate the

people to invest in the stock market.

v To develop software, that provides business intelligent data of a stock exchange on
handheld Palm device. Synchronizing the Palm device with the data source for quick

and efficient data retrieval.

5.5 Architecture Available for Evaluation

Keeping in view the above mentioned business drivers; sofiware architecture was
designed (figure 5.1). Trading OLTP component is present to provide a reliable online
transaction processing. Data warehouse components provide the features to provide
decision support. Stock market trends can be analyzed. The clients will be facilitated by
providing them with useful information related to the condition of the stock market to
help them to make decisions to invest. Palm stock exchange explorer and palm suite
website components are developed to equip the clients and users with the latest
information with comprehensive reports. The architecture must provide a strong basis for
the development of a successful software system. Especially for an organization like

stock exchange, where the situations vary rapidly and sudden u-turns are also possible, a
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smooth operation is not possible without reliable software. Stakeholders need information

every moment. The architecture is designed to fulfill the above mentioned business goals.

In order to verify our claim that this architecture meets the requirements, we shall analyze

this by applying the method AREA-TEAM on it.

] ] ] Customer
Bids and Offers Company Broker __ | Registration
Processing Announcaments Terminai ‘
~ 1
~ i % ] Broker trading
AN I Company interface
3 [ Ragistration
Market Trading |- —
Summaries — —> OLTP o __ 1 | ]
. T = __ __ | Bxraciion Extraction _JTransrormati
— P oy A ) ~. GUI e — = on GUI
oLTP 7y N\ X
Database / ] ) ] ]
i Palm Suite Loading ! oading GUI Transfomat
/ Security Website — —— — —=> onEngine
/ R A —
/ - ~ \ / Report —
/ L/ ™~ A / Generator
[ | N / B Broker
Metadata Repository ] _ Analysis
interface . Data Warehouse | e
- Schema e _|OLAF &Trend < [}
R Analysis GUI |.__ Company
/N - i
{ AN / \ N T T Analysis
! __X__l g | S
— — —
Source Data Fource fo target Dvv! | DWH GUI Palm Stock Company & Market
Models B Data Mapping Exchange Explorer | |Member Analysis Analysis

Fig. 5.1 System Software Architecture of the Data Warehouse Solution of Islamabad Stock Exchange

5.6 Step-wise Evalunation of the Architecture

In this phase the AREA-TEAM analysis team prepares itself for the analysis session. The

steps-wise solution for phase 1 is given below:
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Step 1
Identify Stakeholders:
All the concerned stakeholders of the project were identified which represented the

members stock exchange, clients, users, software engineers, IT manager and Secretary

Stock Exchange etc.

Step 2
Prepare Core Requirements:
Software Project Manager and the Software Architect identified the core requirements

which were used to prepare the architecture and these were the result of the requirements

engineering phase.

Step 3
Architecture Briefing:
The Software Architect prepared a briefing that explained all the components and

connectors as well as the hierarchy and granularity of the architecture.

Step 4
Architecture Approaches:
A list of architectural approaches was prepared that focused on understanding the

architecture and will be analyzed further.

Step 5
Prepare Materials:
Copies of presentations, core-requirements and feed-back forms were produced for

distribution to the stakeholders during the next phase. The schedule of the meeting was

decided and the stakeholders were invited.

After completion of Step 5, the analysis team entered phase 2 of the AREA-TEAM. In
this phase the analysis team analyzed the reference architecture. The steps-wise solution

for phase 2 is given below:
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Step 6
Present AREA-TEAM:
A brief introduction to AREA-TEAM was given to explain the steps of the process to

stakeholders so that the maximum participation of the stakeholders was assured.

Step 7
Present Software Architecture and Core-Requirements:
The core-requirements were distributed among the stakeholders and the software

architecture shown in fig. 5.1 was presented in a session of about one-hour. During this
session some new requirements were also identified. These are also presented here for

gvalpation [Table 5.2].

Step 8
Requirements Prioritization Factor:
Reguirement Prioritization Factor (PF) was calculated as given in equation 4.2. The votes

for each requirement were counted by show-of-hand method. The requirement
prioritization metric is shown below [Table 5.1]. The same process is applied on the new

requirements captured in step 7 {Table 5.2].

Requirements Prioritization Metric
Total Stakeholders 10
Votes

Req ID Regquirement [{)] PF
RECQDWISE1 When and which user tried 10 access which data 7 07
REQDWISE2 Synchronization between Windows and Palm OS 4 04
REQDWISE3 Data mapping objects of sources 1o data warehouse objects 6 08
REGQDWISE4 Efficient trend analysis mechanism of companies and brokers 10 1

Client must be facilitated to access the market status summary and trend
REGDWISES analysis through palm device ) 0.8
REQDWISES Oniine Trapsaction Processing System 10 1
REQDWISE?7 Efficient bids and offers processing in OLTP 10 1
REQDWISES (Generation of daily market and member reports 9 0.9
REQDWISED (3Ul based dynamic back ups and recovery 3 0.3
REQDWISE10 Meta data repository 4 0.4
Multipurpose website for Palm software downicading, other schiware and

REQOWISET updates 7 07
REQDWISE12 Authorized logging 10 1
REQDWISE13 | Member Commission Calculation 7 07
REQDW!SE14 Companies registration and announcements storage 9 0.9
REQDWISE15 | Markel summaries of competitive stock exchanges 6 0.6
REQDWISE16 | Dynamic calculation of market index on gvery second 10 1
REQDWISE17 | Flushing facility of OLTF data 3 03
REQDWISE18 GUI based administration of Data Warehouse 3 0.3
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REQDWISE19 30 graph trend analyzers 8 0.8
REQDWISE20 20 and 3D cross tabbed reports g 0.9
RECDWISEZ1 GUI for extraction should by there 4 04
REQDWISE22 GUlHor ransformation should be there 4 0.4
REQDWISEZ3 GUI for Ioading should be there 4 0.4

Table 5.1 Core Requirements, Votes & Priority Factor
New Requirements Prioritizalion Metric
Total Stakeholders 10
Votes
New Req D New Requirement {V} NPF
NREQDWISET New member registration 10 1
NREQDWISE2_ |_Agents’ records storage 6 0.6
NREQDWISE3 | Agems’ mappings on the transactions 8 0.6
| NREQDWISE4 Forecasting of the companies and market index 5 0.5
NREQDWISES | lLoading logs should be maintained 4 0.4
| NREQDWISEE | Members loans and balancing 7 0.7

Table 5.2 New Requirements, Votes & Priority Factor

Step 9
Requirement Significance Factor:
The requirement significance factor was then gathered with the help of the feed-back

forms. The data from the feed-back forms is recorded in the requirements significance
metric [Table 5.3). Then Architecture Significance Factor (ASF) is calculated according
to the equation 4.3. The New Requirements are also processed in the same way [Table

5.4] and nASF is calculated for each new requirement.

Reguirements Significance Metric
Total Stakeholders Tm_L
Req D Stakeholders ASF
S{11 52, 835485186157 58| 59| 510

REQDWISE1 70165, 35| 5140 | 75| 6501 35135 65 0.54
REQDWISE2 601 75| 45| 301351 30| 601 40 30 55 0.45
REQDWISER 651 65} 40 | 55 65 { 70 65 {45 ] 35 35 0.53
REQDWISE4 B5 | 60§ 551801 B0} 55160 ) 50 ] 50 B0 | 0.575
REQDW!ISES 701 751 65| 60 )50 6045160 55] 55 0.595
REQDWISES B0l 8Dy 70| 65| 6D | 65 701 75 | 70 65 0.7
REQDWISEY 751801657065 75| 70]70]60]1 60 069
REQDWISER gs 1651 75| B0 [75170]lesle0 |85 70 0.68
REQDWISES 50160} 35|30 [45 (140 35155 ({35( &5 0.42
REQUWISE 10 7O 70| 55145 66 (55) 45 35! 60 501 0545
REQDWISET1 55{ 50} 45 50] 601 65| 50 | 45 | 65 55 0.54
REQDWISE12 601 70} 55 | 85 | B0 [ /0| 55160 | 60| 50 | 0.605
RECDWISE13 701 75 1 50 [ 60| 65185| 70165 | 601 65| 0645
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REQDWISE14 55 { 65 |55 | 60 | 50 {501 60 ( 551 35| 50 D535
REQDWISE15 50 |85 | 751 70| 651 70| 65 )1 70| 75| 65 066
REQDWISE16 80 | 75 |80l 70| 75 1 75| 751 BO| 701 75| C.755
REQDWISE17 50 55| 35130 | 3514530} 35135 3¢ 0.38
REQDWISE18 50 | 65|45 35| 50| 30 | 40 | 30| 35} 40 042
REQDWISE18 65 | 601 70 | 751 651 601 65| 40 { 70| 45 | OBI5
REQDWISE20 65 (60 [ 70| 45| 75| 60| 651 70| 70| B5 ; 0645
REQCWISE21 65 | 65 | 45| 40 ] 35 | 45| 40| 35 [ 30| 40 0.44
REQDWISE22 65| 65) 45 ) 40| 3545|140 35| 30| 40 0.44
REQDWISE23 65 | 65| 45| 40| 35| 45 40| 35] 30 | 40 0.44

Table 5.3 Requirements Significance Metric

New Requirements Significance Metric
Total Stakeholders 1 10
New Req ID Stakeholders NASF
51| 82| 83154 55| 856|57! 58] 589|510
NREQDWISET 60 [ 65 | 65 | 70§ 65 | 60 { 65 | 70 | 65 85 0.85
NREQDWISE2 65 186560551 70)65)45 |55 )60} 70| 061
NREQDWISES 70185155 | 65| 7565165 60 551 65 0.64
NREQDWISE4 75| 70 1 85 | 55 | 60| 70 | 65 | 65 | 55 55 | 0.835
NREQDWISES 70 | 70 | 501 45 | 55| 45| 55| 60 | 40 | 351 0.525
NREQDWISES 65 | 70| 701 75| 651 70 {65} 8D | 55| 55| O0.65

Table 5.4 New Reguirements Significance Metric

Step 10
Reguirement Criticality Analysis:
The requirement criticality was calculated by finding the mean of prioritization factors

and average significance factors for each requirement [Equation 4.4]. The results are
recorded in requirements criticality metric [Table 5.5]. The Total Requirement Criticality
(TRC) is then formulated [equation 4.8]. The same process is applied on the novel

requirements and the results are shown in new requirements criticality metric [Table 5.6].

Step 11

Novel Requirements Prioritization Factor, Average- Significance Factor and
Criticality Analysis:

The Novel Requirements Prioritization Factor (NPF), Average Significance Factor

{(NASF) and the Requirements Criticality (NRC) are calculated in [Table 5.2, 5.4, 5.6]
[Equation 4.5, 4.6, 4.7].
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Requirements Criticality Metric New Requirements Criticafity Metric
Votes Votes
Reg ID ) PF | ASF RC New Req 'D V) NFF j NASF | NRC
REQDWISE1 7 0.7 0.54 0.62 NREQDWISE1 10 1 0.65 | 0.825
REQDWISE2 4 04! 0461 043 NREQDWISE2 6 0.6 0.61  0.605
REQDWISES ) D6 | 053] 0565 NREQDWISE3 g 0.6 0.64 0.6?
F_B_EQDWISEt# 10 1 1 0575 10788 NREQDWISE4 5 0.5 0.64 | o568
| REQUWISES 8 0.8 { 0.595 | 0.698 NREQDWISES 4 0.4 | 053] 0483
REQDW!SES 10 1 071 085 NREQDWISES 7 0.7 | 0.65] 0675
REQDWISEY 10 1 068 | 0.845 NTRC | 3.755
REQDWISES g oo | 068 0.79 Tahle 5.6 New Requirements Criticality Metric
REQOWISES 3 03] 042] 036
REQDWISE 10 4 0.4 { 0545 | 0473
REQDWISE11 7 0.7 0.54 0.62
REQDWISE12 10 1 0.605 | 0.803
REQDWISE13 7 0.7 | 0645 | 0673
REQDWISE4 9 DS | 0.535 | 0718
REQDWISE1LS B 0.6 0.65 0.63
REQDWISE1S 10 1 {0755 | 0878
REQDWISE? a 031 038 0.34
REQDWISE18 3 03| 0421 036
REQDWISE19 8 08 | 0.615 | 0.708
REQDWISE20 g 09 ) 0645 | 0773
REQDWISEZ1 4 04 044 | D42
REQDWISEZ22 4 04 044 | 042
REQDWISE23 4 04 0.44 0.42
TRC [ 14.18

Table 5.5 Requirement Criticality Metric

Step 12
Analyze Architectural Approaches:
Then each requirernent was analyzed and the analysis team queried the architect that how

he handled the requirements in the software architecture, The analysis is performed in
Architecture Approach Analysis Metric. We are showing the analysis for all the key

requirements (Table 5.7 to Table 5.35). Some of the examples are discussed below:

The first requirement REQDWISE1 is analyzed. According to [Table 5.7] this
requirement is not handled in the architecture and the score 0 is given to the architecture

contribution factor (ACF).

AREA-TEAM 50



Chapter 5 ISE Cuse Study

Another example is given for requirement REQDWISE4. According to the [Table 5.10]
this requirement is handled in the architecture by the architect and score | is given to the

architecture contribution factor (ACF).

Next example is selected for a new requirement NREQDWISEG. According to the [Table
5.12] this requirement is not handled ia the architecture by the architect and the score O is

given to the architecture contribution factor (ACF).

Last example is provided for a new requirement NREQDWISES. According to [Table
5.34] the requirement is already handled in the architecture and the score 1 is assigned to
the architecture contribution factor (ACF). Here we can see that although the requirement

was not provided earlier but the architect handled the requirement.

Architecture Approach Analysis

Reg ID Requirement When and which user tried to access which data.
REQDWISE1
Reguirement Criticality 0.62
Architecture Approach ACF
NIL 0
Remarks Not handled in the architecture.

Architecture Diagram

Table 5.7 Architecture Approach Analysis REQDWISE]

Architecture Approach Analysis

Req |D Requirement Synchronization between Windows and Palm OS
REQDWISE2
Requirement Criticality 0.43
Architecture Approach ACF
NIL 0
Remarks Not handiedin the architecture.

Architecture Diagram

‘Table 5.8 Architecture Approach Analysis REQDWISE2

Architecture Appraach Analysis

Req ID Requirement Data mapping cbjecis of sources 1o data warehouse
REQDWISE3 objects

Requirement Criticality 0.565

Architecture Approach ACF ]
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Source o target OW dala mapping 1 L
Source to target DW data mapping module is
Remarks present

Architecture Diagram

1

Source in Brget DY
Data Mapping

Table 5.9 Architecture Approach Analysis REQDWISE3

Architecture Approach Analysis

RegiD Requirement Efficient trend analysis mechanism of companies
REQDWISE4 and brokers.
Requirement Criticality 0.788
Architecture Approach ACF
Companies Analysis and Broker Analysis Components 1
Remarks Companiags Analysis and Broker Analysis
Components are present in the architeclure

Architecture Diagram

REPOT —

rator
Genera Broker
Analysis

1

1 -
|OLAP &Trend < ]

Analysis GUI — __| Company
& Analysis
\ ™~

Table §.10 Architecture Approach Analysis REQDWISE4

Architecture Approach Analysis

Req ID Requirement Client must be facilitated to access_the market stalus summary
REQDWISES and trend analysis through palm device
Requirement Criticality 0.698
Architecture Approach ACF
Palm Stock Exchangs Explorer Compeonen! 3
Remarks Palm Stock Exchange Explorer Component is present

Architecture Diagram

Palm Stock
Exchange Explorer

Table 5.11 Architecture Approach Analysis REQDWISES
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Architecture Approach Analysis

Req 1D Reguirement Online Transaction Processing System
REQDWISES
Requirement Criticality 0.85
Architecture Approach ACF
Trading OLTP Component 1
Remarks Trading OLTP Component is present in the architeclure
Architecture Diagram
pYSNY
Tragsng |-
e R 1 A
SRR N

Table 5.12 Architecture Approach Analysis REQDWISES

Architecture Approach Analysis

Req D Regquirement Efficient bids and offers processing in OLTP
REQDWISE7
Requirement Criticality 0.845
Architecture Approach ACF
Bids and Offers Processing Module 1
Remarks Bids and Offers Processing Module is present in tha architecture

Architecture Diagram
1
Bids and Offers
Processing

N

Table 5.13 Architectyre Approach Analysis REQDWISE7

Architecture Approach Analysis

Req 1D Requirement Generation of daily market and mamber repors
REQDWISES

Hequirement Criticality 079

Architecture Approach ACF

Report Generator Medule 1

Remarks Report Generalor Module is present in the architeciure
Architecture Diagram
o 1 >
Genemator Company & Market
§ Member Analysis Analysis

-

Table 5.14 Architecture Approach Analysis REQDWISES
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Architecture Approach Analysis

Req ID Requirement GUI based dynamic back ups and recovery
REQDWISES

Requirement Criticality 0.36

Architecture Approach ACF

DWH GLI Mooule 1
Remarks DWH GUI Module is present in the architecture

Architecture Diagram

_..__] (3
OWH GUL

Table 5.15 Architccture Approach Analysis REQDWISES

Architecture Approach Analysis

Req 1D Regquirement Meta data repesitory
REQDWISE10
Requirement Criticality 0473
Architecture Approach ACF
MetaData Repository and attached
Components 1
MetaData Repositary and attached Components are present in
Remarks the architecture
Architecture Diagram
‘ I3
1
Metadala Repository
Interface e
TR
Table 5.16 Arckitecture Approach Analysis REQDWISE1LD
Architecture Approach Analysis
Multipurpose websile for Palm software downioading, other
Req D Requirement software and updates
REQDWISE1T

Requirement Criticality

0.62

Architecture Approach

ACF

Palm Suite Website Component

1

Remarks

Palm Suite Website Component is present in the architeciure

Architecture Diagram

-3

]

Pealm Suite
Website

.

Table 5.17 Architecture Approach Analysis REQDWISEI]]
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Architecture Approach Analysis

Heq ID Reguirement Authorized logging
REQDWISE12
Requirement Criticality 0.803
Architecture Approach ACF
Security Modu'e 1
Remarks Security Modu'e is present in the architeciure

Architecture Diagram

1

Security

-
Table 3.18 Architecture Approach Analysis REQDWISEI2

Architecture Approach Analysis

Req ID Requirement Member Commission Calculation
REQDWISE13
Reguirement Criticality 0.673
Architecture Approach ACF
NIL 0
Remarks Not handied in the architecture.

Architecture Diagram

Table 5.19 Architecture Approach Analysis REQDWISE13

Architecture Approach Analysis

Reg ID Requirement Companies registration and announcements siorage
REQOWISE14
Requirement Criticality 0.718
Architecture Approach ACF
Company Anpoungements, Company
Registration Module 1
Company Announcements, Company Registration Module are
Remarks present in the architecture
Architecture Diagram
[ 1 1
Compary Breker |
Anncuncements Torminal
‘\-\ -
A —
# -~
L Compary

| Registration
Trading — 7]

Table 3.20 Architecture Approach Analysis REQDWISE14
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Architecture Approach Analysis
Req D Requirement Market summaries of competitive stock exchanges
REQDWISE15
Requirement Criticality 0.63
Architecture Approach ACF

Market Summaries Module

1

Remarks

Market Summaries Module is present in the architecture

Architecture Diagram

1]
Market
Summarnes

Table 5.21 Architecture Approach Analysis REQDWISELS

Architecture Approach Analysis

Req 1D Requirement

Dynamic caleulation of market index on every second

REQDWISE16

Reguirement Criticality

0.878

Architecture Approach

ACF

Market Summaries Module

1

Remarks

Market Summaries Module is present in the architecture

Architecture Dizagram

1
Markel
Summarnies —

Table 5.22 Architecture Approach Analysis REQDWISEI6

Architecture Approach Analysis

Req D Requirement Flushing facility of OLTP data
REQDWISE17
Requirement Criticality 0.34
Architecture Approach ACF
NIL 0
Remarks Not handled in the architecture.

Architecture Diagram

Table 5.23 Architecture Approach Analysis REQDWISEL7

Architecture Approach Analysis

Req ID Requirement GUI based administration of Data Warehouse
REQDWISE1S
Regquirement Criticality 0.36

Architecture Approach

ACF

DWH GUI Module
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Remarks l DWH GUI Module is present in the architecture
Architecture Diagram
DVWH GU
Table 5.24 Architecture Approach Analysis REQDWISEL8
Architecture Approach Analysis
Req ID Requirement 3D graph irend analyzers
REQDWISE1S
Requirement Criticality 0.708
Architecture Approach ACF
OLAP & Trend Analysis GUI 1
Remarks QLAP & Trend Analysis GUI is present in the architecture

Architecture Diagram

[ i

1 Anabysis GUI

QLA &Trend [<
o

13 >

Table 5.25 Architecture Approach Analysis REQDWISE]S

Architecture Approach Analysis

Req ID Requirement 2D and 3D cross tabbed repors
REQDWISE2D
Requirement Criticality 0.773
Architecture Approach ACF
Report Generator Module 1
Remarks Report Generator Moduls is present in the architecture
Architecture Diagram
I‘;Iepm
Generator
Table 5.26 Architecture Approach Analysis REQDWISE20
Architecture Approach Analysis
Req D Requirement GU! for extraction should by there
REQDWISE21
Requirement Criticality 0.42
Architecture Approach ACF
Extraction Gt Module 1
Remarks Extraction GUI Module is present in the architecture

Architecture Diagram
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| Extracuon
] GU

Table 5.27 Architecture Approach Analysis REQDWISEZ]

Architecture Approach Analysis

Req 1D

Requirement

GUI for transfonmation should be there

REQDWISE22

Requirement Criticality

0.42

Architecture Approach

ACF

Transformation GUI Component 1

Remarks

Transformation GUI Component is present in the architecture

Architecture Diagram

Trenstormati
i onGU

A

Table 5.28 Architecture Approach Analysis REQDWISE22

Architecture Approach Analysis

Req (D Requirement GUI for loading should be there
REQDWISE23
Requirement Criticality 0.42
Architecture Approach ACF
Loading GUI Module 1
Remarks Loading GUI Madule is present in the architecture
Architecture Diagram
Loading GUI
> -
Table 5.29 Architecture Approach Analysis REQDWISE23
Architecture Approach Analysis
Req 1D Requirement New member registration
NBEQDWISE1
Requirement Criticality 0.825
Architecture Approach ACF
NIL 0
Remarks Nol handled in the architecture.

Architecture Diagram

Table 5.30 Architecture Approach Analysis NREQDWISE]
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Architecture Approach Analysis
Req ID Requirement Agents' records slorage
NREQDWISE2
Requirement Criticality 0.605
Architecture Approach ACF
NIL 4]
Remarks Nat handled in the architecture.
Architectura Diagram

Table 5.31 Architecture Approach Analysis NREQDWISE2

Architecture Approach Analysis

Req ID Requirement Agenls’ mappings on the iransactions
NRECDWISES

Reguirement Criticality 0.62

Architecture Approach ACF

NIL 0
Remarks Not handled in the architecture.
Architecture Diagram

Table 5.32 Architecture Approach Analysis NREQDWISE3

Architecture Approsch Analysis

Regq ID Requirement Forecasting of the companies and market index
NREQDWISE4
Requirement Criticality 0.568
Architecture Approach ACF
NIL 0
Remarks Net handled in the architecture.

Architecture Diagram

Table 5.33 Architecture Approach Analysis NREQDWISE4

Archilecture Approach Analysis

Req ID Requirement Loading logs should be maintained
NREQDWISES
Requirement Criticality 0463
Architecture Approach ACF
Loading GUI Module 1
Remarks Loading GUI Module is presentin the architecture
Architecture Diagram J
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i 1
Loading GUl

Tahle 5.34 Architecture Approach Aralysis NREQDWISES

Architecture Approach Analysis

Reg ID Requirement Mermbers loans and balancing
NREQDWISES
Requirement Criticality 0575
Architecture Approach ACF
NIL 0
Remarks Not handled i the architecture.

Architecture Diagram

Table 5.35 Architecture Approach Analysis NREQDWISE6

Step 13

Architecture Accuracy Factor and Architecture Error Factor:

In the last step for moving towards final results calculations, the architecture approach
contribution percentage (AAC%) is calculated for each requirement as per equation 4.9
[Table 5.36]. Then the Architecture Accuracy Factor (AAF) as per equation 4.10. The

Architecture Error Factor (AEF) is also calculated here according to equation 4.11.

Architecture Accuracy Factor (AAF) shows the correctness of the architecture in
percentage and the Architecture Error Factor (AEF) shows the percentage of error present

in the architecture, and this is the error of the architect.

E,~ AEF

To calculate the error propagated due to the stakeholder (normally the customer) we
included the new requirements captured in step 7 in our analysis. First of all we
calculated the New Total Requirement Contribution (NTRC) for each new requirement
captured [Equation 4.12]. Then the Architecture Approach Contribution percentage
{NAAC%) is calculated as per equation 4.12 and the results are recorded in Aschitecture

Accuracy Metric with new Requirements [Table 537]. The New Architecture Accuracy
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Factor (NAAF) and the New Architecture Error Factor (NAEF) is also calculated over

here.

The New Architecture Error Factor reflects the ratio by which the architecture has not
addressed the requirements including the new requirements. The stakeholder error factor
(SEF) is calculated with the equation 4.16. The SEF was 15.31%, which means that the

error factor introduced in the architecture due to the stakeholder is 15.31%.

SEF = NAEF — AEF
SEF = 2987 -14.56 = 15.31%

E,=SEF

The adverse effect introduced into architecture accuracy due to the stakeholder is
calculated by the equation 4.17. The resultant SAF is -15.31%, the negative sign shows it

is an adverse effect.

SAF = NAAF — AAF
SAF=7013-8544= -153]%

Also note that both the ratios SAF and SEF are equal, which shows that both the positive

and negative sides have the equal effect by the stakeholder.

Architecture Accuracy Metric

TRC 14.1B
Req D Architecture Approach ACF RC AAC%
REQDWISE1 Not handled in the architeclure 0 0.62 4.372
REQDWISEZ2 | Not handled in the architecture o] 0.43 3.032
REQDWISE3 | Source to target DVY data mapping 1 0.565 3.984
REQDWISE4 | Company Analysis and Broker Analysis Modulg 1 0.788 5.554
REQDWISES | Palm Stock Exchange Explorer Component 1 0.698 4.919
REQDWISES | Trading OLTP Component 1 0.85 5.994
REQDWISEY Bids and Offers Processing Medule 1 0.845 5.959
REQDWISES | Report Generator Module 1 0.79 5.571
REQDWISES | DWH GUI Module i 0.36 2539
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REQDWISE10 | MetaData Repasitory and attached Components 1 0.473 3.332
REQDWISE11 | Palm Suile Website Componsnt 1 0.62 4,372
REQDWISE12 | Security Moduls 1 0.803 5.659
REQODWISE13 | Not handled in the architecture 8] 0.673 4.743
REQDWISE14 | Company Announcements, Company Registration Module 1 0.718 5.06
REQDWISE1S | Market Summaries Module 1 0.63 4.443
REQDWISE16 | Market Summaries Module 1 0.878 6.188
REQDWISE17 | Not handled in the architecture 0 034 2.398
REQDWISE18 | DWH GUI Module 1 0.36 2.539
RECDWISE19 | OLAP & Trend Analysis GUI 1 0.708 4.389
REQDWISEZ20 | Repert Generator Module 1 0.773 5.448
REQDWISER21 | Extraction GUI Module 1 0.42 2.962
REQDWISE22 | Transformation GUI Component 1 0.42 2.962
REQDWISE23 | Loading GUI Module 1 0.42 2.962

AAF | 85.44% | AEF 14.56%
Table 5.36 Architecture Accuracy Metric, AAF & AEF
Architecture Accuracy Metric with New Requirements

NTRC 3.755 TRC+NTRC | 17,835

New Req 1D Architecture Approach NACF NRC NAAC%
REQDWISE1 Not handled in the architecture 0 0.62 3.457
REQDWISE?2 Not handled in the architecture 0 0.43 2.398
REQDWISE3 Source to target DW data mapping 1 0.57 3.15
REQDWISE4 Company Analysis and Broker Analysis Module 1 0.79 4.391
REQDWISES Palm Stock Exchange Explorer Component 1 0.7 3.889
REQDWISES | Trading OLTP Component 1 0.85 4.739
REQDWISEY? Bids and Qffers Processing Module 1 0.85 4.711
REQDWISES Report Generator Module 1 0.79 4.405
REQOWISES DWH GUI Module 1 0.36 2.007
REQDWISE1C | MetaData Repository and attached Componerits 1 0.47 2.835
REQDWISE11 | Paim Suite Websita Component 1 0.62 3.457
REQDWISE12 | Security Modula 1 08 4474
REQDWISE13 | Nothandled in the architecture 4 0.67 3.75
REQDWISE14 | Company Announcements, Company Registration Module 1 072 4.001
REQOWISE1S5 { Markel Summaries Module 1 0.63 3.513
REQDWISE16 | Market Summaries Module 1 0.88 4.893
REQDWISE17 | Not handled in the architecture 0 0.34 1.896
AEQDWISE18 { DWH GUI Module 1 0.36 2.007
RECDWISE+19 | OLAP & Trend Analysis GUI 1 0.71 3.945
BEQDWISEZ) | Report Generator Module 1 0.77 4.307
REQOWISE21 | Extraction GUI Module 1 0.42 2.342
REQDWISE22 | Transformation GUI Component 1 0.42 2.342
BEQDWISE23 | Loading GUI Module 1 0.42 0.342
NRECDWISE1 | Nothandled in the architecture g 0.83 4.6
NREQDWISE2 | Not handied in the architecture ") 0.61 3.373
NREQDWISE3 | Nothandled in the archilecture 0 0.62 3.457
NREQDWI!SE4 | Not handled in the architecture 0 057 3.164
NREQDWISES | Loading GUI Module 1 0.46 2579
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NREQDWISES | Not handled in the architecture 0 0.68 3.764
NAAF | 70.13% | NAEF | 28.87%

Table 5.37 Architecture Accuracy Metric with New Requirements
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6 Results & Conclusion

Adapting the architecture in earlier steps of development is recommended but its
evaluation is more important. An architecture analysis method, any architecture analysis
method, is garbage-in-garbage out process. The AREA-TEAM is no different. It crucially
relies on the active and willing participation of the stakeholders (particularly the
architecture team); we advance preparation by the key stakeholders; an understanding of
architectural design issues and analytic models; and a ciearly articulated set of core
requirements and a set of business goals from which they are derived. The purpose in
creating a method (rather than, say, just putting some intelligent and experienced people
together in a room and having them chat about the architecture or inspect itin an arbitrary

way) is to increase the effectiveness and repeatability of the analysis.

6.1 Benefits

Every AREA-TEAM exercise is followed by a survey of stakeholders in attendance. Here

is what those responding had to say verbatim:

e Errorin the architecture are identified

e The source of error is also identified. For example, in this case study the architect
error factor is 14.56% that measure the performance of the architect and the
stakeholders’ error factor is 15.31% that shows the maturity of the stakeholder.

» Requirements are improved and validated

e New requirements are identified

e Stakeholder knowledge about the system increases

e Software Architecture is revised

e The new requirements are accommodated therefore the method supports agile
processes

e Since this review was conducted during the high-level design phase, therefore, the
errors are identified at an early stage. So the valuable resources will be saved.

“The earliest an error is identified, cheaper it is to fix”
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e Important quality requirements will be identified and analyzed

e The method provided the stakeholders with a chance to give a critical look at the
system. It validated some architectural decisions and raised questions about
others.

e “As an IT manager, it helped me to understand the system.”

e The method brought issues and concerns to our attention.

e It will be more useful to use the method earlier. The later use may lead to

diminish the effectiveness of the method,
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Qur first publication from this research is titled “Architecture Requitements Engineering Accuracy &
Error — The Analysis Method (AREA-TEAM)”. This research paper presents the newly devised
software architecture analysis method AREA-TEAM. The paper has been published in the first
International Conference on Quality of Software Architectures, Dot-Net Object Days, Erfurt Germany,
Sep 19-22, 2005, book of proceedings ISBN: 3-9808628-4-4, Pages (461-472).

The copy of the research paper published is provided in this appendix.
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ARCHITECTURE REQUIREMENTS ENGINEERING ACCURACY AND
ERROR- THE ANALYSIS METHOD (AREA-TEAM)

Muhammad Amir Aman amir@ iiu.edu.pk
Muhammad Sulayman sulayman_67 @ yahoo.com
Frof. Dr. Khalid Rashid drkhalid@iiu.edu.pk
Depariment of Computer Science
Faculty of Applied Sciences
International fslamic University, Isiamabad

Abstract. Since the software architecture is a key artifact of the software development life-cycle, so architectural
analysis is also a key practice involved in the process. Soffware architectures are usually complex and developed on the
quality altributes based on preliminary requirements. Requirements are specified during requirements engineering phase
and normally are incomplete and ambiguous and they are propagated in the software architecture. Qur devised method
“architecture requirements cngincering accuracy and error-the analysis method {AREA-TEAM)", provides sclid
technical foundations for performing architectural analysis. It is based on the requirements and finding the architecture
accuracy factor and architecture error factor. The major contribution of AREA-TEAM is quantification of the error made
by the architect as well as the stakeholder, generally the customer, The AREA-TEAM is a method that is applied on a
leading company's software architecture of 2 data warehouse solution. AREA-TEAM is refined 1n practice over the past

one year,

1. Intreduction

The purpose of this research paper is to describe the approach used behind the architecture reguirements engineering
accuracy and error-the analysis method (AREA-TEAM) and discusses its steps in practice. Software architecture of a
program or computing systern is a structure or siructures of the system which comprise software elements, the externally
visible properties of these elements and the relationships among them {1]. AREA-TEAM is important because it elaborates
how well an architecture satisfies important requirements and finds the architecture accuracy factor and architecture error
factor both in terms of errors of the architect and error by the stakcholder. Now the question arises, why do we need
ARFA-TEAM? We all know that architecture is a key ingredient in a successful software engineering process. The
software architecture is developed based on the quality attributes identified from the key requirements [2]. The architecture
15 a key to achieve or failing to meet the requirements [3].

AREA-TEAM is a mean 1o analyze whether the requiremenis are achieved in the architecture. Such an analysis is
significant because vaiuable organizational resources are allocated to the project and if at a later stage it is discovered that
the architecture was not fulfilling the requirements, the resobrces may go astray. It also contributes to find the factor of
error made by the architect and the customer. Our method uses the standard architecure documentation techniques as
prescribed by SEI {15]. Architecture requirements engineering accuracy and error-the analysis method (AREA-TEAM) is a
low-cost high-benefit method for analyzing software architectures in the light of the key requirements and finding the emor
factor. AREA-TEAM is a low-cost software architecture analysis method that produces early identification of places where
the architecture is unsuvitable in terms of meeting the requirements, thus resulting in lower eventual project cost. Added
benefits include open communication channels between the architect and the stakeholders. AREA-TEAM relies on
assembling the stakeholders to articulate what the important requirements are, and then exercising the architecture to make
sure those key requirements are satisfied by the software architecture. The result is a high-fidelity architecture analysis
coupled with high-quality familiarization with the architeciure in light of the requirements it mects on the part of the
stakeholders. The AREA-TEAM calculaies the error factor, i.e., software architect’s error percentage as well as customers
propagated error percentage separately, and therefore it is also a mean to analyze the performance of architect and judge
the customers’ maturity. All the stakeholders are saved from loss by adapting a pro-active risk strategy,

The AREA-TEAM draws its inspiration and techniques from various arcas: the notion of architectural styles; the
Architecture Trade-off Analysis Method [4]; and the Software Architecture Analysis SAAM Method [5], which was the
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predecessor to the ATAM and the process of Requircments Engineering [6] and Quantified Design Space {7]. The AREA-
TEAM is intended for analysis of architecture in terms, whether it meets the requirements or not, it also quantifies the emor
factor. Although this is the AREA-TEAM’s focus, there is a problem in operationalizing this focus, We (and the software
engineering cornmunity in general) do not understand how to specify the requirements well: the “requirements elicitation”,
“requirements analysis and negotiation”, “requirements specification” changes from system to system, from stakeholder 10
stakeholder, and from community to community. This propagates errors from one stage to another and finally reflects in
the architecture, If the actual requirements are denoted by A and architect error factor and stakeholder error factor are
denoied by E, and E; respectively, then the equaticn 1.1 shows the deviation from the desired requirements and deviated

requirements are denoted by A’.
r
A =A+E_ +E, (i.1)

Our method consists of a series of steps for architecture analysis and error factor quantization. First of all our method
assembles the jdentified stakeholders in a meeting. The AREA-TEAM is presented and the core requirements are
discussed. The requirements are prioritized by taking the votes of the stakeholders and prioritization factor is calculated.
After that weights are assigned to each requirement in order to calculate the significance of each requirement and
significance factor is calculated for each reguirement. This is done with the help of the stakeholders by feedback forms.
After this average requirement significance factor is caleulated for each requirement. Then the requirement criticality is
calculated by finding the mean of Prioritization Factors and Significance Faclors for each requirement. Then the
architecture is analyzed by the analysis team and both the architecture accuracy factor and the architecture error factors are
calculated. Software development is an agile process. Every time novel requirements are identified, These requirements are
given by the stakeholders, generally customers. The error factor is also calculated for these new requirements. This is the
stakeholder error factor, The process is further elaborated with the conceprual model of AREA-TEAM in figure 1.1,

Business Requirements Scenarios
Drivers R :

_ Analysis’

g Software Architectural ERGUIUESHE
Architecture Appro'aches-" ® Decisions

impacts

Architeciure Error
Fattor (Architect)

distiled

Architeciure Error--.
 Factor (Stakeholder) - -

Fig. 1.1 Conceptual Mode! of AREA-TEAM

2, Literature Survey

The AREA-TEAM focuses on the requirements and error factor calculation during the architecture analysis process. The
requirement engineering provides the appropriate mechanism for what customer wants, analyzing need, assessing
feasibility, negotiating a reasonable solution, specifying requircment ard their validation [8][9). There is always some
percentage of error involved on the part of both the development team and the customers. A plus point in the AREA-
TEAM is that it calculates both Ea and Es separately, which helps identifying the competency of the architect and the
maturity of the customer. Other metheds of architecture analysis with respect to requirements are unable to differentiate
between the architect and the customer errors and have no proper measurement mechanism. The initial methods were
unable to provide proper mapping from requirements to architecture because many architectural palterns were very
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complex and provided no provisions of mapping, for example, call-and-retumn architecture [10). For that purpose structured
design evolved which stressed modularity [11], top-down design [12] and structured program [13). Myers and Stevens
proposed dataflow oriented design translation from the architectural patterns but they were not able to measure neither the
performance of dataflow dizgrams nor the archilectural competency and error responsible asthority.

Another method design space quantization [7), a spread sheet model based on realization mechanisms and contribution
analysis in the software architecture and the architectural decisions are prioritized. The drawback is that the requirements
weights are neglected and no error finding mechanism is present for architecture measurement,

The ATAM [4] is another method which focuses on quality attribute requirements. it evaluates the quality atuributes by
considering €ach quality attribute in isolation and identifies sensitivity of quality attributes by various architectural
attributes, which may result in evaluating the architecture w.r.t the quality scenarios [14] but there are no proper metrics for
architecture correctness percentage and crror propagation authority.

In the remainder of this report we will elaborate the steps of the AREA-TEAM, explain its foundations, and concludes with
an extended example of applying the AREA-TEAM to areal system,

3. Steps of AREA-TEAM
AREA-TEAM consists of 12 steps divided into two phases:

Phase 1: Rehearsal. First, a meeting between the Software Project Manager and the Software Architect takes place to
prepare for the exercise. This meeting usvaily lasts about a day. In this meeting, the following steps are taken:

Step 1: Identify stakeholders. In this case, stakeholders are the customers who will own the sofiware, software engineers
who will be expected to use the software architecture, users who will be expected to use the software and the quality
assurance Inspector. We airn for approximately a dozen stakeholders, but this can vary depending on the size of the wser
community.

Step 2: Prepare core requirernents. The Software Project Manager and the Software Architect identify a sct of core
requirements, which played the key role in the architectural development. These are identified to develop a consensus
between the stakeholders regarding the core requirements.

Step 3: Prepare architecture briefing. The Software Architect preparss a briefing explaining the software architecture. A
rule of thumb is to aim for two hours' worth of material. Include examples of how the software architecture meets the vser
requirements. The goal is to present the software architecture in sufficient detail so that a knowledgeable audience member
could understand the software architecture.

Step 4: Identify architecture approaches. The AREA-TEAM focuses on analyzing the architecture by understanding its
architectural approaches. In this step they are identified by the architect, and captured by the analysis team, but are not
analyzed.

We concentrate on identifying architectural approaches and architectural styles {We Jook for approaches and styles because
not all architects are familiar with the language of architectural siyles, and so may not be able to enumerate a set of styles
used in the architecture. But every architect makes architectural decisions, and the set of these we call “approaches.” These
can certainly be elicited from any conscientious architect) because thesc represent the architecture’s means of addressing
the highest priority requircments, the means of ensuring that the critical requirements are met in a predictable way (2],
These architectural approaches define the important structures of the system and describe the ways in which the system can
grow, respond to changes, withstand attacks, integrate with other systems, and so forth,

Step 5: Prepare materials. Copies of the presentation, core requirements, and feedback forms are produccd for
distribution to the stakeholders during the Phase 2 meetng. The meeting is scheduled, stakeholders are invited, and steps
are taken to assure the presence of a quorum of stakeholders at the meeting.

Phase 2: Architecture Requirement Engineering Analysis. Next, the stakeholders are assembled and the main activities
of the architecture requirement £ngineering analysis commence. Nominally this phase takes about a day or two.
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Step 6: Present AREA-TEAM. The Software Project Manager delivers a brief presentation explaining the steps of
AREA-TEAM to the participants.

Step 7: Present software architecture and core requirements. The software architect presents the architecture overview
presentation and backtrack the architecture how it meets the eore requirements, which were considered for architecting the
system. During this time, a scribe captures each question and any novel requirements mentioned by the stakeholders. The
new requirements may or may not be reflected in the present architecture, AREA-TEAM is an agile process that is light
and adaptive.

Step 8: Requirements Prioritization Factor. The AREA-TEAM analysis team uses the show-of-hands method in order to
zet the votes from the stakeholders. The purpose of voting is to identify and prioritize the core requirements as per interest
of the stakeholders. These votes are recorded in the requirements prioritization meiric [Table 4.11. This is to negate the
error factor involved in the identification of the prioritized requirements both by the architect and the stakcholders. Then
the prioritization factor (PF) is calculated by dividing the number of votes (V) cast by the total number of stakeholders (7s)
[Equation 3.1).

PF, =V, /Ts ,whereiisfrom I toTs G0

Step 9: Requirement Significance Factor. The significance of each requirement is gathered from the stakeholders with
the help of feedback forms. The significance is constrained between 0 and 100. O shows no significance whereas the score
of 100 shows the maximum significance. The significance for each requirement given by each siakeholder is recorded in
the requirements significance metric [Table 4.3]. Then the average significance factor (ASF) for each requirement is
calculated. It is reflecied by the percentage of the average of the significance (§) chosen by each stakeholder for each
requirement [Equation 3.2].

n I
ASF, =((D.%5,)/T5)/100 (3.2)

=l j=l

Step 10: Requirement Criticality Analysis. The requirement criticality (RC) is calculated by finding the mean of
Prionitization Factors (PF) and Average Significance Factors (ASF) for each requirement [Equation 3.3). The readings are
recorded in the requirements criticality metric [Table 4.5].

RC, = (PF,+ ASF,)/2, where iis from I 1o n. (3.3)
Step 11: Novel Requirements Prioritization Factor, Average Significance Factor and Criticality Analysis, The novel

requirements (if any recorded in step 7) are also processed in the same manner as it was done with the key requirements
from step 8 to step 10 [Equations 3.4, 3.5, 3.6].

nPF, =nV,[Ts, where i is from I 1o n. (3.4)
n Ts

nASF, = (3, Y nS;)I Ts)/100 3.5)
= =)

nRC, = (nPF, + nASF,)/ 2, wherei from 1 to n. (3.6)

Step 12: Analyze Architectural Approaches. The AREA-TEAM analysis team examines the highest ranked requirements
one at a time. The novel requirements are also analyzed separately. The software architect is asked to explain how the
architecture supports each one and there may be a case where the architecture already fulfils some novel requirement.
Team members specially the questioners probe for the architectural approaches that the architect used to carry out the
requirement. The goal is for the evaluation team to find the architecture approach contribution factor (ACF), that is, be
convinced that either the approach is appropriate in meeting the requirement for which it is intended or it is inappropriate.

AREA-TEAM 44



o~

i 8

Appendix A Publication # 1

If the architecture approach is appropriate then the score 1 is assigned and if it is inappropriate the score 0 is assigned to the
approach {Table 4.7, 4.8,4.9,4.10].

Step 13: Architecture Accuracy Factor and Architecture Error Factor. The score assigned to each architectural
approach formulated during step 12 are put in the architecture accuracy metric. Then the architecture approach contribution
(AAC) percentage is calculated [Equation 3.8] for each requirement, by dividing the requirement criticality (RC) for each
requirement by the total requirement criticality (TRC) [Equation 3.7). The data is stored in Architecture Accuracy Metric
(Table 4.11).

TRC =) RC, &5

i=l
AAC, = (RC,/TRCYx100, where i from I ton. (3.8)

Then the architecture accuracy factor (AAF) is calculated.
AAF =7 AAC, ,where ACF, =1 (39)
=

The architecture accuracy factor (AAF) reflects the ratio by which the architecture has successfully F idressed the
requirements. Then the architecture error factor (AEF) is calculated. ’

n 7
AEF =) AAC, ,where ACF, =0 (3.10)
f=l
The architecture error factor (AEF) reflects the ratio by which the architecture has not addres' o tné‘f:zquirements.

For calculating the error factor by the stakeholder, the new requirements recorded in step 7 are also included in the
calculations process.

nTRC =) nRC, (3.11)
=1

nAAC, =(nRC, (TRC + nTRC))x100, where i is from I 10 n. (3.12)

Then the new architecture accuracy factor is calculated, The data is stored in Architecture Accuracy Metric with New
Requirements [Table 4.12].

n
nAAF = nAAC, , where nACF, =1 (3.13)
i=1
The new architecture accuracy factor reflects the ratic by which the architecture has successfully addressed the
requirements including the new requirements. Then the new architecture error factor is calculated.

RAEF =) nAAC, ,where nACF, =0 (3.14)
i=1

The new architecture error factor reflects the ratio by which the architecture has not addressed the requirements including
the new requirements. The stakeholder error factor is calculated with the following equation.
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SEF =nAEF - AEF (3.15)

The adverse effect introduced into architecture accuracy due 1o the stakeholder is calculated by the following equation.
SAF =nAAF — AAF (3.16)
4. Case Study of AREA-TEAM

This is an example case study based on the data warchouse solution of one of the leading cellular phone providers in
Pakistan. The name is not disclosed due to confidentiality as desired by the top management of that company. The problem
domain was development of a data warchouse and a trend analysis application for future predictions and znalytical
processing. Operational databases of the company were unable to process the data due to large volumes, distribution &
relational nature. The proposed system software architecture for the solution domain is show n in the figure 4,1,

egion Two Call
"'"""""""'")W Datlabase
E S
Region One "1 Extrastion GUI Extraction
I, e ———- »  Dalabase el g eecans
: e N
Gompetior it 1 - [ -
f e | Text Data Fites Transforrnatmn Transformation
: Engine R GUI
: A
; 1 1 |
H DataWarehouse Loading Loading GUI
! Schema 1. a -
: 7T A '
} i Trend Analysis
Metadata Repository [ S GUI e
Interface
; ; E A =.
A S : : Z l |
—' ‘ "—L |'~——L‘ ——_—l ‘ j‘ Sales Analysis Call Peak
—— Analysis
Saurce Data Sre 1o Tarpet DW Local DWH Physical DWH | | Query Statistics

Model Data Mapping Model Madel

Fig. 4.1 System Software Architecture of the Data Warghouse Solution Domain

There are two phases of developed AREA-TEAM. The sample solution is provided stepwise as mentioned in section 5 of
the paper. A portion of the architecture as well as the requirements is used here. The example case study fully elaborates
AREA-TEAM. The phase 1 is named as Prepararion. In this phase the AREA-TEAM analysis team prepares itself for the
analysis session. The steps-wise solution for phase [ is given below:
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Step 1: Identify Stakeholders:
All the concerned stakeholders of the project were identified which represented the customers, vsers, software engineers,
quality assurance inspector elc.

Step 2: Prepare Core Requirements:
Software Project Manager and the Sofiware Architect identified the core requirements which were used to prepare the
architecture and these were the result of the requirements engineering phase.

Step 3: Architecture Briefing:
The Software Architect prepared a briefing that explained all the components and connectors as well as the hierarchy and
granularity of the architecture.

Step 4: Architecture Approaches:
A list of architectural approached was prepared that focused on understanding the architecture and will be analyzed further.

Step 5: Prepare Materials:
Copies of presentations, core-requirements and feed-back forms were produced for distribution to the stakeholders during
the next phase. The schedule of the meeting was decided and the stakeholders were invited.

Now we enter the phase 2 of the AREA-TEAM. The phase 2 is called “Architecture Requirement Engineering Analysis.

Step 6: Present AREA-TEAM:
A brief introduction to AREA-TEAM was given to explain the steps of the process to the stakeholders so that the
maximum participation of the stakeholders was assured.

Step 7: Present Software Architecture and Core-Requirements:

The core-requirements were distributed among the stakehclders and the software architecture shown in fig. 4.1 was
presented in a session of about one-hour. During this session some new requirements were also identified. Three of them
are presented here for sample evaluation.

Step 8: Requirements Prioritization Factor:

Requirement Prioritization Factor {(PF) was calculated as given in equation 3.1. The votes for each requirement were
counted by show-of-hand method. The requirement prieritization metric is shown below [Table 4.1). The same process is
applied on the new requirements capiured in step 7 [ Table 4.2).

Requirements Prigritization Metric
Total Stakeholders 15
Votes
| _ ReqlD Requirement V) PE

REQTDW1 There should be efficient data loading mechanism. 4 0.267

Data frem different sowrces should be transiormed into a uniform Data
REQTDW?2 Warehcuse schema. 9 0.6

Logical Design of data warehouse modei with aii its ilerations and
REQTDWS3 revislens. 3 0.2

Physical Design of data warshouse modsl with all its iterations and
REQTOW4 revisions. 3 0.2
REQTDW5S When and which user tred to access Which data. 10 0.667
REQTDW6 Loading iogs should be maintained. 14 0.933
REQTDW? Logical and Physical model of the source database with revision facilities. 4 0.267
REQTDWS Data mapping obiects of sources 1o dala warehouse objects. 10 0.667
REQTDWS Call peak-timing trend analysis reporting shouid be there. 14 0.933
REQTDW1D GUI for extraction, transformation and loading should by there. 12 0.8

Table 4.1 Core Requirements, Votes & Priority Factor
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New Requirements Prioritization Metric
] Total Stakeholders 15
Votes
New Req ID New Requirement v nPF
NREQTDOW1 Region and Sub-Region wise trend analysis reporting should be there., 13 0.867
NREQTDW?2 Bales trend analysis report should be there. 14 0.833
Executive surnmary of daily sales should be automaticaily emailed to the
NREQTDW3 lop-management. 12 0.8

Table 4.2 New Requirements, Votes & Priority Factor

Step 9: Requirement Significance Factor:

The requirement significance factor was then gathered with the help of the feed-back forms. The data from the feed-back
forms is recorded in the requirements significance metric [Table 4.3). Then Architecture Significance Factor (ASF) is
calculated according to the equation 3.2. The New Requirements are also processed in the same way [Table 4.4] and nASF
is calculated for each new requirement.

Requirements Sigaificance Metric

Total Stakeholders | 15 l

Req ID Stakeholders ASF

511528354 [55|55]857]| 58 59| S10{ 517 1 512 | 813 | 514 | 515

REQTDWA1 70 BO{ 66 {55 65| Ba| 68 701 g0 88 70 50 45 751 48 | 0.683

REQTDW2 65| 761 85170 55 [ 80 | 69 77 ] 82 45 75 65 75 67 | 741 0707

REQTDW3 30)120) 50 )70 ) BO ) 15 4 85 20 | 34 28 58 (sl 20 10| 40| 0412
45 30
90 80

REQTDW4 25 | 40 65 | 77 1 101 75 25 30 60 30 151 401 0415
REQTDWS 80 ] 75 BS5 | 44 | 00| 94 | 100 75 95 70 50] 801 0752
REQTOWS 30 {500 45 1 601 82) 70 35 €0 |1 701 42 75 25 /0] 40 ] 0536
REQTDW7 251301 50162175 5115 35135} 75
REQTDWS 85 J 8ol 95 | 75 1 so ! 75| S0 Bz 1721 65
REQTDWI B0 1 75 ] 87 1951 90) 60} 90 100 [ BS5 ) 95
REQTOW10 | 75 (60 { 80 (65 | 40§ 75 { 85 50180 70

50 20 35 { 45 | 0411
75 70 62 90 | 0.771
a5 85 80 85 | 0851
50 42 57 75 | 0663

SRIBIBB1B|F

‘Fable 4.3 Reguirements Significance Metric

New Reqguiremants Significance Metric

Total Stakeholders J 15 f
New Req 1D Stakeholders nASF
S1[ 8215354 (S5)56|57)8548,59;8510|817 |51z 813 [ S14 | 515

NREQTOW1 § 751 565 1 701 65 ) 55| 76 1 BO | 65 | 8O 5 S0 80 50 45 68 | 0.6868
80

65

NREQTOW2 | 75 | 65 | 70 67 | /D 1 75| 685 ] 78 80 75 G5 75 85 74 | 0.733
NREQTDWS3 | B0 | 50 | &5 90 ] 20 1 80 40 | 55 75 65 70 55 80 65 | 0.603

Table 4.4 New Requiremenis Significance Metric

Step 10: Requirement Criticality Analysis:

The requirement criticality was calculated by finding the mean of prioritization factors and average significance factors for
each requirement [Equation 3.3]. The results are recorded in requirements criticality metric [Table 4.5}, The Total
Reguirement Criticality (TRC) is then formulated (equation 3.7]. The same process is applied on the novel requirements
and the results are shown in new requirements criticality metrie (Table 4.6].
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Requirements Criticality Metric
ReqiD Votes {V) PF ASF RC
REQTDW1 4 | 0.267 [ 0.683 ( 0.475
REQTDW?2 8 0.5 | 0.707 | 0.653
REQTDW3 3 0.2 | 0412 | 0.308
REQTDW4 3 02| 0.415 | 0.307 |
RAEQTDWS 10 § 0.667 | 0.752 | 0.708
REQTDWSG 14 | 0.933 [ 0.536 § 0.735
REGTDOWT 4 ;0267 | 0411 | 0.339
REQTDWS 10 | 0667 | 0.771 | 0.719
BEQTOWS t4 | 0.933 | 0.851 | 0.8B92
REQTDW10 12 0.8 | 0.683 | 0.7
TRC 5.867

‘Table 4.5 Requirement Criticality Metric

New Requirements Criticality Metric

New Req D Votes {V} | nPF | pASF | nRC
NREQTDW1 13 | 0.867 | 0688 | 0.776
NREQTDW2 14 | 0933 | 0733 | 0833
NREQTDW3 12 08| 0603 | 0.702

nTRC | 2.311

Table 4.6 New Requirements Criticality Metnic

Step 11: Novel Requirements Prioritization Factor, Average Significance Factor and Criticality Analysis:
The Novel Requirements Prioritization Factor (nPF), Average Sigaificance Factor {nASF) and the Requirements Criticality
(nRC) are caleulated in {Table 4.2, 4.4, 4.6] {Equation 3.4, 3.5, 3.6].

Step 12: Analyze Architectural Approaches:

Then each requirement was analyzed and the analysis team queried the architect that how he handled the requirements in
the software architecture. The analysis is performed in Architecture Approach Analysis Metric. We are only showing one
example from each possible category of the requirements. The first requirement REQTDW?2 is analyzed. According to the
[Table 4.7] this requirement is handled in the architecture and the score 1 is given to the architecture contribution factor

(ACP).

The second example is given for requirement REQTDWé. According to the [Table 4.8] this requirement is not handled in
the atchitecture by the architect and the score 0 is given Lo the architecture contribution factor (ACF).

The third example is selected for a new requirement NREQTDW1. According to the [Table 4.9] this requirement is not
handled in the architecture by the architect and the score 8 is given to the architecture contribution factor (ACF).

The fourth example is provided for a new requirement NREQTDW2. According to {Table 4.10] the requirement is handled
in the architecture and the score 1 is assigned to the architecture contribution factor (ACF). Here we can see that althongh
the requirement was not provided earlier but the architect handled the requirement.
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Architecture Approach Analysis
Reg ID Requirement Data from different sources should be transformed into
REQTDW? a uniform data warehouse schema.
Reguirement Criticality 0.653
Architecture Approach ACF
Datawarehouse Schema 1 —
Remarks Competiior, Region-Cne and Region Twa data is
exiracted, transiomed and loaded into Data
warehouse schema.
Architecture Diagram
Reqgion Two Call
.Y Database
<.
Region One Extractipn GUL Extraction
........ =) Database e ... fem e
Competior Flat & ___ L
| TextData Files Transfomnation Transformation
"""" Engine . el8)
— — A
Data Warehouse Loading Loading GUI
Schema | ... ™ o
o a— |

Table 4.7 Architecture Approach Analysis REQTDW?2

Architecture Appraach Analysis

Req 1D Requirement L oading logs should be maintained.
REQTOWG
Requirement Criticality 0.735
Architecture Approath ACF
Not Handeled 4]
Remarks No solution is provided by the archiect.
It should be z part of the Metadata repository but
no component is there handling this requirement,
Architecture Diagtam
] . £ I:\
Metadata Repository : __________________ e e e e ———
Interface
e em e eamane gome e memmmemmnn feemmtmanaemmrann ,
T B é é i
;ﬂca Data ;;?Targ el DWW _Iju_c}ﬂ DwWH ;;l]cal DwH rQu:\,flstanstics
Modal Data Mapping Model Model

Table 4.8 Architecture Approach Analysis REQTDWG6
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Architecture Approach Analysis

Req D Requirement Region and Sub-Region wise trend analysis reperting
NREQTDW Should be there.
Requirement Criticality 0.776
Architecture Approach ACF
Not Handled 4
Remarks No solution is provided by the architect.

It should be a part of the archilecturs but

no compoenént is there handling this requirement.

Architecture Diagram

1

Trend Analysis
cul

< :

A a
Sales Analysis Cali Peak
Analysls

‘Table 4.9 Architecture Approach Analysis NREQTDW!

Architecture Approach Analysis

Req 1D Requirement Sales trend analysis report should be there.
NREQTDW?2
Hequirement Criticality 0.833
Architecture Approach ACF
Sales Analysis 1
Remarks The architect has alraady included a salas analysis

mogule.

Architecture Diagram

1

Trend Analysis
Gl b rnanaan,
5 §
Sales Analysis Call Peak
Analysis
I

Table 4.10 Architecture Approach Analysis NREQTDW2

Step 13: Architecture Accuracy Factor and Architecture Error Factor:
In the last step for moving towards the final results calculations, the architecture approach contribution percentage (AAC%)
is calculated for each requirement as per equation 3.7 [Table 4.11). Then the Architecture Accuracy Factor {AAF) as per
equation 3.8. The Architecture Error Factor (AEF) is also calculated here according to equation 3.9.

AREA-TEAM
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B Architecture Acturacy Metric

TRC 5.867
| Req IO Architecture Approach ACF RC AAC%

REQTDW1t | Loading Component 1 0475 8.081
REQTDW?Z | Data Warehouse Schema Component 1 (.853 11.14
REQTDW3 Logical DWH Mode!l Eomponent 1 0.306 5.216
REQTDOW4 Physical DWH Model Component 1 0.307 5.239
REQTDWS | Query Statistics Component 1 0.709 12.08
REQTDWS | Not Handied 0 0.735 1252
REQTOW7? | Source Data Models Component 1 0.339 5776
REQTOWS { Source 1o Target DWH Data Mapping 1 0.719 12.25
REQTOWS | Call-Peak Analysis Companent 1 0.6892 15.21

REQTDW10 | Exiraction GU!, Transformation 3Ul & Loading GUI Components 1 0.731 1247
AAF | 87.48% | AEF 12.52%

Table4.11 Architecture Accuracy Metric, AAF & AEF

Architecture Accuracy Factor (AAF) shows the cormreciness of the architecture in percentage and the Architecture Error
Factor {AEF) shows the percentage of error present in the architecture, and this is the error of the architect.

E,= AEF

To calculate the ertor propagated due o the stakeholder (normally the customner) we included the new requirements
captured in step 7 in our analysis. First of all we calculated the New Total Requirement Contribution (n'TRC) for each new
requirement captured [Equation 3.11]. Then the Archilecture Approach Contribution percentage (nRAAC%) is calculated as
per equation 3.12 and the results are recorded in Architecture Accuracy Metric with new Reguirements {Table 4.12}. The
New Architecturc Accuracy Factor (nAAF) and the New Architecture Error Factor (nAEF) is also calculated over here.

Architecture Accuracy Metric with New Requirements

nTRC | 2.311 1 TRC+nTRC | 8178

New Req D | Architecture Approach nACF ) nRC_ | nAAC%
REQTDW1_ | Loading Component 1 0475 | 5804
REQTDW2 Data Warehouse Schema Component 1 0.653 7.988
REQTDW3 Logicat DWH Mode! Component 1 0.306 3.742
PEQTOW4 | Physical DWH Model Component 1 0.307 3.758
REQTDWS | Query Statistics Component 1 0.709 8.674
REQTDWS Not Hand ed 0 0.735 8.984
REQTDWY7 Source Data Models Component 1 0.333 4.145
REQTDWS Source o Target DWH Data Mapping 1 0718 8.788
REQTDWS Call-Peak Analysis Component 1 0.8g2 10.81
REQTDWIC | Extraction GUI, Transformation GUJ & Loading GUI Components 1 0.73t 8.943
NRECTDWI | Not Handled 0 0.776 9.493
NREQTDW2 | Salas Analysis Component 1 0.833 1019
NREQTDW3 | Not Handled o 0.702 8.58
nAAF | 72.94% | nAEF 27.06%

Table 4.12 Architecture Accuricy Metric with New Requirements
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Our second publication from this research is titled “Architecture Requirements Engineering Accuracy &
Error — The Analysis Method (AREA-TEAM)-Islamabad Stock Exchange Case Study”. This research
paper has been published in 3 JASTED International Conference on Software Engineering SE 2006,
February 14-16, 2006, Innsbruck, Austria, book of proceedings ISBN: 0-88986-572-8 pages (317-332).

The copy of the research paper published is provided in this appendix.
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ABSTRACT

Since the sofiware architecture is a key artifact of the
sofiware development life-cycle, so architectural analysis
is also a key practice involved in the process. Software
architectures are usually complex and developed on the
quality attributes based on preliminary requirements.
Requirements are specified during  requirements
enginecring phase and normally arc incomplete and
ambiguous and they are propagated in the software
architecture.  Qur  devised method “architecture
requirements engineering accuracy and error-the analysis
(AREA-TEAM)” provides solid technical foundations for
performing  architectural analysis. It is based on the
requirements and finding the architecture accuracy factor
and architecture error factor. The rajor contribution of
AREA-TEAM is quantification of the error nade by the
architect as well as the stakcholder, gererally the
customer. This research paper describes the application of
the Architecture Requirements Engineering Error and
Accuracy-The Analysis Method (AREA-TEAM) in the
Data Warehouse soluticn of Islamabad Stock Exchange
(DWH-ISE). The system was developed under research
collaboration between Islamabad Stock Exchange and
International Islamic University, Islamabad.

KEYWORDS

Software  Architecture,  Architecture  Evaluation,
Requirements Engineering, Error Factor

1 Introduction

Since software architecture is a major way (o measure
software quality, due to this we can conclude that good
software architecture is essential to the quality of any
software-intensive system, For any organization interested
in development of a software system, the ability to
evaluate software architectures before the anomalies are
realized in finished systems can substantially reduce the
risk that the delivered systems will not meet their
requirements and guality goals,

During the past sometime, the Software Engineering
Group at Ul has developed the Architesture
Requirements Engineering Eror and  Accuracy-The
Analysis Method (AREA-TEAM) [1].

This research paper describes an AREA-TEAM
evalgaton of the software architecture for a Data
Warehouse Solution for the Islamabad Stock Exchange
{ISE). The system, called the Data Warehouse Solution
for Islamabad Stock Exchange (DWH-ISE), is being
developed under research  collaboration  between
International  Islamic  University, Islamabad and
Islamabad Stock Exchange.

Foliowing this intreduction, Section 2 provides context
for the architecture and its evaluation, a description of
ISE, and an overview of the DWH-ISE. Section 3
contains an overview of the AREA-TEAM, Section 4
describes how the AREA-TEAM was applied specificaily
o the DWH-ISE, and Section 5 presents some benefits
and conclusions of the AREA-TEAM evaluation,

2 Context for the Architecture Evaluation
2.1 Software Architecture

The software architecture of a program or computing
system is the structure or structures of the system, which
comprise software elements, the externally wisible
properties of those elements, and the relationships among
them {2]. The software architecture for a system
represents the earliest software design decisions. The right
software architecture can pave the way for successful
system development, while the wrong architecture results
in a system that fails to meet critical requirements and
incurs high maintenance costs {3). According o latest
research in the area of software architecture it is found
that there are many relevant views of a software
architecture. A view 1§ a representation of some of the
system’s elements and the relationships associated with
them {2). Views help us 1o separate concerns and achisve
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intellectual conwrol over an abstract concept. Different
views also speak to different stakeholders—those who
have a vested interest in the architecture. Which ones are
relevant depends on the stakeholders and the system
properties that interest them. In addition there are many
types of stakeholders associated with the software
architecture, for example, the development organization,
project manager, software archilect, cnd uvser, software
engineer, data entry operator, and customer organization,
Each stakeholder is interested in  different system
properties and has different goals that are represented by
different structuraf views of the system. These different
properties and goals, and their corresponding architectural
views are important to engineer, understand, and analyze.
They all provide the basis for reasening about the
appropriateness and guality of the architecture {3]. Some
experis prescribe using a fixed set of views. Rational’s
Unified Process (RUP), for exarnple, rclies on Kruchten’s
“4+1 view” approach to software architecture. A current
and more healthy wrend, however, is to recognize that
architects should choose a set of views based on the
needed engineering leverage that each view provides and
the stakeholder interests that each one serves. This trend
is exemplified by the recentt American National Standards
Institute/Institute of Electrical and Electronics Engineers
(ANSUTEEE) recommended practice for architectural
documentation on software-intensive systems [4] and the
“views and Tbeyond” approach to architecture
documentation from the SEI [5].

2.2 The ISE Qrganization

Islamabad Stock Exchange {Guarantee Limited) is the
youngest stock exchange in Palistan. 11 came into
existence on October 1989. 1SE started trading on 8th
October, 1992. At that time thers were very few listed
companies and members with ISE. But with the passage
of nme ISE showed extensive improvements in terms of
companies, members and business volumes. There are
101 corporate as well as individual members listed with
ISE. There are 285 listed companies eligible to be traded
by ISE.

2.3 The DWH-ISE

The system is designed and developed o meet the
following objectives.

¥" To provide a ful] fledged and very less emror prone
online transaction processing system for a stock
exchange. It includes rea) time transaction processing
among different agents working under specific
members of a stock exchange.

¥ To enhance the decision support for the stock
exchange by developing a data warehouse for bulk
storage and efficient retrieval of data. The operational
database cannot be used for deep data drilling and
decision making, so a data warchouse can be used to

store huge volumes of data ie. up to Tera bytes. It
also includes the replication, loads and stores of data
among distributed databases.

¥"  To improve the overall business scenario of the stock
exchange by retaining the customers. This will help
in increasing the market capital and overall business
activities. It will lead to gather maximum customers
(investors) and (o motivate the people to invest in the
stock market.

v To develop software, that provides business
intelligent data of a stock exchange on handheld
Palm device. Synchronizing the Palm device with the
data source for quick and efficient data retrieval. This
also includes synchronization of Windows Operating
System and Palm Operating System.

3 The AREA-TEAM

"Architeciure Requiremenis Engineering Accuracy and
Error-The Analysis Method (AREA-TEAMY” is a newly
devised architecture analysis method {1]. This method
permits evaluation of the software architecture in terms of
its compliance with the requirement specifications. Qur
devised method AREA-TEAM provides solid technica)
foundations for performing architectural analysis. It is
based on the requirements and finding the architecture
accuracy factor and architecture error factor. The major
contribution of AREA-TEAM is ognantification of the
error made by the architect as well as the stakeholder,
generally the customer [1]. In the next section we’ll
discuss the spplication of AREA-TEAM on an industrial
case study where the method is implemented step-wise,

4 Evaluation of Software Architecture of ISE-DWH

There are two phases of developed AREA-TEAM. The
phase 1 is named as “Rehearsal”. Phase 1 of the
evaluation took place ot the Islamabad Stock Exchange
Building, Blue Area, Islamabad on April 18, 2005. Five
“decision maker” stakeholders were present, which
included two members of the International Istamic
University (contractor organization} {architect and project
manager), two members of the ISE IT Department and the
Secretary stock exchange.

In this phase the AREA-TEAM analysis team prepares
itself for the analysis session. The steps-wise solution for
phase [ is piven below:

Step 1: Identify Stakeholders:

All the concerned stakeholders of the project were
idenified which represenied the members stock
exchange, clients, users, sofiware engineers, [T manager
and Secretary Stock Exchange etc.

Step 2: Prepare Core Requirements:

AREA-TEAM
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Software Project Manager and the Software Architect
identified the core requirements which were used to
prepare the architecture and these were the result of the
requirements engineering phase.

Step 3: Architecture Briefing:

The Software Architect prepared a briefing that explained
all the components and connectors as well as the
hierarchy and granularity of the architecture.

Step 4: Architecture Approaches:

A list of architectural approaches was prepared that
focused on understanding the architecture and will be
analyzed further.

Step S: Prepare Materials:

Copies of presentations, core-requirements and feed-back
forms were produced for distribution to the stakeholders
during the next phase. The schedule of the meeting was
decided and the stakeholders were invited.

Now we enter the phase 2 of the AREA-TEAM. The
phase 2 is called “Architecture Requirement Engineering
Analysis”. Phase 2 of the evaluation also took place at the
Islamabad Stock Exchange Building, Blue Area,
Islamabad on April 28, 2005. Ten stakeholders were
present, which included Secretary Stock Exchange, 2
members of stock exchange, 2 clients, 1 user, 1 project
manager and 1 software architect, 1 IT manager and 1
quality assurance inspector.

In this phase the AREA-TEAM analysis team prepares
itseif for the analysis session. The steps-wise solution for
phase 1 is given below:

Step 6: Present AREA-TEAM:

A brief introduction to AREA-TEAM was given to
explain the steps of the process to the stakeholders so that
the maximum participation of the stakeholders was
assured.

Step 7: Present Software Architecture and Core-
Requirements:

The corerequirements were distributed among the
stakeholders and the software architecture shown in fig.
4.] was presented in a session of about one-hour. During
this session some new requirements were also identified.

Step 8: Requirements Prioritization Factor:
Reguirement Prioritization Factor (PF) was calculated
using equation{PF, =V, iTs). where i is from 1 10 Ts. The

votes for each requirement were counted by show-of-hand
method. The same process is applied on the new
requirements captured during step 7.

Step 9: Requirement Significance Factor:

The requirement significance factor (S) was then
collected with the help of the feed-back forms. The data
from the feed-back forms is recorded in the requirements
significance metric. Then Architecture Significance
Factor (ASF) is  calculated using  equation

A Ts
ASF, = (3. 2. 8,){Ts) 1100

=) j=
The New Requirements are also processed in the same
way and nASF is calculated for each new requirement.
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Architecture Approach Analysis
Req 1D Hequirement Efficiant trend analysis mechanism of companiss and
REQDWISE4 brokers.
Reguirement Criticality 0.788

Architecture Approach

ACF

Datawarehouse Schema

3

Remarks

Companies Analysis and Broker Analysis

Components are present in the architecture.

Architecture Diagram

—
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l Generator 1

OLAP &Trend
1 Analysis GUI

1N
\
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Broker
Analysis

IO

Campasy
Analysis

Table 4.3 Architecture Approach Analysis REQDWISE4

To cakulate the ertor propagated due to the stakeholder
(normally the customer) we included ihe new
requirements captured in step 7 in our analysis. First of all
we calculated the New Teotal Requirement Contribution
(nTRC} for each new requirement capiured with the help

of equation _yp~ E”RCF .

i=1

Then the Architecture Approach Contribution percentage
(NAAC D) is  caleolated  as per  equation
nAAC, = (nRC, I{TRC + nTRC))x1(), where i is from 1 to
n and the results are recorded in Architecture Accuracy
Metric with new Reguiremnents, The New Architecture
Accuracy Factor (nAAF) and the New Architecture Error
Factor (nAEF) is also calculated over here using
equations:

nAAF = i"MCi . where nACF, =1

=l

RAEF = nAAC, » where nACF, =0

i}
The New Architecture Error Factor reflects the ratio by
which the architecture has not addressed the reguirements
including the new requirements.- The stakeholder error
factor (SEF) is calculated as follows:
SEF = nAEF - AEF
SEF = 29.87-14.56 = 15.31%
E.=SEF

The SEF was 15.31%, which means that the error factor
introduced in the architecture due to the stakeholder is

15.31%. The adverse effect introduced into architecture
accuracy due to the stakeholder is calculated as follows:

SAF =nAAF - AAF
SAF=7013-8544~= -1531%

The resultant SAF is ~15.31%, the negative sign shows it
is an adversc effect. Also note that both the ratios SAF
and SEF are equal, which shows that both the positive and
negative sides have the equal effect by the stakeholder.

5 Conclusions

Adapiing the architecture in earlier steps of development
is recommended but its evaluation is more important. An
architecture analysis method, any architecture analysis
method, is garbage-in-garbage out process. The AREA-
TEAM is no different. It crucially relies on the active and
willing participation of the stakeholders (particularly the
architecture team); we advance preparation by the key
stakeholders; an understanding of architectural design
issues and analytic models; and a clearly arliculated set of
core reqguirements and a set of business goals from which
they are derived. Qur purpose in creating a method (rather
than, say, just putting some intelligent and experienced
people together in a room and having them chat about the
architecture or inspect it in an arbitrary way) is to increase
the effectiveness and repeatability of the analysis.

5.1 Benefits

Every AREA-TEAM exercise is followed by a survey of

stakeholders in attendance. Here is what those responding

had to say verbatim:

* Error in the architecture are identified

s The source of error is also identifted. For example, in
this case study the architect emor factor is 14.56%

AREA-TEAM
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that measure the performance of the architect and the
stakeholders’ error factor is 15.31% that shows the
maiurity of the stakeholder.
Requirements are improved and validated

+ New requirements are identifted

a  Stakeholder knowledge about the system increases

e Software Architecture is revised

e The new requirements are accommodated therefore
the methed supports agile processes

+  Since this review was conducted during the high-
level design phase, therefore, the errors are identified
at an early stage. So the valuable resources will be
saved, “The earljest an error is identified, cheaper it
is ta fix”

¢ Importan: qualiy requirements will be identified and
analyzed

e The method provided the stakeholders with a chance
to give a critical look at the system, It validated some
architectural decisions and raised questions about

others.

*« “As an IT manager, it helped me to understand the
system.”

*» The method broughi issues and concems to owr
attention,

« It will be more useful to use the method earlier. The
later use may lead to diminish the effectiveness of the
method.

5.2 Summary

Overali, this evaluation succezded in

e raising awareness of the importance of stakeholders
in the architecture process

o establishing a community of vested stakeholders and
opening chanrels of communication among them

e identifying a number of risk themes that can be made
the subject of intense mitigation efforts that, even
though the system is in development, can be cffective
in heading off disaster

o raising a number of issues with respect to previously
unplanned capabilities for which some stakehoiders
expressed an acute need

e celevating the role of sofiware architecture in system
acquisition
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Appendix C Data Warehouse Project

The project that we have selected to be used as our case study is the Data Warehouse project of

Istamabad Stock Exchange. Following is the detailed discussion about the modules of this project.
Modules of the Data Warehouse Project
Following are the modules of the selected system.

*  Bids and Offers processing

s QOnline Transaction Processing (OLTP)

»  Daily Market Reports

*  Routine database administrative tasks

» Data warehouse

L] Extraction, Transformation and Loading (ETL)

»  Data warehouse Administration

*  Analytical reports and graphs

= Connectivity/Replication among heterogencous databases
=  Synchronization of aggregated data on Palm Database (PDB)
*  Complete application to query Palm Database (PDB)

»  Conduit to Synchronize Windows OS and Palm OS

»  Forms and reports on handheld Paim Device

= Multipurpose Web Site

- Authorized Logging

Bids and Offers Processing

The main functionality of ISE revolves around bids and offers. If an agent wants to buy the stocks of
a specific company on behalf of a member then he puts a bid through the specialized multi user
environment. Similarly if an agent wants to sell the stocks of a specific company then he can put the

offer on behalf of the member. Once a bid or offer is put by the agent then it can be seen by the other
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interested agents, Agents can also view their own put up bids and offers. They are also provided with
the facility of viewing the transacted bids and offers. So the hierarchy flows from member to agent,
but at this point one should not forget that member always performs the business on the orders put up
by his/her clients. As per rules clients cannot directly perform trading without the member's

interaction.

Online Transaction Processing System (OLTP)

The developed system provides the facility to perform real time online rading mechanism. As the bids
and offers can be viewed as soon as they are entered into the system, the agent can perform the
transaction on the most suitable rate with only a couple of clicks. With such a transactional processing
system 2a Jot of wasted time can and efforts can be saved. It helps to improve overall wrading scenario
and can increase the business volume manifolds. All the transactions are efficiently stored in the

highly normalized and sophisticated Iatest database.

Real Time Markef Status

As soon as the agent logs into the system, the system shows the latest market status providing him
with the latest network index and other useful information. Similarly while putting bids and offers for
a specific company the agent is provided with the last transacted rates and volumes of that very

company.

Daily Market Reports

Daily market reports can be viewed by the administrator of the OLTP and can also to be provided to
any member on request. Daily markets reports provide extencded report facility for the daily
transactions done. They include the reports showing market summary, companies work files, major
gainer and loser companies and volume teaders. It also includes the facility to view previous market

summaries and other historic information.
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Routine Database Administrative Tasks

There are several important soutine database tasks that are to be performed by the database
administrator for the purpose of fine tuning and performance. They include the routine updates and
routine flushes. Routine updates include the generation of work files and market summary. Routine
flushes include the flushing of current day’s transactions which are sent to the data warehouse.
Administrator will perform these tasks after the market has been closed and the necessary data has

been loaded into the data warehouse.

Data Warehouse

The essence of the current system is the data warehouse. Data warehouse is used to store the bulk
amounts of categorical historical data of the ISE. It is used perform extended analysis and keep track
of all the transactional activity ever performed. Data warehouse leads to a decision support system
which will enhance the functionality and will help the investor to minimize the risks. Similarly it is
very essential for the members as they can keep track of ever performed buying and selling. This
salient feature has been added to overcome the data loss problems of the current system. Data
warehouse is fully indexed using Oracle’s bitmap indexirg that is the latest and best indexing provided

so far. Similarly for the efficient retrieval of data tables are fully partitioned.

Extraction, Transformation and Loading (ETL)}

Any data warehouse revolves around extraction, transformation and loading. Data is extracted from
the source legacy system and is then transformed. Transformation means cleaning the data and making
sure that it is free of any bugs. After transformation data is loaded into the data warebonse. This
activity will be performed by the administrator of the data warehouse after the market closes. This
activity 1s performed daily to make data warchouse more functional and updated. It also lessens the

burden on the operational database.
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latest data. Any user who would like to get the updated information will download the application
from the website and then will send it to the Palm Pilot with the help of Hot Sync operation. The web
site will be updated regularly by the administrator and it will also contain few other salient featres of

market business.

Authorized Logging

Only the authorized persons will be allowed to use the system. Only agents will be able to correspond
with the trading system and administrators will perform rest of the administrative tasks. Special Jogin
accounts are created for this purpose. The application on Palm will be provided only to the registered

users of the system.
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