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Introduction

1

Introduction

Object-oriented technology is gaining widespread acceptance in the information technology
arena. Many organisations are investigating the technology and considering what the
implications are for their system development efforts.

To maximise the effectiveness of object-oriented development, considerable emphasis must be
placed on object-oriented analysis and design techniques. Within mature organisations, these
techniques need to be formalised within an object-oriented methodology (also known as a
software process).

Object Oriented Pty Ltd has developed a pragmatic and industrial-strength, object-oriented (OO)
software process calldérocesdVieNtOR] .

This white paper provides a brief backgroundPtocess MeNtORa discussion of wharocess
MeNtORis, how it has been developed, how it is structured, and how it should be adopted and
used within an organisation.
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Background and Credentials

2 Background and Credentials

As a leader in object-oriented technology, Object Oriented Pty Ltd is in an ideal position to assist
organisations in adopting object-oriented methodologies. Our worRrooness MeNtORhas
evolved over eight years (more than 30 person years of development effort) of research,
development and practical application. The experience and resources we offer includes specialist
expertise in object-oriented methodologies and expertise in the area of object-oriented software
development.

Object Oriented’s senior consultants have been involved in advising clients on object-oriented

methodologies for several years. Our Principal Consultant, Dr Julian Edwards has a Ph.D. in

object-oriented methodologies with extensive experience in the development of object-oriented

methodologies for large organisations. Dr. Edwards is the co-author of a book on object-oriented

methodologies (Henderson-Sellers and Edwards, 1994) which has been published in Prentice-
Hall's Object Oriented Series.

The strategy behinBrocess MeNtORs based on a number of assumptions:

« Publicly available object-oriented methods provide a body of tested techniques and
approaches which can be built upon and tailored by organisations.

* No single published object-oriented methodology provides a complete solution nor
does it necessarily cover the complete software development lifecycle; each has its
strengths and its weaknesses.

* A methodology should support developers, not restrict them.

* A methodology is not just a set of guidelines and deliverables, but is also an
accumulation of an organisation's experience and hence is, to some degree,
organisation-specific.

* A methodology will, by necessity, evolve over time.

* A methodology should be consistent with the relevant software standards which
require increasing levels of maturity with respect to software processes (e.g. ISO9000
software standards, Software Engineering Institute’s five-level Capability Maturity
Model).
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3 What is Process MeNtOR?

Process MeNtORs a software process for building and implementing component-based software
systems using object oriented, or object-based, development apprdacitess MeNtORs to

be used by those people involved in software development projects including project managers,
quality assurance personnel, software engineers, testers and architects. The Ryoaksd
MeNtORis to producenigh quality systems which are delivered on time and on budges is
achieved by providing guidance and support for project team members through a project
lifecycle, a set of deliverables and a set of processes for team members to follow. In essence,
Process MeNtORrovides the blueprint and operating procedures for running a component based
systems development organisatid®rocess MeNtORs, therefore, a key tool for managing
projects effectively and ensuring the resulting software systems are of high quality and are
delivered on time and budget.

Process MeNtORonsists of (seEigure 1):
» Hard Copy Manuals
* Online Web Version
» Deliverable Templates

*  Fully Worked Example.

Hard Copy Manuals Online Web Version
(provides project processes) (provides electronic access to
all project members)

\V ‘(_.
Process MeNtOR
Anlfzafgjrgglﬁgzject — /\ Project Plan

\ <My Project>

Fully Worked Example Deliverable Templates
(provides example to follow) (provides templates to be
completed by the project)

Figure 1 Components dProcess MeNtOR

Process MeNtORs supported by a complete set of deployment services to ensure the effective
implementation of the process, including:

» formal training courses
« workshops

e consulting and coaching services.
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3.1

3.2

Process MeNtORrovides projects with a tested approach to developing and managing a range of
different projects, as well as providing a number of the key elements required for ISO 9000 and
AS3563 quality accreditation.

The Development of Process MeNtOR

Process MeNtORhas evolved over eight years of research, development and practical
application. Over the last eight yedPsocess MeNtORas been applied to numerous projects
together with Object Oriented Pty Ltd’s consulting and mentoring support. This practical
experience has been combined with in-house and collaborative research efforts with a number of
academic institutions.

Process MeNtORs under continuous improvement through direct feedback from our clients and
consultants as well as through Object Oriented Pty Ltd’s own substantial internal development
efforts.

Process MeNtORs currently in Version 3 Release 1

Tool Support

CASE support folProcess MeNtORs available through a range of third party CASE products
which support UML.

In general, CASE tools are those tools that provide support for analysis, design and
documentation. Examples of tools that support object-oriented development that fall into this
category include, amongst others, Rational Rose, Paradigm Plus, Select and System Architect. In
general, most of these tools are customisable, or support a number of techniques and notations.
Generally a full tools strategy will be required to most effectively deploycess MeNtOR

within the organisation.
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4.1

Navigating Your Way Around Process MeNtOR

Process MeNtORs structured into ten Process Manuals. Together these provide the details of the
process, techniques and deliverablePmfcess MeNtORseeFigure 2). These Process Manuals

are:

* Process Manual 1 - Software Engineering Process Architecture

* Process Manual 2 - M-SEPL1 - Large Scale Software Development Process

* Process Manual 3 - M-SEP2 - Small Scale Software Development Process

* Process Manual 4 - M-SEP3 - Package Procurement Process
* Process Manual 5 - Exploration & Development Process Units
* Process Manual 6 - Management & Testing Process Units
* Process Manual 7 - Deliverables
* Process Manual 8 - C++ Standards
* Process Manual 9 - Smalltalk Standards
* Process Manual 10 - Java Standards
An overview of each of these Process Manuals is provided below.

Process Manuals of Process MeNtOR
Software Engineering Process Architecture
(Process Manual 1)
M-SEP1 -Large Scale Software Development Process
(Process Manual 2)
M-SEP2 -Small Scale Software Development Process

(Process Manual 3)

M-SEP3 -Package Procurement Process
(Process Manual 4)

Exploration & Development Process Units
(Process Manual 5)

Management & Testing Process Units
(Process Manual 6)

Deliverables
(Process Manual 7)

C++ Standards
(Process Manual 8)

Smalltalk Standards
(Process Manual 9)

Java Standards
(Process Manual 10)

Figure 2 Process MeNtORrocess Manuals.

Process Manual 1: Software Engineering Process Architecture

This Process Manual provides the formal definition ofRhecess MeNtORrocess architecture
and contains those elements that are common across the approach such as the Concepts, Notation
and Glossary. This Process Manual provides the key reference for the approach and should be
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4.2

4.3

4.4

4.5

4.6

the entry point for people usirrocess MeNtORN projects. This Process Manual should be
read first to provide context for the other material.

Process Manual 2: MSEP-1 - Large Scale Software
Development Process

This Process Manual provides a detailed description of the phaBescess MeNtOR’software
engineering process for large scale software development known as MSEP-1. MSEP-1 is aimed
at large scale software development projects and programmes of work. As such it provides a
discussion of each phase, the activities and tasks to be undertaken and the deliverables to be
produced for each phase.

This Process Manual should be read by those persons involved in managing and guiding large
scale softwarelevelopmenprojects.

Process Manual 3: MSEP-2 - Small scale Software
Development Process

This Process Manual provides a detailed description of the phaBescets MeNtOR’'software
engineering process for small to medium scale software development known as MSEP-2. MSEP-
2 is aimed at small to medium scale software development projects. As such it provides a
discussion of each phase, the activities and tasks to be undertaken and the deliverables to be
produced for each phase.

This Process Manual should be read by those persons involved in managing and guiding small to
medium scale softwamevelopmenprojects.

Process Manual 4: MSEP-3 - Package Procurement Process

This Process Manual provides a detailed description of the phaBescekss MeNtOR'Package
Procurement Process known as MSEP-3. MSEP-3 is aimed at projects that involve procuring
software packages. As such it provides a discussion of each phase, the activities and tasks to be
undertaken and the deliverables to be produced for each phase of a project when procuring and
deploying a piece of package software.

This Process Manual should be read by those persons involved in mansgikgge
procuremenprojects .

Process Manual 5: Exploration & Development Process Units

This Process Manual provides a detailed discussion of the activities and deliverables involved in
exploring and developing projects witHitocess MeNtOR It provides a detailed description of
the principles, activities and tasks of each process including a detailed set of guidelines.

This Process Manual should be read by those persons involved in the core investigation and
development processes Bfocess MeNtOR This Process Manual is likely to be the most
heavily utilised by all members of the project team.

Process Manual 6: Management & Testing Process Units

This Process Manual focuses on aspects of Project Management, Quality Assurance, Metrics and
Testing. It covers issues such as review points, testing approaches and development of quality
plans.

This Process Manual should be read by Project Managers, Quality Managers, Test Managers and
others involved in the planning and review of projects. This Process Manual is likely to be
utilised throughout the development activities.
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4.7

4.8

4.9

4.10

Process Manual 7: Deliverables

This Process Manual is a collection of deliverable templates. Templates are default document
structures for the deliverables defined Bsocess MeNtOR Templates contain a considerable
amount of guidance on the way in which deliverables should be completed and, as such, act as a
form of guidelines.

This Process Manual will be utilised by all members of the project team throughout the phases of
the project.

Process Manual 8: C++ Standards

This Process Manual provides the C++ standards and development guidelines used within
Process MeNtORIt should be read by all developers involved in C++ development.

Process Manual 9: Smalltalk Standards

This Process Manual provides the Smalltalk standards and development guidelines used within
Process MeNtORIt should be read by all developers involved in Smalltalk development.
Process Manual 10: Java Standards

This Process Manual provides the Java standards and development guidelines used within
Process MeNtORIt should be read by all developers involved in Java development.
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5 Principles of Process MeNtOR

The figure below shows the underlying principles and constructs used Riithiess MeNtOR
These are discussed briefly below.

Software Engineering Process Architecture:
Aframeworkto guide the development of
“‘Software Engineering Processes”

SEPA

Software Engineering Process:
Atime sequenced set of activities within

SEPs a specific lifecycle model

Industrial strength set of activities which
Process Units transform inputs to outputs. e.g
Requirements Modelling

Aset of practices and principles for developing
some output. e.g. Object Modelling,

Object Oriented Techniques CRC Carding, Scenario Analysis

Object Oriented Concepts Fundamental underlying concepts e.g
Classes, objects

Figure 3 The fundamental principles underlyiRgocess MeNtOR

5.1 Concepts

Underlying theProcess MeNtORpproach are a set of fundamem@hcepts These fundamental
concepts are related to the modelling methods and project management methods used within
Process MeNtOR These include the concepts of the object model including object, classes and
inheritance as well as the concepts of iterative and incremental development and rapid application
developmentProcess MeNtORses the industry standard for object oriented analysis and design
known as the Unified Modeling Language.

5.2  Techniques

Built on these fundamental concepts are a seétadiniqueshat detail tasks and guidelines for
constructing models. Techniques include scenario analysis, CRC carding and object modelling.

5.3 Process Units

In order to apply these techniques in practice it is necessary to package theyoess units.
Process units make the techniques robust and usable in a practical settings by providing such
things as deliverable templates, resource requirements and review guidelines. Process units are
the reusable building blocks of the methodology and encapsulate a particular area of expertise
such as testing or requirements gatheririgrocess MeNtORurrently supports 20 different
process units.

MeNtOR Technical Overview Page 9
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5.4

5.5

Software Engineering Processes

Process units provide the activities, tasks and guidelines of the method. These are applied within
a Software Engineering Process (SER)software engineering process is the time sequenced set
of activities required to transform a user's requirements into a successful system. A SEP
represents the actual set of activities and tasks that a particular project will follow. A project is
therefore planned and tracked against a software engineering pPwezsss MeNtORrovides

a number of software engineering processes for use by different projects such as Software
Development, Small Systems Development and Package Implementation.

Software Engineering Process Architecture

Just as one tool does not fit all jobs, so one software engineering process does not fit all projects
types. There are many different possible software engineering processes, each of which is
appropriate for a different project type. Software engineering processes can therefore be modelled
and constructed just like any other system. The rules and concepts used for developing SEPs are
termed aSoftware Engineering Process Architecture (SEPA) software engineering process
architecture provides the foundation and framework within which additional SEPs are defined. In
essence, a software engineering process architecture is the “method for developing methods”.

A key feature ofProcess MeNtORs that it has, at its core, such a software engineering process
architecture. This means thHatocess MeNtORs more than a single rigid approach to project
management. Instead, it provides a framework, or architecture, for the construction of processes
for managing projects. This approach provides the organisation with the consistency of a standard
set of processes and techniques, but with the flexibility to combine them and tailor them as
appropriate.

Process MeNtORs, therefore, a sophisticated management tool which supports both the project
and the organisation.
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6  SEPA (Software Engineering Process
Architecture)

The two major elements of tiRrocess MeNtORoftware engineering process architecture are:
e aset of process units
» aset of software lifecycle models

Each of these is discussed in the following sections.

6.1 Process MeNtOR Process Units

Process units are essentially reusable descriptions of how to undertake some part of the software
development activity. Process units need not be bound to a specific phase of a software lifecycle.
They define inputs, outputs (deliverables) and activities, and utilise a set of techniques and
guidelines. Over time an architecture’s set of processes may be specialised, extended and refined.
This specialisation, extension and refinement will occur as the organisation learns more about its
software development activities, as it moves into new software development areas and as it
changes its practices.

Process units consist attivities All activities undertaken during a software project are linked to

a process unit Activities may be further decomposed inéskswhich are the smallest unit of
work subject to management accountability. A task is a well defined work-assignment for one or
more project members (séggure 4 The relationship between a Process unit, Activity and a
Task.).

Process
Unit

Activity 1 | Activity 2 | .
Task 1 | Task 2 |
L ]

Figure 4 The relationship between a Process unit, Activity and a Task.

Processes, through the application of activities, result in deliverables. Upon completion of the
process unit, the deliverable is considered complete. During the execution of a process unit a
number of intermediate states of a deliverable may be produced. These intermediate states are
useful when tracking the progress of a process unit and are termed a deliveedddes's states
(seeFigure 5). Process units may execute in parallel with other process units and often interact

MeNtOR Technical Overview Page 11
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during a

software project. This interaction may take the form of one process unit requiring the

output of another process unit before it can be completed.

Deliverable A Deliverable A Deliverable A
Release State: Release State: R_elease State:
Initial-Approved Core-Approved Final-Approved
Progess ) Q > Progess Ly Q Progess
Unit X Unit X Unit X

Iteration 1 lteration 2 Iteration 3
Intermediate states Final state
of the deliverable of the deliverable
Time

Y

Figure 5 Release states of a deliverable produced during the execution of a process unit.

Process

units are, therefore, the major reusable components of a software engineering process

architecture. They provide the industrial strength version of a set of techniques which may be
applied to the development of software.

Process

MeNtORlefines 20 such process units which cover all aspects of the development and

management processes. The following is a list of the process units:

1e
2o
3e
Qe
Se
6o
7o
8o
Qe

SEP Construction
Concept Exploration
Alternative Evaluation
Programme Development
Business Engineering
Requirements Modelling
User Interface Modelling
System Modelling
Subsystem Modelling

10+ Component Modelling

11. Prototyping

12¢ Installation

13« Installation process

14+ Project Management
15« Software Cost Estimation

16+ Quality Assurance
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17+ Software Configuration Management
18+ Test Management
19+ System Testing

20+ Acceptance Testing process

6.2 Process MeNtOR Software Lifecycle Models

Software lifecycle models are the second major component of the process architecture.

A software lifecycle mode$ a framework for the way in which a project or some component of
the project may be run. A software lifecycle model igemeral description, or template, for
projects, or parts of projects.

Examples of software lifecycle models include the waterfall model, the spiral model and the
iterative model. Object-oriented development is most usually employed with an iterative or
incremental software lifecycle model although this is not mandatory whhicess MeNtOR

Each of these models provides an abstract description, and a set of basic rules and constraints, of
the way in which a software development project may be run. Because they are general models of
software development, software lifecycles models are defined and managed at the organisation
level (sedrigure 6) within the context of a software engineering process architecture.

Software lifecycle models provide a macro-structure for projects by defining key points within
the process when reviews and assessments are made of the progress of the project.

Lifecycle Models

HHFD S

Lifecycle Model 1 Lifecycle Model 2
Used in
Software Software Software
Engineering Engineering Engineering
Process 1 Process 2 Process N

D—D—EPDD—D—)D—)D@

Figure 6 Software lifecycle models are applicable at the organisation level. Projects use instances of these
models to actually build software.

Process MeNtORlefines four software lifecycle models. These are the waterfall, incremental,
iterative and incremental/iterative software lifecycle models. Any of these software lifecycle
models (as well as others which the organisation may define) could be used as the framework for
a software engineering process witRirocess MeNtOR

It is the role of the Project Manager, together with assistance from the Software Process Team, to
select a software lifecycle model and to map the appropriate process units to that model.
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6.2.1

6.2.2

Waterfall Software Lifecycle Model

The waterfall software lifecycle model is one of the most well-known and well-used software
lifecycle models in the development of software today. In a waterfall software lifecycle model,
the project follows the phases of the lifecycle in a sequential fashkigaré 7). The Project
Manager is still responsible for mapping the process units to the phases but each phase will be
undertaken only once and in a sequential manner.

Phase 2

Phase 1 Phase 4

Phase 3

Phase 2 Phase 3

Repository

Phase 1 Phase 4

Phase 2 Phase 3

Repository

Phase 1 Phase 4

Figure 7 Waterfall Software Lifecycle Model.

Incremental Software Lifecycle Model

An incremental software lifecycle model is one where a project is decomposed into a number of
discrete portions with each portion undergoing the full set of defined phases of the software
lifecycle once Figure 8). Thus each portion of the software system undergoes the phases of the
software lifecycle once, but as there are several portions of the software system the phases of the
software lifecycle are repeated once for each portion. In this software lifecycle model the
software system is developed incrementally. This software lifecycle model may be used where a
system has clearly defined functionality that can be delivered separately to the customer.
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£
©
S
Sy
=y
(T

Figure 8 Incremental Software Lifecycle Model.

Increment 1

Increment 2

6.2.3 lterative Software Lifecycle Model

An iterative software lifecycle model is one where the whole software system will undergo the
phases (or some of the phases) of the software lifecycle a number of times. Flyuger® the

overall software system repeats several of the phases as it iterates over the software lifecycle.
This software lifecycle model may be used in projects where the requirements are very poorly
defined such as in a decision support system.

Iteration 1

Repository

7=

Repository

Iteration 3

Figure 9 lterative Software Lifecycle Model.

MeNtOR Technical Overview Page 15
© 1996 Object Oriented Pty Ltd



SEPA (Software Engineering Process Architecture)

6.2.4 lterative & Incremental Software Lifecycle Model

A combined iterative and incremental software lifecycle model is one where the software system

will be divided into a number of portions each of which will undergo the phases of the software
lifecycle a number of times.

Thus in Figure 10, each portion of the software system undergoes several iterations of the

software lifecycle. Thus the software lifecycle for the overall project is iterative and incremental.

The use of incremental development allows the project to deliver core functionality early in a

project, prioritised on the basis of functionality required by the users. lIterative development

permits the developer to refine the requirements with the user over a number of iterations with

the use of prototypes. This may be applied on large projects where portions of the problem are
Increment 1

not well understood.
Increment 1
‘ Iteration 1
" Increment 2
Iteration 2

teration O
Fhasg Increment 2
Iteration 1
2\
.

Increment 3
Iteration O

Increment 3
Iteration O

Increment 1
Iteration 3

Increment 2
teration 2
K>

Increment 3
Iteration 1

Figure 10 lterative and Incremental Software Lifecycle Model.
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7 Software Engineering Processes

A software engineering proceéSEP) is the total set of software engineering activities needed to
transform user requirements into software. They are created by mapping process units, which are
not time-sequenced, to a software lifecycle model to create a time-sequenced set of activities.

A SEP, therefore, defines one particular way of developing software and is itself developed
using a process architecture. It is the SEP that is used by projects within an organisation.

Developing or identifying a specific SEP occurs at the start of a project. Over time an
organisation using a process architecture will develop a library of SEPs for specific project types.
This enables new projects selecta SEP rather than having to define one each time. SEPs thus
become reusable descriptions of the software development activity.

Software Engineering Process Architecture

Process Unit 1
Inputs
Activities

Deliverables

—

Process Software
Units Lifecycle Models

Software Engineering Process

Figure 11 The relationship between process units, software lifecycle models and a software engineering
process.

Process MeNtORrovides three software engineering processes known as:
 M-SEPL1 - Large Scale Software Development Process
 M-SEP2 - Small Scale Software Development Process

 M-SEP3 - Package Procurement Process

Software projects should follow one of these SEPs to develop software. The SEPs define the
sequence of activities, the major milestones and the deliverables to be produced by projects. The
SEPs uses the process units to provide the detail on the techniques and activities to be performed
during the project.

7.1  An Example SEP

Within Process MeNtORnNe predefined software engineering process (M-SEP1) is provided that
consists of three related software lifecycles.

The three related software lifecycle are termed the:

— Programme Lifecycle

MeNtOR Technical Overview Page 17
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7.2

— Product Lifecycle

- Project Lifecycle

The relationship between these software lifecycles is showigare 12. Essentially the
Programme Lifecycle consists of a set of projects, each of which undergoes the Project Lifecycle.
A Project Lifecycle maybe initiated to develop a major new version, including creating a new
software system (both known Bfajor Software Releasgsor to develop an enhancement to an
existing software system (known asMinor Software Releajeor to rectify defects in the
software system (known asPatch Software ReledseThese different types of development are
modelled as part of the Product Lifecycle.

Programme Development

Programme | programme »|Programme - PmPr(;sr:]me
Lifecycle Initiation Definition 9
Release 2

Review

Product Major Minor P Decommissionin
Lifecycle Release Release ?
|—> Patch | —=—w»| Patch —1
Release Release

r
[
Delivery Lifecycle 1 = Increment
Rel 3.0
Major Iteration Denl Releaiz.o
’ eployment >
Business 5| System » w | System Release 1.0
Release Investigation| | Definition > Developnient [—3 Acceptance and 3
Lifecycle 4 Review
. |H

Figure 12 Software lifecycles dProcess MeNtOR predefined software engineering process (M-SEP1).

Deliverables

Information generated during the execution of the software lifecycles described above is placed
into a deliverable. These deliverables are then organised into a sesiekbboks(seeFigure

13). Workbooks provide a default structure for the deliverables of the processes used in a
software lifecycle. In the same way that a software lifecycle may be customised, so too can the
workbooks.
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Process Mentor
Workbooks

—| Programme

Project Subsystem
Workbook

Workbook Workbook

| Developers’ Requirements Component
Workbook Workbook Workbook

|| Prototype System Testing
Workbook Workbook Workbook

Figure 13 A typical Workbook Structure.

Process MeNtORrovides a set of default templates for each deliverable produced during the
execution of a process. These deliverables may also have a set of release states.
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8.1

8.2

Analysis and Design Concepts

This section introduces the main analysis and design concepts usedPriit@ss MeNtORThis

section is not intended as a rigorous definition of these concepts or the process units that use
them. Instead, it provides a broad introduction to enable the reader to familiarise themselves with
the main ideas used rocess MeNtORThis section assumes some familiarity with object-
oriented concepts. For more information on object-oriented concepts and techniques, the reader
is referred to the references at the end of this paper.

Relationship to UML and OO Methods

Process MeNtORs a software developmeptocessthat supports and incorporates a number of
OO methods(A process is defined as the full set of activities and tasks required to develop an
industrial strength application. A method is defined as the concepts and notation used by a
process to express designBjocess MeNtORs built on top of the Object Management Group
(OMG) industry standard UML (Unified Modelling Language). This meRrecess MeNtOR
supports recognised industry standards and can therefore be used with a range of different tools.

A number of other OO methods are able to be used Rritltess MeNtORncluding Booch

(Booch, 1994), OOSE (Jacobson et al., 1994), Responsibility Driven Design (RDD) (Wirfs-
Brock et al., 1990), the Object Modelling Technique (OMT) (Rumbaugh et al., 1991) and
MOSES (Henderson-Sellers and Edwards, 1994), although most of these have themselves been
superseded by UML.

Scenarios

A scenario is the key mechanism withitnocess MeNtORor analysts, designers and business
users to explore and record interactions with a (software) system.

A scenariois simply a textual description of an interaction with a system. There are two types of
scenario used in thProcess MeNtORprocesses - those focused on the problem and those
focused on the solution. Scenarios focused on the problem tHaidimesss trying to solve are
calledBusiness ScenariosScenarios focused on thelutionprovided by a particular system are
called System Scenario@-igure 14). In general, scenarios should be understandable by all
members of the project team, including the business users.

What the Model of the
system does Business Scenarios Business

How the Model of
system does it System Scenarios the Software System
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Figure 14 Business Scenarios focus on the business requirements, System Scenarios focus on the software
solution.

Scenarios are supported by a graphical scenario diagram which is a graphical representation of
the scenarios and the relationships both internally and exterifrédjyre 15 shows an example of
a graphical scenario diagram.

Il

o>+
<<uses BS2000

Retrieve Customef Corporate Customer Repository
N © Details

BS1000 <<extends>>
. Identify Customer
Order Administratol

>

BS1100
Unknown Customer

Figure 15 Graphical Scenario Diagram.

Business scenarios are identified in the Requirements Modelling process, usually through
workshop sessions with business users. Business scenarios are often refined following feedback
from the Prototyping process and after further workshops. Refining business scenarios through
the involvement of business users is a key aspect of the Requirements Modelling process. In
general, business scenarios should be independent of the underlying technology and software
system being used to implement them. Business scenarios thus describe WHAT the system must
do. Business scenarios are documented in the Requirements Workbook.

System scenarios refine and transform the business scenarios to a particular solution. They focus
on HOW the software system will achieve the business scenarios given particular technology and
other constraints (such as budget and time constraints). System scenarios are developed in the
System Modelling process by the Architecture Team. System scenarios are documented in the
System Workbook.

8.3 Classes and Relationships

Object-oriented development uses the concept of a class as its fundamental unit of analysis,
design and implementation.

A class is a model which captures the commonalities of a set of entities in a domain. A class
captures both the information (state or attributes) about the concept as well as the behaviour
(operations or functions) of the concept. For example, a model of aalsankintin an object-
oriented system would model the fact thatamcounthas information in it such as an account
number acreationdate and anowner It would also model the fact that a baadcountcan be
openedandclosedand monewithdrawnand moneyaddedto an account (i.e. functions that can

be performed on an account).
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A class may model a concept in the problem domain (such as bank accounts) or in the solution
domain (such as windows in a graphical user interface). Classes can be used during analysis, to
develop logical models, and during design/implementation to develop executable systems.

Classes are related to one another by relationships. Relationships between classes include
association, aggregation and inheritance. Association is when one class knows about another, for

example, a bank account knows about its owner. Aggregation is when one class is composed of

another, for example, a car is composed of a door and chassis. Inheritance is when one class is a
special type of another class, for example, a cheque account is a special type of bank account.

These relationships are used to model the structure of classes in a system. The class structure is
recorded as a class diagrariglre 16).

Person
Spouse 1.1] Employee Dependent Customer
0.1
Le L
Company
1.*
1.x
Manager Packager Clerk Order
1.1
1.x
Item

Figure 16 Class Diagram using UML notation.

Classes implement the scenarios of a system by sending messages to one another. These
messages ask other classes to perform operations (functions) for them. Message passing is shown
in object scenario diagrams or interaction diagrafigufe 17).
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schedulel schedule2 scheduleN
:Redistribution  :Transport Transport :Transport .... :Transport  truckDriver2
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1 initialise
query
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query
delete
>
query
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Figure 17 An Interaction Diagram using UML notation.

Scenarios are transformed into class diagrams and interaction diagrams through techniques such
as CRC (Class Responsibility Collaboration) workshops during the Requirements Modelling,
System Modelling and Component Modelling processes. These workshops allocate operations
(pieces of a scenario) to different classes used in the scenario. Through message passing, classes
are able to implement the system scenarios.

These models are developed in a high-level form during the early periods of a project and are
refined to more detailed design models as the project progresses. An important point is that the
same concepts apply throughout analysis, design and implementation. Thus a class identified in
analysis can also appear in design and implementation.

The model and deliverables therefore tend to be refined rather than transformed during the
software engineering process.

8.4  Architectures, Subsystems and Components

Classes are the fundamental units of decomposition within object-oriented development.
However, as the number of classes in a system increases, it becomes necessary to partition the
system into larger sized chunk$rocess MeNtORises the concepts of System, Subsystem,
Components and Sub-Components which are documented in a System Architecture, Subsystem
Model and Component Model respectively (a Sub-Component is documented in a refined
Component Model)Rigure 18).
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(System Architecture)

(Subsystem Model)
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Figure 18 The decomposition structure of a large system.

The System Architecture plays a central role in object-oriented software systems. Indeed, if the
software system is to have a long life, undergo extensive maintenance or expand into a product
family, it is essential that an architecture be developed. (This is sometimes referred to as

architecturalintegrity, or architecturalvision) An architecture provides the guiding direction for

the overall software system in terms of development philosophy and subsystem decomposition.
The software system architecture is constrained by the overall Programme Architecture if the

software system is part of a larger programme of work.

Subsystems are the units of decomposition below the architecture. Subsystems encapsulate and
isolate different parts of a system, for example, separating the database layer from the graphical
user interface layer from the business model layer. From a management perspective, subsystems
are units of team development with one team often responsible for a single subsystem. This
subsystem will then be designed and specified according to the requirements of the System
Architecture. Hence, each subsystem team can essentially work independently of other
subsystems as far as the internal design is concerned. Each subsystem has its own design
document, called a Subsystem Model which is part of the Subsystem Workbook.

Components are the unit of decomposition below a subsystem and are and are the lowest level
unit before a class. A component is of the order of three to ten classes and is usually the
responsibility of a single developer. It has a set of responsibilities which must be met, the design

of which is the responsibility of the developer. The degree to which developers are permitted to

design their own components is a function of their experience and importance of the component

to the overall system. Components are documented in Component Specifications and Component
Designs that are stored as part of the Component Workbook.
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9 Deploying Process MeNtOR
9.1 Deployment Lifecycle

DeployingProcess MeNtOR your organisation or project for the first time requires a planned
programme of training, workshops and mentoring. Described below is a generic model for
deploying Process MeNtORseeFigure 19). This model is normally tailored to address the
specific needs and requirements of the project team members. Typically the people involved in
the deployment planning are the Project Managers, Software Development Managers, Process
Engineers and Training Managers.

The Deployment activity is typically divided into four phases:
1« Project Establishment Phase
2+« Project Driving Phase
3¢ Project Review Phase
4+ Support Phase

The following diagram illustrates these four phases, and the processes used during this
deployment.

Project Project Project Project
Establishment Driving Review Support
------- 2 CEEETE t o SEEEEETE e LT »

Legend:

Pc - Process Consulting Mi - Mentor Integration
Mt- Mentoring Pa - Process Audit
Tr- Training

Figure 19 Typical Lifecycle for Deploying’rocess MeNtOR

9.1.1 Project Establishment Stage

This stage involves the initial deployment Bfocess MeNtORnto the project team. This
involves setting up theProcess MeNtORmaterial, installing the software products and
undertaking the initial planning sessions. This is usually done by the Project Manager, Team
Leaders and Process Consultant.
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During this phase training plans are developed, training and workshops undertalnocess
MeNtORintegrated with the other processes and tools. Activities include:

1+ DeployingProcess MeNtORhaterial
- Provide Manuals to staff
— Deploy Online copy and training
— Install templates and tailor them to the project
2+ Defining a project Software Engineering Process (SEP) or selecting a SEP
3+ Planning the process automation
4« Training
— Define Training Plan (formal courses and workshops)
— Undertake Training Plan
5¢ Coaching
— Bring project team up to speed in processes

6+ Undertaking the tool integration.

9.1.2 Project Driving Stage
The project driving stage involves leading the project team through all aspeBioaass
MeNtOR Activities include:
1+ Coaching inProcess MeNtOR
— Assign coaches to key teams
2¢ Training
— Undertake Training Courses
— Undertake Workshops.
9.1.3 Project Review Stage
The Project Review stage occurs once the project is complete. Activities include:
1« Review project and the applicationPfocess MeNtOR
2+ Define process improvement activities.
9.1.4 Support Phase
OnceProcess MeNtORas been successfully deployed within the organisation, the deployment
moves onto the Support phase. This phase promotes:
1« Periodic audits of the process being conducted (throughRrtheess Audi(Pa))
2+ A reduced requirement for dedicated coaching services
3« The support of an ongoing training programme
4+ Product upgrades.
9.2  Training and Coaching
Supporting the above deployment lifecycle is a complete training and coaching programme.
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Formal
Training

> Workshops —_— Coaching

Core Technology

Figure 20 Steps in the Skills Development Process.

9.2.1 Formal Training
An essential first step in adopting any new software process is participation in formal training
courses. In the case Bfocess MeNtORhese include formal training in the concepts, principles
and process units ¢frocess MeNtORSuch formal training is most effective when it is delivered
by experienced presenters. The stantaatess MeNtORourses include:
1e Process MeNtORverview
2+ Requirements Modelling
3+ System and Subsystem Modelling
4. Component Modelling
5e Testing.
However, as essential as formal training is, it is only a start and may result in participants
acquiring as little as 10 per cent of the knowledge and skills they will ultimately require to
become truly proficient in the approach.
9.2.2 Workshops
The best way to consolidate the knowledge obtained from formal training courses and to teach
new skills based upon that knowledge, is to have people attend one or more workshops as soon as
possible after they complete their formal training. Workshops are organised around real life
situations, such as the design of a particular system, and can contribute as much as another 30 per
cent of the knowledge and skills that will ultimately be required to become truly proficient in the
technology. Because of the very practical hands-on nature of workshops, it is essential that the
presenter of a workshop be a very experienced practitioner.
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9.2.3

Coaching

The most intensive and productive learning process occurs when people who have participated in
formal training and workshops get the chance to conduct a real project. The project should be
carried out under the supervision of an experienced coach/mentor. This coach is responsible for
the design and development of strategic parts of the project and advises and assists the project by
their actions. The work of this experienced mentor is tenmetoringor coaching It is during

this period, under the direct supervision of a consultant, that people acquire the bulk (as much as
60%) of the knowledge and skills that they require to become truly proficient in the approach.
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Discussion

Process MeNtORupports not just a project using OT but also the organisation. It is able to
achieve this by using a software engineering process architecture. A software engineering process
architecture permits different project types and changing organisation factors to be managed in a
consistent fashion across an organisation, whilst also maintaining flexibility for the organisation
procedures.

As an example of the way in whi¢hrocess MeNtORnay be used, imagine that an organisation,
which normally develops medium-sized software systems utilising a waterfall software lifecycle
model, decides to undertake the development of a small packaged product. This new project has
a different set of characteristics to those normally undertaken by the organisation. Therefore, this
new project has different requirements for its software engineering process.

Process MeNtORenables the organisation to develop an appropriate software engineering
process for that project, assuming the organisation does not already have a software engineering
process defined for such a project type. Developing such a software engineering process will
require the selection of a software lifecycle model and the mapping of software processes to the
selected software lifecycle model. Development of a particular software engineering process
would follow the activities and guidelines of the software lifecycle model process, taking into
account the experience of the organisation from previous software projects.

Once a software engineering process for this type of project has been defined, it can be named,
refined over a number of projects and stored as part of the organisation’s software engineering
process library. Future projects of the same type can then use this process knowing it has been
tested and refined.

Adopting Process MeNtORequires a planned programme to transition the organisation to the
new approach. This transition may or may not be part of a broader technology transitioning
process depending upon whether an organisation is adopting object technology at the same time
as they are adoptirgrocess MeNtOR

Hence Process MeNtORs able to offer an organisation a disciplined approach to object-oriented
software development, whilst ensuring that this approach can remain open and flexible.
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