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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 normally 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. 
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Chapter I 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 itself--even if the 

system does not exist yet. Architects make design decisions because of the downstream 

effects they will have on the system(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 Z), architecture evaluation 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 anatysis. 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 
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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 sofhvare 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. [ I ]  " 

Importance 

Software architecture forms the backbone for building successful software-intensive 

systems [Z]. 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 quality 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 guidance 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 Camegie 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.1. 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: 

Development of a software architecture analysis method 
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Mapping of requirements on the software architecture 

Quantification of error factor present in the architecture 

To discover and explore the benefits associated with this new method 

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 quality/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, 
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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 performance is judged by the network index that is calculated 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: 

J 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. 

J To enhance the decision suppon 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. 

4 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. 

4 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. 

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 i t  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 to 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 Publications 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. 
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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 solution, specifying requirement and their validation 

[8][9].  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 (E,) 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 modem 

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 [lo]. For that purpose structured 

design evolved, which stressed modularity [I I], 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 [3 I]. 

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 no 

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 places 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 [la]. 

Evaluating an architecture using the ATAM, goal is to understand the consequences of 

architectural decisions with respect to the quality attribute requirements of the system. 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 ach ieve41  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 [to]) 

2.4 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 [ 2 2 ] .  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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Goals 

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 engineers 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 benefitlcost 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 Software Engineering Institute (SEI) at Carnegie 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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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? 

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 anive 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 knowledge. 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 errorfactor present in rhe 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 rhe 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 a s  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 i t  meets the requirements or not. It 

also quantifies 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 

by A'. 

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. 

Drivers 

Architecture 

I impacts 

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 terns 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 requirements 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. 

Evaluating 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 limited amount of time requires careful management of an evaluation process. We 

can see from this set of difficulties, managing limited time for an architecture evaluation 

is 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 

requirernents 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. 

. . 
11. Project Decision Makers: These people are empowered to speak for the 

development project or have the authority to mandate changes to it. They usually 

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 helshe 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 

Team Leader 

Evaluation Leader 

Requirement 

Scribe 

Proceedings 

Scribe 

Process Observer 

Time Keeper 

Responsibilities 

Sets up the evaluation: coordinates with 
client, makin? sure client's nerds xe met; 
establishes evaluation contract: forms 
evaluation team: checks that final report 
is produced and delivered 
(allhouph the writiny may he deleptcc) 
Runs evalual~on; fac~litatcs elicitntion of 
requirements; administers requirements 
selection/pnoritization process; facilitates 
evaluation of requirements against 
architecture; facilimes onsite analysis 

Writes requirements un flipchart or 
whiteboord during requirement 
elicitation; captures agreed-on wording of  
each requirement, halting discussion until 
exact wording is captured 
Captures proceedings in electronic form 
on laptop or workstation, raw 
requirements, 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 

Keeps notes on how evaluadun process 
could be im~roved or deviated from: 
usually keeps silent but may make 
discreet process-baed suggestions to the 
evaluation leader during the evaluation: 
after evaluation, reports on how the 
process went and lessons learned for 
future improvement: also responsible for 
reporting experience to architecture 
evaluation team at large 
Helps evaluation leader stay on schedule; 
helps control m o u n t  of time devoted to 

Desirable Characteristics 

Well-organized, with managerial skills: 
&nod at interactin9 with client; able to 
meet deadlines 

Comfortable in front of audience; 
excellent facilitation skills; good 
understandine of architectural issues: - 
practiced in architecture evaluations; 
able to tell when protracted discussion is 
leading to a valuable discovely or when 
i t  is p&tless and should he re-directed 
Good handwntinc: pafcrlinni\t ahnut 
not moving on hefore an idea 
(requirement) is captured. can absorb 
and distill the essence of technical 
discussions 
Good, fast typist; well organized for 
rapid recall of information: good 
understanding of architectural issues; 
ahle to assimilate technical issues 
quickly: unafraid to interrupt the flow of 
discussion (at opportune limes) to lest 
understanding of an issue so that 
a2propnn.e informatiun is capturcu 
Thouehlful ohsencr; knowledacable in - - 
the evaluation process; should have 
previous cxpericnce in the architecture 
evaluation method 

Willing lo intermpt discussion to call time 

4.2.2 Outputs of the AREA-TEAM 

An AREA-TEAM-based evaluation 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 leads to an architectural 

presentation that is both concise and, usually, understandable. 

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. 

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. 

Capturing newlchanged 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 arc~,'l+ectural 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. 

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 

systemic 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. 

4.2.3 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 negotiate 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 explajns 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 of analysis. Analysis team and the stakeholders 

are assembled and the main activities of the architecture requirement engineering analysis 

commence. Nominally this phase Lakes aday  or two. 

Phase I Activity I Participants ( Typical Duration 1 
I I I 

I I I J 
Table 4.2 AREA.TEAh1 Phases &their characteristics 

2 

4.2.4 Steps of the AREA-TEAM phases 

Typically a day 
(May vary depending on the 

The AREA-TEAM analysis phases (phase I and phase 2) consist of thirteen steps. Steps 

1 through 5 are carried out in phase 1.  In phase 2, with all stakeholders 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 dynamic modifications to the schedule to accominodate personnel 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. 

Evaluation learn leadership 
and key project decision 

1 

Architecture Requirements 
Engineering Analysis 

Rehearsal 
. . -  

mskers 
Evaluation team, projecl 
decision makers, and 
stakeholders 

Normally a day or two 
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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 finalized 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 sufticient 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 requirements, 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 language 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 

votes 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 calculated by dividing the 

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

P< = v; / Ts . where i is from I to 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. 0 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 calculated. It is reflected by the percentage of the average of the 

significance (S) chosen by each stakeholder for each requirement [Equation 4.31. 

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 4.41. The readings are recorded in the requirements 

criticality metric. 

RC, = (PE; +ASF, ) I2 ,  where i isfrom I t o n  
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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, = mi ITS, where i isfrom / ro n. (4.5) 
n T! 

N A S F ,  = ((c 2 N S * ) / T S )  11 00 
;=I ,=I 

N R C ,  = (NPI.;. + N A S F ,  ) I 2  , where i from I to n. (4.7) 

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 requirement for which it 

is intended or it is inappropriate. 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. 

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 4.93 for each requirement, by dividing the requirement criticality (RC) for each 

requirement by the total requirement criticality (TRC) [Equation 4.81. The data is stored 

in Architecture Accuracy Metric. 
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AAC, = (RC, ITRC)xlOO, whereifrorn I t o n .  (4.9) 

Then the architecture accuracy factor ( A M )  is calculated 

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 = AAAC, , wherc ACF, = 0 
;=I 

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. 

NAAC, = (NRC, I(TRC + N T R C ) )  XI 00,  where i isfrom 1 ro n. (4.13) 

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

Accuracy Metric with New Requirrmen~. 

0 

NAAF = 2 NAAC, ,where NACF, = 1 
i=I 

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 
i=l 

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 = hlAAF - AAF (4.17) 

This is 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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5 Islamabad Stock Exchange (ISE) Case Study 

During this research, the Software Engineering Group at IIUI 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 architecture using AREA-TEAM. 

5.1 Start of the Evaluation 

At the time 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 

Document the reference architecture 

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 took 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 is 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 user, 1 project 

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

5.4 Business Drivers 

The system is designed and developed to meet the following objectives. 
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J 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. 

J 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 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. 

J 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. 

J 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; software 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-tums 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. 

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

5.6 Step-wise Evaluation 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 architectuml 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 

evaluation [Table 5.21. 

Step 8 
Requirements Prioritization Factor: 
Requirement 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 5.11. The same process is applied on the new 

requirements captured in step 7 [Table 5.21. 

t Requirements Prioritization Metric 

REODNISE2 I Swcnror ration between VIlncows anc Palm OS 1 4  1 04 

REOOIISE3 ( Data mao$nq o>,ecls ot soirces lo oam warehau:e oblects 1- 6 0 6 

Total Stakeholders 

Req ID 

10 

Requirement 1 (V) I PF 

I REODWISEG 1 Online Transaction Processing System 1 0  1 1  

i I Votes I 

REODWiSEt 1 When andwhich user tried lo access which data 7 1 0.7 

ol mmpames an0 brokers 1 3 1 1  

REODWISE7 ( Effzient bids and offers processinq in OLTP 1 1 0 1 1  

REQDWISEB 1 Generation of daily market and member reports 9 0.9 

I REQOWISES 1 GUI based dynamic back ups and recovery ! 3 1 0.3 4 

0 8 
lhe maNel starus Sunmaly ano (rend 

- - -  - - 

REQOWlSElO \ Meta data repository 1 4 1 0.4 
I Muliiounwse website for Palm soflware downloading, other software and 1 1 

I 
8 

. . 
REQOWlSEll 1 updates 1 7 1 0.7 

REQOWISEIZ I Authorized I O a n Q  1 10 1 

REODWISE13 1 Member ~mmission calculation 7 1 0.7 

REODWISE14 1 Companies reqistration and announcements storage 1 9 1 0.9 

REQDWISEIS 1 Market summaries of competilve stock exchanges 6 1 0.6 

1 REQOWISE16 1 Dynamic calculation of market index on every second 1 1 0 1 1 1  

REOOWISE17 1 Flushin~facility of OLTP data I 3 1 0.3 

REODWiSE18 1 GUI based administration of Data Warehouse 3 1 0.3 
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REODWISEII) ( 3D qraph trend analyzers I 8 1 0.8 

I REODWISEZ3 1 GUl for ioadhg should be there 1 4 1 0.4 1 
Table 5.1 Core Requiremenu, Votes B Priority Factor 

REODWISEZO 1 2 0  and 3D cmss tabbed reports 

REODWISEZI 1 GUl for extraction should bv there I 4 1 0.4 

9 1 0.9 

REODWISE22 1 GUl lor transformation should be there 4 1 0.4 

New Requirements Prioritizalion Metric 

New Req ID 

NREODWISEI 

NREODWISE2 

NREODWlSE3 1 Aqents' maDpmos on the transactions 

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

6 I 0.6 

NREQDWISES 1 Loadinq logs should be maintained 1 4 I 0.4 

forms. The data from the feed-back forms is recorded in the requirements significance 

NHEODWSE4 1 Forecestmg ot the compan es and market ~ndex - - 5 0 5 

metric [Table 5.31. Then Architecture Significance Factor (ASF) is calculated according 

NPF 

1 

0.6 

Total Stakeholders 

New Requirement 

New member registration 

Aqents' records storage 

0.7 NREODWISEG I Members loans and balancmg 

to the equation 4.3. The New Requirements are also processed in the same way [Table 

10 
Votes 

(V) 
10 

6 

Table 5 2  New Rquimmcnts, Votes & Pnorily Factor 

7 

5.41 and nASF is calculated for each new requirement. 
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Table 5 3  Requirements Significance Metric 

Table 5.4 New Requirements 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 4.41. The results are 

recorded in requirements criticality metric [Table 5.51. The Total Requirement Criticality 

(TRC) is then formulated [equation 4.81. The same process is applied on the novel 

requirements and the results are shown in new requirements criticality metric [Table 5.61. 

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, 5.61 

[Equation 4.5.4.6.4.71. 
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Table 55 Requirement Criticality Metric 

I New Requirements Craicality Metric 
I Votes I 1 I 

) NTRC 1 3.755 1 
Tablej.6 New Requirements Criticality Metric 

Step 12 
Analvze Architectural Aooroaches: - . . 
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 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 REQDWISEl is analyzed. According to [Table 5.71 this 

requirement is not handled in the architecture and the score 0 is given to the architecture 

contribution factor (ACF). 
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Another example is given for requirement REQDW1SE.I. According to the [Table 5.101 

this requirement is handled in the architecture by the architect and score I is given 10 the 

architecture contribution factor (ACF). 

Next example is selected for a new requirement NREQDWISE6. According to the [Table 

5.121 this requirement is not handled in the architecture by the architect and the score 0 is 

given to the architecture contribution factor (ACF). 

Last example is provided for a new requirement NREQDWISES. According to [Table 

5.341 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 

Req ID Requirement 

REQDWlSEl 

Requirement Crhicaliy 

Archiecture Approach 

NIL 

Remerks 

Architecture Approach Analysis 

I I 
Table 5.8 Architecture Approach Analysis REQDWISEZ 

When and which user tried to access which data. 

0.62 

ACF 

0 4 
Not handled in !he architecture. 

NIL I 0 I 

Architecture Approach Analysis 

Req ID I Requirement Data mapping objects of sources to data warehouse 

Architecture Diagram 

Table 5.7 Architecture Approach Analysis REQDWlSEl 

Smchronizalion between Windows and Palm OS 

0.43 

ACF 

Req ID 

Remarks 

I 

Requirement 

Not handled in thearchitecture. 
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REQDWISEZ 

Requirement Criticality 

Architecture Approach 

Architecture Diagram 

REQDWlSE3 objects 

Requirement Criticality 

Architecture Approach 

0.565 - 
ACF I - 



Chapler 5 ISE Case Study 

ource io target OW 
Data Mzpping 

Source to target OW data rnappinq I 1 1 

I 
Table 5.9 Architecture Approach Analysis REQDWISW 

Remarks 
Source to target DW data mapping module is 
present 

Table 5.11 Architecture Approach Analysis REQDWISES 

Architecture Diagram 
I 

- - 

Architecture Approach Analysis 
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Efficient trend analysis mechanism of companies 

and broken. 

0.788 

ACF 

1 

Companies Analysis and Broker Analvsis 

Cornwnents are present in the archtecture 

Req ID 

Architecture Diagram 

Generator 
Broker 
Analysis 

Analysis GUI 
Analysis 

. 
Table 5.10 Architecture Approach Andysis REQDWISE4 

Requirement 

REQDWiSE4 

Requirement Criticality 

Architecture Approach 

Companies Analysis and Broker Analysis Components 

Remarks 
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Tradlng 

Table 5.12 Archllecture Approach Analysis REQDWISE6 

Architecture Approach Analysis 

Genaiator 

Table 5.14 Archilecture Approach Analysis REQDWISEB 

Archaectvre Approach Analysis 
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Eficient bids and offers processing in OLTP 

0.845 

ACF 

1 

H i s  and Mfers Processing Module is present in the architecNre 

Req ID 

Architecture Diagram 

Processing 

Table 5.13 Architecture Approach Analysis REQDWISE7 

Requirement 

Generation of daily mafie1 and member reports 

0 79 

ACF 

1 

Report Generator Module is present in the archilecture 

Req ID 

REQDWiSE7 I 
Requirement Criticaiity 

Architecture Wproach 

Bids and Oflers Processing Module 

Remarks 

Architecture Diagram 
- 

Requirement 

REQDWISEB 

Requirement Criticality 

Architecture Approach 

Repoll Generator Module 

Remarks 
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Architecture Diaqram 

€9 
Table 5.15 Architecture Appmach Analysis REQDWISE9 

Architecture Approach Analysis 

Req ID Requirement 

REQDWISES I 
Requirement Criticality 

Architecture Approach 

DWH GUI Module 

Remarks 

GUI based dynamic back upsand recwery 

0.36 

ACF 

1 i 
DWH GUI Module 1s present in the architecture 

Architecture Approach Analysis 

L I 
$' 

Table 5.16 Architecture Approach Analysis REQDWlSElO 

Architecture Approach 
MelaData Repository and attached 

Com~nen t s  

Remarks 

Meta data repository 

0.473 

Req ID 

ACF 

1 
MetaDaa Reposiloly and attached Components are present in 
the architecture 

Requirement 

Architecture Diagram - 

Interface 

Architecture Approach Analysis 

REQDWlSElO I 
Requirement Criticality 

Mukipurpose website for Palm sohare downloading, other 
sobare and updates 

0.62 

ACF 

1 

Palm Suite Website Component is present in the architecture 

Req ID 

Architecture Diagram 

Pzlm Suite 
Website b 

Table 5.17 Architecture Appmach Analysis REQDWISEII 

Requirement 

REQDWISE11 

Requirement Criticaliiy 

Architecture Approach 

Palm Suile Website Component 

Remarks 
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Architecture Approach Analysis 

Table 5.18 Architecture Approach Analysis REQDWlSEl2 

Req ID 

Requirement Criiicaliiy 

Architecture Approach 

Security Mcdule 

Remarks 

Requirement I Autholized loooinq 

0.803 

dCF 

1 

Security Module is present m the architecture 

NIL 1 0 I 
Remarks Not handled in the archilesture. 

Architecture Diagram 

Architecture Diagram 

Architecture Approach Analysis 

t I 
Table 5.19 Architecture Approach Analysis REQDWISEI.1 

Member Commission Calculation 

0.673 

ACF 

Req ID 

I . . -. . . . . 
I 

Table 5.20 Architecture Approach Analysis REQDWlSEll  

I 

Requirement 

- 
Architecture Approach Analysis 
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REQDWlSEl3 

Requirement Criticality 

Architecture Approach 

Req ID I Requirement 

REQDWISE14 

Requirement Criticality 

Architecture Approach 
Company Announcements, Company 

Registration Module 

Remarks 

- 
Ccmpanies registration and announcements storage 

0.718 

ACF 

1 
Company Announcements, Company Registration Module are 
present in the architecture 

Architecture Diagram - 1 
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Architecture Approach Analysis 

Architecture Diagram 

NIL I 0 1 

I I 
Table 5.23 Architecture Approach Analysis REQDWISE17 

Flushing facility of OLTP data 

0.34 

ACF 

Req ID 

Remarks 

Requirement 

Not handled in the architecture. 

AREA-TEAM 56 

REQDWISE17 I 
Requirement Criticality 

Architecture Approach 

Architecture Approach Analysis 

GUI based administration of Data Warehouse 

0.36 

ACF 

1 

Req ID Requirement 

REQDWISElB I 
Requirement Criticality 

Architecture Approach 

DWH Gut Module 
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I Remarks 1 DWH GUI Module is present in the architecture 

Architecture Diagram . J 
DWH GUI I 

L J 
Table 5.24 Architecture Approach Analysis REQDWISEI8 

Architecture Approach Analysis 

Architecture Approach Analysis 
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3D graph trend analyzers 

0.708 

ACF 

1 

OLAP B Trend Analysis GUI is present in the archilecture 

Req ID 

Req ID I Requirement 

REODWlSE20 

Requirement Criticality 

Archiienure Approach 

Rewrt Gsneratar Module 

Remarks 

Clrchitecture Approach Analysis 

Architecture Diagram 

f i i i i i~  
Table 5.25 Architecture Approach Analysis REQDWISE19 

Requirement 

2D and 3D cross tabbed repolls 

0.773 

ACF 

1 

Repon Generator Module is present in the architecture 

REQDWISE19 

Requirement Criticaliy 

Architecture Approach 

OLAP B Trend Analysis GUI 

Remarks 

Architecture Diagram 

Generator €?I 
Table 5.26 Architecture Approach Analysis REQDWlSUO 

GU1 for extraction should by Ulere 

0.42 

ACF 

1 

Extraction GUI Module is present inthe architecture 

Req ID 

Archiiecture Diagram 

Requirement 

REQDWISE21 

Requirement Criticality 

Archiiecture Approach 

Extraction GUI Module 

Remarks 
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u 
Table 5.27 Architecture Approach Analysis REQDWlSEZl 

Remarks 

Table 5.28 Architecture Approach Analysis REQDWlSE22 

Architecture Approach Analysis 

Req ID Requirement GUI for loading should be mere 

Requirement 
Architecture Approach 

Laadinq GUI Module 

Remarks 

042  

ACF 

1 

Loading GUI Module is present in the archilecture 

I Architecture Approach Analysis 

I I 
Table 530 Architecture Approach Analysis NREQDWISEI 

Architecture Diagram 

Table 5.29 Architecture Approach Analysis REQDWISE23 

NIL 1 0 I 
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New member reqistratmn 

0.825 

ACF I 

Req ID 

Remarks 

Requirement 

Not handled in the architecture. 

NRMDWISEl 

Requirement Crliicality 

Architecture Approach 

Architecture Diagram 
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t Remarks Not handled in the architecture. 

Architecture Diagram 

Architecture Approach Analysis 

I I 
Table 5.31 Architecture Approach Analysis NREQDWISEZ 

Req ID 

Remarks Not handled in the architecture. 

Architecture Diagram 

Requirement 

Architecture Approach Analysis 

I 1 
Table 532 Architecture Approach Analysis NREQDWISE3 

Agents' records storaqe 

NREQDWISEP 

Requirement Criticaliy 

Architecture Approach 

_Req ID Requirement 

NREODWISE3 I 
Requirement Criticality 

Architecture Approach 

0.605 - 
ACF 

AqenW mappings on the transactions 

0.62 

ACF 

I 

Architecture Approach Analysis 

L I 
Table 5.33 Architecture Approach Analysis NREQDWISE4 

Req ID I Requirement 

NREQDWISM 

Requirement Criticality 

Architecture Approach 

Remarks 

Forecastina of the companies and market index - 

0.568 

ACF 

~ 

Not handled in the archilecture. 

I 

Architecture Diagram I 
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Table 5 3 1  Architecture Approach Analysis NREPDWISES 

Architecture Approach Analysis 

Architecture Diagram 

Table 5.35 Architecture Approach Analysis NREQDWISE6 

Req ID 1 Requirement 

NRECIDWISEG 

Requirement Criticality 

Architecture Appr~ach 

NIL 

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 5.361. Then the Architecture Accuracy Factor (AAF) as per equation 4.10. The 

Architecture Error Factor (AEF) is also calculated here according to equation 4.1 1. 

Members loans and balancing 

0.675 

ACF 

0 

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. 

Remarks Not handled in the archilecture. 

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 4.121. Then the Architecture Approach Contribution percentage 

(NAAC%) is calculated as per equation 4.12 and the results are recorded in Architecture 

Accuracy Metric with new Requirements [Table 5.371. 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 15.3 I%,  which means that the 

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

SEF = NAEF - AEF 

SEF = 29.87 - 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 = 70.13 - 85.44 = -15.31% 

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. 

- -- 

REQOWISEO I Repon Generator Module 1 1 ( 0.79 ( 5.571 

REOOWISE9 1 OWH GUI Module 1 1 0.36 1 2.539 

Architecture Accuracy Metric 
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TRC 

Req ID 1 Architecture Approach 1 ACF 1 RC 

REQDWISEI Not handled in the archnecture 0 10.62 

14.18 

AACX 

4.372 
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REODWISE14 

REODWISEIS 

REODWISEl6 

nEODWISE17 

REODWISE21 I Extraction GUI Module 1 1 1 0.42 1 2.962 

REODWISE22 I Transfonation GUI Component 1 ( 0.42 1 2.962 

0.473 

0.62 

0.803 

0.673 

1 

1 

1 

0 

REODWlSElO 

REODWISEI 1 

REQDWISEIP 

REQOWISE13 

REODWlSElE 

REODWISEl9 

REODWISE20 

REQDWISEZS ( Loading GUI Module I 1 1 0.42 1 2.962 
AAF 1 85.44% 1 AEF 1 14.56% 

Table 5.36 Architecture Accuracy Metric, A A F  & AEF 

3.332 

4.372 

5.659 

4.743 

MetaData Repository and anached Components 

Palm Suile Website Component 

Security Module 

Not handled in the archiieclure 

DWH GUI Module ( 1 ( 0.36 ( 2.539 

OLAP &Trend Analvsis GUI I 1 1 0.708 1 4.989 

Rep4,tiGeneraIor Module 1 1 1 0.773 5.448 

Architecture Accuracy Metric with New Requirements 

Ccrnpany Announcements. Companv Rewtrat~on Module 1 

M a d 4  S~mmmes  M&le - 1 

0718 

063  

0878 

0 34 

Markel S~nmanes  M ~ J e  

I REQDWISEB 1 Report Generator Module I 1 1 0.79 1 4.405 1 

5 0 6  

4443 

6188 

2 39e 

1 

NTRC 

New Req ID 

REQDWlSEt 

Not handea m the a r c n ~ e c l u r ~  - 1 0  

( RECIDWISE15 I Market Summaries Module 1 1 1 0.63 1 3.513 1 

3.755 

Architecture Approach 

Not handled in the architecture 

- 

REQDWISE9 

REODWISE10 

REQDWISEII 

REQDWISE12 

REODWISE13 

REQDWISE14 

- 

REODWISE16 I Market Summaries Module I 1 1 0.88 ( 4.893 

REODWISE17 I Nol handled in the architecture 1 0  0.34 1.896 

REQDWISE18 ( DWH GUI Module I 1 1 0.36 1 2.W7 

REODWlSEI9 I OLAP &Trend Analysis GUI 1 1 0.71 1 3.945 

TRC+MRC 1 17.935 

NACF I NRC 1 NAAC% 

DWH GUI Module 

MelaData Reposhow and anached Components 

Palm Suite Webske Component 

Security Module 

Not handled in the architecture 

Company Announcements. Company Reqislration Module 

( NREODWISES 1 Loading GUI Module I 1 1 0.46 1 2.579 j 
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1 

I 

1 

1 

0 

1 

0.62 

0.36 

0.47 

0.62 

0.8 

0.67 

0.72 

2.007 

2.635 

3.457 

4.474 

3.75 

4.W1 
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NREQDWISES I Not handled in the architecture 0 1 0.68 1 3.764 

NAAF ] 70.13% 1 NAEF 1 29.87% 

Table 3-37 Architecmre Accuracy Metric with New Requiremenls 
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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 clearly 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 it in 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: 

Error in the architecture are identified 

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 15.3 1 % that shows the maturity of the stakeholder. 

Requirements are improved and validated 

New requirements are identified 

Stakeholder knowledge about the system increases 

Software Architecture is revised 

The new requirements are accommodated therefore the method 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 earliest an error is identified, cheaper it is to fix" 
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Important quality requirements will be identified and analyzed 

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 brought issues and concerns to our attention. 

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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Error - The Analysis Method (AREA-TEAM)". This research paper presents the newly devised 
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Sep 19-22, 2005. book of proceedings ISBN: 3-9808628-4-4, Pages (461-472). 
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Abstract. Since the software architecture is a key artifact of the software development life-cycle, so architectural 
analvsis is also a key Dractice involved in the  mess. Sofrware architectures are usually corn~lex and develo~ed on the 
quaity allributes b4eh on preliminary requirements. Requirements arc specified during.rqui;ements enginee;ing phase 
and nomallv are incomolete and ambizuous and they are ProDaealed in the software architecture. Our devised method - . . . -  
"architecture requirements engineerjng accuracy and error-the analysis method (AREA-TEAM)", pmvides solid 
technical foundations for performing architectural analysis. It is based on the requirements and Ending the architecture 
accuracy factor and architecture error factor. The major contribution of AREA-EAM is quantification of the error made 
by the architect as well as the stakeholder, generally the customer. 7he AREA-TEAM is a method that is applied on a 
leading company's software archilecture of a dala warehouse solution. AREA-TEAM is refined in practice over the past 
one year. 

1. Introduction 

The purpose of this research paper is to describe the approach used behind the architecture requirements engineering 
accuracy and error-the analysis method (AREA-TEAM) and discusses its steps in practice. Software architecture of a 
program or computing system is a structure or structures of the system which comprise software elements, the externally 
visible properIies of these elements and the relationships among them [I]. 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 
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 [21. The architecture 
is a key to achieve or failing to meet the requirements 131. 

AREA-TEAM is a mean 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, h e  resources may go astray. It also contributes to find the factor of 
error made by the architect and the customer. Our method uses the standard architecture documentation techniques as 
prescribed by SEI [ I  51. 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 error 
factor. AREATEAM is a low-cost software architecture analysis method that produccs early identification of places where 
the architecture is unsuitable in tums 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 articulare what the imponant 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 architecture in light of the requirements it mects on the part of the 
stakeholders. The AREA-TEAM calculates 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 areas: the notion of architectural styles; the 
Architecture Trade-off Analysis Method [4]; and the Softwae Architecture Analysis SAAM Method [5], which was the 
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predecessor to the ATAM and the process of Requircmenls Engineering [6] and Quantified Design Space [7J. The AREA- 
TEAM is intended for analysis of architecture in terms, whether it meets the requirements or n o l  it also quantifies the error 
factor. Although this is the AREA-TEAM'S focus, there is a problem in operationdking 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 1.1 shows the deviation from the desired requirements and deviated 
requirements are denoted by A'. 

Our method consists of a series of steps for architecture analysis and error factor quantization. First of all our method 
assembles the identified stakeholders in a meeting. The AREA-TEAM is presented and the core requiremenu; 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 requirement. This is done with the help of the stdxeholders by feedback forms. 
After this average requirement significance factor is calculated for each requirement. Then the requirement criticality is 
calculated by finding the mean of Prioritiza~ion Factors and Significance Factors for each requirement. Wen the 
architecture is analyzed by the analysis team and both the architecture accuracy faclor 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 figure 1 . I .  

I impacts 

Fig. 1.1 Conceptual Model of AREATEAM 

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 requirement and their validation [81[91. There is always some 
percentage of error involved on the pan of both the development team and the customers. A plus point in the AREA- 
TEAM is that it calculates bath Ea and Es separately, which helps identifying the competency of the architect and the 
maturity of the customer. 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 architecturr because many architectural patterns were very 
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complex and provided no provisions of mapping, for example, call-and-return architecture [lo]. For that purpose structured 
design evolved which svessed modularity [I l l ,  topdown design 1121 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 diagrams nor the architectural competency and error responsible authority. 

Another method design space quantization [7], a spread sheet model based on realization mechanisms and contribution 
analysis in the software architecture and the architectural dccisions are prioritized. The drawback is that the requiremen& 
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 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 [I41 but there are no proper rnetrics for 
architecture correctness percentage and error 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 a red 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 rhe Software Architect takcs place to 
prepare for the exercise. This meeting usually lasts about a day. In this meeting, the following steps are taken: 

Step 1: Identify stakeholden. In this case, stakeholders are the customers who will own the software, 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 aim for approximately a dozen stakeholders, but this can vary depending on the size of the user 
community. 

Step 2: Prepare core requirements. The Software Project Manager and the Software Architect identify a set of wre 
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 prepares a briefing explaining the software architecture. A 
rule of thumb is to aim for two hours' worth of material. ~nclude~ex&~les of how-thesoftwGe architecture meeu the user 
requirements. The goal is to present the software architecture in sufficient detail s o  that a knowledgeable audience member 
could understand the software architecture. 

Step 4: Identify architecture approaches. The AREA-TEAM focuscs 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 concenuate on identifying architectural approaches and mhitcctural styles (We look for approaches and styles because 
not all architects are familiar with the language of archilectural styles, 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 these represent the architecture's means of addressing 
the highest priority requirements, the means of ensuring that the critical requirements are met in a predictable way (21. 
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 fonns are produccd 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. 

Phase 2: Architecture Requirement Engineering Analysis. Next, the stakeholders are assembled and the main activities 
of the architecture requirement engineering 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 backuack 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. 

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 votes are recorded in the requirements prioritization metric [Table 4.11. 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 calculated by dividing the numberof votes (V) cast by the total number of stakeholders (Ts) 
[Equation 3.11. 

PF, = V; ITS , where i isfrom I to Ts (3.1) 

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 100.0 shows no significance whereas the score 
of 100 shows the maximum significance. The significance for each requirement given by each stakeholder is recorded in 
the requirements significance metric [Table 4.31. Then the average significance factor (ASF) for each requirement is 
calculated. It is reflected by the percentage of the average of the significance (5) chosen by each stakeholder for each 
requirement [Equation 3.21. 

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 3.31. The readings are 
recorded in the requirements criticality metric [Table 4.51. 

RC, = (PC + A S F j ) / 2 ,  where i isfrom I ton. (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]. 

n P 4  = nV, ITS, where i isfrom I ro n. (3.4) 

Step 12: Analyze Architectural Approaches. The AREA-TEAM analysis team examines the highest nnked requiremenls 
one at a time. The novel requirements are also analyzed separately. The software architect is asked to explain how the 
architecture suppons 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 conhibution factor (ACO, that is, be 
convinced that either the approach is appropriate in meeting the requirement for which it is intended or it is inappropriate. 

<u. 
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If the architecture approach is appropriate then the score I is assiped 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 3.71. The data is stored in Architecture Accuracy Metric 
[Table 4.1 I]. 

AAC, = (RC, 1TRC)x 100, where i from I ro n . (3.8) 

Then the architecture accuracy factor (AAF) is calculated. 

n 

AAF = CAAC, , where ACF, = 1 (3.9) 
;=I 

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

if 
AEF = 2 AAC, , where ACF, = 0 (3.10) 

;=I 

k- / .  
The architecture error factor (AEF) reflects the ratio by which the architecture has not addre? 1 tttk-requirements. 

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

d A C ,  = (nRC, I(TRC + nTRC))x 100, where i isfrom I to n. (3.12) 

Then the new architecture accuracy factor is calculated. The data is stored in Architecture Accuracy Meuic with New 
Requirements [Table 4.121. 

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. 

" 
nAEF = ~ ~ A A c ,  . where nACq. = 0 (3.14) 

;=I 

The new architecture error factor reflects the ratio by which the architecture hs 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 to the stakeholder is calculated by the following equation. 

SAF =&F-AAF (3.16) 

4. Case Study of AREA-TEAM 

This is an example case study based on the data warehouse 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 dam warehouse and a trend analysis application for future predictions and analytical 
processing. Operational dambases 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 shown in the figure 4.1. 

, Database 

I 

... 
: ................... Database 

. - '? 

Cornpelilor Flat 
Teid Data Transfnrmation ................... ..I.. 

....................................................... 
Interface 

Analysis 

Model Data Mapplng Model Model 

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

There are two phases of developed A R E A - T W .  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 I is named as Prepmarion. In this phase the AREA-TEMl 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 customers, users, software engineers, 
quality assurance inspeclor 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 cornponenu 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 he analy~ed further. 

Step 5: Prepare Materials: 
Copies of presentations, core-requirements and ferd-back forms were produced for distribution to the stakeholders during 
the next phae.  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 war assured. 

Step 7: Present Software Architecture and Core-Requirements: 
The core-requirements were distributed among the stakeholders and the software architecture shown in fig. 4.1 was 
presented in a session of about one-hour. During this scssion 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 requiremenl were 
counted by show-of-hand method. The requirement prioritiwtion metric is shown below [Table 4.11. The same process is 
applied on the new requirements captured in step 7 [Table 4.21. 

ntu1ows I I U.L 

Physical Design of data warehouse model with all its iterations and 
REQTDWI revisions. 3 0.2 

Requirements Prioritization Metric 

REQTDWS ( When and which user tried to access Which dala. I 10 I 0.667 

REQTDWG I Loading loqs should be maintained. 14 1 0.933 

Total Stakeholders 

REOTDW7 I Losca. an0 Pnycrsl model of he_soi[ce oatabase w l h  revwon lac noes I 4 1 0267 

REOTDWLI I Data rnappnq o t  e m  of s0Jrc.s lo data warenoJse oalects 10 0 667 

15 

REQTDW9 ( Call peak-tirninq trend amlysis rewrlhq should be there. 1 14 1 0.933 

REQTDWIO 1 GUI for extraction, transformation and loadinq should by there. 1 12 0.8 

Table 4.1 Core Requirements. Votes & Wority Factor 

AREA-TEAM A-7 

Req ID 
Votes 

(V) Requirement PF 



Appendir A Publication # I 

New Requirements Prioriiization Metric 

Total Stakeholders 
I Vales I 

New Req ID I New Requirement M 1 nPF 
NREOTOWI I Remn and SubRegion wise trend analysis reponing should be there. 1 13 10.867 1 NREOTDWZ I Saes l'enc analyss report shculO 3e 1 lb  e 

I Exec~lve sdnmar/ of or 1, saes snorlo ce autoratcally am2 led lo lne 
1 NREQTDWO 1 lopmanagement. 0.8 1 

Table 4.2 New Requiremenu, Votes & Priority Facror 

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 Fable 4.31. Then Architecture Significance Factor (ASF) is 
calculated according to the equation 3.2. The New Ryuiremcnls are also pmcessed in the same way [Table 4.41 and nASF 
is calculated for each new requirement. 

Table 4 3  Requirements Significance Meuic 

Table 4.4 New Requirements Significance Meuic 

Step 10: Requirement Criticality Analysis: 
The requirement criticality was calculated by finding the meah of prioritization factors and average significance factors for 
each requirement [Equation 3.31. The results are recorded in requirements criticality metric [Table 4.51. The Total 
Requirement Criticality (TRC) is then formulated [equation 3.71. The same process is applied on the novel requirements 
and the results are shown in new requirements criticality metric [Table 4.61. 
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Table 4 5  Requirement Criticality Metric 

Table 4.6 New Requirements Criticality Metric 

Step 11: No\.el Requirements Prioritimtion Factor, Aserdge Significance Factor and Criticality Analysis: 
T5c Novel Rmumments Prioritmtlon Factor (nP f l .  Averaee Sienificance Factor ( M S R  an3 the Requirementr Critlcalily 
(nRO are calchted in [Table4.2,4.4,4.6] [Equation 3.4,<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 REQTDWZ 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 
W F ) .  

The second example is given for requirement REQTDW6. According to the [Table 4.81 this requirement is not handled in 
the architecture by the architect and the score 0 is given to the architecture contribution factor (ACF). 

The third example is selected for a new requirement NREQTDWI. According to the ITable 4.91 this requirement is not 
handled in the architecture by the architect and the scare 0 is given to the architecture contribution factor (ACFj. 

~hefounh example is provided for a new requirement NREQTDW2. According to (Table 4.101 the requirement is handled 
in h e  architecture and the score I is assigned to the architecture contribution factor (ACO. Here we can see that although 
the requirement was not provided earlier but the architect handled the requirement. 
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Table4.7 Architecture Appmach Analysis REQTDWZ 

- - - 

Architecture Approach Analysis 

Architecture Approach Analysis 

Req ID Requirement I Loadinq lkqs should be maintained. 

Req ID 1 Requirement 

REQTDWP I 
Requirement Criticality 

Architecture Approach 

Dalawarehouse Schema 

Remarks 

Requirement Criticality 0.735 

Architecture Approach ACF 

Not Handeled 0 

Remarks No solution is provided by the archiled. 

It shwld be a pafi of the Meladata repository bul 

no componeol is there handlinq this requirement. 

Architecture Diagram 

n' . 1 ,A 

Data from different sources should be transfoned into 

a uniform data warehouse schema. 

0.653 

ACF 

1 

Mmpemor, Region-One and Region Twa data is 

enracted, lranslonned and loaded into Data 

warehouse schema. 

Model Data Mapping Yodel Model 

Archhecture Diagram 
n 

Table 4.8 Architecture Approach Analysis REQTDW6 
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'Table 4.9 Architecture Approach Analysis NREQTDWl 

Table 4.10 Architecture Approach Analysis NREQTDWZ 

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 cach requirement as pa equation 3.7 [Table 4.1 I]. Then the Architecture Accuracy Factor (AM) as per 
equation 3.8. Thc Architecture Error Factor (AEF) is also calculated here according to equation 3.9. 
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7 

hchitecture Accuracy Metric 

TRC 1 5.867, 

Req ID I Architecture Approach I ACF I RC AACZ 

- REQTDWl I Loadinq Component 1 1 0.475 1 8.091 

Table4.11 Architecture Accuracy Metric, AAF & AEF 

Architecture Accuracy Factor (MF) shows the correculess of the architecture in percentage and the Architecture Error 
Factor ( A E O  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. Fint of all we calculated the New Total Requirement Contnbution (nTRC) for each new 
requirement captured [Equation 3.1 I]. Then the Archilecture Approach Contribution percentage (n4AC%) is calculated as 
per equation 3.12 and the results are recorded in Architecture Accuracy Metic with new Requirements [Table 4.121. The 
New Architccturc Accuracy Factor (&F) and the h'ew Architecture E m r  Factor (nAEF) is also calculated over here. 

REQTDW4 I Phmical DWH Model Component 1 1 1 0.307 1 3.758 

REOTDWS 1 hery  Statistics Ccmponent 1 1 0.709 8.674 

( REQTDWG I Not Handled 0 1 0.735 1 8.984 1 
REQTDW7 1 Source Data Modds Component 1 1 1 0.333 1 4.145 

REQTDWB 1 Source to Tarqet DWH Data Mapping 1 1 0.719 1 8.788 

Table 4.12 Architecture Accuracy Meuic with New Requirements 

REQTDWS 
REQTDWIO 

NREQTDWI 

NREQTDWZ 

NREQTDW3 

AREA-TEAM A-12 

Cdl-Peak Anabis Component 

Enraction GUI, Transformalion GUI &Loading GU1 Components 

Not Handled 

Salos Analysis Component 
Not Handled 

nAAF 

1 

1 

0 
1 

0 

72.94% 

0.892 
0.731 

0.776 

0.833 

0.702 
nAEF 

10.91 
8.943 

9.493 - 
10.19 

8.58 
27.06% 
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Our second publication from this research is tilled "Architecture Requirements Engineering Accuracy & 

Error - The Analysis Method (AREA-TEAM)-Islamabad Stock Exchange Case Study". This research 

paper has been published in 3rd IASTED International Conference on Software Engineering SE 2006, 

February 14-1 6,2006, 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 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 normally arc incomplete and 
ambiguous and they are propagated in the software 
architecture. Our 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 major contribution of 
AREA-TEAM is quantification of the emor made by the 
architect as well as the stakeholder, generally 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 solution of Islamabad Stock Exchange 
(DWH-ISE). The system was developed under research 
collabaration between Islamabad Stock Exchange and 
International Islamic University, Islamabad. 

KEYWORDS 

Software Architecture, Architecture Evaluation, 
Requirements Engineering, Error Factor 

1 Itrtroduction 

Since software architecture is a major way to measure 
software quality, due to this we can conclude that good 
software architecture is essendal to the quality of any 
software-intensive system. For any or~anizarion 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 quality goals. 

During the past somctimc, the Software Engineering 
Group at IIUI has developed the Architecture 
Requirements Engineering Error and Accuracy-The 
Analysis Method (AREA-TEAM) [I]. 

This research paper describes an AREA-TEAM 
evaluation 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 OW-IS€), is being 
developtd under research collaboration between 
International Islamic University, Islamabad and 
Islamabad Stock Exchange. 

Following this introduction, 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 specifically 
to 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 pro,- or computing 
system is thc structure or structures of the system, which 
comprise software elements, the externally visible 
propenies of those elemenrs, and the relationships among 
them [Z]. The software architecture for a system 
represents the earliest software design decisions. The right 
software architecture can pave the way for successful 
syslem development, while the wrong architecture results 
in a system that fails to meet critical requirements and 
incurs high maintenance costs (31. According to latest 
research in the area of software architecture it is found 
that there are many relevant views of a software 
architecture. A view is a representation of some of the 
system's elements and the relationships assocjated with 
them [Z]. Views help us to separate concerns and achieve 
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views also speak to different stakeholderothose who 
have a vestcd 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 architect, cnd user, 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 slructurvl 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 reasoning about thc 
appropriateness and quality of the architecture [3]. Some 
experts prescribe using a fixed set of views. Rational's 
Unified Process (RUP), for example, rclies on Kruchten's 
"3+1 view" approach to software architecture. A current 
and more healthy uend, however, is to recognize that 
architects should chwse a set of views based on the 
needed engineering leverage that each view provides and 
the stakeholder interests that each one serves. This uend 
is exemplified by the recent American National Standards 
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intellectual control over an abstract concept. Different store huge volumes of data i.e. up to Tera bytes. It 

also includes the re~lication. loads and stores of data 
among distributed databases. 

J To improve the overall business scenario of the stock 
exchange by retaining the cuslomrrs. This will help 
in increasing the market capiml and overall business 
activities. It will lead to gathcr maximum customers 
(investors) and to motivate the people to invest in the 
stock market. 

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

3 The AREA-TEAM 

ln~t~tut&~stitute of Elecmcxl and tlectron:cs Engineers 
IAKSIIIEEE) recommended oractlue for nrchi:ectucl - ~- ~ ~, 
documentation on software-intensive systems 14) and the 
"views and beyond approach to architecture 
documentation from the SEI [S ] .  

2.2 The ISE Organization 

Islamabad Stock Exchange (Guarantee Limited) is the 
youngest stock exchange in Pakjstao. It came into 
existence on October 1989. ISE srarled trading on 8th 
October, 1992. At that time there were very few listed 
companies and members with ISE. But with the passage 
of ume ISE showed extensive improvements in terms of 
companies, members and business volumes. There are 
101 corporate as well as individual members listed with 
ISE. Thcrc are 285 listed companies eligible to be traded 
by ISE. 

2.3 The DWH-ISE 

The system is designed and dcvelopcd to meet the 
following objectives. 

J To provide a full fledged and very less error prone 
online tmnsaction processing system for a stock 
exchange. It includes real time transaction processing 
among different agents working under specific 
members of a stock exchange. 

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

"Architecture Requirements Engineering Accuracy and 
Error-The Analysis Method (AREATEAM)" is a newly 
devised architecture analysis method (11. This method 
permits evaluation of the software architecture in terms of 
its compliance with the requirement specifications. Our 
devised method AREA-TEAM provides solid technical 
foundations for performing architectural analysis. It is 
based on the requirements and finding the architecture 
accuracy factor and nrchitecture error factor. The major 
cuntnbution of AREA-TEAM is quantification of the 
error made by the architect as well as the stakeholder, 
generally the customer [I]. In the next section we'll 
discuss the application 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 I is named as "Rehearsal". Phase 1 of the 
evaluation took 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 
lln~versity (con:ractor orpniwtion) (aruhilcct 2nd project 
manager). two members sf the ISE IT Dcpnnmen! 2nd the 
Secretary stock exchange. 

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

Step 1: Identify Stakeholders: 
All the concerned stakeholders of the projcct were 
identified which represented the members stock 
exchange, clients, users, software engineers, IT manager 
and Secretary Stock Exchange etc. 

Step 2: Prepare Core Requirements: 
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Software Project Manager and the Software Architect 
identified thd 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. 

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 I 
quality assurance inspector. 

In this phase the AREA-TEAM analysis team prepares 
itself 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 core-requirements were distributed among the 
stakeholders and the software architecture shown in fig. 
4.1 was presented in a session of a b u t  one-hour. During 
this session some new requirements were also identified. 

Step 8: Requirements Prioritization Factor: 
Requirement Prioritization Factor (PF) was calculated 
using equation[p~; =vi /Ts], where i isfrom I to 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-hack forms is recorded in the requirements 
significance metric. Then Architecture Significance 
Factor (ASF) is calculated using equation 

. . 
The New Requirements are also processed in the same 
way and nASF is calculated for each new requirement. 

Fig. 4.1 System Software Architecture of the Data Warehouse Solution of Islamabad Stock Exchange 
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Table 4 3  Architecture Approach Analysis REQDWISE4 

To calculate the error propagated due to the stakeholder 
(normally ihe customer) we included ihe new 
requiremenls captured in stcp 7 in our analysis. First of all 
we cnlculated the New Total Requirement Contribution 
(nTRC) for each new requirement captured with the help 

of equation "TRC = ~ , , R C < .  
2-8 

Then the Archilecture Approach Contribution percentage 
(nAAC%) is calculated as per equation 
rUIAC, = (nRC, I(TRC+ nTRC))x100, where i isfrom I lo 
n and the results are recorded in  Architecture Accuracy 
Metric with new Requirements. The New Architecture 
Accuracy Factor (nAAF) and the New Archirecture Error 
Factor (n4EF) is also calculated over here using 
equations: 

~ E F  = ~ , , A A C ,  , where d C E .  = 0 
k t  

The New Architecture Error Factor reflects the ntio by 
which the architecture h a  not addressed the requirements 
including Lhe new requirements.- The stakeholder error 
factor (SEO is calculated as follows: 

SEF = d E F  - AEF 

E,= SEF 

The SEF was 15.3170, which means that the error facm 
innoduced in the architecture duc to the stakeholder is 

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

SAF = 70.13 - 85.44 = -15.31% 

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

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. 11 crucially relies on the active and 
willing participation of the stakeholders (panicularly the 
architecture team); we advance preparation by the key 
stakeholders; an understanding of architectural design 
issues and analytic models: and a clearly articulated set of 
core requirements and a set of business goals from which 
thcy are derived. Our purpose in creating a method (rather 
than, say, just putting some intelligent and experienced 
people together in a mom and having hem 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 thc architecture are identified . The source of error is also identified. For example, in 

this case study the architect error factor is 14.56'70 
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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 
New requirements are identified 
Stakeholder knowledge about the system increases 
Software Architecture is revised 
The new requirements are accommodated therefore 
the method suppotts 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 earliest an error is identified, cheaper it 
is to fix" 
Important quality requiremenu will be identified and 
analyzed 
The method provided the slakeholders with a chance 
to give a critical look at the system. It validated some 
architectural decisions and raised questions about 
othzr-s. 
"As an IT manager, it helped me to understand rhe 
system." 
The method brought issues and concerns to our 
attention. 
It will be more useful to use the method earlier. The 
later use may lead lo diminish rhe effectiveness of the 
method. 

Overall, this evaluation succeeded in 
raisins awareness of the importance of stakeholders 
in the architeclurs process 
eslablishing a community of vested stakeholders and 
opening channels of communication among them 
identifying a number of risk themes that can be made 
fhe subject of intense mitigation elfom that, even 
though the system is in  development, can be effective 
in heading off disaster 
raising a number of issues with respect to previously 
unplanned capabilities for which some stakeholders 
expressed an acute need 

elevating the role of software axhitecture 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 

Islamabad 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 

Online Transaction Processing (OLTP) 

Daily Market Reports 

Routine database administrative tasks 

Data warehouse 

Extraction, Transformation and Loading (ETL) 

Data warehouse Administration 

Analytical reports and graphs 

Connectivity/Replication among heterogeneous 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 Palm 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 mulri 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 

AREA-TEAM C- l 



Appendix C Darn Warehouse Project 

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 hisher 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 perfor~n real time online trading mechanism. As the bids 

and offers can be viewed as soon as they are entered into the system, the agent can perform the 

transaclion on the most suitable rate with only a couple of clicks. With such a transactional processing 

system a lot of wasted time can and efforts can be saved. It helps to improve overall trading scenario 

and can increase the business volume manifolds. All the transactions are efficiently stored in the 

highly normalized and sophisticated latest database. 

Real Time Market 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 volurnes 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 extended report facility for the daily 

transactions done. They include the reports showing market summary, companies work files, major 

gainer and loser companies and volume leaders. 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 routine 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 inro rhe 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 bitrnap indexing 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 mnsformed. Transformation means cleaning the data and making 

sure that it is free of any bugs. After transformation data is loaded into the data warehouse. This 

activity will be performed by the administrator of the data warehouse after the market closes. This 

activity is performed daily to make data warehouse 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 wehsite 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 features 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 perfom rest of the administrative tasks. Special login 

accounts are created for this purpose. The application on Palm will be provided only to the registered 

users ol the system. 

AREA-TEAM C-6 


