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Software analysis patterns are believed to play a magjor role in improving the quality of
software products, while simultaneously reducing cost and condensing lifecycles.
However, there are still problems that need to be solved in contemporary analysis
patterns, such as the lack of stability, the lack of proper abstraction levels, and inadequate
documentation. These problems tremendously diminish the reusability and the
effectiveness of analysis patterns.

In this thesis, the main problems facing analysis patterns are investigated. As a solution
to these problems, the following remedies are proposed: (1) A new concept, stable
analysis patterns, to accomplish stability and to achieve the proper abstraction level. (2)
A new documentation template, to improve understanding and to enhance
communicating patterns among software developers. (3) A pattern language contains
eight patterns, to document the process of building stable analysis patterns. (4) Five
stable analysis patterns, to demonstrate the usage of the proposed approach. (5) Eight
essential properties that cover the main qualities of any analysis pattern, to evaluate the
samples of both today’s analysis patterns and the proposed stable analysis patterns. Stable
analysis patterns demonstrate effectiveness by satisfying all of the proposed essential

properties.



Acknowledgement

| am enormously grateful to my advisor Dr. Mohamed Fayad, for his generous support
during the work of this thesis. His wholehearted feedback and encouragement have been
always the motivation for completing this work. He taught me that patience and optimism
are the keys for success. | also thank him for the many fertile discussions and suggestion
that built this work from ground zero.

| would like to thank Dr. Jitender Deogun and Dr. Peter Revesz for taking the time to
serve on my defense committee.

Many thanks to my friends at University of Nebraska-Lincoln for taking the time to read
and comment on my work. Special thanks to my best friend Ahmed Mahdy for his
support and his willingness to always listen and discuss this work. | would like also to
thank David Naney for his effort in copyediting thisthesis.

Finally, | most want to thank my lovely parents for their continuous support. Without
their love and care | have never got the energy for continuing this work. I am indebted to
my perfect brother and my best friend Mohamed, his care and guidance have helped me
to overcome many tough times. Special thanks to my brothers: Kamal, Faisal, Abd

Elbaset and Abd Elrahman, for their support.



Contents

1 INtrodUCtioNn. ... ..ot 1
1.1 Software Patterns: Background and Definition........................oooiin... 1
1.2 Software AnalySISPalterns. . ... 3
1.3 General Classification of AnalysisPatterns..................cooooiiiiiiiiiiiinn.n. 4
14 ResSearCh OBJECHIVE ... 5
15 ThesiSOULINE. ... 6

2 Challenges Facing Today’s Analysis Patterns.................... 7
2.1 INErOTUCTION. ..o 7
2.2 Classification of Today’s AnalySiSPatterns..............ocooeiiiiiiiiiiin e, 7

2.3 The Main Challenges Facing Analysis Patterns and Their Current

SOIULIONS. ... 9
231 Stability Problem. ... ... 9
2.3.2 Abstraction Level Problem. ... ... 10
2.3.3 Documentation Problem............ooiii i 12

3 Software Stability Concepts...........ccoviiiiiiiiiiii 14
L INrOTUCTION. ... 14
3.2 Software Stability Related WorkK. ..o 14

3.3 Software Stability Paradigm. ... 15



3.3.1 Enduring Business ThemesS (EBTS)........coviiriiniiiiiiiiiiieiiiene, 16
3.3.2 BusiNess ObjectS (BOS)........iiuiiiiiii it 17
3.3.3 Industrial ObJeCtS (1OS).....cuviieiiiii i 17
3.4 Identification HEUMSHICS. ...ttt 18
3.4.1 Top-Down ldentification Approach...............ccovviiiiiiiiiiiin, 18
3.4.2 Bottom-Up Identification Approach.............ccoeevviiiiiiiiiiiiiinen.. 19
3.5 Example of Applying Software Stability Concepts.............cccovveviiiiniinnn.n 19
351 Casel-Computer Trading........ccoovviriiiniie i e 20
352 Casell-BuyingaHOUSE. .........c.coviiniiii e 21
3.5.3 BiddingonaFoothall Team................cooiiiiiii i 22
354 Compound SYStEM. ..ottt 23
4 Stable AnalysisPatterns...........ccooviiiiiiiiiii, 25
AL INEOTUCTION. ... 25
4.2 Stable Analysis PatternS CONCEPLS. ......oovinriniiiiii et 26
4.3 Stable Analysis Patterns Template. ............cooiiiiii i 26
4.4 Stable Analysis PatternS EXample. ..........cooviiiiiiiiiieeceeeee 28
441 PatterNNAME. ..ot 28
442 CONEXE. ... et 28
443 Problem..... ..o 28
AAA  FOICES. ...t 28
4.45 Pattern Structure and Participants..............cooevviiiiiiiiiii e 29

446 CRC-CarlS. ... cueneiiiieie e 32



4.4.7

APPHCADIITY. ... 33

4.4.7.1 Case Study I: Negotiationinbuyingacar................cooeviviiiininninnnn.. 34

4.4.7.2 Case Study 2: Content Negotiation using Composite Capability/

Preference Profile (CCIPP).....oviin e 51
448 ReEGE PAEINS. . ...t e 69
449 POSSDIE EXIENSIONS. . . ...ttt e 69

5 A Pattern Language For Building Stable

ANalySISPaterns. ..., 71
S5.LINIOTUCTION. ...t 71
5.2 Pattern Language OVEIVIEW. ..ot 72
5.3 Building Stable Analysis Pattern Language Description.............................. 76

5.3.1 Pattern 1.1- Efficient Usable AnalysisModel......................oooiinl. 76

5.3.2 Pattern 1.2- Software Stability Model.................oooiiiii 77

5.3.3 Pattern 2.3- Identify TheProblem.................. 82

5.3.4 Pattern 2.4- Identify Enduring BusinessThemes ....................c.oeeeee. 86

5.3.5 Pattern 2.5- Identify Business ObJeCtS..........c.cooviviiiiiiiiiiiiieieean 91

5.3.6 Pattern 2.6- Proper AbstractionLevel.................coooiiii 98

5.3.7 Pattern 3.7- Build Stable AnalysisPatterns...................c.ooeoiiiiiin 104

5.3.8 Pattern 3.8- Use Stable AnalysisPatterns................coooiiiiiininnn. 108

6 Evaluation of Stable AnalysisPatterns........................... 113
B.L INtrOTUCTION. ... eeeeie e 113

6.2 Essential Propertiesof AnalysisSPatterns..............oooooiiiiiiiiiii i 113



6.3 Experience Group Evaluation..............cooiii i 116

6.4 Analogy Group EValuation.............ooiiiiiii e 119
6.5 Stable Analysis Pattern Group Evaluation..................cooiiiiiiiiiiiiien, 123
6.6 CONCIUSIONS. ..ottt 127
7 Conclusionsand FutureWork...............cccooiiiiiiinnn, 128



List of Figures

1.1 Anaysispatternsinthedevelopmentcycle..............coooiiiiiiiiiin i,
3.1 Software Stability Model (SSM) architecture...............cocooiviiiiiiiinn
3.2 Computerstrading stablemodel..............cooiiiiii
3.3 Housetradingstablemodel...............coooiiiii i
3.4 Bidding on afootball team stablemodel...................ccooi
3.5 Combined stable models...........coooiiiiiii
4.1 AnyNegotiation pattern object diagram..............cccoveviiiiiiiiiiiee
A2  Party PaCKage. . .....ccooirii i
4.3  CoNteXt PACKAOE. ....... vt e
44 MediapPaCKage. .......ovvinii i
45 Negotiation system object diagram.............coooviiiiiiiiiiiiii
4.6  Stability model for the negotiation in buying a car case study...................
4.7 Usecasediagram for the negotiation in buying a car case study................
48 PlaceaBidsequencediagram..........c.oooviiiiiiii i
4.9 Negotiate Car Pricesequencediagram...........c.ooviieiiniiiiiiiiiiiiieneaneenn
4.10 Prepare Contract sequencediagram...........cooovviiniiiiiiiiiiiiiie e,
4.11 Sign Contract sequenCe diagram...........c.ovriiuiie it

4.12 Negotiate Price state transitiondiagram..............ccooeviiiiiiiiniiiiiiianannns

30

31

32

32

35

36



4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

2.22

4.24

4.25

5.1

5.2

5.3

54

5.5

5.6

5.7

5.8

5.9

5.10

Sign Contract state transition diagram.............cocooiiiiiiiiiiiiiii e, 50
Possible scenario of content negotiation using CC/PP............................ 51
The stability model of the content negotiation casestudy........................ 52
Use Case diagram for content negotiation case study.................c.ceeennn.e. 53
Send HTTPRequest sequencediagram............c.ovviiiiiiiiiiiiiiiians 65
Retrieve Profilesequencediagram..............oooiiiiiiiiiiiiice e 65
Adapt Content sequencediagram...........coooveiiniiiiiiii e 66
Negotiate Content sequencediagram............c.ooeiiiiiiiiiiii i, 67
Retrieve Profile state transitiondiagram. ..............coocoviiiiiiiie e, 68
Negotiate Content state transition diagram.................ccoovviiiiiiiiiinin... 68
Negotiation system with NegotiationStyle package.................ooooveiini 70
NegotiationStyle package classdiagram................cooiiiiiiiiiiiiii i, 70
Description of the patternlanguage .............cooooiiiiii i, 73
Thepatternlanguage chart. ... 75
The relation between SSM elements.............ooooiiiiiiiiiii, 79
Example of the mapping between EBTs, BOs, and IOs..................cc.eeee.. 80
Account pattern provided by Martin................ccocoiiii i 84
Examples of accounts without entries...............ccoiviiiiiiiii i, 85
Example of entrieswithout acCoUNts...............cocoiiiiiiiiiiii s 85
The steps for identifying the EBTs of theproblem............................. 88
The steps for identifying the BOs of theproblem................................ 94
Proper abstraction level ... 101



5.11

5.12

5.13

5.14

5.15

6.1

6.2

6.3

6.4

6.5

6.6

The relationship between the EBTs and the BOs of the problem................. 105

AnyAccount pattern classdiagram...........ccoooviiiiiiii i 107
AnyEntry pattern classdiagram. ............oooiiiiiii i 108
Copy Machine account object diagram................cooviiiiiiiiiiin. 110
Hotmail Account object diagram..............cooiiiiiiii i 112
Account pattern provided by Martin. ... 117
Resourcerental Pattern............coviiniiiii i 119
Instantiation of resource rental pattern for alibrary service....................... 120
AnyAccount pattern classdiagram.............cooiiiiiiiiii 124
AnyEntry pattern classdiagram.............cooooiiiiiiiii i 125

AcCOUNtWItRENLIY Pattern. ... ...t 125



List of Tables

5.1

6.1

6.2

6.3

7.1

Summary of the pattern language..............coooiiiiii i 74
Experience group evaluation SUMMArY...........c.oevveuiinreiineeeianenanennnns 118
Analogy group evaluation SUMMEY...........ouieiriirie it aieaieeeeaeeaeaaans 122
Stable analysis pattern group evaluation SUmMmary..............ccceeeeeeeenenenn.. 126

Quick reference to the proposed five stable analysis patterns..................... 129



Chapter 1

| ntr oduction

1.1 Software Patterns. Background and Definition

Software development is a costly and a time consuming process, yet, the quality of the
ultimate product is not guaranteed. Recently, software engineers have realized that a
considerable portion of time and cost are spent in solving problems that are similar or
identical to problems they have solved in earlier projects. These facts have lead the
software engineering community to devote a significant effort to capture solutions to
recurring problems in all levels of software development. Consequently, the notation of

software patterns has emerged.

The popularity of software patterns is ascribed mainly to the wide acceptance of the
GoF book [10], which introduces many patterns as solutions to different recurring
software design problems. Thereafter, many software patterns have came forward to

cover the different levels of software development phases.
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Though the concept of patterns is ubiquitous, many different software engineering
definitions exist for the word “Pattern”. In [3], the architect, Christopher Alexander, has
defined “Pattern” as follows:

“Each pattern describes a problem, which occurs over and over again in our
environment, and then describes the core of the solution to that problem, in such a way
that you can use this solution a million times over, without ever doing it the same way
twice.”

Another definition of the word “Pattern” is given by Gammaet a in [10]:

“A pattern presents the essence of the solution for a recurring problem in a specific
context”

In [22], Fowler has defined patterns as:

“An idea that has been useful in one practical context and will probably be useful in
others”

The ultimate goal of patterns is to help to assuage software complexity at the different
phases in the software life cycle [5]. As aresult, different types of software patterns have
emerged. One possible classification of software patterns is on the development phase in
which they might be used. This classification method classifies patterns into different
categorizes. analysis patterns, design patterns, implementation patterns, and testing
patterns, etc. Another classification is the one given in [11], which classifies patterns into
three main categories. architectural patterns, design patterns, and idioms. However, this
classification does not consider the new emerging patterns types such as analysis patterns

and testing patterns.



1.2 Software Analysis Patterns

Analysis patterns are conceptual models that model the knowledge of the problem
domain. They help to understand the problem itself rather than to show how to design the
solution. By having conceptual models that model recurring problems, analysis can be
made faster, more accurate, and more cost effective than it is today. Figure 1.1 shows the

use of analysis patternsin the overall development of software systems.
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P M odel
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Figure 1.1: Analysis patterns in the development cycle.

Even though software developers are aware of the tremendous importance of the analysis
phase [5,6,7,8], limited work has been done in developing analysis patterns, compared to

the work that has been done in developing design patterns. The work done by Martin
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[22], and the analysis patterns and languages presented in the procedures of the Pattern

Languages of Programs (PLoP) are considered to be the only existing works that focus on

analysis patterns.

1.3 Genera Classifications of Analysis Patterns

The product of an analysis pattern is a conceptual model that describes the problem under
consideration. The level of abstraction determines how broadly the pattern can be used.
However, too much abstraction can be a negative. There is a trade off between the
flexibility and reusability of the model on one hand, and complexity of understanding and
reuse of the model on the other. The level of abstraction plays a magjor role in this
equation. A low level of abstraction will reduce the reusability of the model; adapting it
will no longer be an easy task, but the resulting model will be relatively simple when
compared to the same model designed with a higher level of abstraction. Conversely, too
much abstraction will lead to models that are too complex. Therefore, the optimum
solution is a conceptual model that is simple enough be easily used and understood, but
with alevel of abstraction high enough to make it general and hence more reusable.

One classification of analysis patterns is based on their applicability. Generdly,
analysis patterns can be divided into two types. domain specific analysis patterns and
cross-domain (domain-less) analysis patterns.

Domain specific patterns are patterns that model problems that appear in a specific

context. These problems should not occur outside that context; the generality requirement
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of the pattern will not hold. Cross-domain (domain-less) patterns are patterns that can be

used in any context.

1.4 Research Objectives and Thesis Contributions

The following table summarizes the objectives of our research, and it shows the proposed

approach and our contributions to accomplish each objective.

Question to Answer Proposed Solution, Approachand | Chapter
Contributions
What are the main challenges Study the main challenges that face 2
facing today’s analysis patterns? | today's analysis patterns, and show
their current solutions.
How can we achieve stability Propose the novel concept of Sable 4
features while building software | Analysis Patterns.
analysis patterns?
How can we achieve the proper Use software stability concepts. 4
level of abstraction while building
analysis patterns?
How can we better describe and Propose anovel documentation 4
document analysis patternsin template that covers the main aspects
order to improve their reusability? | and issues of analysis patterns.
How can stable analysis patterns | Propose 13 domain-less stable 4,5,
be used? analysis patterns. and 6.
What are the main stepsrequired | Develop a pattern language for 5
for building stable analysis building stable analysis patterns.
patterns?




1.5 ThesisOutline

Thethesisis organized as follows:

In chapter 2, the main challenges facing today’s analysis patterns, the consequences of
these challenges, and the current solutions for these problems will be discussed in detail.
In chapter 3, the related work in software stability, and the basic concepts of the software
stability model (SSM) will be discussed. In chapter 4, the novel concept of stable analysis
patterns, the novel documentation template, and an example of stable analysis patterns
are presented in detail. Chapter 5 will introduce the pattern language that documents the
stepsin building stable analysis patterns. The proposed eight essential properties and the
evaluation of today’s analysis patterns and the proposed stable analysis patterns will be

discussed in chapter 6.



Chapter 2

Challenges Facing Today’s Analysis Patterns

2.1 Introduction

Software analysis patterns are believed to contribute vastly in improving the quality of
software products, while ssimultaneously reducing their development cost. However,
anaysis patterns have not realized their full potential. Today’s anaysis patterns are
insufficiently mature to be effectively utilized. Understanding the causes of this
immaturity isthefirst step in achieving efficient and reusable analysis patterns.

In this chapter, the classifications of today’s analysis patterns are given. The main
challenges facing today’s analysis patterns and their current solutions are discussed in

detail.

2.2 Classification of Today’s Analysis Patterns

One possible classification for today’s analysis patterns is based on the approach of
construction [12, 13]. Generaly, different building approaches categorize anaysis

patterns into three main groups:
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Group | People in this group use their experience to build analysis patterns. Simply,

patterns are produced during the course of specific projects. Since no one can be an
expert in al fields, domain experts often produce domain specific patterns, even if the
problem modeled occurs in many other contexts.

Group |l People in this group use to build their analysis patterns based on analogy.
According to this group, patterns that model complete systems in one context are reused
by making an analogy between the pattern and the new application. Thus, by analogy,
they change the names of the pattern’s classes to be relevant to the new application. Even
though this group believes that analysis patterns should be built in a way the makes them
reused to model the same problem regardless of its context. However, the way they
choose to approach this goa makes them end up building templates rather than building
patterns.

Group Il That is our group, our approach is based on the software stability concepts
[19]. By analyzing the problem in terms of its EBTs and the BOs, the resultant pattern
models the core knowledge of the problem. The goal of this approach is stability. As a
result, these stable patterns could be used to model the same problem regardless its
context.

This classification will be used in the evaluation of analysis patterns in Chapter 6.



2.3 The Main Challenges Facing Analysis Patterns and Their

Current Solutions

There are three main factors that control the reusability and the effectiveness of analysis
patterns: The stability of the pattern, its abstraction level, and its description
(documentation). Based on these three factors, the main challenges that face today’s

analysis patterns can be summarized in the following three problems:

2.3.1 Stability Problem

Analysis patterns model the core knowledge of the problem. Since the core knowledge of
any problem is independent of the problem, context patterns are expected to be highly
stable. Thus, a pattern that models a specific problem should be easily reused to model
that same problem regardless of its context. Developing patterns that lack stability
features will result in multiple analysis patterns for the same problem, a situation that
contradicts the objective behind analysis patterns.

One of the mgor causes of analysis pattern instability is the common problem of
mixing analysis and design while developing software systems. Software analysts believe
that analysis models should model the problem knowledge and have nothing to do with
the design or the implementation issues of the system. However, in practice, the analysis
of the problem is usually made with some design and implementation issues in mind. The
resultant pattern will adhere to the specific design, forcing the developers to remodel the
problem whenever they change their design approaches. Therefore, separating analysis

models from design and implementation issues is one of the keys for accomplishing
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pattern stability and generality. However, today, there is no common approach that shows

analysts how to do so.

2.3.2 Abstraction Level Problem

The level of abstraction determines how broadly the pattern can be used. There is atrade
off between the flexibility and the reusability of the pattern on one hand, and the
complexity of understanding and the reuse of that pattern on the other hand. The
optimum solution is to have patterns that are easy to use and to understand, while at the
same time having a sufficient level of abstraction to make them general and hence
reusable.

A high abstraction level will result in complex models that are unattractive for reuse.
On the other hand, a low abstraction level will result in building domain specific patterns
for domain-less problems contradicting the concepts of analysis patterns.

Several different approaches currently exist to handle the abstraction problem. Some of
these approaches are summarized below:

People who extract analysis patterns strictly from experience believe that it is
unsafe to further abstract patterns generated within certain projects to make them
reusable in other contexts [22]. They argue that the patterns resulted from
extended debate and that the patterns have been tested and validated only in the
current project. Therefore, according to them, there is no guarantee that these
patterns can be successfully reused in other contexts. Consequently, in their view,

each developer should carry the full responsibility in judging whether or not it is
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appropriate to reuse the pattern. This approach can diminish the reusability of the

pattern for many reasons. For instance, time restraints in the development of the
new product might limit the amount of time available for the developer to read,
understand, and decide on existing patterns as suitable models for his problem.
Another possible situation is that the resultant pattern from specific projects
usually contains domain specific constraints that tie the problem to a specific
domain. Realizing these constraints and adapting the pattern to fit into the new
domain might not be a more attractive solution than remodeling the problem from
scratch.

Another approach for handling the abstraction level is to take the experience one
step further than previous attempts. People using this approach believe that
analysis models resulting from projects are valuable, yet they might be useless if
they are not presented in a way that makes the use of the pattern in different
contexts possible. The patterns are rewritten with generality in mind, trying to
resolve all domains specific constraints in the pattern. Even though the concept
sounds good, the problem with this approach is that they usually model systems as
awhole, not specific problems. For instance, one might find a pattern that models
the rental problem. The pattern is at an appropriate level of abstraction, making it
reusable for any rental property, however, these patterns are not complete because
they can never catch all the situations that might need to be modeled in the renting
of some other properties. This approach of accomplishing abstraction levels

resultsin the building of templates instead of the building of patterns.
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2.3.3 Documentation Problem

Analysis patterns are conceptual models. Conceptual models are difficult to understand
by their very nature. Therefore, efficient descriptions of such models are greatly desired.
Unlike design patterns, analysis patterns have no standard forms that can be used to
document them. In addition, the difference between the nature of the analysis and the
design makes the usage of the existing known design patterns forms insufficient.
Insufficient pattern description jeopardizes the understanding, and hence the reuse of the
pattern.
Many different approaches are currently used for analysis patterns documentation.

These approaches can be grouped into three main approaches:

1. Narrative Approach. In this approach, patterns are not documented in a defined
form. Instead, they are described in a straight, narrative style. Patterns presented
by Martin in [22] are good examples of this approach. The main problem with this
approach is that it does not show all the aspects of the pattern. In addition, it is
difficult to understand, and to use.

2. Design Patterns Forms Approach. According to this approach, patterns are
documented using most, and sometimes all of the elements defined in the known
design patterns forms, such as the forms proposed in [10], and [11]. Patterns
presented in [27] and [9] are typical examples of this approach. The main
problems with this approach are summarized below:

Some of the elements are not relevant for describing analysis patterns. For

instance, using the element “solution” to present the pattern’s structure can
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cause confusion between the analysis (as the problem domain), and the design

(as the solution space).

Elements such as: “implementation”, and “Sample Code” are irrelevant when

we talk about analysis patterns.

Design patterns forms are insufficient for describing conceptual models.

Conceptua models need more illustration in order to be understood.
“Build-Mine” Approach. In this approach, patterns are documented in forms that
are introduced by the pattern’s author. These forms might be a mixture of
elements defined in other forms. However, they aways contain some new
elements introduced by the author. Patterns presented in [1] are good examples
for this approach. In [1], the only new field is the design field, which is very
important in documenting analysis patterns. However, this form uses the element
“solution”, which is irrelevant for analysis patterns and, it is not sufficient for

capturing all the pattern’s aspects.
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Chapter 3

Softwar e Stability Concepts

3.1 Introduction

Achieving stability while building software system will tremendously improve the quality
and reduce the cost of developing software products. Even though for many years
software stability has been the focus of a large number of groups in the software
engineering community there still exists no mature methodology that can be standardized
for achieving software stability.

In this chapter, the related work in software stability, the concept of the Software

Stability Model (SSM), and examples of using these concepts will be introduced.

3.2 Software Stability Related Work

Software stability has been the focus of many researchers among the software community
[7,15,26]. These works differ in their definition of and approaches used to accomplish

stability.
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In [26], the relation between stability and software design is investigated. This work

defines stability as a measure of the difficulty in changing a module, not a measure of the
possibility that a module will change. It hinges the stability of the system to the
dependency between the different design modules in the system. In addition, it proposes
several metrics for measuring the stability of the system, based on this dependency
concept.

Another approach for accomplishing stability is the work done by Coplien [15]. This
work introduces the concept of commonality and variability in software engineering. One
of the main goals of this approach is to create a design that contributes to reuse and ease
of change. The main idea behind this approach is to show how the identification of the
common and variable characteristics of the different versions of a system can vastly

contribute to reducing the time required to develop high quality software systems.

3.3 Software Stability Paradigm

The stability approach used in this thesis is the Software Stability Model (SSM)
introduced in [19]. Figure 1 shows the architecture of the SSM.

In the SSM, the model of the system is viewed as three layers. the Enduring Business
Themes (EBTS) layer, the Business Objects (BOs) layer, and the Industrial Objects (10s)
layer. Each class in the system is classified into one of these three layers, according to its

nature.
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1O 1O
1O / 10
Mode 1O
Core

Figure 3.1: Software Stability Model (SSM) Architecture.

3.3.1 Enduring Business Themes (EBTS)

EBTs are the classes that present the enduring and basic concepts of the system.
Therefore, they are extremely stable and form the nucleus of the SSM. There are a few
properties that characterize EBTs[17]. These properties are:
Externally and Internally Sable. EBTs present the core knowledge of the system.
Consequently, they are stable over time and should never change, externally or
internally.

Conceptual Objects. EBTSs represent concepts; they are not tangible.

Commonality to the Domain. EBTs are common to all of the applications of the

domain that they have been identified in.
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3.3.2 Business Objects (BOs)

BOs are the classes that map the EBTs of the system into more concrete objects. BOs are
tangible and externaly stable, but they are internally adaptable. For instance, human
beings are BOs. They are externally stable, but they can change internally (humans can
get married, or become ill). There are some specific properties that characterize BOs [17].
These properties are:

Externally Stable and Internally Adaptable.

Semi-tangible Objects. Compared to the EBTs, the BOs of the system are

tangible, however, they are not concrete objects, therefore, they are considered

semi-tangible objects.

Commonality to the Domain. BOs are common to all of the applications of the

domain that they have been identified in.

3.3.3 Industrial Objects (10s)

|Os are the classes that map the BOs of the system into physical objects. For instance, the
BO “Agreement” can be mapped in real life as a physical “Contract”, an |0. There are a

few properties that characterize 10s[17]. These properties are:

Unstable. Since 10s present the physical objects of the system, they can be
replaced, added, or even removed from the system without affecting the core of

the system.
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Concrete Objects. The 10s are fully tangible objects. They usually represent real

world objects.

Commonality to the Domain. 10s form the periphery of the SSM model. I10s can
be completely different from one application to another, even within the same

domain.

3.4 |dentification Heuristics

Even thought the concepts of software stability have shown to be promising in achieving
stable software systems [21], identifying the EBTs and the BOs of a problem is not a
straightforward process. Moreover, long experience within the field does not guarantee
accurate EBT and BO definitions [18].

Consequentially, a set of heuristics has been recently defined to facilitate the task of
using the SSM concepts [18]. Currently, there are two identification heuristics used for
identifying the EBTs and the BOs of a problem: the Top-Down Identification approach,

and the Bottom-Up identification approach. The two approaches are summarized below:

3.4.1 Top-Down Identification Approach

In this approach, the analyst starts by identifying the |Os of the system, which are usually
easy to find, and then abstracts the system from the conceptual level down to the physical
level.

Beginning with the overall system, the concepts involved in this system are developed.

This should result in the naming of several subunits of the original system. Each subunit
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is then broken down, using the same approach. Once the physical objects making up the
system (10s) are reached, stop and move back one level. The result is a collection of

“Objects” that form good candidates for the BOs and the EBTs of the system.

3.4.2 Bottom-Up ldentification Approach

In this approach, the classical model of the problem is built without considering stability
concepts. The I0s of the model are identified. Next, related 10s are grouped and the
common concepts that relate them are defined. Grouping should continue until no further
concepts can be found. The result is a collection of “Objects” (concepts) that form the
EBTs and the BOs of the system. The final step is to separate the EBTs and the BOs by

examining each object against the main characteristics of EBTs and BOs.

3.5 Example of Applying Software Stability Concepts

Several case studies have been performed recently, in order to illustrate the use of SSM
concepts [2,21, 24]. This section shows how software stability concepts can be used to
model real problems. Three case studies, originally presented in [2], are shown. At first
glance, the three case studies presented here appear to be unrelated. However, they all
share common objects. Using the software stability concepts of EBTs and BOs will help

to extract these commonalities as a core for modeling the three applications.
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3.5.1 Casel- Computer Trading

The requirement of this case study is to model the concept of computer trading. The
stable model for this application is shown in Figure 3.2. The core of the model consists of
four EBTs (Trading, Negotiation, Inspection, and Bidding), and four BOs (Bid,
Agreement, Features, and User). It is clear that none of the EBTs or BOs are limited to
the current application, computer trading. For instance, “Trading” is an object that
remains stable externaly and internally; it is not tied to computer trading or any other
specific application. Whenever we need to trade anything this object should be there. The
same concept applies to the other three EBTs. Likewise, looking at the BOs of this
model, there is nothing specific in this model that is ultimately tied to the computer
trading problem. They are all related to the generic concept of trading, however, they
differ from the EBTs in that they are externally stable, but can be internally changed. For
instance, the result of any trade is an agreement, however, the physical nature of this
agreement can differ from one application to another. The contract used to buy a
computer is completely different from the contract used to buy a house, yet, in the end,
they are both considered to be agreements.

In the SSM, the variety of physical representations of BOs, as in the agreement case, is
handled through the IOs of the system. For example, the actual implementation of the
agreement in any trading application is an 10 in that system. This IO can completely

differ from one system to another, although the BO “Agreement” is the same.
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EBTs Bos IOs
|
u
Inspection Features 1.* | Accessories Computers
* /
1.+ —
modify .
addendum Packages Peripherals
Trading deal Agreement 1.x
trade .
EUIEE Individual
\,Q 2.*
Negotiation | negotiatp 2.* User -
1“*
ComputerShop
bid
*
Bidding regulate | 0.* | Bid

Figure 3.2: Computers Trading Stable Model

3.5.2 Casell-BuyingaHouse

Buying a house might look different from trading a computer, however they are both
forms of the concept, trading. Therefore, it is expected that many objects will be common
between both applications. These objects are the EBTs and the BOs of the system. Figure

3.3 shows the stable model of this case study.
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EBTs Bos I0s
Inspection Features 1.* | House
*
modi —
y / addendum
Trading deall Agreement
trhde e Individual
1.* | 2.*
Negotiation | negojiate 2.* User Contractor
1.*
bid
Broker

*

Bidding regulge  0.* | Bid

Figure 3.3: House Trading Stable Model

3.5.3 Caselll- Bidding on a Football Team

Without using software stability concepts, the concept of buying a football team might
look completely unrelated to the concept of buying a computer or a house. However,
software stability concepts will help to view the problem at a more abstract level. From
the SSM point of view, buying a football team can also be viewed as trading. It is
unnecessary to consider the object that is to be physically traded; the football team case
appears as just another collection of 10s. The same model provided in Figure 3.3 can be

used in this case study, with the need only to define this new set of the 10s. Figure 3.4

shows the stable model of this case study.
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EBTs

Bos

10s

1.*

Member

A
/\
/\

Player

Manager

Staff

Inspection Features Team
* T _
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, \ 7
Trading deal Agreement ||| } ~
Equipment Field
trage agree
L2 Individual
Negotiation | negotlate 2.* User 1]
il Sponsor
bid
*
Bidding | regulap %" Bid

3.5.4 Compound System

Figure 3.5 shows the compound model resulting from the merging of the three stable
models from the three described case studies. From the shown Figure, it is clear how
these three different applications share a common core. In the level of the EBTs and the
BOs, all three of these applications are viewed as trading systems, regardless of what

each application physically trades. Moving down to the physical level (10 level), these

Figure 3.4: Bidding on a Football Team Stable Model

three applications diverge, since each application has its own appropriate |Os.
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\
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| | ComputerShop
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Figure 3.5: Combined Stable Models
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Chapter 4

Softwar e Stable Analysis Patter ns

4.1 Introduction

Analysis patterns are conceptual models that model the core knowledge of the problem.
Therefore, it is expected that the pattern that models a specific problem should be easily
and successfully reused to model the same problem, regardless of the context in which
the problem appears. In redlity, this is not aways the case. In fact, many of today’s
analysis patterns model well-known problems that span many domains. Y et, using these
patterns to model the same problem in different contexts, if it is possible, is not as easy as
it should be. As aresult, software developers frequently are forced to start their analysis
from scratch.

Building analysis patterns with stability in mind will help in producing effective and
reusable patterns. These patterns can be used to model the problem whenever the problem
appears, independent of the context of the problem. In this chapter, we introduce the
novel concept of stable analysis patterns, a novel documentation template, and a detailed

example, building and utilizing stable analysis patterns.
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4.2 Stable Analysis Patterns Concept

Software stability concepts have demonstrated great promise in the area of software reuse
and lifecycle improvement. The concepts of EBTs and BOs have been shown to produce
models that are both stable over time, and stable across various paradigm shifts within a
domain or application context [16, 17, 18, 19].

By applying stability concepts to the notion of analysis patterns we propose the
concept of Stable Analysis Patterns [12, 13]. The idea behind stable analysis patternsis to
analyze the problem under consideration in terms of its EBTs and the BOs with the goal
of increased stability and broader reuse. By analyzing the problem in terms of its EBTs
and the BOs, the resultant pattern models the core knowledge of the problem. The goal of
this concept is stability. As a result, these stable patterns can be used to model the same

problem regardless its context.

4.3 Stable Analysis Pattern Template

Documenting analysis patterns is as important as building the patterns themselves.
Lacking a clear description of a pattern, the reusability of the pattern will diminish,
forcing software developers to reinvent the wheel, analyzing a well-known problem from
scratch.
The proposed pattern description template is as follows:

Name: Presents the name of the presented pattern.

Context: Gives possible scenarios for the situations in which the pattern may recur.

Problem Presents the problem the pattern concentrates on.
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For ces lllustrates the challenges and the constraints that the pattern needs to resolve.
Pattern Structure and Participants Gives the class diagram of the pattern. It also
introduces briefly each class and itsrole.
CRC- Cards Summarizes the responsibility and collaboration of each participant.
Each participant should have only one well defined responsibility in its CRC- Card.
Participants with more than one responsibility should be presented with more than
one CRC- Card, each CRC- Card will handle one of these responsibilities.
Applicability Provides clear and detailed case studies for applying the pattern in
different contexts. The following sub elements represent the required details.
1. Case Studies. Shows the scenario of two or three cases studies from different
contexts
2. Use Case Diagram. Presents the different Use Cases and the Actors for each
case study, and shows the relation between the different Use Cases, and the
relation between these Use Cases and the Actors of the system.
3. Use Case Description. Gives detailed description for each Use Case.
4. Behavior Diagram. Presents the sequence diagrams and/or the state transition
diagrams of the Use Cases.
Design | ssues Discuss the important issues required for linking the analysis phase to

the design phase. “Future extension”.

Formalization Gives the formal description of the pattern. This is useful for
verification purposes. Currently, we are using the Z specifications. ‘“Future

extension”.
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Related Patter ns Present the analysis and design patterns that are related to the

proposed pattern.
Possible Extensions Shows how this pattern can be extended to capture new
situationsin different contexts.

Known Uses Gives examples of the use of the pattern within existing systems.

4.4 Stable Analysis Pattern Example

4.4.1 Pattern Name: AnyNegotiation

This pattern is required to model the negotiation problem regardiess of the context it

might appear in, hence the name AnyNegotiation is chosen.

4.4.2 Context

Negotiation is a general concept that has many applications within many different
contexts. For instance, the trading of property usually involves negotiation (e.g. buying a
house or a car). Negotiation might also appear in solving social and political conflicts. In
addition, negotiation can also play arole in scientific applications. For instance, content
negotiation in Internet applications, where the client and server perform negotiations in
order to obtain the appropriate contents that fit the client preferences and capabilities

4.4.3 Problem

How to build a model for the negotiation concept, such that this model can be used to

model the negotiation problem in any context?
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444 Forces

Negotiation spans many contexts that are completely different in their natures.

The Negotiation process can take place between two or more persons, persons and
organizations or between two non-human entities, in each case the negotiator
structure is completely different. How can we handle these different structures using a
single model?

The Negotiation entity can be an organization consists of many persons; each has his
role in the negotiation process. For instance, there can be one individual who is
responsible for negotiating financial issues, another who is responsible for negotiating
issues related to management, and so on. Therefore, our pattern should be flexible
enough to handle different negotiator structures.

Negotiation can be conducted through one or more media simultaneously or
consecutively, thus, the pattern should handle the use of multiple media.

Negotiation can be performed on one or more affairs at the same time. For instance,
negotiation that takes place in the buying and selling context usually involves more
than one subject to be negotiated. For example, in buying a car, one can negotiates the
price, the warranty, and so on. Therefore, the pattern should be flexible enough to
handle such situations.

The ultimate goal of any negotiation is to reach an agreement between the
negotiators. However, the nature of this agreement varies tremendously from one
application to another and from one context to another. An agreement that might be

reached while negotiating a political conflict is completely different from that reached
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while buying a car. Therefore, the pattern should be able to handle these wide

variations.

4.4.5 Peattern structure and Participants

Figure 4.1 shows the object diagram of the AnyNegotiation pattern. The pattern contains

classes and packages.

0..* 1.* . 0.* 1.* Context
Agreement |~ | Negotiation | - >
generate 0.* nNegotiate
0..* \ ~
AN ho.*
\\ | \\\
N “ \\
N use -
A handle N
agree \ andie | U ]
9 \ ™
\\ \ Media
N 2.
2 \
Party

Figure 4.1: AnyNegotiation pattern object diagram

Participants

The participants of the AnyNegotiation pattern are:

1. Classes

Agreement. Represents the result of the negotiation. Agreement is always present,
whenever there is a negotiation. However, the nature of this agreement varies,

depending on the context of the negotiation. For instance, a negotiation to buy a car
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might results in a paper contract and a negotiation between two countries that have a
conflict might result in atruce.
Negotiation. Represents the negotiation process itself. This class contains the
behaviors and attributes that regul ate the negotiation process itself.

2. Packages
Party. Represents the negotiation handlers. Party can be a person, organization, or a
group with specific orientation. Figure 4.2 gives the class diagram of this package.
Media. Represents the media through which the negotiation will take place. It is
possible to use different medias to conduct a single negotiation. Figure 4.3 gives the
class diagram of this package.
Context. Represents the matters to be negotiated. It is possible to negotiate more than
one affair within the same negotiation process. For instance, one can negotiate the
price and the method of delivery when buying a product. Figure 4.4 gives the class

diagram of this package.

Party

E&name
Btype

®negotiate()
Bbid()
Wagree()
W®protest()
®authorize()
Wdeny ()

/\

‘//_ﬁ

0..*

Orientation define

Role_1 Role_2 Role_n

Figure 4.2: Party package



Context

Fdefine()

Context_1

Contex_2

Context_n

Figure 4.3: Context package

Media

Btype

transfer()

/\

:

Media_1

Media_2

Media_n

Figure 4.4: Media package

4.4.6 CRC- Cards

Negotiation (Negotiation Descriptor)

Responsibility Collaboration
Clients Server
Describes the negotiation - Agreement - Definerules
rules, and regulations to the - Party
negotiating parties. -  Media
- Context

Party (Negotiation handler)
Collaboration

Responsibility

Performs and finalizes the

negotiation. -

Clients Server
Negotiation - Negotiate
- Agreement - Approve

32
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Agreement (Descriptor)

Responsibility Collaboration
Describes agreement terms Clients Server
and conditions. - Negotiation - Define

- Party agreement

M edia (Connector)

Responsibility Collaboration
Communicates negotiation Clients Server
issues between negotiators. - Negotiation - Connect parties

Context (Motivator)

Responsibility Collaboration
Defines the reason of the Clients Server
negotiation process. - Negotiation - Definethe

matter.

4.4.7 Applicability

In practical applications, the AnyNegotiation pattern is used within the negotiation
system. The negotiation system consists of the AnyNegotiation pattern in addition to the
Bidding package. Figure 4.5 gives the class diagram of the negotiation system. The
“Bidding” package represents the bidding process. For instance, when negotiating the
price of a car, both the customer and the car deder bid in the price and then the
negotiation of this price will take place. The CRC- Card of the “Bidding” package is

given below.

Bidding (Bidding Regulator)

Responsibility Collaboration
To define the rules and Clients Server
requirementsfor postinga | - Party - Placebid
bid. -  Media - Compromise
- Context bid
- Authorization - Removebid




Agreement 0..* 1.» Negotiation
‘ generate ]
0..* ! 0../*(/ ‘ N 0..*
| P 0%
\ s | \\
| handle ~ ;
\ \ negotiate
agree | // ‘ use \\
| / ‘ N
! / | \\ 1
/ ..
2. \‘/ 2..% \/ 1..* \\\g
Party Media Context
N 7]
1%\ 1..*¢ A T
AN /
N \ %
\\ | /
bid N use | //
N \ /
\\ | /
x 0.* 7
Bidding

Figure 4.5: Negotiation system object diagram.

In order to demonstrate the use of the “AnyNegotiation” pattern in different contexts, two

case studies are presented and the complete model for each case study is given.

4.4.7.1 Case Study 1: Negotiation to buy a car

Problem Description

This use case models the simple process of buying acar. In buying a car, a negotiation

concerning the car’s price and warranty usually take place. This case study shows how
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to utilize the AnyNegotation pattern in the analysis of the problem and to build the stable

model of the problem.

Problem Class Diagram

Figure 4.6 shows the stability model of the negotiation used in buying acar. The IOs
added onto the top of the original AnyNegotiation pattern are colored in gray.

Note: The objective of this case study to demonstrate the usage of the proposed pattern,
however, for smplicity, it dose not give the complete model for the problem. The
complete model of this problem should contain other EBTs and BOs. For instance, we

might add the EBTs: (Trading, Inspection, etc.), and the BOs: (Features, Item, etc.)

Contract
EXrules
EEparties 0.* 1..*| Agreement | 0..* 1..* | Negotiation 0.+
EXsignature generate -
0.* 0.* :
FdefineContract() negotiate
use
agreement 1%
1. | Context
2.* 2 % |__Media | 'i?type
. EXtype 1.*
Party EBname  — — Bdefine()
BEname
Bfaddress Ftransfer()
E&phoneNumber A
Snegotiate() -
MWagree() Phone Mail
Hreject() EXinumber BHaddress | | Use
MsignContract()
Lo [l Fsend() Wiy Price
. Wreceive() Witimes Bamount
Sreply() i Eicurenc
EXtimeEnd y
; items
Customer CarDealer bid e s etAmount()
WsetTime() SdefineCurrency ()
:g:y())seCarO :prepareCOntract() Fdeifneltem() SchangeCurrency ()
sell()
0.* 0
Bidding
EEbidobjective
MplaceBid()

Figure 4.6: Stability model of the negotiation in buying a car case study.
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8 Use Case Diagram

Figure 4.7 shows the use case diagram for the case study.

Choose Car
0.* 0..*

<<extend>>l
Place Bld
%

bid —_ bid

P <<|nclude> <<|nclude>> \\\\ . L
(Negotiate Pse‘ %
\ / Customer

Send Ownership
certificate

Figure 4.7: Use case diagram of the negotiation in buying a car case study.

Use Case Description

In this subsection, in order to show how to apply the proposed template, five use cases of

the system are documented.



UseCaseld: 1.0

Title: Place aBid: car Price

Actors Roles
Customer | Bidder

CarDedler | Bidder

Class Supper Attributes Operations
Class

Customer Party | Name, Address, PhoneNumber | Negotiate()
Agree()
Reject()
SignContract()
ChooseCar()

Buy()

CarDeadler Party | Name, Address, PhoneNumber | Negotiate()
Agre()

Reject()
SignContract()
PrepareContract()
Sell()

Bidding - BidObjective PlaceBid()

Price Context | Type, Amount, Currency Defing()
SetAmount()
DefineCurrency()
ChangeCurrency()

Phone Media | Type, Name, Number Transfer()
cal()
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EBTs: Bidding.

BOs:. Party, Media, Context.

| Os: Customer, CarDealer, Phone, Price

Description:
1. The Customer contacts the CarDeder through the appropriate Media (e.g.
through the Phone).
2. The Customer requests the Price of the car he needs from the CarDedler.
3. The CarDedler initiates Bidding by providing the price of the car the Customer
wants.

4. The Customer receives the Price of the car he wants.



UseCaseld: 2.0

Title: Negotiate Car Price
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Actors Roles
Customer | Bidder, Negotiators
CarDedler | Bidder, Negotiators
Class Supper Attributes Operations
Class
Customer Party | Name, Address, PhoneNumber | Negotiate()
Agree()
Reject()
SignContract()
ChooseCar()
Buy()
CarDeadler Party | Name, Address, PhoneNumber | Negotiate()
Agre()
Reject()
SignContract()
PrepareContract()
Sell()
Bidding - BidObjective PlaceBid()
Negotiation - - -
Price Context | Type, Amount, Currency Defing()
SetAmount()
DefineCurrency()
ChangeCurrency()
Phone Media | Type, Name, Number Transfer()
cal()
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EBTs: Bidding. Negotiation.

BOs:. Party, Media, Context.

| Os: Customer, CarDealer, Phone, Price

Description:

1.

The Customer starts his Bidding on the Price. The Customer proposed his desired
Price, and sendsit to the CarDealer.

The CarDealer receives the proposed Price from the Customer.

The CarDealer Negotiates the Price proposed by Customer.

The CarDealer starts his Bidding on the price proposed by the Customer. The
CarDedler proposes new Price, and sends it the Customer.

The Customer Negotiates the new Price.

The Customer starts new Bidding. He will propose a new Price for the car, and

sends it to the CarDealer.

Alternatives;

4.a The CarDedler agrees on the proposed Price by the Customer.

5.a The Customer agrees on the new Price of the car.



UseCaseld: 3.0

Title: Negotiate Car Warranty
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Actors Roles
Customer | Negotiators
CarDealer | Negotiators
Class Supper Attributes Operations
Class
Customer Party | Name, Address, PhoneNumber | Negotiate()
Agree()
Reject()
SignContract()
ChooseCar()
Buy()
CarDedler Party | Name, Address, PhoneNumber | Negotiate()
Agree()
Reject()
SignContract()
PrepareContract()
Sell()
Bidding - BidObjective PlaceBid()
Negotiation - - -
Warranty | Context | Type, TimeStart, TimeEnd, Defing()
ItemsCovered SetTime()
Defineltem()
Phone Media | Type, Name, Number Transfer()
cal()
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EBTs: Bidding. Negotiation.

BOs:. Party, Media, Context.

| Os: Customer, CarDealer, Phone, Warranty

Description:

1.

The CarDealer describes the Warranty offered with the selected car to the
Customer, through the appropriate Media.

The Customer Negotiates the Warranty time period.

The Customer starts Bidding on Warranty time period. He proposes the desired
time.

The CarDealer Negotiates the proposed Warranty time period.

The CarDedler starts his Bidding on the time period proposed by the Customer.
The CarDealer proposes new time period, and sends it the Customer.

The Customer Negotiates the items covered by the offered Warranty.

The Customer starts Bidding on the items covered by the offered Warranty.

The CarDeadler start Bidding on the propose Warranty by the Customer.

Alternatives;

2.a The Customer agrees on the Warranty time period.

5.a The CarDealer agrees on the proposed Warranty time period.

5.a The Customer agrees on the Warranty items.

7.a The CarDealer agrees on the proposed Warranty.



UseCaseld: 4.0

Title: Prepare Contract
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Actors Roles
CarDedler | Prepare contract, Send contract
Customer | Receive contract
Class Supper Attributes Operations
Class
CarDedler Party Name, Address, Negotiate()
PhoneNumber Agreeg()
Reject()
SignContract()
PrepareContract()
Sell()
Customer Party Name, Address, Negotiate()
PhoneNumber Agree()
Reject()
SignContract()
ChooseCar()
Buy()
Warranty Context | Type, TimeStart, TimeEnd, Defing()
ItemsCovered SetTime()
Defineltem()
Price Context | Type, Amount, Currency Defing()
SetAmount()
DefineCurrency()
ChangeCurrency()
Mail Media Type, Name, Number Transfer()
cal()
Contract | Agreement | Rules, Parties, Signature DefineContract()




EBTs. <none>

BOs: Party, Media, Context, Agreement.

|Os: CarDealer, Customer, Mail, Price, Warranty, Contract.

Description:
1. The CarDealer documents the final Price according to the Agreement with the
Customer.
2. The CarDeaer documents the final Warranty offer according to the Agreement
with the Customer.
3. The CarDealer writes the official Contract.
4. The CarDeder sends the Contract to the Customer using the appropriate Media

(e.g. the Mail).



UseCaseld: 5.0

Title: Sgn Contract
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Actors Roles
Customer | Sign Contract
CarDedler | Sign Contract
Class Supper Attributes Operations
Class
Customer Party Name, Address, Negotiate()
PhoneNumber Agreeg()
Reject()
SignContract()
ChooseCar()
Buy()
CarDedler Party Name, Address, Negotiate()
PhoneNumber Agree()
Reject()
SignContract()
PrepareContract()
Sell()
Mail Media Type, Name, Number Transfer()
cal()
Contract | Agreement | Rules, Parties, Signature DefineContract()
EBTs. <none>

BOs: Party, Media, Context, Agreement.

| Os: CarDedler, Customer, Mail, Contract.



46

Description:

1. The CarDedler signsthefina Contract.

2. The CarDeder sends the final Contract to the Customer using the appropriate
Media (e.g. using the Mail).

3. The Customer receives the final Contract.

4. The Customer signsthe final Contract.

5. The Customer sends the final Contract to the Customer using the appropriate
Media (e.g. using the Mail).

6. The CarDealer and the Customer reach Agreement.
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|. Sequence Diagrams

Use Case 1: PlaceaBid
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Figure 4.8: Place a Bid sequence diagram.
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Use Case 2: Negotiate Car Price
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Figure 4.9: Negotiate Car Price sequence diagram.
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Use Case 3. Prepare Contract
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Figure 4.10: Prepare Contract sequence diagram.
Use Case 4. Sign Contract
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Figure 4.11: Sign Contract sequence diagram.
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Il. State Transition Diagrams

1. NegotiatePrice

Setinitial W send Send price
price to customer

Dose not agree

Negotiat
e price

new price
Bid on new Set new
price price
Dose not agree [ Sendnew price to agree Reach
L Cardealer agreement

Figure 4.12: Negotiate Price state transition diagram.

agree
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contract ‘ sign contract

send

Send contract to
Customer

Dose not agree

agree Contact

CarDealer

Figure 4.13: Sign Contract state transition diagram.
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4.4.7.2 Case Study 2: Content Negotiation using Composite Capability/ Preference
Profile (CC/PP)

Problem Description

Today, very heterogeneous devices are required to access the World Wide Web. Yet,
each device has its own set of capabilities. Therefore, the server will need to know the
capabilities of these devices in order to provide the appropriate contents. As a result, a
negotiation between the client that needs to access the web and the server that originates
content (the origin server) is needed. This case study models one of the known techniques
of performing content negotiation called Composite Capability/Preference Profile
(CCIPP) [4]. One possible scenario of content negotiation using CC/PP is given in figure

4.14.

Request in HTTP with profile
containing inline reference

<

_
> 7
Client

Response in HTTP with

Retrieve adapted content
CC/PP

profile
from
repositor

CC/PP

Profile
Repository

Figure 4.14: Possible scenario of content negotiation using CC/PP.
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Problem Class Diagram

Figure 4.15 shows the stability model of the content negotiation using CC/PP. The 10s

added onto the top of the core pattern are colored gray.
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2 % Media Content
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| Paty | HTTPRequest
BEfiname [transfer() ESmethod
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EXprotocolVersion
=negotiate() . Internet EhheaderStyle
send() i
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[Breceive() = [®send(
[®send() [®get()
[®receive() ®put(
[®reply() [Sdelete()
0.*
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0. 0.* 1
h Bidding Request
Client éC/PPRePOSitOW OriginSener Bfbidobjective | 1" BStype
capacity
[®defineRefernce() [Sretrieve() [BplaceBid() [®send(
[®storeProfiles()

Figure 4.15: The stability model of the content negotiation case study.
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Use Case Diagram

Figure 4.16 shows the use case diagram for the case study.

Receive Request

<<extend>>

‘% f 1 hold 0..*

Retrieve Profile

<—_retrieve

—~

CCIPP Profile T—1 N
Repository T
<<extend>> 1
Send HTTP Request )
negotiate
0. 1 Origin Server

send —
1 negotiate 0..*

<<extend>> send

receive

Send Adapted Contents

Figure 4.16 Use Case diagram for content negotiation case study.

Use Case Description

In this subsection, the full documentation is given for five use cases.



UseCaseld: 1.0

Title: Send HTTP Request

Actors Roles
Client Sender

OriginServer Receiver

Class Supper Attributes Operations
Class

Client Party | Name, Address Negotiate()
Send()

Receive()
DefineReference()

OriginServer Party | Name, Address Negotiate()
Send()
Receive()
Retrieve()

Bidding - BidObjective PlaceBid()

Internet Media | Type, Name, Address Transfer()
Send()
Receive()
Reply()

Request - Type Send()

HTTPRequest - Method, Objectldentifier, | Send()
ProtocolVersion, Get()
HeaderStyle Put()
Delete()
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EBTs: Bidding.

BOs: Party, Media, Context, Request.

|Os: Client, OriginServer, Internet, HT TPRequest

Description:
1. TheClient starts Bidding by preparing a reference to its profile.
2. The Client sends HTTPRequest to the OriginServer through the appropriate
Media (Here the Mediais the Internet).

3. The OriginServer receives the HTTPRequest.



UseCaseld: 2.0

Title: Retrieve Profile

Actors Roles
OriginServer Sender, Retriever

CC/PPRepository | Receiver, Sender

Class Supper Attributes Operations
Class

OriginServer Party | Name, Address Negotiate()
Send()
Receive()
Retrieve()

CC/PPRepository | Party | Name, Address, Capacity | Negotiate()
Send()

Receive()
StoreProfiles

Internet Media | Type, Name, Address Transfer()
Send()
Receive()
Reply()

Request - Type Send()

HTTPRequest - Method, Objectldentifier, | Send()
ProtocolVersion, Get()
HeaderStyle Put()
Delete()
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EBTs. <none>
BOs:. Party, Media, Request.

| Os: OriginServer, CC/PPRepository, Internet, HT TPRequest

Description:
1. The OriginServer extracts the reference from the HTTPRequest.
2. The OriginServer sends the reference to the CC/PPRepository
3. The CC/PPRepository receives the reference from the OriginServer.
4. The CC/PPRepository searches for the Client profile.
5. The CC/PPRepository sends the Client preference profile to the OriginServer.

6. The OriginServer receives the client preference profile from the CC/PPRepository

Alternatives:
5.a The CC/PPRepository did not find corresponding profile to the provided
reference, and sends error message to the OriginServer.

6.a The OriginServer receives an error message from the CC/PPRepository.



UseCaseld: 3.0

Title: Adapt Contents

Actors Roles
OriginServer Sender, Receiver, Negotiator
Class Supper Attributes Operations
Class
OriginServer Party | Name, Address Negotiate()
Send()
Receive()
Retrieve()
Bidding - BidObjective PlaceBid()
Internet Media | Type, Name, Address Transfer()
Send()
Receive()
Reply()
Request - Type Send()
HTTPRequest - Method, Objectldentifier, | Send()
ProtocolVersion, Get()
HeaderStyle Put()
Delete()
Content Context | Type Defing()

EBTs:. Bidding
BOs: Party, Media, Request, Context.

|Os: OriginServer, Internet, HTTPRequest, Content.
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Description:
1. The OriginServer reads the client profile, and extracts its capabilities and
preferences.
2. The OriginServer initiate Bidding by requesting the Contents required in the
HTTPRequest.
3. TheOriginServer get the required Contents.

4. The OriginServer adapt the Contents according to the client profile.

Alternatives:

3.a The OriginServer does not find the required Contents.



UseCaseld: 4.0

Title: Negotiate Contents

Actors Roles
OriginServer Sender, Receiver, Negotiator
Client Receiver, Sender, Negotiator
CC/PPRepository | Receiver, Sender
Class Supper Attributes Operations
Class
OriginServer Party | Name, Address Negotiate()
Send()
Receive()
Retrieve()
Client Party | Name, Address Negotiate()
Send()
Receive()
DefineReference()
CC/PPRepository | Party | Name, Address, Capacity | Negotiate()
Send()
Receive()
StoreProfiles
Negotiation - - -
Bidding - BidObjective PlaceBid()
Internet Media | Type, Name, Address Transfer()
Send()
Receive()
Reply()
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EBTs: Bidding, Negotiation.

BOs:. Party, Media

| Os: OriginServer, Client, Internet, CC/PPRepository.

Description:

1. The OriginServer receives error message from the CC/PPRepository indicating
that the required reference does not exist.

2. The OriginServer Negotiates the profile with the CC/PPRepository. It initiates a
new Bidding by sending a modified reference to the CC/PPRepository. It aso
saves the changes it made to the reference.

3. The CC/PPRepository receives the new reference and searches for the
corresponding profile.

4. The CC/PPRepository sends the Client preference profile to the OriginServer.

5. The OriginServer receives the client preference profile from the
CC/PPRepository.

6. The OriginServer Negotiates the new profile. The OriginServer start bidding by
sending the new profile to the Client.

7. The Client receives the new profile and checksitsidentifiers and style.

8. The Client Negotiates the new profile. It initiates a new Bidding by sending a
newer version of its acceptable profile.

9. The OriginServer receives the proposed profile from the Client. It sends the
CC/PPRepository the new profile to match it with the closest profile available.

10. The CC/PPRepository sends the closest new profile to the OriginServer.
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11. The OriginServer sends the new profile to the Client.

Alternatives:

4a The CC/PPRepository did not find corresponding profile to the provided
reference, and sends error message to the OriginServer.

5.a The OriginServer receives an error message from the CC/PPRepository.

6.a The OriginServer sends an error message from the client.

8.a The Clients sends an error message the OriginServer indicating the termination
of Negotiation. (The new profileistoo far from the acceptable one).

8.b The Client sends acceptance on the new profile to the OriginServer. (Means no
further modifications are required).

10.a The CC/PPRepository does not have any closer profile. It sends an error
message to the OriginServer.

11.a The Client receives an error message from the OriginServer. Thiswill terminate

the Content Negotiation, since no more profiles can be searched.



UseCaseld: 5.0

Title: Send Adapted Contents

63

Actors Roles
OriginServer Sender
Client Receiver
Class Supper Attributes Operations
Class
OriginServer Party | Name, Address Negotiate()
Send()
Receive()
Retrieve()
Client Party | Name, Address Negotiate()
Send()
Receive()
DefineReference()
Internet Media | Type, Name, Address Transfer()
Send()
Receive()
Reply()
Agreement - - -
AdaptedContent - Method, Objectldentifier, | Send()
ProtocolVersion, Get()
HeaderStyle Put()
Delete()




EBTs. <none>

BOs: Party, Media, Context, Agreement.

|Os: OriginServer, Client, Internet, AdaptedContent

Description:

1.

2.

The OriginServer adapts the requested contents according to the Client profile.
The OriginServer sends the AdaptedContent to the Client.
The Client receives the AdaptedContent from the OriginServer.

Agreement is reached between the Client and the OriginServer.



Behavior Diagrams

|. Sequence Diagrams
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Use Case 1. Send HTTPRequest
.Client :OriginSenver :HTTPRequest :Internet
| | |
| prepare reference | | |
‘ %1 | | \
| | |
send | | |
‘ use ‘
|
|
u\ receive request transfer
|
| |
| |
| |
| |
| |

Figure 4.17: Send HTTPRequest sequence diagram.

Use Case 2: Retrieve Profile

:OriginSenver

:CC/PPReposit
ory

extract client r&%ference

:HTTPRequest

get client refer%nce

\
receive client referenc 1

rec

=

eive client profile

|
\
\
|

receive error message

serarch for

client profile

Figure 4.18: Retrieve Profile sequence diagram.



Use Case 3: Adapt Content
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Figure 4.19: Adapt Content sequence diagram.



Use Case 4. Negotiate Content
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Figure 4.20: Negotiate Content sequence diagram.
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Il. State Transition Diagrams

1. RetrieveProfile

request C C/PPRepository

Receive extract send reference to 1
reference

Search for
client profile

profile exist

Send
profile

profile dose not exist

Send error
message

C )
L

Figure 4.21: Retrieve Profile state transition diagram.

2. Negotiate Content

Search for profile exists Send
client profile ~1  profile
profile dose not exist
send
send to Send error
CC/PPRep- message _ .
ository fC"em rtectet:veél' t accept profile
reference to the Clien \./
Set new i )
profile not compatible
reference
Negotiate new reference send new
with OriginServer reference

Figure 4.22: Negotiate Content state transition diagram.
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4.4.8 Related Patterns
Related analysis patterns: Bidding pattern
Related design patterns:
1. Party pattern
2. Agreement pattern
4.4.9 Possible Extensions
The “AnyNegotiation” pattern models the basic negotiation process. It gives a stable
model that can be reused to model the negotiation process regarding the negotiation
context as shown in the two cases studies presented herein.

In more complex contexts, some additional classes might be needed in addition to the
basic model of the negotiation system model. The flexibility of the stable concept that is
used in the development of the “AnyNegotiation” pattern makes it easy to build on to
model more complex negotiation systems. For instance, negotiation could involve
“negotiation style”. This feature models the different possible modes that negotiations
can take. In [25], five styles for negotiation within the purchasing context are outlined:
Competition style, accommodation style, avoidance style, compromise style, and
collaboration style. A single negotiation can use more than one style at atime. You can
negotiate the price using any of these styles, while negotiation the maintenance procedure
using another.

Figure 4.10 shows how the NegotiationStyle package can be added onto the top of the
“AnyNegotiation” pattern. The class diagram of the NegotiationStyle package is given in

figure4.11.
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Figure 4.10: Negotiation system with NegotiationStyle package.
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Figure 4.11 NegotiationStyle package class diagram.
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Chapter 5

A Pattern Language for Building Stable Analysis
Patterns

5.1 Introduction

Analysis patterns are conceptual models that model the core knowledge of the problem.
Therefore, it is expected that the pattern that models a specific problem should be easily
and successfully reused to model the same problem, regardless of the context in which
the problem appears. In redlity, this is not aways the case. In fact, many of today’s
analysis patterns model well-known problems that span many domains. Y et, using these
patterns to model the same problem in different contexts, if it is possible, is not as easy as
it should be. As aresult, software developers frequently prefer to start their analysis from
scratch.

Building analysis patterns with stability in mind will help in producing effective and
reusabl e patterns. These patterns can be used to model the problem whenever the problem
appears, independent of the context of the problem. In this chapter, we introduce a novel
pattern language for building stable analysis patterns. The objective of thislanguage isto

propose away of achieving stability while constructing analysis patterns.
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5.2 Pattern Language Overview

The proposed pattern language contains eight patterns [14]. These patterns document the
steps required for building stable analysis patterns. The eight patterns are categorized into
three main levels. Each level has its own main objective. Figure 5.1 shows the three
levels of the pattern language and the corresponding patterns in each level. Each pattern
has two digits number. The first digit shows the level of the pattern, and the second digit
gives the pattern’s number.

The first level is the “Concept Patterns” level. Patterns in this level provide the main
concepts required in order to understand the rest of the pattern language. The Concept
Patterns level contains two patterns: the Efficient Usable Analysis Models (1.1), which
describes the main essential properties required for building efficient and usable analysis
models, and the Software Sability Model (1.2), which provides the fundamental concepts
of the software stability model as a solution for achieving stability.

The second level is the “Problem Analysis Patterns” level. Patterns in this level show
how to analyze the problem that needs to be modeled. The analysis of the problem can be
done through four main steps, each step is documented as a pattern. First, Identify The
Problem (2.3). Second, Identify Enduring Business Themes (2.4). Third, Identify Business
Objects (2.5). Fourth, put these elements into the Proper Abstraction Level (2.6).

The third level is the “Building-Process Patterns” level. After analyzing the problem in
the previous level, we need to know how to Build Sable Analysis Patterns (3.7), and how
to Use Sable Analysis Patterns (3.8). Table 5.1 summarizes the patterns language for

quick reference. The relationship among the language patternsis shown in Figure 5.2.
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Efficient Usable Analysis Models (1-1)
Level 1
Concept Patterns
] "
Software Stability Model (1-2)

Concepts
Understood

Identify The Problem (2-3)

Identify Enduring Business Themes (2-4)

v e

Level 2

Problem Analysis Patterns \

Problem
Analyzed

Identify Business Objects (2-5)

Proper Abstraction Level (2-6)

-

Build Stable Analysis Patterns (3-7)

Level 3
Building-Process Patterns

[\

Use Stable Analysis Patterns (3-8)

Figure 5.1: Description of the pattern language.
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Pattern Problem Solution
Efficient Usable What are the main essential properties | Page 76
Analysis Models (1-1) that affect the usability and the

effectiveness of analysis models?
Software Stability How to accomplish software stability? | Page 77
Model (1-2)
Identify The Problem How to focus on a specific problem Page 82
(2-3) that the analysis pattern will model?
Identify Enduring How to identify the enduring business | Page 86
Business Themes (2-4) | themes of the problem?
Identify Business How to identify the business objects Page 91
Objects (2-5) of the problem?
Proper Abstraction How to achieve the proper abstraction | Page 98
Level (2-6) level?
Build Stable Analysis How to assemble the problem model Page 104
Patterns (3-7) components to build the stable

analysis pattern? How to define the

relations between the identified EBTs

and BOs?
Use Stable Analysis How to use the constructed stable Page 108
Patterns (3-8) analysis pattern to model the problem

within a specific context?

Table 5.1: Summary of the patterns language.
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5.3 Building Stable Analysis Pattern Language Description

Level 1 Concept Patterns: First, understand the main properties of the
Efficient Usable Analysis Models (1.1). Second, understand the basic
concepts of Software Sability Model (1.2).

5.3.1 Pattern 1.1 — Efficient Usable Analysis Models

I ntent

Presents the essential properties of efficient and usable analysis models.

Context

Analysisisthefirst step to solving any problem. Some essential properties are needed for
analysis models in order to be useful and usable. Keeping these properties in mind while
building analysis models will tremendously improve the quality of these models.

Problem

What are the essential properties that affect the usability and the effectiveness of analysis
models?

Forces

As models, analysis models must satisfy the six basic model properties
introduced in [20]. However, due the nature of anaysis models, these six
properties are insufficient.

There are some misconceptions in the understanding of some of the models’
essential properties. For, instance, for the model to be “easy to understand” is
not the same as to be “simple”. Many analysis models are easy to understand,
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yet, most of them are not simple. Such confusion tremendously affects the
resultant models.
Solution

Analysis patterns must satisfy the six introduced in [20]. That is, to be simple, complete
and most probably accurate, testable, stable, to have visual representation, and to be
easily understood. In addition to these six properties, reusable artifacts must satisfy two
additional properties. first to be general, and second to be easily and actualy reused.
Thus, a pattern that models a specific problem should be constructed so that it is easily
reused whenever the problem occurs, and independent of the context in which the
problem appears.

Next Pattern

After learning the essential properties that influence the usability and effectiveness of
analysis models, we need now to understand the basic concepts of the “Software Sability

Model .

5.3.2 Pattern 1.2 — Software Stability Model

I ntent

Describes the structure of the software stability model and its basic concepts (Enduring
Business Themes “EBTS’, Business Objects “BOs”, and Industrial Objects “10s”). It
shows the relationships between these elements and how they work together to build

stable models.
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Context

Stability is a highly desired feature for any engineering system. In software engineering,

having stable analysis models, stable design models, stable software architectures, stable

patterns etc., will definitely reduce the cost and improve the quality of software

engineering products.

Problem

How to accomplish software stability?

Forces
It is usually hard to separate analysis, design, and implementation issues while
modeling the problem. Usually, analysts analyze the problem (problem domain)
with some design issues in mind (solution space). Due to the fact that different
solutions can exist for the same problem, mixing the modeling of the problem
with its solution issues will affect the reusability of this model. As aresult, people
who want to approach the same problem with different solutions will need to
remodel the problem from scratch. As a result, many analysis models will lack
stability.
Analysis models are required to capture the core knowledge of the problem they
model.

Solution

Figure 1 shows the architecture of the Software Stability Model (SSM). In the SSM, the

model of the system is viewed as three layers. the Enduring Business Themes (EBTYS)

layer, the Business Objects (BOs) layer, and the Industrial Objects (10s) layer [17, 19].
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Each class in the system is classified into one of these three layers according to its

nature.
0..* 0..*
0..* | EnduringBusinessThems |0..* 0..* | BusinessObjects |0..*
0..*
0..*
IndustrialObjects
Figure 5.3: The relation between SSM elements
Example

This example shows how to apply software stability concepts in the modeling of a simple
problem.
Problem: Model the business of a small shipping company. The company provides
several different shipping services.
Solution: We will model the problem using software stability concepts. First, we need to
identify the EBTs, BOs, and I0s of this problem to build its stable model. Possible EBTs
in this problem are:

“Trangportation”, which represents the main purpose of this business.

“Scheduling”, which shows how to manage the shipping dates, destinations, etc.

These EBTSs are very abstract. However, they describe the reasons for the existence of

the system. To make these abstract and intangible objects more tangible, we need to map

them into more tangible objects. Identifying the BOs of the problem will do this mapping.
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One Possible BO in this problem is “Schedule”. This BO will map the EBT “Scheduling”

into more tangible object “Schedule”. The BO is externally stable, however, it can change
internally. For instance, schedule is changing from one day to another; however, such
changes will not affect the existence of the schedule as an object in the problem model.

Now, we need more concrete objects that can physically map the “BOs” into fully
tangible objects. These objects are the 10s of the system. In this problem, we can think
about different implementations for the BO “Schedule”. For instance, we can make
“Schedule” using a piece of “Paper”, using some sophisticated “Software” program, or
using both of them. By modeling the problem using the stability concepts, such changes
will never affect the core of our model.

Figure 5.4 shows how the EBT “Scheduling” can be mapped into the more tangible

object (BO) “Schedule”, and finally into concrete objects (10) “Paper” and “Software”.

System Core

————-

\\ _7 \\~ |
S —_——— - ~§A I

I\

EBTsLevd BOs L eve |10s Leve

Figure 5.4: Example of the mapping between EBTs, BOs, and |0s.
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Next Pattern
After understanding the required concepts, the next step is to analyze the problem. To
analyze the problem we need to “Identify The Problem”, “Identify Enduring Business

Themes”, “lIdentify Business Objects”, and to accomplish the “Proper Abstraction

Level .
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Level 2 Problem Analysis Patterns. First, Identify The Problem (2.3). Then
|dentify Enduring Business Themes (2.4). After that, Identify Business Objects
(2.5). Finaly, put the identified EBTs and BOs in the Proper Abstraction Level
(2.6).

5.3.3 Pattern 2.3 — Identify The Problem

I ntent
Shows how to focus on the problem we need to analyze.
Context
Analysis patterns reusability has a direct relationship with the number of problems they
model. If a pattern is used to model many problems, the generality of the resulting pattern
is sacrificed, since the probability of the occurrence of all the problems together is less
than the probability of the occurrence of each problem individually. Focusing on a
specific problem is one of the key factors that help improve the reusability of the pattern.
Problem
How to focus on a specific problem that the analysis pattern will model?
Forces

Many problems appear together frequently in many contexts. As aresult, they will

be modeled as one problem.

Sometimesit is hard to separate small problems from a bigger problem.
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In reality, not al of the small problems that we can separate are qualified to form

practical stand-alone problems.
Solution
Before we start modeling the problem we need to check whether or not this problem can
be further divided into smaller, real problems. The following gquestions help to do so:
“What is the problem that we need to solve?’ “Can we divide this problem further into a
list of smaller problems?’ “Are there any known possible scenarios where these smaller
problems can appear?’
If we can find practical scenarios for each of the smaller problems we have separated,
then we need to model each of them separately. If the smaller problems have no practical
use, they should be modeled together.
Example
We choose a simple example in order to illustrate the idea of problem separation. We
consider the “account” problem. In fact, it was not too long ago when the word “account”
was merely used to indicate banking and financial accounts. Today, the word “account”
alone becomes a vague concept if it is not alied with aword related to a certain context.
For instance, besides al of the traditional well-known business and banking accounts,
today we have e-mail accounts, on-line shopping accounts, on-line learning accounts,
subscription accounts, and many others.
One possible model for the account problem is the Account pattern provided by Fowler
[23]. Figure 5.5 shows the class diagram of the Account Pattern. This pattern models two
different problems at the same time. The first problem is the “account” problem and the

second problem is the “entry” problem. These are two independent problems. Even
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though they appear together in many contexts, there is now a possibility of having entries
without an account, or accounts without entries. Figure 5.6 shows some examples of
accounts without entries, while Figure 5.7 gives an example of entries without accounts
As aresult, the generality of the pattern is limited. These factors contribute negatively to
the reusability of the pattern.

The stable model of the “Account” problem will be built step by step, through the
remainder of this chapter. From this point forward, we will show how each pattern
contributes to the building of the stable analysis pattern that models the “Account”

problem.

Account

1 * Entry

®balance()
Swithdrawel()
®deposits()

Figure 5.5: Account pattern provided by Martin [23].
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(1) Free on-line services account: Today, there are many on-line companies that

provide free goods or services. For example, some companies provide learning
software packages, or learning documents. In order to access these materias, these
providers require you to create an account with the company. This account is simply
a passport provided to enable you to access their service; you do not have anything
in this account that can be considered to be your property. In fact, the only things
that you can do with this account are the limited functions prescribed by the
company that issued the account.

(2) Access account to the copy machine: Suppose that you have an account to access

the copy machine in your school or work. This account is no more than a passport
for you for using the copier. There are no entries in this case. (Note that in this
example it is possible to use Martin’s pattern by changing the names of the
behaviors in his patterns. In fact, all the behaviors in Martin’s pattern are not
relevant in this case).

Figure 5.6: Examples of accounts without entries

The following table contains information about class schedules, at the University
of Nebraska-Lincoln, Spring 2002. In this table, each piece of information forms

an entry to the table. Here we do not need accounts to keep thisinformation in.

Call# CourseTitle Course Cr Sec. Time Day Room

# Hrs
2850/2867 Computer 430/830 003 001 0230- MW | Freg112
Architecture 0320p F
2855/2873 Software 461/861 003 001 0930- TR | Freg11l
Engineering 1045p

Figure 5.7: Example of entries without accounts
Next Pattern

After we have identified the specific problem to model, now we need to “ldentify

Enduring Business Themes” of this problem.
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5.3.4 Pattern 2.4 — |dentify Enduring Business Themes

Intent

Shows how to identify the Enduring Business Themes of the problem.

Context

When using software stability concepts in the modeling of the problem, first, identify the
core elements of the problem. These are the enduring concepts of the problem.

Problem

How to identify the enduring business themes of the problem?

Forces
EBTs should capture the core knowledge of the problem, however, some EBTs
capture the core knowledge of the problem within a specific context. Such EBTs
should be discarded from the model.
Unfortunately, experience with the domain is not always an accurate generator for
therelevant EBTSs.
Even though many of the selected EBTs might appear strongly related to the
problem at first glance, many of them in fact have nothing to do with the problem
being modeled.
EBTs of the problem should be as small as possible. Extracting the EBTSs that
have areal relation to the problem is usually hard.
Some of the EBTs might lack one or more of the EBTs essential properties. In this

case, we should re-identify them as BOs or 10s.
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Solution

One approach that helps to extract the appropriate EBTs of the problem is to follow these
three steps:

Step 1 Create Initial EBTs List In order to create the initial list of the EBTs of the
problem, answer the question: “What is the “problem” for?’ In other words. “What are
the reasons for the existence of the “problem”?”.

The output of this step isthe list of the initial EBTs of the problem. These EBTs are still
tentative and some of them are not as strongly related to the problem as they might
appear.

Step 2 Filter the EBTs List This step isto eliminate the redundant and irrelevant EBTs
from theinitial list. This step isimportant due to the fact that people usually construct the
initial EBTs list with specific context in mind, even if they do not intend to do so. The
output of this step isamodified EBTsist, which isusually smaller than the initial list.

Step 3 Check the Main EBTs Properties This step is to examine the EBTs obtained in
previous steps against the main essential properties of the EBTs. The typical procedureis
to answer the following questions for each EBT in the list “The desired answer is written

in bold beside each question™:

Can we replace this EBT with another one? No.
Isthis EBT stable internally and externally? In other words, does this EBT reflect
the core knowledge of the problem we are trying to model? Y es.

DoesthisEBT belong to a specific domain? No.
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Can we directly represent this EBT physically? No.

It isimportant to note that the EBTs should not have direct physical
representations (10); otherwise they should be considered BOs. (Refer to the
software stability model architecture shown in Figure 3). For example:
“Agreement” is a concept and one can see it asan EBT. However, “Agreement”
also has adirect physical representation (for instance “Contract™). Therefore,
“Agreement” isnot an EBT, itisaBO.

Any EBT that does not satisfy one of these properties should be eliminated from the

list. Figure 5.8 summarizes the three steps needed to identify the EBTs of the problem.

The Defined Problem

v

Step 1 Definethe EBTslist |~~~ # Initial EBTslist
- — Filtered EBTs list
Step 2 Filter the EBTsist g
"

Step 3 Check the EBTs ist — Final EBTslist

Figure 5.8: The steps for identifying the EBTs of the problem.
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Example
This example shows the identification steps for the EBTs of the “account” problem:
Step 1 Create Initial EBTsList
We need to answer the question: “What is the “Account” for?’
Theinitial EBTslist might contain the following EBTSs:
- Storage
- Ownership
- Tractability

- Recording

Step 2 Filter the EBTsList

In this step we need to extract the most appropriate EBTSs for the “account” problem. To
do so, we need to examine each EBT in the list and see whether or not it reflects the
enduring concepts of the problem we model.

Since our focus is on the modeling of the “account” problem alone, we realized that
most of the EBTs we have defined are related to accounts that have entries. For instance,
“Storage”, “Tractability”, and “Recording” are al concepts that are dependent upon the
existence of entries within the account. If the account has no entries, “Storage”,
“Tractability” and “Recording” are unneeded. Therefore, we need to eliminate the EBTs
“Storage”, “Tractability”, and “Recording” from the list. Now, we have only one EBT,

“Ownership”, instead of four.
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Step 3 Check the Main EBTs Properties

Can we replace the “Ownership” with other EBT? No.
Is “Ownership” stable internally and externally? Yes.
Does “Ownership” belong to a specific application or domain? No.
Can we have direct physical representation for “Ownership”? No.
Discussion

1. There are different approaches that can be used to extract the EBTs of the
problem, however, our experience shows that the shown approach is effective.

2. Debate and discussion are two important factors that definitely enhance the
extracted EBTSs.

3. For small problemsit is desired to narrow the number of EBTs to one or two. This
usually makes the pattern more focused and more effective.

4. Thefinal EBTslist obtained here is not necessary the final EBTs that will appear

in the pattern structure. These EBTs are usually enhanced and adapted in later

steps.

Next Pattern
After we identify the EBTs of the problem, now we need to “Identify Business Objects”

of the problem.
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I ntent

Shows
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Pattern 2.5 — Identify Business Objects

how to identify the Business Objects of the problem.

Context

Having used software stability concepts in the modeling of the problem to identify the

EBTSs, next the business objects are identified.

Problem

How to identify the business objects of the problem?

Forces

In some cases, it is not obvious whether the object isan EBT or BO. For instance,
“Agreement” can be considered as an EBT since it presents a concept. However,
itisaBO.

After the EBTs of the problem have been identified, the conceptualization
becomes more involved since the BOs of the problem must be based on the
defined EBTs. This makes the extracting of the BOs difficult.

Usually there is no one to one mapping between the EBTs of the problem and its
BOs. It is possible for EBTs to have no direct mapping to the BOs and for the
BOs to has no direct mapping to the EBTs. Moreover, one EBT can be mapped
into several BOs.

Besides the main BOs that we can identify for the problem, it is possible to have

some “hidden” BOs. These hidden BOs have no direct relationship with the
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defined EBTSs. Instead, they are related to the main BOs and to the other hidden

BOsin the problem.

Solution
One approach that helps to extract the appropriate BOs of the problem is to follow the
following four steps:
Step 1 I dentify the main BO of the problem In this step we identify the main set of BOs
that are directly related to each of the EBTs we have in the problem. There could be one
or more BOs corresponding to each EBT in the problem. However, some of the EBTs
may have no corresponding BOs.
The main set of BOs of the problem can by identified by answering one or more of the
following questions for each EBT we have:
[Note: some questions do not apply for some of the EBTSs. This depends on the nature of
each EBT]
How can we approach the goal that this EBT presents?
[For example: To achieve the goal of the EBT “Scheduling” or “Organization”,
we can use, the BO “Schedule”. Another example: for the EBT “Negotiation”, we
need the BOs: “NegotiationContext”, and “NegotiationMedia” to perform the
“Negotiation”].
What are the results of doing/using this EBT?
[For example: for the EBT “Negotiation”, the eventual result isto reach an

“Agreement” so thisis one possible BO that maps this EBT].
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Who should do/use this EBT?

[For example: The BO “Party” uses/ does “Negotiation”. This “Party” can be a
person, a company, or an organization. Therefore, “Party” is one possible BO that

maps the EBT “Negotiation™].

Step 2 Filter the main BOs List This step is to purify the main BOs identified in the
previous step. The objective of this step is to eliminate the redundant and irrelevant BOs
from the initial list. One way to achieve this goal isto debate the listed BOs with a group.
Step 3 Identify the hidden BOs of the problem This step is to identify the hidden BOs of
the problem. The name hidden comes from the fact that these BOs have no direct
relationships with any of the EBTs of the problem. Thus, we cannot extract them in the
first two steps we have performed.

For example, suppose we need to model a simple transportation system that offers
transportation services for different types of materials (Gas, water, etc.). One possible
EBT is “Transportation”. One possible BO that maps this EBT is “Transport”. A
possible 10 that can physically represent this BO is “Trucks”. In this problem, one
possible hidden BO is the BO “Materials’. We do not have a direct EBT that the BO
“Materials” can be mapped to, however, there is a clear relationship between the two BOs
“Transport” and “Materials”.

Before thinking about the hidden BOs in the problem, visualize a provisional scenario
for each EBT and its corresponding BOs. Then answer the question “What is still missing

in the problem?” Usually the answer to this question is the list of the hidden BOs of the
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problem. Some problems do not have any hidden BOs, especially in the case of the small-
scale problems.
Step 4 Check the characteristics of the BOs: This step is to make sure that the identified
BOs satisfy the main BOs characteristics.
The main BO characteristics are summarize below:
Business Objects are partially tangible.
Business Objects are externaly stable, and they should remain stable throughout
thelife of the problem.

Business Objects are adaptable; thus, they might change internaly.

Business Objects can have direct physical representation (10s).

Figure 5.9 summarizes the three steps needed to identify the BOs of the problem.

EBTsList
Step 1 DefineMainBOs [~~~ ~~~ > Initiadd BOs list
-
Step 2 Filter theBOslist [~~~ ~~~ » Morefocus BO List
P
Step 3 DefinehiddenBOs |~~~ ~ % Complete BOs List
‘_— —————— . .
Step 4 Check BOs characteristics N Final BOslist

Figure 5.9: The steps for identifying the BOs of the problem.
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Example
In this example we need to identify the possible BOs for the “account” problem. In order
to identify these BOs, we will apply the four steps we have proposed. The input of the
first step isthe EBTslist that contains one EBT, “Ownership”.
Step 1 Identify the main BO of the problem:
How can we approach the goal of “Ownership”?
In the account problem, to achieve “Ownership” we need to have something to
own. The “Account” itself is what makes the meaning of “Ownership”.
What are the results of doing/using “Ownership”?
By having “Ownership” we have “Privacy”, but thisisnot a BO, it is a redundant
EBT, so we exclude it. “Agreement” is a possible BO for the problem, when you
own an account, you have to agree with its policy.
Who should do/use “Ownership”?
For the “Owner” to be able to the use the “Account”, he or she should follow the
responsibilities defined by the “Ownership” policy.

BOsmain list: “Owner”, “Account”, and “Agreement”.

Step 2 Filter the main BOs List

Now, the following BOs remain: “Owner”, “Account”’, and “Agreement”. While
modeling this problem, we have debated the accuracy of using the BO “Agreement” in
our model. “Agreement” is a general term that appears in many contexts. For instance, in
the “negotiation” problem, we will need the BO “Agreement”. Therefore, having the BO

“Agreement” as part of the “Account” pattern will counter the ssimplicity property of the
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pattern. “Agreement” is a stand-alone problem that occurs in many contexts, and hence it
IS more appropriate to model the “Agreement” problem independent of the context of this
problem. Therefore, we have excluded the BO “Agreement” from the main list.

Thefiltered BOs list contains: “Account” and “Owner”.

Step 3 I dentify the hidden BOs of the problem

After identifying and filtering the main BOs list, now answer the question “Does the
account problem need anything else to be complete?’

We have an “Account”, its “Owner”, and the concept of “Ownership” that regulates the
responsibilities and benefits of the “Owner”. Thisis al that is needed to model any basic

account.

Step 4 Check the characteristics of the BOs

Business Object should be partialy tangible. “Owner” and “Account” are
partially tangible.

Business Objects are externally stable, and they should be so throughout the life
of the problem. “Owner” and “Account” are always stable. In other words, we
cannot have any account without having these two objects in its model

Business Objects are adaptable, thus, they might change internaly.
“Account” and “Owner” might change internally. For instance, you can add or
remove some feature from your banking “Account” (adding the overdraft
protection service for example); however, this is an internal change inside the

account. Externally, there is nothing that has changed. Also, for the BO
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“Owner”, the “Owner” may become ill, for example, however, he is still the
owner of the account.
Business Objects can have direct physical representations (10s). There are
different possible physical representations for the BO “Account” depending on
its context. The “Account” could be, physically, a code as in the case of the copy
machine. The BO “Owner” is physically the person who owns this account and
usesit.
Discussion
1. There are different approaches that can be used to extract the EBTs of the
problem, however, our experience shows that the shown approach is effective.
2. For small problems it is desirable to narrow the number of BOs. Usualy, for
small size problems we have 2 to 4 focused BOs.
3. As for the EBTS, the final BOs list we have defined using this pattern can be
further enhanced and modified during the next stages.
Next Pattern
After we have identified the EBTs and the BOs of the problem, now we need to

accomplish the “Proper Abstraction Level .
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5.3.6 Pattern 2.6 — Proper Abstraction Level

I ntent

Helps to accomplish the proper abstraction level for the analysis pattern.

Context

If the pattern lacks the appropriate abstraction level, the reusability of this pattern
becomes critical. The ultimate goal of having the proper level of abstraction is to make
the pattern as useful as possible in covering all of the possible situations that might
appear in the problems the pattern models.

Identifying the EBTs and BOs of the problem was the first step for achieving the
proper abstraction level. During the identification of the EBTs and BOs, we have
excluded the EBTs and the BOs that make the model adhere to a specific domain.
However, this level of abstraction is not sufficient for our needs. Therefore, more work is
needed in order to enhance the abstraction level of our model.

Problem

How to achieve the proper abstraction level?

Forces
Usually the names of the EBTs and the BOs resulting from the previous stages are
not accurate.
Even though we can find an appropriate name for each EBT and BO in the
problem, it is usualy hard to define the attributes and operations for each class

that can fit al the contexts that the problem might appear in.
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Solution

After identifying the EBTs and the BOs of the problem, ensure that these elements have

the proper abstraction level. Our approach to achieving the proper abstraction level is

summarized in following points:
We prefer not to assign specific attributes or operations for any of the EBTs or the
BOs of the problem, even though some may argue that by not doing so we might
impose more difficulty in the use of the pattern. We believe that assigning specific
attributes and operations can cause confusion rather than help in understanding
the model.
We need to inspect both the names and the structure of each EBT and BO we
have identified in the problem. In this step, it is most likely that some BO names
will need to be changed. One way of conducting such an inspection is to examine
the EBTs and the BOs of the problem against different situations that usually
appear in the context of the problem we are modeling. Also, thinking about
exceptional situations and examining whether or not the identified EBTs and BOs
will handle them will also help to further abstract the pattern and make it more
general. Thiswill beillustrated with an example, shortly.
If there are some situations that the identified EBTs and BOs cannot handle by
changing their names or modify their structure, the problem that we are trying to
solve is either too big or too small. Therefore, we will need to redefine the

problem.
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Example

Consider the “account” problem again. So far, we have identified the following EBTs and
BOs:

EBTs: “Ownership”

BOs. “Owner” and “AnyAccount”.

At first glance, the name of the BO “Owner” seems very appropriate. However,
thinking deeper about some of the possible situations that might occur in any account
context, a problematic situation arises. What if there are many users sharing the same
account. For instance, in credit card accounts, one individual could be the owner of the
account, however, that individual can allow other users to use the credit card account
with specific privileges. In this case, using the BO “Owner” limits the pattern to the
specific accounts where there is only one possible user who can use the account, the
owner of the account.

Now, it is obvious that the BO “Owner” lacks the appropriate level of abstraction that
helps to handle the different situations of the problem. Therefore, we need to redefine the
BO “Owner” in such away as to make it more general.

As a solution to the problem, we changed the name of the BO “Owner” to the name
“Holder”, which is more general. Then, we change the inheritance structure to capture the
different roles of the different account holders. Figure 5.10 shows the detailed steps taken

while contemplating the problem.
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(a) Owner : Credit Card Account
....... PRbLLLELEL
Owner Own
- GS; il - -
(b) k.
AuthorizedUser1 | =~ Use > Credit Card Account
-= = '
US@_ - -
Authorized User2 |-= "~
Holder > Credit Card Account

(©) I\

Owner Authorized User 1 Authorized User 2

Holder Account

(d) i

Role 1 Role 1 Role1

Figure 5.10: Proper abstraction level. (a) Shows the classic relationship between the
“Owner” and his “Account”. (b) Shows the possible situation that cannot be handled
with the current representation. (c) Shows possible solution to handle the problem. (d)
Givesthefinal abstraction level that handles the problem.
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Discussion
The level of abstraction determines how broadly the pattern can be used. However, too
much abstraction can be a negative. There is a trade off between flexibility and
reusability of the model on one hand, and complexity of understanding and reuse of the
model on the other. The level of abstraction plays a major role in this equation. A low
level of abstraction will reduce the reusability of the model; adapting it will no longer be
an easy task. However, the resulting model will be relatively simple when compared to
the same model designed with a higher level of abstraction. Conversely, too much
abstraction will lead to models that are too complex. Therefore, the optimum solution isa
conceptual model that is simple enough to be easily used and understood, but with alevel
of abstraction high enough to make it general and hence more reusable. Several different
approaches currently exist to handle the abstraction problem. Some of these views are
illustrated below:
Some people who extract analysis patterns from several projects they have
experienced, believe that it is unsafe to further abstract patterns generated within
certain projects in order to make them reusable in other contexts. The Account
pattern shown in Figure 6 shows an example of this approach. Since no one can
be an expert in all fields, domain expert analysts often extract domain specific
patterns, even if the problem they model occurs in many other contexts. For
example, following this approach we might end up having a list of patterns that
models the account problem within different contexts, for instance, account
patterns that models banking accounts, account patterns that models web

applications accounts, and so on. It will be more efficient if we have one pattern
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called “AnyAccount” that can capture the core structure of the different account
types, hence, we can use this pattern whenever we need to model the account
problem regardless of the context of this account.

Analogy is another view for the abstraction problem. According to this approach,
patterns that model complete systems in one context are reused by making an
analogy between the pattern and the new application. Thus, by analogy, they
change the names of the pattern’s classes to be relevant to the new application.
Sometimes, you might have to add/remove a few classes to adapt the pattern to
the new application. This approach to the task of accomplishing abstraction

levelsresults in the building of templates instead of patterns

Next Pattern
After we have identified the problem, its Enduring Business Themes, its Business
Objects, and the appropriate abstraction level, the next step isto “Build Stable Analysis

Patterns”, and to “Use Stable Analysis Patterns”.
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Level 3 Building-Process Patterns: In thisleve, first, Build Stable
Analysis Patterns (3-7), and then Use Stable Analysis Patterns (3-8).

5.3.7 Pattern 3.7 — Build Stable Analysis Patterns

I ntent
After defining the problem, its EBTs, BOs, and their proper abstraction level, now we
need to glue things together to build the stable analysis pattern that models the problem.
Context
After focusing on a specific problem and defining al the stability model elements of this
problem, we now need to understand how to identify the relationship between these
elements.
Problem
How to assemble the problem model components to build the stable analysis pattern?
How to define the relations between the identified EBTs and BOs?
Forces
Abstraction level of the pattern elements imposes difficulty in defining the
different relationships between these elements.
We have some EBTSs that have no corresponding BOs.
We need to identify the relations between the main and the hidden BOs of the

problem.
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Solution

One way of identifying the different relationships between the EBTs and the BOs of the
problem is to put the pattern into a context so we can visualize these relationships.
However, in order to insure the generality of the pattern, we need to visualize the pattern
in different contexts. By doing so we can increase the accuracy of defining the
relationships and the multiplicities between the elements of the problem.

One possible way for identifying the relationships between the different EBTs and BOs
of the problem isasfollows:

First join each EBT in the EBTSs list with its corresponding BOs in the main BOs list.
Second, define the relationships between the EBTs of the problem. Finally, define the
relationships between the main BOs of the problem, and between the main BOs and the

“Hidden” BOs of the problem. Figure 5.11 shows the relationship between the EBTs and

the BOs of the problem.
0..* 0..*
0..* | EnduringBusinessThems | 0..* 0..* | BusinessObjects  O..*

Figure 5.11: The relationship between the EBTs and the BOs of the problem
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Examples

Example 1. Building “AnyAccount” Pattern

This example shows how to join the EBTs and the BOs of the “account” problem to build
the stable analysis pattern “AnyAccount”. Below is the summary of the information we

have, so far, regarding the “account” problem:

Element Description
Problem Definition | Modeling any account for any context
EBTsList “Ownership”.
Main BOs List “Holder”, and “AnyAccount”.
Hidden BOs List None

Define the relationships between the EBTs and the corresponding main BOs:

What is the relationship between the EBT “Ownership” and the BO “Holder?

What is the relationship between the EBT “Ownership” and the BO “AnyAccount”?
“Ownership” presents the policy of owning the account, and it can regulate from ‘zero’ to
‘many’ accounts. For instance in banking accounts, we have a predefined policy that
regulates all checking accounts, and another that regulates al saving accounts, and so on.
Since parts of this policy regulate the responsibilities and the benefits of the account
“Holder”, we have an association between the EBT “Ownership” and the BO “Holder”.

Define the relationships between the EBTSs of the problem:

There are no other EBTs in this problem, so we move to the last step:

Define the rel ationships between the BOs of the problem:

What is the relationship between the BO “Holder” and the BO “AnyAccount”? The
relationship is clear, the “Holder” uses the “AnyAccount”, and hence, an association

between the two classes should exist. Since the “Holder” can have as many
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“AnyAccounts” as he wants the multiplicity is from ‘zero’ to ‘many’. Also, the
“AnyAccount” can belong to one or more “Holder”, keeping in mind the fact that the
“Holder” of the “AnyAccount” could be the owner only, or could be the owner and any
other authorized holders, as in the case of credit cards accounts. Figure 5.12 gives the

class diagram of the “AnyAccount” pattern.

Example 2. Building “AnyEntry” Pattern

By following the same steps as for the “AnyAccount” pattern, we have constructed
another pattern called “AnyEntry” pattern. This pattern captures the core element of any
entry independent of the context of the problem. Figure 5.13 gives the structure of the

“AnyEntry” pattern.

0..*
Ownership {EBT} Holder AnyAccount
BO BO
it 1 &attrifoute} 1 &attfibutia 1
BFattribute_2 owned —~ |1.* has 0.* —

E8attribute_2 E8attribute_2

®operation_1()

) ®operation_1() ®operation_1()
© = lon_
el 20 ®operation_2() ®operation_2()
L\
Role_1 Role 2 Role_n

Figure 5.12: AnyAccount pattern class diagram
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1.

Recording {EBT} AnyEntry {BO} UsetreDefer{eBd(;l'}e mp
EHattribute_1 EHattribute_1 -
BSattribute_2 record 0.* E¥attribute 2 | 0.* layout g ga::r!gu:e_é

record record template CUIDEES
®operation_1() ®operation_1() )
_ L e
®operation_2() ®operation_2() ‘gsz::::gz—;g

Figure 15.13: AnyEntry pattern class diagram
Next Pattern

After we have built the stable analysis pattern, now we need to see how to Use Sable

Analysis Patterns.

5.3.8 Pattern 3.8 — Use Stable Analysis Patterns

I ntent
After the “Build Stable Analysis Patterns” patterns are built, they should to be applied in
context.
Context
After the construction of the stable analysis pattern and refinement to the proper
abstraction level, this pattern needs to be used to model the problem in context.
Problem
How to use the constructed stable analysis pattern to model the problem within a specific
context?
Forces
Analysis patterns usually have high levels of abstraction, and hence, they need to
be properly instantiated in order to be used within a specific context.
In many situations, it is required to integrate multiple stable analysis patterns to

model bigger problems.
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Solution

In order to utilize these stable analysis patterns:

1- Choose the appropriate attributes and operations for each EBT and BO of the
problem, based on the context.

2- ldentify the 10s of the system based on the identified BOs. Both the main and the
hidden BOs can have corresponding 10s that will physically represent them.
However, in some cases there is no one to one mapping between the BOs and the
|Os of the problem.

3- Identify the EBTs, BOs, and IOs for the rest of the problem or the system being
modeled.

4- In the case of using more than one pattern together, we need to define the level at
which the different patterns are to be connected. (Connection shall take place at
the EBT level, the BO level, and/or the IOs level, depending on the problem
nature.).

Comment

The names that we have chosen for each EBT and BO in the pattern will remain the
same. However, in some situations we might need to modify some of the BOs names for
clarity of purpose only. The names of the EBTs never change.

Example

In this section, two examples are provided to show how to use the patterns that have been

developed (the “Any Account”’, and “AnyEntry” patterns) in specific contexts.
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Example 1. Modeling Copy Machine Account

This simple problem shows how to use the “AnyAccount” pattern in the modeling of a
simple copy machine account in one of the universities. Each student in the university
has an account that he can use to access a central copy machine.

Figure 5.14 gives the object diagram of the Copy Machine Account. Possible |Os that
map the BOs of the problem are identified. For the BO “Student”, the “AnyAccount”
pattern without the inheritance part is used, since for each account there should be only
one holder. For the BO “Account”, one possible physical representation is the 10
“Code”. Each student has a “Code” in order to use the copy machine. If there should be
any other physical representations for the BO “Account”, all that would need to be done
is to remove the current 10 “Code” and insert the new 1O into the model without

affecting the core. In this problem, no extra EBTSs, BOs, or 1Os are needed.

EBTs BOs I10s

Ownership 0..* | Student
1..*| use
has

regulate
0. belong to
0..*
Account |1 has 1 Code
use present

Figure 5.14: Copy Machine Account object diagram
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Example 2. Modeling Hotmail Account

This example shows how to integrate more than one pattern to model larger problems.
The aim of the problem is to utilize the two constructed patterns. the “AnyAccount”, and
the “AnyEntry” patterns, in the modeling of a simple Hotmail Account. For simplicity,
only the object diagram of the problem model is shown. Also, it is important to note that
this model is not complete; it is merely for demonstration purpose. Figure 5.15 gives the
object diagram of the Hotmail Account.

For each BO one possible physical representation “lO” is displayed. For instance,
“Hotmail” is one possible physical presentation for the “Host”, however, for generality,
this IO can change anytime in order to represent any other hosts, without affecting the
core of the model. Notice that in this example, al of the connections between the two

patterns are made in the I0s level only.
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EBTs Bos 10s
Ownership 0..* | Holder
1..*
0..* 0 *
- : 1.*
Account EmailAccount
0.*
0.*
Recording 0..* | Entry 0-* | Emails
0..* 0.*
1.* 1.* 1.*
DefiendTemplate |1 1..*| EmailLayout
1.*
1
Administration Host Hotmail 1

Figure 5.15. Hotmail Account object diagram
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Chapter 6

Evaluation of Stable Analysis Patterns

6.1 Introduction

As models, analysis patterns must satisfy the six essential properties introduced in [20].
Also, as patterns, they must satisfy two additional properties: first to be general, and
second to be easily and actually reused. Lacking any of these properties will vastly affect
the effectiveness of the pattern, diminishing its reusability.

In this chapter, the evaluation criterion, and the eight essential properties of analysis
patterns are introduced. These eight essential properties are then used to evaluate the
three main groups of analysis patterns: the experience group, the analogy group, and the

stable analysis patterns group, the group proposed in thisthesis[12, 13].

6.2 Evauation Criterion

In order to evaluate the effectiveness of each of the three groups of analysis patterns, we
introduce eight essential properties that cover the main qualities of any analysis model

[12, 13, 14]. Satisfying these eight properties does not guarantee an efficient, reusable
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model. However, in practice, lacking any of these properties will conspicuously affect the

reusability and the effectiveness of the model.

1. Simple: a pattern is not intended to represent a model for a complete system. Rather,
it models a specific problem that commonly appears within larger systems. Systems,
by their nature, combine many problems. Thus, they are modeled using a collection
of analysis patterns. In fact, each analysis pattern should focus on one specific
problem, otherwise, many problems arise. Without decomposing a system into
components, models become unreasonably complex, the generality of the patterns are
adversely affected and the model becomes highly non-intuitive. If a pattern is used to
model an overly broad portion of a system, the generality of the resulting patterns is
sacrificed — the maxim holds: the probability of the occurrence of al the problems
together is less than the probability of the occurrence of each problem individually.
For instance, modeling the “payment” problem with “buying a car” is not effective
since the “payment” problem may appear in unlimited problems. Pattern
completeness is also sacrificed when we model a system at an improper level of
resolution. The analyst’s focus is not on a specific problem and it is likely that
important features of the system and its subcomponents will be overlooked.

2. Complete and most likely accurate: closely related to the concept of simplicity, this
property guarantees that al the required information is present. In order to be
considered complete, the model should not omit any component. The model must be
able to express the essential concepts of its properties. For example, trying to model
the whole rental system of any property will force us to miss some of the parts of this

system. Renting a car will involve something related to insurance, which is not the
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case when renting a book from alibrary. As a result, a pattern that models the whole
rental system, besides lacking the simplicity property, will not be complete or
accurate.

. Testable: for the model to be testable, it must be specific and unambiguous. Thus, all
the classes and the relationships of the model should be qualified and validated.

. Stable: stability influences the reusability of a model. Stable models are easily
adapted and modified without the risk of obsolescence.

. Graphical or visual: conceptua models are difficult to visualize. Therefore, having a
graphical representation for the model aids understanding.

. Easy to understand: Conceptual models are complex as they represent a high level of
abstraction. Therefore, it is required for anaysis patterns to be well described such
that they aid in communicating an understanding of the system. Otherwise use of the
pattern is neither attractive nor effective.

. General: This property is essentia to ensure model reusability. Pattern models
lacking generality become useless, since analysts will tend to build new models rather
than spend time and effort adapting an unruly pattern to fit into an application.
Generality means that a pattern that models a specific problem is easily used to model
the same problem independent of context. Pattern generality may be divided into two
categories. Patterns that solve problems that frequently appear in different contexts
(domain-less patterns), and patterns that solve problems that frequently appear within
specific contexts (domain-specific patterns). In the latter sense, the pattern is still

considered to be general even if it is only applicable in a certain domain, but in this
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case, we should make sure that the problem that this pattern models does not occur in
other contexts.

8. Easy to use and reuse: anaysis patterns should be presented in a clear way that
makes them easily reused. It is important to remember that patterns are consumed in
larger models. Patterns that are easy to use and designed for reuse stand a greater
chance of actually being reused.

Each pattern will be examined against these eight essential properties. For each property,

the pattern will be assigned one of the three measures: Always, Sometimes, and Never,

based on how well the pattern satisfies the aspect of this property. Always means that
when the approach of the evaluated group is used, the resultant pattern will aways
satisfies this property. Sometimes means that when the approach of the evaluated group is
used, the resultant pattern will sometimes satisfy this property, athough this is not
guaranteed. Never means that when the approach of the evaluated group is used, the

resultant pattern cannot satisfy this property.

6.3 Experience Group Evaluation

The Account Pattern provided by Fowler [22] is representative of this group. Figure 1
shows the class diagram of the Account Pattern. The purpose of this pattern is to provide
amodel for the “account” problem, thus, we can, for instance, use this pattern to model a
banking account. In fact, it was not that long ago when the word account was used strictly
to indicate banking and financial accounts. Today, the word account, when used alone,

becomes a vague concept if it is not allied with a word that relates it to a certain context.
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For instance, in addition to al of the traditional, well-known business and banking
accounts, today we have e-mail accounts, on-line shopping accounts, on-line learning
accounts, subscription accounts, and many others. As a result, using words such as
balance and withdrawal while modeling the concept of an account makes the use of this
pattern to model accounts in different contexts time and effort-consuming, if not,
impossible. For instance, suppose we want to model an e-mail account using Fowler’s
pattern. Perhaps the most obvious changes are all the classes’ behaviors, which are

completely irrelevant to the email application.

Account

1 * Entry

®balance()
Bwithdrawel()
®deposits()

Figure 6.1: Account pattern provided by Fowler [22].

From the point of view of simplicity, Fowler’s Account Pattern is not considered simple,
in the sense that it models two different problems at the same time. The first problem is
the “account” problem and the second problem is the “entry” problem. In fact, these are
two independent problems. Even though they appear together in many contexts, there is
now the possibility of having entries without an account, or having an account without
entries. As a result, the generality of the pattern is limited. These factors contribute
negatively to the reusability of the pattern.

Fowler’s pattern is not complete in the sense that it lacks some of the “basic” concepts
that appear frequently in banking accounts. For instance, suppose that we need to use
this pattern to model a banking account. In banking accounts it is possible that two or

more persons may be holders of the same account. Perhaps, there is a primary holder that
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has the full authorization to manage and control the account, while each of the other
holders have specific privileges for using the account. Such situation cannot be handled
while using Fowler’s account. Thus, Fowler’s pattern is not applicable to some of the
usua financial and banking account situations. Since significant effort is required to
adapt this pattern to other circumstances, the stability of the system is limited and the
pattern structure is not stable over time.

This pattern is graphical in the sense that it has a graphical model that describes it (the
class diagram). Having such a graphical representation will make the pattern visualy

testable. Table 6.1 summarizes the evaluation of this group.
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Properties Evaluation Summary
Simple Never. It models two different problems.
Complete and Never. It does not cover al the circumstances that might occur in
most likely _—
accurate the application.
Stable Never. This pattern cannot model all types of today’s accounts.

Thus, we will aways need to do major changes to reuse this

pattern for different applications.

Testable Sometimes. Since the pattern can be visualized we can, at least,
visualy test it.

Easy to Sometimes. Despite the accuracy of the pattern, it is easy to

understand understand its structure. However, thisis not always the case.

Graphical or Always. The pattern has a graphical presentation, which isthe

visud class diagram.

General Never. We cannot use it to model the account in other contexts

other than monetary applications. Also, it does not cover the
cases of having accounts without entries and vise versa
Moreover, the pattern does not cover some of the situations such

as having more than one holder for the same account.

Easytouseand | Never. Using the patterns of this group in different applications

reuse than they were originally built for, if at all possible, is not an

easy task.

Table 6.1: Experience group evaluation summary

6.4 Anaogy Group Evaluation

Figure 6.2 provides the class diagram of the Resource Rental Pattern [27], a pattern
representative of this group. The objective of the pattern is to provide a model that can be

reused to model the problem of renting any resource. Figure 6.3 provides an example of
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the Resource Rental Pattern applied in the context of a library service [27]. Many

examples for applying this pattern to different applications are suggested in [27].

Customer Resource
:ﬁg:% :g(:igription | TypeOfResorce |
=
EigtyOfinstancesAvailable | o__lnggiiri tion Resourcelnstance
s et() P
Fget() Eset() Mset()
MgetBookingsByCustomer()| (®get() Bget) 1
®getRentalsByCustomert) =|istByType() 1 9 . m
1 1 ®getBookingsByResource () L. .thg
’ < [¥getRentalsByInst.()
> > N Payment
ResourceBooking W EidueDate
EibookingDate Heioirilrrw]gD:tts * EfpaymentDate
Eperiod B pinng EfinstallmentNumber
BibookingFee 0.1 o__lnrebntalRaFe 1 * |Hvalue
Bobservations observations Bisituation
MrentResource() i
=book() _ BcheckOutResorce() =com|nglnstallments()
cancelBooking() ) : overduePayments()
calculateEarnings() BpaymentsDone()
Figure 6.2: Resource Rental Pattern.
Reader BiSEN Beok
:code Ehtitle TypeOfBook
name EfgtyOfinstancesAvailable Bcode BookCopy
Beet() Eauthor - * 0.1 Bidescription Bnumber
Bget) ErackPosition
) = [ |
HgetBookingsByReader() .Zzttg .Z:Ef?) L. Bistatus
BgetRentalsByReader() BiistBy Type( 1 o
! ! ®getReservationsByBook()| | Biget()
* <|®getl_endingByCopy()
BookReservation ~ BookLending
ElreservationDate ElendingDate [+ Fine
Eobservations - - BlreturningDate| . |EpaymentDate
- — Eobservations Eivalue
Freserve()
McancelReservation() MrentBook() EinesDone()
HReturnBook()

Figure 6.3: Instantiation of Resource Rental Pattern for alibrary service [24].
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This pattern models a complete resource rental system. It models a collection of
problems, whereas each of these problems could be modeled individually. For example,
the “payment” process is a stand-alone problem, which could appear in many other
contexts. Therefore, having a pattern that models the “payment” problem alone would be
more effective, since such a pattern could be reused in many other applications.

The resource rental pattern lacks simplicity. In addition, it is not general, because it is
not applicable for all resource rentals. One of the most basic steps in the automobile
rental processis the question of insurance. There is nothing in this model that can be used
to address insurance programs.

Another issue that is not addressed in this pattern, yet it is essential in many renting
systems, is the verification process. In many cases, renting a resource might require a
membership (as in the case of the universities library) or other identification (such as the
driver license in the case of renting a car). There is a link between the completeness of
the model and its stability. Reuse is challenging when applying incomplete patterns,
because many new classes are needed to complete the model.

As an example, suppose we need to model a car rental system using this pattern.
Suppose that we have reached the conclusion that we need to add the verification process
classes and the insurance process classes. Substantial analysis is needed to complete this
new model, hence the analyst may be inclined to build a new model from scratch.
Therefore, the pattern probably will not be reused.

Asin the first group, the existence of a class diagram to represent the model makes the
model graphical. As a result the pattern is readily tested. Table 6.2 summarizes the

evaluation of this group
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Properties Evaluation Summary

Simple Never. This approach ams to model an entire system at atime.
Consequently, the resultant models will model more than one
problem at atime.

Complete and | Never. It is not sufficiently general to address the requirements of

;nc(éitrgtléely different renting applications.

Stable Never. Using this pattern to model different applications will
require major changes. For instance, adding the verification
process to the model will entail alot of changes.

Testable Sometimes. Since the pattern can be visualized, we can, at least,
visualy test it.

Easy to Sometimes. It does not cover al of the circumstances that might

understand occur in an application.

Graphical or | Always. The pattern has agraphical presentation, which isthe

visual class diagram.

General Never. Since this approach is based on modeling the entire
system, its generality will diminish. It isusually hard to capture
all of the aspects of a specific application and all of its possible
variations within a single model. The shown pattern cannot be
used to model the rental of some resources, such as car rental,
since there is nothing in the model that covers insurance issues,
which are an essential part of any car rental process.

Easy to use Never. As mentioned before, major changes would be required to

and reuse

use this pattern in different applications.

Table 6.2: Analogy group evaluation summary
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6.5 Stable Analysis Pattern Group Evaluation

This group reflects our proposed solution for building reusable analysis models and
avoiding most of the common problems we found in the other groups. In order to make
the evaluation of this group of patterns more interesting, the pattern example that has
been chosen is the stability version of the Account pattern introduced by Fowler.

From the stability point of view, the model that focuses on the account problem has
nothing to do with the entry problem. Therefore, it is necessary to develop separate
patterns for each individual problem. In this manner, the simplicity of our models is
guaranteed, since each pattern will focus on a specific problem.

Stability goes further by providing classes that do not exist in Fowler’s model. Figure
6.4 shows the proposed analysis pattern “AnyAccount” that provides the stable model for
the “account” problem. The new classes that appear in the stability model help handle
those circumstances that Fowler’s model fails to cover, thus, the model becomes more
accurate and complete. For instance, the use of the EBT “Ownership” and the BO
“Holder” in the modeling of the account aids in contexts where there is a difference
between the account owner, and those who are authorized to use the account under
certain circumstances.

“Ownership” is an enduring concept, which should never change, independent of
context. On the other hand, “Holder” is externally stable and never changes with time,
but the holders of the account could change internally (holder may get ill, for example).
Aswe can see in the pattern class diagram, the inherited objects from the “Holder” object

model the different roles inherent to the different levels of usability of the account. This
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pattern’s structure is stable over time and general enough to handle different applications
that involve accounts and different situations within the same application, as well.

Considering “entry” as a stand-alone problem forces us to build a pattern that models
an entry regardless of context. Using stability concepts, we were able to design a stable
pattern the models any entry for any application. This pattern is caled “AnyEntry”, and
its class diagram is given in Figure 6.5.

By combining the pattern that models the account problem (the “AnyAccount” pattern)
with that which models the entry problem (the “AnyEntry” pattern) we can demonstrate
the ease of reusing stability models to construct comprehensive models. Figure 6.6 shows
the class diagram for this third pattern. The “AccountWithEntry” pattern can be used to
model any account that has entries associated with it, as in the case of banking accounts

and emalil accounts. Table 6.2 summarizes the evaluation of this group.

. Holder AnyAccount
Ownership {EBT}
{BO} {BO}
Eattribute_1 atr :
L attribute_1 E¥attribute_1
d = 1.* h 0..* . =
Rattribute_2 owne Efattribute_2 as Efattribute_2
‘ .
operation_1() ®operation_1() ®operation_1()
Soperation_2() ) )
= ®operation_2() ®operation_2()
/\
[\
Role 1 Role 2 Role_n

Figure 6.4: AnyAccount pattern class diagram
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Recording {EBT} AnyEntry {BO} Usetfgeﬁ'}eB(g }emp
Eattribute_1 Battribute_1 -
Battribute_2 record 0.* Bfattibute 2 |0.* lyout  q . Battribute_1

record record template BHattribute_2

% i @ i .

‘222:2::32_28 ‘8222382%8 Soperation_1()

- = Foperation_2()

Figure 6.5: AnyEntry pattern class diagram

Ownership Re{CEOé(_iI_I ;lg
{EBT}

owned record

1.* 0. record | 0..*

Holder AnyAccount AnyEntry

has 1.* has 0..*
®o) 0.* {BO} hold record £
record |0..*

‘ ‘ layout

template | 1..*

Role_1 Role_2 Role_n
DefinedTemplate

{BO}

Figure 6.6 AccountWithEntry pattern
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Properties Evaluation Summary

Simple Always. The way this approach analysis the problem forces the
analysis to focus on one problem.

Complete Sometimes. Satisfying this property will greatly depends on how

ﬂrl‘(‘ilr;"g much effort will be put in the modeling. With stability, iteration is

accurate necessarily in order to reach good levels of accuracy.

Stable Always. The patterns in this group are built with stability in mind.
The use of EBTs and BOs ensure stability in the model.

Testable Sometimes. Since the pattern can be visualized, we can, at least,
visualy test it.

Easy to Sometimes. Once familiarity with the stability conceptsis achieved,

understand this evaluation will become Always. Accomplishing the concepts of
stability is easy, yet it requires some time in the beginning.

Graphical or | Always. The pattern has a graphical presentation, which isthe class

visudl diagram.

Generd Always. Because of the stability concept, our models focus on a
specific problem, trying to illuminate the core knowledge beneath
the surface of the problem. Since the core knowledge of a problem is
constant, regardless of the context that this problem might appear in,
the model of the problem is general and can apply to the problem
whenever it occurs.

Easytouse | Always. Using the pattern by itself or the integration of afew

and reuse

patterns are both easy to accomplish. This property is demonstrated
by introducing the third pattern shown in figure 6.

Table 6.3: Stable analysis pattern group evaluation summary
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6.6 Conclusion

The evaluation of some analysis patterns shows that these patterns lack many essential
properties. As aresult, their reusability is diminished. On the other hand, Stable analysis

patter ns demonstrate effectiveness by satisfying all the proposed properties.
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Chapter 7

Conclusions and Future Work

In this thesis, we have investigated the main problems that diminish the effectiveness
and reusability of today’s analysis patterns. The lack of stability, the insufficient level
of abstraction, and the inadequate description of analysis patterns prevent software
developer from effectively utilizing analysis patterns.

Based on the SSM concepts, we have proposed the new concept of stable analysis
patterns as a solution to the stability and abstraction level problems.

To enhance the communication of analysis patterns among developers, we have
proposed a new documentation template. The proposed template has been shown to
capture all of the necessary aspects to ensure deep understanding and effective reuse
of the patternsit describes.

In order to demonstrate the use of the proposed approach, we have proposed five
stable analysis patterns. Table 7.1 provides a quick reference for these five domain-
less patterns.

In order to evaluate the proposed approach, we developed eight essential properties

and examined the proposed stable analysis patterns against these properties. Stable
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anaysis patterns demonstrated effectiveness by satisfied all eight of the essential

properties.

Pattern Name Page
AnyNegotiation 30
Party 31
AnyAccount 124
AnyEntry 125
AccountWithEntry 125

Table 7.1: Quick reference to the proposed five stable analysis patterns.

By documenting our experience while building several stable analysis patterns, we

have proposed a pattern language to help software developers construct their own

stable analysis patterns. The high abstraction level of the pattern language makes it
usable for any domain.

In the future, the documentation template will be enhanced by adding the following

fields:

1. Forma specification, which gives the forma description of the pattern. A
Formalized description of the patterns using the Z forma language will be
written. This formalization will improve the verification and the application of
analysis patterns.

2. Design issues, which discuss the important issues required for linking the analysis
phase to the design phase.

In addition, metrics for measuring pattern reusability will be developed. These metrics
will be used to evaluate and to compare today’s analysis patterns and the proposed stable

analysis patterns.
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In summary, we have presented a new concept for building analysis patterns, Stable
Analysis Patterns, a novel template for documenting and communicating analysis
patterns, and eight essential properties for evaluating the effectiveness of anaysis
patterns. As a result of our experience in building several stable anaysis patterns, we
have developed a pattern language that shows the “why” and the “how* of each step in
building stable analysis patterns. In conclusion, our results show that the stable analysis
pattern approach can play a magor role in enhancing the use of analysis patterns in

software devel opment.
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