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ABSTRACT

Highly configurable software systems are being built to address thenexeasing
demands of users and businesses. Successful systems that support the required
customizations are difficult to design, develop, deploy and manage. To help address
some of these difficulties we have developed a software customization foaknelhe
framework includes a taxonomy of customization concepts as well as how @atomi
plays a role for the various stakeholders in a software project, such asweres
Designer, software Customizer, and End User. The framework also includeslamode
the software customization process produced by combining existing models from
program comprehension and HCI. We add to the framework some guidelines generated
from this model and details of how to include customization through the system’s
software design/architecture as well as through interaction styleshaWepply the
framework to the Map Explorer project to demonstrate the framework’s usefanés
effectiveness.
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Chapter 1
Software Customization, the Problem and the Approac  h

The majority of software applications developed today need to be customizable.
reasons for this are diverse: the accelerating pace at which businesareegumging;

new hardware innovations; the requirement to support multiple platforms; and
increasingly demanding users. There are, however, many problems and challenge
linked to projects that involve considerable use of customization that need to be tackled.

It is these challenges that this thesis addresses.

Our own work in software customization began with a struggle. While working on a
project called Map Explorer, we discovered that although we understood that the tool

needed to support extensive customization, we were at a loss for determiningapeat s



that support should take, how to implement it, or even the best way to deploy it. We then
learned that the research community and the best practices of business did det provi
much aid to help us with our difficulties. Next, we endeavoured to solve this problem
ourselves — we constructed an understanding of software customization. We produced a
software customization framework which exposes and explains the concepts of
customization, gives it a proper vocabulary, models its processes, and provides guideline

that we have found to be useful in our Map Explorer project.

In this first chapter, we introduce software customization with an overview béitefits
and challenges. We then provide further details of our approach to address these

challenges and describe how we developed our software customizatiowdnr&me

1.1 Introducing Customizable Software
Beginning with the very first software program, customization of soé\was

been required. Software developers have continuously been requested to
empower their tools to be amenable to change. Users, contexts of use,
requirements, and operating environments are in a constant state of flux meaning
there a high necessity for adaptable and configurable software. The need for
such flexibility has also been increasing in recent years. The degréeto w
businesses rely upon computers and software has grown significantly. With this
growth, the size and diversity of the user population has also increased. To
address the challenges of engineering software to meets the needy’sf toda

businesses and today’s users, software engineering is maturing and moving



towards a more appropriate paradigm. A statement by Paul Dourish from Xerox
PARC expresses this:
“... we begin to see delivered systems as not being closed and static, but
rather as infrastructures for further specialization, refinement,raihd e
user design. They provide a framework within which users can change and
adapt the basic system to their own patterns of usage” [1, p. 45]
As Dourish describes, part of this maturing process is refining the technique of
developing software while increasing the quality of the product. Producing a
customizable software system is the result of a disciplined application of the
methodologies and techniques in software engineering (and other disciplines) and

is often considered the elegant solution. In the next section, we take a detailed

look at the advantages customizable software offers.

1.2 Benefits of Customizable Software
Highly tailorable software systems offer many attractive advastaghese benefits will

differ according to the various stakeholders of the project. In this section ntéyide
how software producers (Designers and developers), software maintainersranchos

profit from customizable software.

1.2.1 Software Producer Benefits
Software producers will realize several benefits from developingaaahié software

system. The first benefit appears during the design phase of the applidiaarften
the case that the requirements gathered for the system contain conflestolgyfrom
different users or user groups. One method of addressing these conflicts esgoraie

the necessary flexibility within the software tool so that it can accommedat user.



Another advantage of customizable software is enabling the softwareasipplio meet

the undocumented requirements of the users. As Bonnie Nardi noted in her research on
software customization “[It] has been shown time and again, no matter how much
designers and programmers try to anticipate and provide for what users djlthreee

effort always falls short because it is impossible to know in advance whatemay b

needed” [2, pg 3].

A third potential benefit is increasing the longevity of a software gystetailorable
software system offers the possibility that the system’s functioreityadapt to the
user’s changing needs and requirements over time and thus stay currecabé@nd
useful longer [1]. An example of such a system is IBM’s Eclipse, an integrated
development environment for software developers that incorporates spattia¢$eto
design program extensions that can be easily distributed and installed withireday us

Eclipse tool [3].

Software producers are also realizing they can make their products apaeabier
segment of the market by promoting a comprehensive set of configurablededture
fact, many companies are demanding that new software systems be higlgyredué.
Companies have come to realize the benefits of software systems that cao #uspt
current environments and integrate with their existing systems and @e¢épsit is
very important to note that the notion of a highly configurable system is diffanat
product line architecture [5]. In a product line architecture the software predchae

control over every variation of an application. The type of project we are focusiing



this thesis is different. Here we are looking at the situation where cliedtthird party
companies may customize the application for their own purposes and not necessarily

coordinate the various versions into one collection of products.

1.2.2 Software Maintainer Benefits
For the maintainers of the software, additional benefits can bel.notBypically

maintenance tasks consist of bug fixes and developing the desimttcentents chosen
by the users. Statistics show that this work can take up ds asus0-70% of the total
software engineering time spent on the project [6]. Thelfestfit tailorable systems
can offer is a potential reduction in the amount of maintenance needée software
system. Some of the maintenance tasks may be offloaded talévabpers. Secondly,
when faced with a maintenance task involving system enhancemdny, ¢ogpfigurable
systems offer the maintainer the option to utilize a custorizabechanism to develop
the enhancements. Such mechanisms may offer to the prograeasier and faster
methods of developing and distributing the enhancement and thus takenkessnd

effort.

1.2.3 User Benefits
Users will also benefit from customizable software in several waystly-iiunctionality

can be changed, added, and deleted as required, improving upon usability and potentially
productivity [7, 8]. Many of today’s users are becoming accustomed to using computer
systems that are specifically tailored to their needs and are demandial tineir

software contain personalization features [9].



Personalization (the result of customizing the tool) provides ddwemafits for the user.
For example, research indicates that presenting a user withpoation that the user
feels has been specifically built and tailored for them is cdmépand reinforces their
sense of individuality [7]. Research also indicates that sudopalization can instil a
sense of empowerment in the user. Customizable software “...allosgs$ to invest the
world with their meaning, to enrich the environment with the frofttheir vision and to

use them for the accomplishment of a purpose they have chosen” [7, p. 398].

Customizable systems can also lead to more knowledgeable users. Users thztparti

in the design process of an application (whether by specifying their speegiils to a
developer or trying to implement customizations themselves) can gain ealuabl
knowledge and insight into that application as well insight into the application’s domain.
Simply using the software may not achieve the same effect. “Wisdom is a kmetaf *
knowledge’ of processes and relationships gained through experiences. It sithefre
contemplation, evaluation, retrospection, and interpretation.” [10] Wise usersaki@l m
better and more efficient use of the system as well as be able to better coatentimair

thoughts and concerns about the system to others.

Increased communication among users and developers is a common side effect of
customizable software and can eventually lead to the creation of a culture d®und t
application and even a user community. These communities can be an undeniable
influence over the use and success of the software [2, 7, 11]. First, these communities

provide users with a resource to field questions and garner support. Second, Mackay



noted that new standards can be established and perpetuated when users share
customization settings with others in the community [12]. Another important benefit
associated with such communities is their ability to promote the tool and indrease t
demand for it. Finally, these user communities become an invaluable resolmee to t
software developers when gathering new requirements or when looking foroutsssts t

and try out new ideas and tools.

Clearly, highly customizable software offers many benefits. Unforlyyaguccessful
customizable software systems are not easily produced. In the next sectiolh w

discuss the issues and problems that are commonly linked to customizable software.

1.3 The Problem
One of the major issues with customizable software is the dadatonsideration for

customization at the very beginning of a project, at the requirenstage. It is very
difficult to elicit requirements for the features of softwahes difficulty multiplies when
choices have to be made as to how those features will be catiig@and customizable.
In fact, this is a noted issue and gap in the requirements enigigpdield [13]. This
difficulty can lead to inaccurate requirements and thus lead a@fta@evelopers and
architects to make poor decisions. For instance, customization supgprhaonh be
included for an important feature or the type of customization suppavided is not

well suited to the domain or users involved.

Even if customization is properly considered from the beginning of the projectatieere

still many problems to overcome. One problem that we have experienced in our own



projects is that often software customization crosscuts all aspectsvedigoft

development — from the architecture design, to the development phase, and through to the
user interface design. Unfortunately, our current software processesbntnd to

focus our efforts within these distinct phases and there is no coherent, overarching
description of customization that can provide guidance to the stakeholders throughout a

project.

Without a guide to the customization process, inexperienced teattmsrespect to
customization are often not aware of the decisions that need toale ta deliver
customizable software and thus may make poor choices. For instance,builting
customizable software, it is important that the following dens are carefully
considered:

- What features should be customizable?

- In what manner will these features be customized?

- How should the customizable features be implemented?

- Who is qualified to perform the available customizations?

- When will these customizations be made?
Unfortunately, the research literature does not have much guidanitee @mswers to

these questions and how to manage these difficulties.

Furthermore, documenting and describing the needs for customization and tiegresul
design decisions are often sorely lacking. This can lead to poor decision making with

regards to the software’s design as well as lead to software thificiglidio maintain.



With our current tools and methods, it is often impossible to relate architectigesdes

the decisions made concerning the customization facilities provided for theeamd-us

In terms of designing a technical solution for a highly customizable system atfger

many options to choose from, such as object-oriented design, design patterns,
components, and others. These technigues have proven themselves over time and have
even become topics to be included in computer science education; however, there is no
integrated understanding of how to appropriately choose between these options. The
tradeoffs between different implementation paths are difficult to choosebecause

priorities are difficult to establish without an assimilated view of the auggdion

process and its stakeholders.

1.4 Our Approach

During our reflection upon the issues related with software customizatoidentified

that a broad understanding of the software customization process is lacking. Our
approach is to develop a software customization framework to address this need. Thi
framework encompasses many of the relevant factors needed to makeesoftwa
customization related decisions in addition to a set of suggestions to get irstiative

software customization started.

To produce such a framework, we look to research for ideas, guidance, and inspiration.
As noted, this endeavour not only contains perspectives relevant to technical issues, but
also to social issues. Software customization is a process involving differerd pabpl

different needs and different skills. Therefore, our research takes us through man
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diverse topics such as software architecture, software modelling, human eomput

interaction, program comprehension, end user programming and others.

We begin the construction of the framework in Chapter 2 by developing descripttbns a
classifications of the different kinds of customization that exist, how they can be
achieved, who is involved in the process, and the various stages of the customization
process. In Chapter 3, we continue the development of the customization framework by
developing a model of the software customization process. This model builds on existing
models from Human Computer Interaction (HCI) and program comprehension. We then
use this new model to reflect upon software customization and produce some general
recommendations for future stakeholders involved with highly configurable software

projects.

In Chapter 4 we explore various implementations of system architecturesltheaato

a tailorable system. Chapter 4 contains a description of how object-oriented design,
components, design patterns, and software frameworks can be useful tools for the
software designer as well as for the persons responsible for custorhzisygstem
through modifications of the source code. At the end of this chapter there is no
conclusion concerning the ‘right’ way to architect a customizable softsyatem.
However, we suggest that designers of new systems should consider these design

methodologies and take into consideration our comments and suggestions.
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Chapter 5 complements the work of Chapter 4 by focusing on how to customize a
software system without direction manipulation of the system’s source aotl@s |
chapter we describe the research concerning end user programming amnuterthaeion
styles. A comparison of the most common interaction styles is presented. Thrisugh t
work, we extract the set of ideal characteristics for interactioassiylthe context of

software customization.

At this point we have a framework for software customization that contains:
a classification of software customization features, methods, stakehalars,
stages;
a model that describes the process of software customization;
a set of generalizations based upon that model that can offer guidance when
deciding how to provide customization support in an application;
a set of recommendations for providing customization via the system’s
implementation; and
a set of recommendations for providing customization via the system’s ieterfac
or other interaction style.
In Chapter 6 we provide further details of the Map Explorer project. First, welsesc
the frustrations we experienced when we attempted to conceive and desapi #seat
highly configurable system. Then, we describe how the Map Explorer project was
positively impacted by the development and application of our software custiomiza
framework. We describe how it organized our team members, enabled us to make

decisions regarding customization, and provided useful guidelines for the impleamenta

of the Map Explorer tool.
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In Chapter 7 we discuss the results of the Map Explorer project, review the contributions
this thesis offers the research and software engineering community, arcgkeptetails of

some ongoing and future work.
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Chapter 2
Describing Software Customization

We begin our research with an examination of the software customizatiosgrdaer

goal in this investigation is to delve into the concept of software customization in@rder
discover and understand the elements that customization involves. In this chapter we
structure this exploration by endeavouring to answer the following questions:

Whatis customized during software customization?
How is software customized?

Whoperforms the software customizations?
Whendoes software customization occur?

By answering these questions and organizing the results, we will establisttarstl

terminology of software customization. At the end of this chapter this terminaitigy
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represent our increased understanding of software customization as welbks e

concise discussions in the remaining chapters.

2.1 What about software is customized
To improve our understanding of how software is customized, we need a structure for

defining and extracting the different types of customization. Inspiraticthiostructure
comes from the work of Wasserman who recognized three different levels updn whic
two or more applications may be integrated: data, presentation, and control [14]. The
similarities between customizing a software system and integratirigplawsloftware

systems make using these categories to classify software czetiomiappropriate.

2.1.1 Data Customization
Many desktop applications have a standard data exchange format (a pléombext

such as XML, or a binary format such as Microsoft Word’s .doc). Data customization
enables an application to adapt the data exchange mechanism to exchange information
with virtually any environment or application. Within an application’s data st(ékm

or networked) there are two types of data: data and meta-data. Data eheadestete
information acting as input and output for the application, whereas the meta-dda is da
which describes this data and may include processing instructions. Bédihntia¢and

contentof the data and meta-data can be customized.

Customizing théormatof data and meta-data may be required to make the application
read and write compatible with different or additional information sourCesitent

customization is typically applied to meta-data. By changing the na¢ga-@he can
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effectively customize how the data, which is described by the meta-datmaged and

processed.

A common example of meta-data customization appears in web page authoring. The
standard format for web pages is HTML. In HTML, the presentation of conten} igata
managed by incorporating tags (meta-data) around elements within thaitconte
Changing these tags can change how the web page is presented. Howevelatet all
customizations involve working directly with a file. For example, email agpita

allow us to specify, in the application interface, some meta-data about theveraae
writing. For instance we can specify that an email is of urgent prioritpassed to
normal priority email. This metadata is encoded into the email and, when thencipi

views the email, they are made aware that the email is urgent.

2.1.2 Presentation Customization
The visual appearance of an application is another major category where zastomi

takes place. We call this type of customizapoesentation customization With the
emergence of a plethora of online service providers such as Yahoo and MSN that
capitalize on web server technology to enable a personalized experienaetatiese
customization is progressing from being a ‘nice to have’ feature, to a regoireme

many systems [9].

Changes in the visual presentation of the application can also occur in two ways. The
first is information architecture Information architecturelescribes how information is

organised and accessed through the display.
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“Information architecture determines what content and data is
included, where it resides, what it is called, how users find and
access it, and to a certain degree, how it appears in a display. It
involves primarily the organizing and naming of things and
ensures that users find what they want without getting lost or
distracted while navigating “ [15]
Adjusting the organization of menus and buttons and the layout of windows within an

application are examples of customizing itfermation architecture

When designing a new application, théormation architectures generally done before
thegraphical design. Graphical desigifects the aesthetics of an application since it
involves the look and feel of the application. This can include the theme or metaphor of
the design (fun, serious, or corporate standard) and involves the selection of colours,
shapes, and image&raphical desigrandinformation architecturere dependent on

each other and therefore are often complementary. For instance, a group of buttons

identified to be used for a specific task can have a similar colour or shape.

2.1.3 Control/Behaviour Customization

Tailoring how an application behaves is a fairly broad concept. Simple tasks, such as
selecting the features to include in a view, to more complex tasks, such as mvatras

to automate tasks, fall under the umbrellaaitrol/behaviour customization For this
reason, customizations in this category are split into six sub-clageificatr types.

These types arfeature selectioroptions specification, feature addition, feature

enhancemenfeature constraintandfeature coordination
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Occasionally, the implementation of a software system contains manyeatuweet than
is needed by a user to perform their work. The procefesatfre selectiomvolves
analyzing each of the system’s abilities and deciding whether or not it should be
incorporated into the interface. For instance, installation wizards will aftehd user

select a subset of features, possibly leaving functionality uninstalled.

Once a feature is selected for inclusion, there may be standard variathmvs that

feature may operate. To customize these standard variations, one would make use of
option specifications Option screens (forms using check boxes, combo boxes etc.) are a
common method to enable users to perform simple (and foreseeable) customizations. For
example, in Microsoft Word the options for each of the features are organized in a

collection of tabs (see Figure 2.1).

Options S
Security I Speling & Grammar ] Track Changes ]
User Information I Compatibility } File Locations ]
Yiew General ] Edit ] Print ] Save ]

Show
WV Startup TaskPare! I Smart tags ¥ windows in Taskbar
V¥ Highlight V¥ Animated text " Field codes
I Bookmarks ¥ Horizontal scroll bar Field shading;
V¥ Status bar IV Wertical scroll bar Always -
V¥ ScreenTips [ Picture placeholders
Formatting marks
[™ Tab characters [™ Hidden text
[ spares ™ optional hyphens

[" Paragraph marks [ all

Print and Web Lavout options
¥ Drawings [v White space between pages (Print view onkd
[ Object anchars IV Wertical ruler (Prink view only)
[™ Text boundaries

Outline and Mormal options
[ Wrap to window Skyle area width: o 3:
™ Draft fart: J | J

Figure 2.1 Microsoft Word presents each feature’s options in separate tab

Often it becomes apparent that the required functionality is not available in an

application. This scenario requires a customization process tediedle addition
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which involves the design and building of a completely new feature. Once available, thi

feature should then be selectable within the applicatiofeatare selection

The fourth classification of control customizatiorieature enhancementn this case,
an existing feature almost fulfills the requirements of the user and only tocleels
enhanced. For example, it may be desirable to enhance the searching featuwedof a

processor so that it employs regular expressions.

Contrasting witlfeature enhancemeistfeature constraint A feature may need
simplification to be more usable or not all of its functions may be required farrcert
users or tasks. For example, an address book feature of an email tool may beedimplif

by removing the ability to add multiple addresses at the same time.

The last form of behaviour/control customizatiomeiature coordination.Each feature of

a software system (whether it is selected, added, enhanced, or consisaiised)ly

intended to work in tandem with one or more features. For example, the preview feature
of a word processor is often linked to the ability to print. Customization thifeagyre
coordinationinvolves changing how two or more features work together to achieve a

single task or set of tasks.

2.1.4 Summary of What is Customized
This section categorizes the different types of customizations into tloeesgdata,

presentation and control. Data customizations include modifications made to the forma

and content of meta-data. Presentation customizations involve changing thie logica
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organization of the view (information architecture) as well as the aestligtaphic
design). Control/behaviour customizations include feature selection, optioncsiecif

feature addition, feature enhancement, feature constraint, and feature ¢mrdina

Many customizations will involve aspects from data, presentation and control
customization. For instance, adding the ability to draw graphics within a worelsgayc

is a behaviour/control customizatidedgtureaddition) that requires customizations in the
data categoryfgrmatto encode picture data), and in the presentation category
(information architecturéo determine how to provide the drawing tools and how the
user will find thenm). Customizations that crosscut the difference categories, such as the
one above, are likely to be more complex and thus more difficult to provide. Only by
ensuring that each type whatis supported, will these types of customization be made

feasible.

2.2 How is software customized?
The methods that can be used to implement a customization are actually qadeadri

can best be placed in two categories. The first category includes all tthedséehat

operate directly on the source code and as such we refer 8atiee Code

Customization Customizing a system through its source code is likely the most difficult,
but it often offers the greatest amount of flexibiligource Code Customizatis

discussed in more detail in a later chapter.

The second category includes all the customization methods that do not involvenghangi

the source code and we refer to these types of customizalivier@stion Styles
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Depicted in Table 2.1 is a list of the most common methods to pelfidenaction Style
Customization They are loosely ordered according to difficulty, where the first one
listed, Option Screens, is generally the easiest to make use of, to the nmmst,diff

Application Generators.

Table 2.1 Interaction Style Customizations

Option Screens, Wizards, Configuration Files, and Macros are commonly found in
today’s applications. Visual Builders and Application Generators aredassan.
Visual builders typically involve users selecting a set of widgets andgangathem in a
staging area. Common examples of Visual Builders are report constructioartdols
Graphical User Interface construction tools. Application Generators dsdlab
produce applications for a very specific context. Typically, users can pick from a
standard set of options and the Application Generator outputs the program. Since
Application Generators are extremely expensive to construct and have licupes] they
are rarely found [16]. Further details on these interaction styles are pcelseaten the

thesis.

2.3 Who will customize and when
To be able to deliver an effective application to a large user base, the applstetuld

support customization in the three categories of data, presentation, and controveiiowe
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achieving these customizations will require a large body of skills and knowlpdgels
across the participants of the project. We believe that in an ideal situatiorgrinénece
groups of people involved in successful customizable projects: Designers, Custpmize

and Users.

2.3.1 Designers
Designers are the designers and builders of the original tool and are, in hemMagt to

customize the application. Designers choose default settings and set thersaage f
future customizations. Designers perform their work aCthginal Developmenstage
of software customization and are responsible for defining three major anpaspects
of the software:
1. The set of features for the application and how these features can be used to
perform tasks.
2. The interaction styles that will be included so that the features described above
can be customized without interacting with the source code.
3. The implementation of the system which realizes the feature set and the
interaction styles. An important aspect of the implementation is the sg&ware
architecture which will determine how the software can be customized thtsugh i

source code.

2.3.2 Customizers
Customizers are the individuals who take an existing software product andt t&ilsuit

the needs of a group of users. The term Customizer often refers to individuala given
different label. For instance, Bonnie Nardi describes the people within a groupref Us

with the inclination and skills necessary to customize their tools (and those qfe@es)
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as Gurus[2]. There also many companies whose primary business is the @aigiomiz
of existing tools for other businesses (such as SAP [17]). Customizers in thig epate
often simply referred to as programmers. These programmers specializerstamdiag

how existing software products work and how they can be adapted.

The role of the Customizer is to understand the needs of the Users and to then adapt the
software to meet those needs. The Customizer leverages the interacéistgiylinto
the tool and/or makes changes to the source code to realize the needs of the Users they

have identified.

Since Customizers transform a software system from something consideeeal ge
purpose into something specifically designed for the users, we label this pocess a
System Refinemenin addition, it is often the case that the Customizer will be
responsible for the installation of the software and may perform some additional

customizations at that time. We refer to this phas®yageem Installatian

2.3.3 End Users
End Usersare the individuals who are going to use the application to perform tasks.

Customizations performed by &md Usercould involve any of the types of
customization described above. However, extensive customization is unlikely. The
typical End Userdoes not have the skills necessary to perform complex customizations
while learning more about the application. Typically users do not read documentati
nor do they extensively explore the software. Therefore, advanced features, thode as
involved with customization, are often never discovered or if known, avoided [2].

Reasons for this trend will be explored further in the coming chapters.
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An End Usemay also be involved with tHgystem Installatiophase. For example, they
may be directed by a wizard to perform some needed customizations (tyfaaslise

selection) while installing the software.

The distinction between these three groups helps us to appreciate that teeke e
different roles, skill sets, and needs involved in building, customizing, and using
software. However, the actual makeup and arrangement of people involved is otten quit
different. For example, the Customizers may be the same as the Desigders

sometimes may be the same as the Users. There are many different possible
combinations of how the participants in customizable software project witiideyared.

For simplicity, however, we will refer to the Designers, the Customizers, anktie as

being separate groups throughout the thesis.

2.4 Summary
In this Chapter, we have named and described the elements of software cuigtomiza

which we have summarized in Figure 2.2. With this taxonomy of software cust@mizati
we have a core element of our software customization framework completed. Intthe ne
chapter we continue our construction of our framework by applying and extending

existing research to produce a model of the software customization process.
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Source Code
/

How — Interaction Styles (forms, scripts,
wizards, etc)
Data: format, content

Control\behaviour
What addition, enhancement, selection, constraint,

\ specify options, and coordination of features

Presentation : info architecture,
graphic design

Designer
Who —> Customizer
End-user

Original Development
/v g p

When —> System Refinement

> system Installation, Active Use

Figure 2.2 Summary of How, What, When, and Who with respect to Customization
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Chapter 3
Modelling Software Customization

In the previous chapter we itemized the aspects associated with softwareizason.

Namely, we described the people, the events, the methods, and the objects involved. We
now switch our focus to how some of these pieces fit together: we propose a model of the
software customization process. We begin the chapter by describing owations for
producing such a model and then proceed with a step by step description of our model of
the software customization process. The chapter concludes with our anatisis of

model and a discussion of what we can learn from it.
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3.1 Motivation to Model Customization
The concept of successful software customization is not new; customizasts exi
successfully in many of today’s software tools. On the other hand, there are many
systems and situations where there are failures in this regard. As st@teapier 1, the
reasons for this are many. We believe that chief amongst these reasonacis tfien
overarching understanding of software customization. Our motivation for producing this
model is to provide a structure that encompasses the customization process. We propose
that such a model should stretch across the boundaries of software and humans: it must
represent how software is constructed and comprehended. We look to the field of
research called program comprehension for modelling guidance as thiirtksci

considers aspects of software construction and human understanding.

3.2 Program Comprehension
Researchers involved with program comprehension are interested spedifically

understanding how programmers learn software systems during maintandnce
evolutionary programming tasks. This is a difficult affair considefegcomplexity of

programming as well as the intricacies of the human mind.

To abstract from some of the complex details, researchers of program comprehens
formulate models, of which there are several [18-21]. Von Mayrhauser and Vans have
conveniently extracted and presented the common elements of these models in [22].
Specifically, they identified the following three common elements: the anuger’'s
knowledge, the programmer’s mental model, and the programmer’s expert

characteristics. We explore each of these elements further in thethestsafction.
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3.2.1 Knowledge
In the context of program comprehension, there exist two types of knowtgsigeal
knowledgeandsoftware specific knowledgéeneral knowledgencompasses the
programmer’s knowledge of the world, programming languages, programming
principles, algorithms, the operating system, @&neral knowledges completely
independent of the projects that the programmers are working on. Contrasting this is
software specific knowledgehich is gathered by reading the source code and

documentation of the software, and includes knowledge about the application’s domain.

Decomposing the concept of knowledge further is the chronological separation of
knowledge intaexisting knowledgandnew knowledge Existing knowledge consists of

all general and specific knowledge the programmer has before working on tix@rsoft
project in question. Once work has begun on the software, new knowledge is acquired.
For the most part, the new knowledge consists of software specific knowlertgassthe
software’s architecture, the data structures, the control flow, etc. Howevieg the

course of the programmer’s work, the programmer may be required to learn a new
‘general purpose’ algorithm, meaning that some of the programmer’s new knowledge

may include some general knowledge [22].

The process of understanding the application consists of matching software specifi
knowledge with existing knowledge until the programmer believes he understands the
software. This mapping forms the mental model and may be complete or incomplete

We discuss the notion of a mental model further in the next subsection.



28

3.2.2 Mental Model

We begin with a general definition of a mental model [23, p. 38] that applies to every day
life:

“Mental models, our conceptual models of the way objects work, events take
place, or people behave, result from our tendency to form explanations of things.
These models are essential in helping us understand our experiences, predict the
outcomes of our actions, and handle unexpected occurrences. We base our
models on whatever knowledge we have, real or imaginary, naive or
sophisticated.”

This definition supports what was established in the description of knowledge: that new

mental models are formed with the help of existing knowledge. Another key point about

mental models is that their structure is going to be heavily influencednbgxto For

instance, in this definition of a mental model from a programming context, we see

specific structures that only apply to software [22, p. 45]:
“The mental model is an internal, working representation of the software under
consideration. It contains static entities such as text structures, chunks, plans
hypotheses, beacons, and rules of discourse. A chunk’s construction combines
several dynamic behaviours, including strategies, actions, episodes, and
processes. ”

In many of the comprehension models, the mental model is considered the key and

central component. The mental model will play a significant role in our seftwar

customization model.

3.2.3 Expert Characteristics
The third common element of a program comprehension model is the programmer’s

expert characteristics. The level of a programmer’s expertise in ardsnaa important
factor in program understanding. Experts in a domain have specialized schemas of
knowledge that permit them to view situations from an abstract point of view. This
enables them to efficiently decompose and comprehend problems and be flexible in the

manner in which they tackle them [22, 24].
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3.2.4 Software Customization and Program Comprehens  ion
Program comprehension models itemize information about the mental models,
knowledge, and expertise of programmers within the context of software mairgenanc
The models that result from this work are then used to improve support for programmers
performing software maintenance tasks in tools [21, 25-28]. In the next sectigoplye a

these concepts of modeling to develop a software customization model.

3.3 Customization Model
In this section we take an incremental approach to present our softwareizastom

model. The first step requires describing Donald Norman’s cognitive modsh wiei

use as a base for our model. This model provides a simple view of software, software
users, and software Customizers. The next steps are to enhance Norman'smwedel a
incorporate additional details. These enhancements integrate concepisifreoftware
customization classification established in Chapter 2, as well as the comemantd of

program comprehension we just described.

3.3.1 Donald Norman’s Model
We begin our modelling task by taking a look at a simple model from Donald Norman,

author of the popular HCI reference, “The Design of Everyday Things”[23]. &orm
describes the model of users interacting with software by expressiegthmgle sub-
models (see Figure 3.1). These models are: the designer’s model, the ustals me

model, and the system image.
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il

l Designer’'s Model | User Model |

N

| System Image |

Figure 3.1 Norman’s model of how users understand tools such as softw§?a].

In Norman’s model, the Designer’s Model represents how the software desgugs
the system as well as how the software designendsthe system to be viewed by the
Users. Arrows from the Designer’s Model to the System Image amdied to indicate
that the Customizer creates the System Image. The absence of arveeenitbe
Designer and the User indicates that the User does not interact with thedDés learn
the model of the system, but rather that the User interacts with the Systge Ifitas
indirect transference of the intended model of the system from the Desigherlser
requires that the System Image be carefully designed if it is to be siutcésvo arrows
between the User's Mental Model and the System Image indicate that theanssr

from the System Image while making adjustments to it through their ititeraic

3.3.2 Adding the Customizer to the model
This model is a good start as it captures the essence of creating a sofsierels/ one

person that is to be passed on and learned or used by another. However, our
understanding of customization requires some enhancements. First, in ourddealize
description of the participants involved in software customizations, we include another
category or role: the Customizer. The Customizer takes the system lyrideweeloped

by the Designer, and customizes it for the Users.
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Another enhancement we have made to Norman’s model is a legend identifying the
meaning of each of the arrows. We now can see clearly that the DesignetHzuilds
System Image which is learned by the Customizer. Then the Customizeiesodif
(through source code or interaction styles) and presents a Refined Systgentd the

End User. Finally, the End User also performs some learning and modificatisn ta
The addition of the Customizer, legend and arrows is represented in Figure 3.2 shown

below.

Ty Y

i Customizer’'s
Designer 's Mental
Model Mental Model

User's Mental
Model

// s
. .
. .
. .
. .
. .
. .
. .
A7 A~

System Image

Refined System
Image

v
v

Figure 3.2 Adding the Customizer to the model

The model does not incorporate a third version of the System Image (to represent the
individually customized system) as we believe that the modifications lirthéser are
not extensive enough to warrant it. This becomes clearer as we provide moretletails

our model.
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3.3.3 The Mental Models in More Detall
In our review of program comprehension modelling, we discovered that it is important to
determine some context-specific details of the mental model. We need to make known
what the sub mental models are for each stakeholder. Since the context of éinchnsse
software customization, through either its source code or through a secondagtione
style, we suggest that these two ideas be incorporated as sub mental models. o8eurce ¢
and related artifacts would fall under the categorization dintipéementation Model
while the interaction-style type customizations can be separately undeustder the

label Customizations Model

In addition, we are supporting customization with the purpose of changing how a
program works to optimize it for the user and their domain. The program, in many
respects, reflects the domain itself. Therefore, we should also incorpooateeimental
models, sub models that reflect the stakeholders understanding of the domain. These
types of model are referred to@emain Models The details of the mental models can
be seen in Figure 3.3. Note, the User’'s Mental Model does not incorporate the
Implementation Model as the User typically does not know how to program and is not

given access to the source code.
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Domain Model Domain Model

Customizations
Model

Customizations
Model

Domain Model

Implementation
Model

Implementation
Model

Customizations
Model

i ' Customizer’s Mental
DeS|gn§;39|Ylental Model User’s Mental Model
) \ R
System Image Refined System Image
T il >

Figure 3.3 Adding the concepts of Domain, Customization, and Implementaticio
the model

3.3.4 Expanding the System Image
A limitation of the model so far is that it is unclear how the System Image supports

building the mental models we identified so far. We further decompose the System
Image to include other elements such as the Documentation and the Source Code (see
Figure 3.4). The reference to Image now refers only to the application and how it

behaves. It is now clearer how the mental models can be acquired from #ra.Syst
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Domain Model Domain Model

Customizations
Model

Customizations
Model

Domain Model

Implementation
Model

Implementation
Model

Customizations
Model

Desigr'l/il;’dsell\/lental Custom;\igrdzl Mental | User's Mental Model |
\ P - . b 4
System System
| Image | | Source Code | | Refined Image |
| Documentation | | Documentation |

v

Figure 3.4 Adding the Source Code and Documentation artifacts to accompany the
System Image.

3.3.5 Incorporating the concept of Knowledge
Our model now contains the core mental models we associate with software

customization. We will now add to the model the next common element of program
comprehension models: knowledge. Knowledge, as described in Section 3.2.1, differs
from a Mental Model. Knowledge describes all the information known within a topic,
while a Mental Model describes the understanding of a particular instance of a
situation/problem (or class of situations/problems). Consequently, we distinguish

between the mental models and knowledge (see Fig. 3.5).

A certain amount of Domain Knowledge should be had by each of the Designer, the
Customizer and the User. Domain Knowledge is used to determine the feathees of t
software, how they should be presented, and how they should be explained in the

documentation. The Designer and the Customizer also have Programming Knowledge
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which facilitates communication of the Implementation Model through the Sooae C
Lastly, the Customizer tends to have a specialized knowledge of the User (gathered
through experience or specific requirements gathering procedures) wipchvers them
to make the choices when they customize the software for the User. These aduditions
reflected in the updated model in Figure 3.5.

—
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Domain Model Domain Knowledge

Domain Model
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Customizations
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Domain Knowledge Customizations
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Customizations

Model Domain Knowledge

Implementation

Implementation Model

User Knowledge
Model

~N_

i

~N_
Architect Customizer User
\ ; \ B
System System
| Image | | Source Code | | Refined Image |
| Documentation | | Docum entation |

O 0 ;

Figure 3.5 Adding the concept of knowledge

3.3.6 Identifying Expertise
The third important item in program comprehension models is the expertise had by

individuals. Expertise reflects where one has special skills and advancadsaibila
particular domain as described in Section 3.2.3. Here we provide some general
observations. A Designer’s expertise is in programming (designing and building
software). Not all Designer’s become true experts in a domain as many move from

project to project. Users, on the other hand, typically have extensive exposure to their
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domain, providing them with expert abilities in understanding and tackling problems
from the domain. The Customizer is typically also an expert in the application’srdoma
Many Customizers gain this expertise through time spent as a User (Gurwughthr

extensive study.

The Customizer should have much expertise about Users and their needs (from being a
User or through study). In general, however, the Customizer is not alwaygeahiax

all aspects of programming. Their programming skills tend to be only strongnis ¢é

the domain they specialize in. The model presented in Figure 3.6 displays the
incorporation of expertise by shading in those aspects of knowledge we havéedentif

here as being at the expert level.
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Figure 3.6 Highlighting the knowledge that is at an expert level
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3.4 What we can learn from the model
The goal of establishing this model was to clarify the customization pracddss
produce a set of guidelines for teams developing tailorable software. Tedimges we
are able to interpret from this model include determining who can customize what, how
customization should be enabled, and where support should be afforded. In the following

subsections we provide details of our analyses and views.

3.4.1 Who Can Customize What

In terms of providing customization facilities for the User, we can see frermodel

that the Designer should not be responsible for these customizations dinestdad| the
Designer shoulénablecustomizations through the application’s architecture and design.
These decisions regarding customization support in the implementation are very
important and significant; they constrain the Customizer (and the User) in wahag ca

customized in the application and how.

Typically, the Customizer is the most qualified to tailor the application. ¢fiedt, the
Customizer may need to tailor the application’s features to the specifis obthe
Users. Secondly, the Customizer may develop interaction styles that wik ¢nalser
to tailor the application. It is important to note that the facilities provided tOske
should only include the types of customization that can be achieved with the skslés’s

and knowledge.

In Chapter 2, we described the concept of customization by organizing different types of

customization into three categories. In Table 3.1, we present a generaryunhmvhat
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can be customized with interaction styles appropriate for Users. Herenweethat
both types of presentation customization can typically be configured by. Users
Customizing the content of data files, performing feature selection, anifysyec
options for those features are also customizations within the skills of Udegs.

remaining types of customization should only be done by a Customizer.

Table 3.1 Some customization types are appropriate for Users

3.4.2 Where customization support should be provided
Having a general concept who can customizevhatleads naturally to determinirgpw

these customizations should be supported. From our model, it becomes apparent that the
Customizer has the responsibility of customizing the majority of the apphdar the

User. For the Customizer, this can be a difficult task. It requires the Castdmi

perform an analysis of how the application meets the User’s needs, followed by
determining where customization should be required. Next, the Customizer must lea
enough of the implementation to enable them to program the chosen customizations.
Considering the magnitude of this effort it is important that the Custolmzproperly
supported in his/her efforts. Therefore, the Designer should make the effort ttheake

system comprehensible, maintainable, and extensible. Since the Custowifizsr ot
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an expert programmer, customizations to the system should not necesgaiily re

expertise in programming.

In this chapter we indicated that experts have specialized schemas thattleeaio
produce plans to quickly and effectively solve problems. If the Designer cannohrely
the Customizer to have these specialized schemas, the Designer should try toesutpple

them. In the coming chapters we propose how such schemas can be supplemented.

In Chapter 4 we take a look at how the source code of a system can be organised using
components, design patterns and frameworks. These architectural elements are
abstractions that can be used to quickly form the needed schema of the applidati

Chapter 5, we will present work on how a system can be customized without source code,
and instead use an interaction style that allows a Customizer to leveragexpleeir

Domain Knowledge.
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Chapter 4

Customization with Source Code

From the analysis of the customization model in Chapter 3 we saw that thad&esust
provide to the Customizer a software solution that is easily customizable. Teeachie
such a goal, we consider object oriented design, design patterns, components and
frameworks. We discuss how these technologies could enable the Designatet@cre

system that the Customizer can understand how to customize.

4.1 Object Oriented Design

Designing and building a customizable software system is a complex taskt Obje
oriented technology has been demonstrated to be the most preferable (if not the most
capable) choice when building complex software [29]. The features of OO languages

(such as abstraction, encapsulation, information hiding, inheritance, and polymorphism)
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enable a complex problem to be expressed in such a way that the design can be
effectively communicated and understood [30]. In essence, object oriented design, when
effectively applied, forms a model of the problem enabling a high level of undersgjandi
According to Korsen and McGregor:
“The design philosophy of the object-oriented paradigm takes a modeling point of
view. This allows the Customizer to work with one approach which begins in the
problem domain and transitions naturally into the solution domain. By building a
model of the problem into the application system, the resulting design is more
responsive to changes in knowledge about the problem situation. The modularity
of these designs and information-hiding capabilities of most object-oriented

languages contribute to the technique’s responsiveness to modifications” [30, p.
60].

OO0 design is a great start for managing complex software design. Designe

construct the Implementation Model with classes based on concepts from the Domain
Model, making it easy for the Customizer to learn. However, OO design does not
guarantee that a system will be easy to customize. Additional architedeas can be
applied to the design of a software system to make it more manageable for the
Customizer to perform customizations tasks. Three such complimentary softwar
architecture elements are design patterns, components, and frameworksted\bst
Larsen, “Patterns and frameworks provide the medium for reusing proven solutions and
elevating the abstractions where engineers communicate and produce solutions.

Components provide the packaging for the patterns and frameworks” [31].

In the following three sections, we take a closer look at design patterns, conspanent

frameworks with a focus on how they can help make software more customizable.
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4.2 Design Patterns

In “A Pattern Language”, Christopher Alexander says: “Each patteonildes 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”’[32]. Although Alexander was speaking about
the patterns found in architecture his description is quite applicable to softwage de

[33]. There are three reasons which make design patterns appropriate for zalstmi
software: design patterns are well documented; design patterns provide proviensol

to making aspects of the design customizable; and lastly, design patternskesih m

easier to change/add to the code to realize customizations.

4.2.1 Well Documented
Documentation is an undeniable resource in software systems where theesdésign

is to be comprehended by programmers who did not participate in its original design o
implementation. A core element of every design pattern is its documentati@. Thi
enables a Designer to use design patterns in their systems and let the puaiiahjle
documentation explain their complexity (and purpose, and how to use them, etc) to any
future Customizers. Design pattern documentation generally includes|tverigl

details [33]:

Pattern Name and Classification:Establishes a vocabulary for design
Intent: Indicates what problem the pattern addresses

Also Known As: Other names pattern is called

Motivation: A scenario demonstrating how this pattern helped
Applicability: General circumstances indicating when this pattern will apply.
Structure: Graphical representation of the pattern

Participants: Descriptions of the classes/objects and interfaces involved
Collaborations: How the participants work together in the pattern
ConsequencesPositive and negative tradeoffs.

Implementation: Language specific issues, and other hints and pitfalls.
Sample Code:Code fragments showing skeleton of the design pattern.
Known Uses:Real systems that use the pattern

Related Patterns:Similar or complementary patterns
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When we look at how documentation fits into our Software Customization Model, design
pattern documentation plays a significant role. For the Customizer, the doctionenta

can lead them to understand how the Implementation Model that the Designer built
works. Secondly, this documentation may help the Customizer to add to his/her general
knowledge about programming which will also help them better understand the

Implementation Model (and future models).

Designers can seek out design patterns when they feel that an elemeintdefsiiya

could be improved. It is likely that previous Designers have solved or designed a bette
solution for any given problem (which hopefully they have documented). In the next
section, we describe how Design Patterns can be applied to construct customizable

features in a software system.

4.2.2 Customizable Solutions

Not only are design patterns useful for helping programmers understand tine, slyste
are in fact blueprints for designing customizable software featuresesiyier with a
particular need to make an element flexible in the design can look for a smtthled
to support the required customization in the design pattern literature. In gafieral
patterns can be placed into one of three categories: creational, structitshamioural.
Creational patterns offer alternative methods to object creation. Stiymtteans (such
as the Decorator Pattern) deal with different methods for the compositicasséslor
objects. Behavioural patterns illustrate different ways in which classkebjects can
interact and share responsibility [33]. In Table 4.1, some example desgmpatbm

these categories are listed with a description of how they can support @asiomi

Purpose Design Pattern Aspect(s) That Can Vary

Creational Abstract Factory Families of product objects
Builder How a composite object gets created
Factory Method Subclass of object that is instaedia
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Prototype Class of object that is instantiated
Singleton The sole instance of a class
Structural Adapter Interface to an object
Bridge Implementation of an object
Composite Structure and composition of an object
Decorator Responsibilities of an object withoutdabsing
Facade Interface to a subsystem
Flyweight Storage costs of objects
Behavioural | Proxy How an object is accessed; its location

Chain of Responsibility

Object that can fulfill aquest

Command

When and how a request is fulfilled

Interpreter Grammar and interpretation of a languag

Iterator How an aggregate’s elements are accessedrsed

Mediator How and which objects interact with eatteo

Memento What private information is stored outsadeobject and when

Observer Number of objects that depend on anothject) how the
dependent objects stay up to date

State States of an object

Strategy An algorithm

Template Method

Steps of an algorithm

Visitor

Operations that can be applied to objeatthout changing
their class(es)

Table 4.1 Design Patterns with their respective varying aspects [33]

4.2.3 Designing for Customization

The third important characteristic of design patterns is their inhertoratality. Many

design patterns will permit a Customizer to perform customizations of thersttatough

changing the source code. For an example, let us take a look at the Strategy patte

which is shown in Figure 4.1. In this simple pattern, different ways (algorithims)

performing the same task are changed from being the methods of theirghassr@ind

placed into separate classes that implement a common interface. That Way;@agext

of the situation changes, the class can simply point to the appropriate stfassgy c

perform the task.
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Figure 4.1 The Strategy Design Pattern

For example, a business application may use the Internet to transmit data torand fr
remotely located offices. For the developer, there are severakdiffgrotocols to

choose from to manage such transfers (HTTP, FTP, SMTP) and no single solution will be
suitable for every office. Each office may have different infrastrustsecurity

restrictions, and sets of standards that determine which protocol(s) can be usectand whi
will likely change over time. The strategy pattern in this case would beupatel in
encapsulating each of the different methods of transfer that may be neégesbftivare
system would meet the requirements of each remotely located office,| a&s Wwal/e in

place an established mechanism for adding new methods of transferring fites a

technology and businesses evolve.

4.2.4 Design Pattern Summary

Design patterns can be very useful tools for the Designer to make a systemizable
yet understandable by the Customizer. The wealth of documentation, the applio&bility
many design patterns to software customization and the ease in whichigimepad¢tern

can be tailored make design patterns a tool not to be overlooked. However, caution must
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be taken to ensure that design patterns are not misused or overused. In general, if the
abstractions provided by a design become too difficult to understand, their barefits a

lost.

4.3 Components

Design patterns enable us to reuse the expertise of software Desifograckage
implementations of design patterns (and other designs), we look to components.
Components, like design patterns and object oriented design, are a widely applicable

methodology for structuring the implementation of a software system.

4.3.1 Defining Components

The definition of a component varies depending on one’s background and current point
of view. Four definitions are presented here to provide a broad perspective on what a
component is. David Sprott’s definition is: “the component is a separate, encapsulated
entity and by virtue of its separation is easier to manage, upgrade, [and] atédalibin”

[4, p 64]. Grady Booch describes a component as “a physical and replaceable part of a
system that conforms to and provides the realization of a set of interfaces” [34]
Margaretha Pricet al. have a simpler definition: “A component is a set of classes that

are expected to be reused as a group” [35, p 42]. Finally, D’'Souza and Wills describe a
component as a “coherent package of software artifacts that can be indegendentl
developed and delivered as a unit and that can be composed, unchanged, with other

components to build something larger” [36, p. 386].
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Components are a fundamental aspect of many programming schools. Most notable of
the component implementations are Microsoft's COM [37], Sun’s Java Beans [38], and
CORBA [39]. Each of these implementations is different in terms of rules, usdge a
effect. However, they each share the following attributes [36]:

A list of provided interfaces.

A list of required interfaces.

A specification of what the component does.

The executable code.

The validation code: code that is used to help decide whether a proposed

connection between components is OK.
Design documentation.
The composition of a component is important but so too are the resulting charasteristic

and benefits.

4.3.2 Characteristics and Benefits of a Component A rchitecture

The most important characteristic of a component is that it is a black box design.
Customizers should be able to make use of a component without having to understand
how it works [40]. “The only thing you need to know about the component is the
published interface that specifies the contractual agreement nedessseythe services
provided” [41, p. 64]. In fact, most of the benefits associated with components are due to
the fact that their implementation details are hidden behind their interfasefFigure

4.2).
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Figure 4.2 The component’s interface isolates the details of the imphentation from
the application [41].

There are six attributes of component architecture that make it an idea tdraany
serious software system: applicability, simplified group developmenty éatgigration,

adaptability, upgradeability and scalability.

Applicability

Componentized application architectures present a high degree of applicability b

offering the most choices in terms of acquiring the needed functionality inaaseft

system. “The binary choice between ‘build or buy’ becomes ‘build and buy and reuse’
[41, p. 67]. Applications can be assembled with components from three different groups:
1) core application providers (the Designers), 2) third party add-on component
developers, and 3) in-house component developers (the Customizers). Balancing costs
and time restrictions with the desired functionality in a software sylsémmmes more

manageable and achievable with these choices.
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Simplified Group Development

Components also enable different groups of people to separately participate in the
development of a software system. As long as each component’s interface andusehavi
has been agreed upon, parallel development of the components of the software can occur.
This would enable teams of Customizers to work together to more quickly cusammize

application.

Easier Integration

Component technology also offers solutions in terms of integration. There are
established methods to take legacy applications and wrap them to look and act tike othe
components within the system. This offers the Customizer the ability to custihize
software so that it works with other user applications. Components developed in Java for
instance, can be wrapped and used as an Active X control in a Microsoft Visual Basi

application [42].

Adaptability

With a componentized design provided by the Designer for the Customizer, the
Customizer may determine that one or more of the components does not exadly refl

the needs of the User. To deal with this situation, the Customizer can apply one of tw
options. First, the components in question can be adapted. Components can be designed
(by the Designer) with extra interfaces that enable them to accgmpthat specialize

their behaviour. For example, a communication component may use plugins to specify
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the encryption scheme to be used. If a component does not have this type of faility, t

Customizer can adapt the component’s functionality by changing its source code.

Upgradeability

The second option available to the Customizer to manage a component that does not
precisely perform as needed is to perform a component upgrade and replacditite exis
component with a new one. “There should no longer be a need to upgrade entire
‘systems’; instead, components get replaced or added as needed” [36, p 395]. As
mentioned previously, the new component can be developed in-house by the Customizer,

by the Designer, or by a third party.

Scalability

Lastly, by being interface-centric, components enable scalable andileletens
architectures. “By letting each component have multiple interfaces duea¢he
dependency of any one component on irrelevant features of another component that it
connects with” [36, p. 397]. These characteristics enable the Customizer to deliver a

system with the required features and performance.

4.3.3 Component Based Design

Additional benefits from using components are apparent when one looks at how
components can be combined through component-based design. Component-based
design can be described as “the mind-set, science, and art of building with and for
components and ensuring that the result of plugging components together has the

expected effect” [36, p. 410]. To support component based design, the ports and
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connectors that can be used are defined and documented. Ports are agreed upon plugs
and sockets through which a component exposes itself for connection as well as those
points where it accesses the services of others. Connectors connect two or taore por

together to compose components into larger components or applications [36].

A set of highly compatible components designed according to a unified arclatantur
set of standards and services is called a component kit [36]. Such kits can be used to
quickly combine and configure applications. A Customizer can more easily swag in a

out kit components to customize the design for the User.

4.3.4 Summary of How Components Support Customizatio n

Support for customizable software is apparent in almost every aspect of comnpone
technology. As with design patterns, components increase the comprehensilily of t
system through their abstract nature. The black box concept allows the Customize
make use of components without having to understand their implementation in most
cases. In addition, applications can support customizations either through thenadditi

replacement, or configuration of the components in the system.

The flexibility available in connecting components also supports customization. A
User’s requirements may require a distributed architecture or intagwaith existing
applications which may reside on servers or other computers. By taking adwdrttage
various methods of how components can be connected, these challenges can be

efficiently met by the Customizer.
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Lastly, component kits can offer the Customizers substantial freedom by supfueting
designing, building and customization of solutions with a minimal amount of
programming. New development environments such as Macromedia Flash MX [43] and
IBM’s Eclipse [3] support and encourage developers to make use of existing corsponent
(Components for Flash MX and Plugins for Eclipse) as well as develop and share new
ones. New applications and/or tailored applications can be produced quickly with

reduced effort.

4.4 Frameworks

Tremendous effort goes into designing software. When creating softwarsdratch,
the following steps are typical before any programming can even begin [36]:

1) Generating the business model

2) Generating the requirements specification

3) Refining the design down into components and high level functionality

4) Applying object design to specify the inner workings of each component

5) Choosing and designing a component architecture
The result of this process, and others like it, is a design for building the softwaleisvhi
a vital part of a successful implementation. Unfortunately, in many dasesdt, time,
and skills required to produce such a design often cause companies to skip or speed
through phases of the process. As described in Section 3, the company could offset their
development costs by purchasing components from other vendors. This can, however,
still place the company in a situation where they do not have the time or skills te bridg
the functionality from the various components into a comprehensive system.

Frameworks are an alternative to component based design that offers a nstie holi

solution, while still providing the needed flexibility.
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4.4.1 Frameworks Defined

Like design patterns, frameworks represent the refined results of ohnis eff previous
Designers. And like components, frameworks can be defined differently depending on
one’s context and thus, several definitions are presented here. The firstahefuaiti
mention is by Grady Booch who describes frameworks as an “...architectiesthghat
provides an extensible template for applications within a domain” [34]. The second is the
longer definition of Ralph Johnson.
“A framework describes the architecture of an object-oriented sydterkirtds
of objects in it and how they interact. It describes how a particular kind of
program, such as a user interface or network communication software, is
decomposed into objects. It is represented by a set of classes (usuedigtabs
one for each kind of object, but the interaction patterns between objects are just as
much a part of the framework as the classes” [44, p 12].
The last definition we provide comes from D.F. D'Souza and A.C. Wills which describe
a framework as follows, “A template package; a package that is designenipodoed

with substitutions. It ‘unfolds’ to provide a version of its contents that is spedialize

based on the substitutions made” [36, p. 340].

Frameworks extend their model from design patterns as they are gehdrahsdo a
problem. Frameworks however tend to be on a larger scale. They are meant to be
templates for entire applications and can consist of several components. Another key
difference between a framework and a design pattern are the extension poitiits. As
above definitions indicate, frameworks are designed with planned holes that theesoftwa
Customizer is meant to fill in. Extension points represent planned opportunities for the

Customizer to fill in the specific settings or functionality to completedtsgn (see
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Figure 4.3). Lastly, frameworks, unlike Design Patterns, are an implketoerthat can

be instantly leveraged and extended by the Customizers.

| Pattern

\

\
// \

LA *

Component

*

Framework

ExtensionPoint

Figure 4.3 A class diagram showing the relationship between patterns, cponents,
and frameworks as shown in [45].

An excellent example of a software framework is IBM’s Eclipse. Ecigpseplatform for
building integrated development environments that can be used to develop a diverse set
of applications [3]. Its architecture, implemented with Java, strongly feltbes

paradigm of a software framework. Eclipse is composed of a core platfamm wit
extension points that can be extended by “plugins” (a type of component). A plugin
typically includes compiled Java code, the code’s required libraries andaes@such

as images or data files), and a “manifest” file.

The manifest is an XML file that describes the plugin’s interconnectiomsother
plugins. This includes declaring which extension points the plugin is plugging into and

which extension points are being made available by the plugin for other plugins to
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extend. Eclipse also has effective support for the development of plugins Walkats
Development Tools and the Plugin Development Environment; both of which are plugins

themselves. An overview of the Eclipse framework is provided in Figure 4.4.
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Figure 4.4 An overview of the Eclipse Software Framework

To further explain how frameworks can be used, it is necessary to know more details
about the composition of a framework. Grant Larsen in [45] proposes that a framework
should contain the following artifacts:

a) Architecture document

b) Components implementing the framework
c) Defined extension points

d) Framework characteristics

e) Framework code

f) Framework quality measurements

g) Requirements document and database
h) Models

i) Snapshots

]) Test cases

k) Test data and test drivers
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The intention of providing these artifacts is to transfer the Designer’sl&dge of the
design into the minds of future application developers. A Designer can use this
framework to build an application or part of an application. The Customizer can then
make use of the accompanying artifacts to aid them in understanding how to customize

the system for the User.

4.4.2 Using Frameworks

When using a framework, the general usage method will be determined by tloé gigle
framework — white box or black box or somewhere in between. The difference between

the two extremes can be identified through their extensibility mechanisms.

White box frameworks require the Designer or Customizer to use OO languagedeat
such as inheritance and polymorphism. The functionality and design is to be reused and
extended by inheriting code from the base classes of the framework andiarbgling

the hook-methods. Requiring the use of inheritance and overriding methods leads to two
disadvantages. Firstly, using inheritance requires a deep understandiag of t

frameworks structure and individual classes. Secondly, the resulting soWtwlidre

tightly coupled to the hierarchies of the framework [46].

Black box frameworks are quite different. Black box frameworks support extégsibil
through the use of components that can be plugged in and removed from a design via the
frameworks defined method for component composition. Users of black box frameworks
should not have to understand the details of the implementation since components hide

their implementation details behind interfaces. In addition, the resultivgeseftends to
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be less coupled to the framework. The only major drawback of black box frameworks is

that they are more difficult to design and build making them more unusual [46].

4.4.3 Frameworks and Support for Customization

Frameworks in general are not easy to develop, and are constructed throeghtiae it
process of improving and generalizing a software system [47]. Designiera bui
framework for the sole purpose of supporting customization by future Designers and

Customizers.

As with design patterns, the result of using a framework will be a modular, rewsadble
extensible design that has proven itself in previous projects [46]. Frameworks are
desirable as they combine object oriented technology with patterns and components and
thus can inherit all the benefits associated with them (described in previooasec
addition, since frameworks have identified extensibility points, the Designehand t
Customizer are guided in their customizations and the nature of the framework wi
support them. These customizations will most likely take the shape of addingingpla

or reconfiguring components or classes at these extension points.

4.5 How Software Technology Can Enable Customizatio n
In Chapter 3, we created a model of software customization that guided us by iigntify

those aspects of an application that need to be customized by the Customizer. In this
chapter we explored some architectural design elements that can be appiteeve e
flexibility needed in a software system. Here we redesign Table 3dbés 4.2 and add
examples of how the elements can be customized through the use of design patterns and

components. For example, Feature Selection can be made possible by usingdtye Strat
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Pattern (useful if the feature is an algorithm for doing an operation) orty usi

Component composition techniques (beneficial for larger scale features speil as

check).
% ! &'
4%
4 3
: - ( # o, ) $ (
$
, - ( (
)
) $
) - x # & |/ (
$ )
) - o | 0 (
- ( 1, *
- ( (
&
_ * < 1 (
&
B * 1, (
+ ) &
) , &
- * (
&

Table 4.2 Sample applications of Components and Design Patterns to ‘what’ can be
customized.

This table also summarizes how Frameworks can be applied to software zastomas
Frameworks are composed of Design Patterns and Components. In addition,
Frameworks also have extension points to enable customizations and can be used to
achieve most types of customization. For example, in our experiences custdhezing

Eclipse Framework, extension points enabled us to customize the environment except
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when it came to feature selection and feature constraint. Changing howgebaatures
worked usually required component adaptation or component replacement. For full

details of an evaluation of Eclipse’s customization framework, see [48].

4.6 Summary
Designers who consider ‘how’ they are going to build a customizable softystesns

should be encouraged to take advantage of the benefits offered by object oriegied desi
design patterns, components, and frameworks. By doing so, some of the difficulties
associated with making elements of the design customizable become sintpéer as

nature of these design and implementation methodologies inherently, or delberatel
support customization. In addition, the Customizer will be able to take advantage of the
higher level abstractions that are produced and more easily map their knowléuge of
Domain to know what and how the software system can be customized. Incorporation of

these ideas into our model is shown Figure 4.5.
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Figure 4.5 Design Patterns, Components and Frameworks are used by the Desr
to enable the Customizer to customize the software.

In the next chapter we will take a look at ways for the system to be custolnyize

methods that do not involve direct manipulation of the source code.
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Chapter 5

Customization without Source Code
Working with a software application via the source code can be a daunting andtdiffic

task. This may be true despite the best efforts of a Designer to incorporate
comprehensible architectural design elements into the application such gsrésesged
in Chapter 4. Some designs are inherently difficult to implement and it may be more
effective for a Designer to build a method of customization that relieves thenGzest
from having to work with the source code directly. This indirect method of
customization is often referred to as end-user programming. In this chaptegp e
research related to end-user programming and determine an appropnatgianestyle

for the Customizer to specify customizations for the Users.
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5.1 Previous Work on End User-Programming/Customiza  tion
A relatively small portion of research has focused on understanding end user
programming. Researchers that have done significant work are Wendy Mackay and
Bonnie Nardi. These researchers have studied end-user programming bynglisamwi
users of various experience and expertise levels interact with the proaipéefeatures

of their software.

Even though the work of Nardi and Mackay does not focus directly upon individuals who
would be considered a Customizer, the results are still useful and relevant toubis gr

Some results help to reinforce the necessity of having a Customizer involved in the
customization design process, while other results help to determine the sthiehrtive
customizations should take place. In the next two subsections, we summarize the work of
Mackay and Nardi. Note that the reference of ‘users’ is meant to be understood as
referring to the Customizers as well as to Users in this chapter. Ttsssdollowed

by a summary and discussion to explain how this work applies to our customization

model and framework.

5.1.1 Wendy Mackay’'s Research
Mackay'’s user study [12] was aimed at determining the barriers to, anddrigganser

customizations. She studied 51 users whose technical skill varied from novicerto expe
The most common barriers to performing a customization by the participaetshee

lack of time and the complexity of the task. The most common triggers for caatmmi
reported by the users were tasks they had to perform repeatedly, their annoylance wi
slow operations, and the desire to retrofit new software so that it worked hkeysre

versions.
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Not only did Mackay identify and rank a list of barriers and triggers; she also provided
some recommendations to software Designers when building customizablasy3Jthe
first recommendation was that the Designer should enable users to customize the
behaviour of their software as opposed to only supporting customization in the form of
feature selection. This reinforces the classification we did of sofustemization

types that not only includes feature selection, but many others including feature

enhancement and feature constraint (see Chapter 2).

Second, Mackay stated the following: “Software [Designers] should develomsl¢isay
allow users to learn about effective usage patterns and modify them agldughl159].
In other words, the application should lead the user to investigating customization options

and performing them.

Mackay also suggests that, in order to support a culture of customization, theesbfwar
architected to facilitate easy sharing of customization settingsoated d\Not only that,

but customizations should be simple to find and be human readable. Lastly, Mackay
noticed that users seem to only customize their applications at certain pon@s in t
software’s lifecycle. To correct this, Mackay suggests that mamabeuld create
opportunities for their end users to reflect upon their usage patterns, determine wha

customizations they need, and adapt their software accordingly.
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5.1.2 Bonnie Nardi's Research
Bonnie Nardi also performed extensive user studies and the results of her work are

published inA Small Matter of Programmin@]. The goal of Nardi’'s work was to

determine why users found it so difficult to perform end-user programming. Byrsgudyi
the users of two applications considered successful in supporting end-user programming
(spreadsheet applications and CAD applications), Nardi was able to deteomia&key

success factors in this area. These factors are summarized in the foBowisections.

5.1.2.1Appropriateness of Formal Languages
Nardi found that end-user programming is successful when the users can express

themselves in a formal language that is closely tied to their domain. Nardbdescr
formal systems and why they are useful for end user programming assfollow
1) People are accustomed to learning formal systems.

“In everyday life, people learn and use a wide variety of fotarajuages

and systems. These systems are so pervasive that we yscogelto
notice them: the alphabet, numerals, games, methods for sconmgg,ga
arithmetic, algebra, shorthand, the conventions used in sewing, knitting
and crochet patterns, copyediting marks, calendars, maps, moneyalmusic
notation, street and highway traffic control signs, and even the juvenile
secret language ‘Pig Latin’ " [2, p 20].

2) People are more likely to learn formal languages as opposed to conventional

programming languages because they are interested in them.
“... it is only when people have particular interest in somethingthat

they readily learn the formal languages and notations ... lieisnfusion

of interestthat enables a housewife who failed high school math to take a
sewing pattern, alter it (which involves going from 2-space $p&:e and
understanding the conventions of the sewing pattern to make the correct
adjustments) and create a perfect garment” [2, p 35].

3) Task specific languages (formal languages) are useful.
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“Task-specificity has two advantages: (1) it affords users ready
understanding of what the primitives of the language do ... and (2) it eases
application development because users can directly express domain
semantics in the high-level operations of the language — there is no need to
string together lower-level operations to get the desired behaviour” [2, p
39].

5.1.2.20ther Interaction Styles and their Issues
To further support the superiority of formal languages, Nardi explains the psoblem

associated with the other common interaction styles being applied to software
customization. These problematic styles include visual languages, forms, proggam
by example modification, programming by example, and automatic programming by

informal program specification. Her arguments are summarized below.

Visual languagebave grammars which use icons and symbols as opposed to the textual
words of traditional programming languages. Nardi agrees with the proponémts of
research that graphical representations are powerful at the high levelatisémractions

are better understood with a picture but finds that the empirical work does not support the
claims that visual languages are more natural, easier to understand,iatealle need

to learn syntax. Nardi also finds thégual languagegsre not compact enough to enable

the user to view enough of the code on a single screen [2].

The next interaction stylégorm based programmindpas a different set of issuesorm
based programmingequires users to enter values and select options in a series of forms
or screens. The primary drawback of this approach is the narrow breadth of tasks that

can be supported. Nardi does indicate that such a style has its merits but only in
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situations where the customization task can be broken down into a set of variables that

are known ahead of time [2].

Programming by example modificatiea style where users are expected to modify
existing segments of code. The heart of the problem with this style is khef lemde to
present as examples. This style is inappropriate unless the exact sstemizations

that will occur are known and there exists the resources to provide working saaigple ¢

2].

Similar in name, but quite different in its approach, is the interaction styéel cal
programming by exampleln this style users directly manipulate an interface in a manner
that indicates what they wish to do. Then, the system interprets the action and produces
the corresponding code or customization settings. This desirable, and seemugighl ma
approach to programming is hampered by the fact that the method lacks ... “ tlye@bili
clearly express terminating conditions and branching” [2, p. 72] as well as tbmext
difficulty in performing accurate pattern matching to determine the trastions of the

user.

Last on the list of problematic interaction stylepriegramming by informal specification
(also known as application generators, as discussed in Chapter 2). These sgstems a
essentially programs that write programs when given a set of custmmizguts
(acquired usually with a set of forms). The main issue with these systémesr ilack of

applicability: one cannot possibly predict all of the features and variatiansithiae
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wanted by the users. If it is possible to conceive of all the needed featur@ssttbé

building such a system usually makes it impractical [2].

5.1.2.3Issues with Programming Languages
Nardi identifies aspects of programming languages that non-progran(iimsrrefers to

the Users and not the Customizers) tend to find difficult, and that special attémtioa s

be paid to these features when designing the language and its implementatiobled/aria
the first of these, are difficult to use for the non-programmer, because it cafidust dif
understand that a word in the code can represent information which is not visible on the

screen.

Certain control constructs are also identified as being potentially diffiCatisideration

has to be given on how to simplify the presentation of conditional logic, loops, and
dependencies. Nardi describes how these issues are dealt with in spreadsheet
programming. Nardi found that conditional logic was well understood by her spretadshee
users since the ability to reference cells was easy and well underdieradive

structures were realized by performing an operation on a series discelisas a sum).
Instead of having the user to write a for loop structure, the structure was imptieel b

users summation formula. This suggests that control structures can sometimes be

specified and represented in an alternative (and perhaps more appropriate) manne

5.1.2.4Customization Community
Nardi, like Mackay, also identified the importance in creating a communiigess. Her

work describes three kinds of users in such communities: novice end users, expert users

and professional programmers. This classification was part of the ti@pii@ our
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Customization framework that identifies the Designer, the Customizer, andghe Us
Nardi suggests that an application should allow for users of all levels of coatmmi
expertise. Such a hierarchy of customization complexity allows all persariged to
participate at their level of ability as well as allow room for skill ioy@ment by the less
experienced in programming.

5.2 Applying the End-User Programming Research to our
Customization Framework

5.2.1 Customizations and the Customizer
The work of Nardi and Mackay, although directed primarily at supporting theadder

their customizations, lends much strength to our argument that the User shouldheot be t
one to perform the majority of the customizations directly. Instead, their work can be
seen as providing motivation for placing the Customizer (as we have in the
Customization framework) to be the one responsible for customizing as much of the
application as possible. This can be seen for three reasons. Firstly, the Wsdlytypi

finds the process of customization too difficult. Mackay documented difficulbgbei
among the primary barriers to customization. Users who find customization tcaltiffi

will likely continue to use their software as-is and not realize the bepéfitsstomized

software.

Secondly, Mackay identifies that even when customizations are made by users, the
customizations rarely involve extensive changes. Annoying aspectsdediga (such
as slow or repetitive tasks) are customized to become less annoying. Althhpaytant,
these types of customization seem to only be scratching the surface of whatdzne

to help Users make better use of their applications.
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Finally, through analysis of empirical studies, Nardi identifies thatpgpeopriate

method for performing customization is a formal language — such as a sdapgogge.
Only a formal language is truly capable of performing all of the possdugssary
customizations to the software. Other interaction styles have some positive
characteristics, but in general lack some feature or have some bmitiadt make them
unsuitable for being a general purpose customization interaction style. Mais tha
User, who does not have programming abilities, unqualified and unable to make the
customizations through this style. Only the Customizer is able to make the necessa

changes to the system through a formal language.

We realized that this last reason seems to contradict what Nardi regoetsuser studies

of spreadsheet and CAD users where Users did make some customizations through
formal languages. However, we believe that spreadsheet Users and CADdJsets
represent average application users. In these two domains, programmingesgjiah int
part of the application. Spreadsheets require the user to gain skills in simpleatormul
and logic in order to use the primary features of the application. CAD applicaitkens, |
spreadsheets, make heavy use of math as well as logic. Thereforesasfalysi
customization and programming with these applications cannot provide untainted,
general results for all domains. Many applications do not involve skills sucnnaula
construction, math, and logic, and thus would not teach or encourage the User to learn

them. Without these fundamental skills, a natural progression towards programming
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seems unlikely. Further studies that include a more diverse set of applicatianseas

are needed.

However, the research of Nardi and Mackay does contain many valuable points that ca
help a Designer in designing the interaction style that can be used by the Ceistomiz
customizations. In Table 5.1, we present our synthesis of the important elements for an

effective interaction style.

Lesson

Description

Simple

Managing complex tasks should be possible with simple steps
that can be built upon another or in series.

Concrete, Tangible and
Visible

Don'’t hide information the user will want to see. Let them
easily see and change information when possible.

Enticing / Salient

Provide and suggest opportunities to customize.

Focused on behaviour

Let the user change how the application works as well as what
it does.

Readable and traceable

Make customizations easily accessible and clear. Users
should be able to see and compare different customizations.

Shareable

Allow groups of users to use and share customizations

Support various skill
levels

Most customizations should be simple but leave room for
complex settings for those with programming expertise.

Based in a formal
language

Provide an expressive format.

Tightly coupled to the
domain

Use words and expressions from the user’'s domain. Mimic
the methods and procedures familiar to the users.

Table 5.1 Lessons learned from previous work on end user programming.

It is unlikely that a Designer can provide a customization system that incegatiathe
lessons we have extracted and presented here. In fact, some lessons magtoeentiadi
other in some scenarios (for example it may be difficult to maintain sinyphvbiile
supporting various skill levels). Instead, we suggest that these lessons be sothathing
the Designer be aware of in his/her design. Also, awareness of these lesswns dur
requirements gathering may help to elicit which lessons are moreapeland

appropriate for a project.
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5.2.2 Customization and the User

With the Customizer now being able to customize the application through aither t
source code and/or a formal language, where does that leave the User? Although a
detailed answer on how a User can perform customization is not within the scope of this
thesis, we present some of our thoughts on this topic. First, we believe that judicious
application of non-programming interaction styles such as forms and progratmning
demonstration, though not appropriate as a robust general purpose customizatign format
are appropriate for selected aspects of customization by the User. tlorgdde believe

that part of the role of the Customizer’s duties when performing customizatiouisl e

to specify the aspects that are appropriate for customization by the ddbearprovide
appropriate interaction styles for each. This is justified by the Custoom2dodel

where we identified that the Customizer has necessary knowledge of whaetheedds

(and usually not the Designer).

From our review of end user programming research, Users need to customize thei
software in two main ways. The first is personalization [9]. Users want tonaize the

look and feel of the application to suit their own visual preferences and sense of
aesthetics. Secondly, Users need to be able to update the behaviour of their tools to
accommodate changes in their job. For example, a business process may inchate dis
phases that need to be re-ordered for optimization from time to time. The User should be
able to tailor their application to reflect such a re-ordering. It is impiothat these
customizations not require programming, because as demonstrated in our model, User

do not have the necessary programming skills.
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5.3 Summary
The ability to customize an application without interacting with the source eodeec
important. Complex designs are perhaps best customized by using an intergletion st
that operates in some way on top of the application. The work of Mackay and Nardi,
who are researchers in the field of end-user programming, provide us witlofa |
features that are ideal in an interaction style for customization andtlessence, depict
a custom scripting language. The result of having a specialized progrgriamguage
further supports our assignment of the task of customization to the Customizer as
opposed to the User. The Users, without skills in programming, are perhaps keést suit
to other interaction styles, which should most likely be selected and designed by the

Customizer.

In the preceding two chapters of the thesis we have established thre®fevels
customization. The first level is source code. Designers can organize atutstiiue
source code using object oriented design, design patterns, components and fkarteewor
make the implementation comprehensible for the Customizers. The next level of
customization is the formal language, which is also provided by the Desinger foy use
the Customizer. The formal language enables the Customizer to customizéeatares

of the application without the need to learn (and then change) the low level details
system’s source code. The last level of customization is the interacties thigt are

designed by the Customizer for use by the User.

These additional concepts are incorporated into the Customization Model (Bigure

This completes the model, as we have considered all of the stakeholders and how they do
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customization. In the next Chapter we present a case study where wtheaftware

customization framework by applying it to the Map Explorer project.
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Styles for user Customization



75

Chapter 6
Map Explorer Project

In this chapter we describe how our improved understanding of software customizati
helped considerably during the design of a customizable map explorer application. We
first provide an overview of the Map Explorer project and describe the initialdtiosts

we encountered when trying to decide which features were to be customizable, how they
should be built, and who would be responsible for developing the customizations for the
Users. We then illustrate how we used the framework to help us answer these questions.
First, we identify and describe the stakeholders involved in this project: TgnBess

the Customizers and the Users. We then explain how the framework was used to guide
the Designers during the design and implementation of the Map Explorer tool so that it

effectively supported the customization needs of the Customizer. We provide afetails
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the architecture level support, as well as describe the formal end-usempnugg
interaction style that was developed. We conclude the chapter with a sumniegy of t

customization facilities provided by the Map Explorer tool.

6.1 Introduction to the Case Study
The New Media Innovation Center (NewMIC) in Vancouver, British Columbia, Canada

is a new research center whose focus is to bring together academiagetarid small
businesses to work on novel projects that make use of the latest technologies. Our projec
team was composed of members from IBM’s e-Commerce Pacific @maeht Centre

and researchers from the University of Victoria. The focus of the collaoraas the
construction of an Information Visualization Toolkit to be used in creating highly
interactive web sites and applications. The first tool we developed for the toatkihe

Map Explorer, which is shown in Figure 6.1.

Figure 6.1 Map Explorer Tool
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6.1.1 The Map Explorer
The Map Explorer tool provides an interactive environment for exploring a map with a
set of locations superimposed on its surface. Different methods of interaction are
available through a set of tools in a toolbox (along the left side of the map), a set of
panels to perform searches (along the far left), menu options (along the topll, &s av
secondary top level view of the map called the Bird’s Eye View, located lottem
left corner. Users can also mark up the map with tools such as the Pin tool from the

toolbox.

Differentiating the Map Explorer from other similar tools is its abilityoe used for
different domains. The map, the locations of interest, the manner in which the tool
supports searching, etc. can be adapted to support Users searching for latations
different domains. Examples of different domains include entertainment (esgtur
theatres), government (daycares, municipal offices), and telecommaoni¢@iverage

area, retail stores).

6.1.2 Why customization support was needed
In the beginning of the project, the team understood that the Map Explorer tool, if it was

to be successful, would need to be highly configurable. This requirement was lesthblis
for several reasons. First, the Map Explorer tool was intended to be deployable on
multiple different platforms, such as websites, desktop applications, and poteorttally
handheld devices; as well as for multiple domains, as previously described. The diverse
set of installation situations establishes a wide variety of users witingargeds and

abilities. Users may be novices or experts in computer use, have little or niersgper

with digital maps, and may or may not be familiar with the type and purpose of the
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locations presented on the map. The Map Explorer tool can support this diversity if it is

designed to be flexible, adaptable, and configurable.

Next, the resellers of the tools, IBM web development teams, had reasonsdioigre
sophisticated level of customization. They wanted tools, like the Map Explorer taol, tha
offer novel and enticing functionality for inclusion in e-Commerce projectsveder,

due to rigid time lines and limited resources, it is not feasible to build eledeedtires,

such as the Map Explorer tool, from scratch for most projects. Instead, they neegl to ha

a set of pre-built tools that can be fully customized and easily integrabeal pmbject.

6.1.3 Why the customization framework was needed
Having a clear understanding of why customization was needed was onltiséefir.

The team struggled to understand how this level of customizability was to beeatime

the Map Explorer tool. We understood our high level requirements but there seemed to
be no easy way to translate these requirements into a design. In our discussions about
customization, we had difficulties describing which features were to be castami

The descriptions we used were often inconsistent and thus lead to misunderstandings

amongst the team members.

We also felt that it was difficult to know when we had provided enough consideration for
customization because we were unaware of all the different types of czetiomi
possible. The developers on the team also had difficulties envisioning a design for the

system with the amount of customization support requested. Although the developers
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had some experience making elements of a tool configurable, none had experience

designing such a fully configurable and adaptable tool.

The struggles we experienced as a team made it apparent that we neetird a bet
understanding of software customization. We needed to understand the challenges of
building a highly configurable system and the implications it would have on our seftwar
process. We needed guidance in making these complex decisions so that our choices
would produce a system with the level of configurability required. It was thede tie
motivated us to spend the time to learn about software customization and develop our
software customization framework. In the remainder of this chapter, pl@rekow we

applied our software customization framework to the Map Explorer project.

6.2 The Designer, the Customizer, and the User
The first step in using our software customization framework is to realizetie

stakeholders of the project fit within the roles of Designers, Custominerg)sers. In
the following subsections we describe how we organized the Map Explorer team into the
two groups of Designers and Customizers as well as provide some details about the

Users.

6.2.1 Map Explorer Designers
In our software customization framework, we model the Designers as bspansible

for designing and building the software system such that it can be fully customittes b
Customizers for the Users. The framework also suggests that the Desighersystem
should include members that have knowledge of the domain and expertise in

programming. To satisfy these guidelines, the Designers of the system éhaldokerse
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group. First, it included two researchers (including the author) from the Uhnars
Victoria who had knowledge of digital maps and information visualization. Next, it
included two business analysts from IBM who were skilled at formalizingresgaints

in the format demanded by IBM projects.

The team also included three experts in programming: an IBM system’teatchi
knowledgeable of IBM’s backend systems, and two programmers proficient with the
implementation technologies of Flash [43] and XML [49]. For the remainder of the
chapter, the reference ‘we’ and ‘Designers’ is used interchangeablky asthor was a

member of the Designer group.

6.2.2 Map Explorer Customizers
As described in the software customization framework, the Customizers should be the

individuals with the responsibility of tailoring a system provided by the Desidoe
different sets of users. In the Map Explorer project, the Customizers arelthe w
Customizers on IBM’s e-Commerce projects. These individuals are expgrephic
and information architecture and have sufficient skills in programming to mémage
programming tasks associated with web development. On e-Commerce projects,
Customizers are responsible for creating the needed web based tools andsthe site’
interface. Their knowledge of their users is gained through either directwaication

or through documentation that has been produced by business analysts on the team.

These Customizers will be the ones who decide to employ the Map Explorer tool on a

client’s website. They will be responsible for its customization as welbasng with
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programmers (Designers) in situations where the tool is integrated inbaekend

systems.

6.2.3 Map Explorer Users
Initially, the Users will be the individuals visiting web sites designed biBkeweb

development teams. Practically speaking, it is difficult to ascertad tvbir skills are
going to be. It will be likely that they will have some domain knowledge about the
website that they are visiting. Some of these users will be experts in thahdordai
some may just be casual browsers. Any other details will only becomécctba
Customizers as they work with sample users. This lack of details regdrdibgers
reinforces the framework’s recommendation that the Customizers mustdieeth do
most of the customization. In our case, only the Customizers will have theargcess
programming skills as well as an understanding of the Users needs to prajmertiie¢a

application.

6.3 Development Process of the Map Explorer
The development of the Map Explorer tool was split into several stages. In tiséafyes

of the project, the Designers produced a set of documents that described thesise-cas
and the general features to be provided by the Map Explorer tool. These documents grew
from the notes taken at Designer’s brainstorming meetings and were evutvéatimal

documents by the business analysts among the Designers.

In the next stage, the Designers decided which features were to be cabterard how
the tool was going to support their customizations. These decisions were guitled by

software customization framework and by the opinions of the Customizers. It was
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decided that customization support would enable the Customizers to customize the Map
Explorer through its source code and with a formal language — as was recommended by
the framework. The Designer’s and the Customizer’s agreement to follow the
framework’s recommendations provided us with some positive feedback on the

framework’s utility.

In the next stage, source code customization support was designed. Our design was
based on several design patterns which accordingly led to a model composed of a
collection of components and classes. With the design in hand, the implementation of the
system began. Two of the Designers were responsible for coding the desigrar Regul
meetings were held by the Designers (that occasionally included a Czextptoiensure

the development stayed on track and to update the design as needed. During these

meetings, the formal language was developed and incorporated into the design.

Finally, when a prototype of the design was complete, the Customizers wemdlge
opportunity to assess the tool. They customized the tool for a fictional domain. Details
of the Map Explorer’s design and its customization support are presented in the following

sections.

6.4 Source Code Customizability
In the following sections we take a look at how source code customization is sdpporte

The Designers followed the customization framework’s recommendations and edyaniz

the implementation with levels of abstraction to provide better comprehensibility.
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The Designer’s first task in the development of the Map Explorer tool was to adapt the
design of the Map Explorer to the development environment chosen: Macromedia Flash.
We describe how the Designers developed some useful standards to ensure the Map
Explorer's implementation’s was not negatively affected by the somewhatead

Flash development environment.

The next set of development choices was guided by our customization framework. The
Designers of the system knew that object oriented design, design patigrns a
components were ideal choices to organize the implementation of the tool. However, the
framework guided the use of those technologies to ensure that the Customizers coul
easily customize the tool. Emphasis was placed on simplicity and configuralie

show how the Designers structured the system with components, classes, and design
patterns to enable the Customizer to quickly comprehend the implementation and

customize it.

6.4.1 Implementation Language Issues
An important consideration in any project is the choice of implementation laeguag

Flash [43], a Macromedia tool, was chosen to be the primary language for the
implementation of the Map Explorer. There were two primary reasons fotisglEtash.
First, it has a powerful development environment that combines vector graphics,amultipl
time lines, and a programming language called ActionScript [50]. Second, G etoat

IBM had extensive experience working with Flash and believed that it wouldolead t

quick results.
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Unfortunately, the Flash environment can be very confusing to work with. Fiisg, ent
projects are rarely implemented as separate files; all of the codeaguinicg are stored

in one Flash file, which hinders separation of concerns. Second, since it is an animation
tool, Flash implementations are structured according to two dimensions: timesaed s
Scenes are organized with a timeline dimension to direct how it changes oveEtwgte
scene is also organized into layers where each major graphic is typicallyedmathin

its own layer. The result of this structure is a matrix of frames as shownuire [6ig.

Figure 6.2 An empty matrix of frames (the cells in the above grid). Layers are
organized along the left and time is measured along the top.

ActionScript, the language used in Flash, can be embedded into any frame witsh a Fl
project. In addition, each graphic is like a scene; it contains a timeline ansl dage
therefore can contain ActionScript as well as other graphics. Although thisistruc
enables Flash developers to create sophisticated interfaces, it alss penalopers to
create applications that are extremely hard to understand. Code can be dispersed
throughout the project in both dimensions and can be hidden within layers of nested

graphics.
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To address this issue, the Designers were required to centralize the codehaas

possible and to document all instances where code was placed outside this central
location. The location chosen to centralize the code was the main scene of the Map
Explorer Flash movie. This is shown in Figure 6.3 where each class has been placed on

its own level, making the classes easy to organize, and then later, find.

Figure 6.3 Flash 5 development environment with code centralized for ket
comprehension and customizability support.

These decisions contributed significantly to enabfirgsentation customization.
Centralizing the code decoupled the interface from the graphical eleméimés of
implementation to a large degree. The documentation provided was also useful. It
detailed how any new graphical user interface elements could be added tdditeasys
hooked into the existing code. Thus the methods to customize the information

architecture or graphic design were well documented and enabled.
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6.4.2 Component Design
Centralizing the code so that it could be read and easily found was only a start to/properl
structuring the implementation to support customization as well as comprehignsibil
However, the most influential aspect of the design was to realize the $eatubhe Map
Explorer tool as a set of high level components. A diagram of this design (as seen in
Figure 6.4) is very readable by a Customizer as each component can be mapped to

concepts from their Domain Knowledge of the Map Explorer.

For example, the concept of the Birds Eye View describes the secondary nawiati

located in the lower left corner of the Map Explorer tool. Customizers wanting to
customize the code for this view would have to look no further than the “Birds Map
Component”. In essence, our component design establishes a top-down view that enables
Customizers to easily begin navigating the software’s architecture.
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Figure 6.4 Map Explorer Component Diagram
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Each of these components is then realized as a set of classes so that the €ustomiz
continue the use of a top-down approach for navigating the system. Once at a class level
the Customizer should be able to locate the segments of code that they will need to

change to achieve their desired customization.
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Figure 6.5 Map Explorer Class Diagram. Classes and Interfacesusounded by
boxes to identify the components described in Figure 6.4.

6.4.3 Components and Customization
In this section we take a look at how customization is supported more specifidakdy i

Map Explorer tool by using components. Although a component architecture supports
customization in almost all ways needed (see Table 4.2), here we désevibe

components best support direct customization (source code customization) in the Map
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Explorer tool. With that in mind we will take a look at Feature Selection, Feature

Addition, Feature Enhancement and Feature Constraint.

Feature Selectionby the Customizer is ultimately achieved through the benefits of
components. As each feature is encapsulated in a component, removing or adding
features from an existing list of features involves enabling/disabling azenpwithin

the system. Since the connections between components have been minimized, this can be
managed with a small amount of effort. For instance, removing searchdaditom the

tool is possible by removing both the SearchPanel Component along with the

SearchWidgets Component.

Feature Addition requires writing code and thus does require more effort. However, by
taking a look at how other components are constructed and connected to the system
(through the documentation as well as the source code), the effort involved in anghitect
the addition is simplified. In fact, it is hoped that providing a clear art¢hreethat
organizes each major feature into a component, that Customizers will do theifame w
any additions. For example, if the Customizer wished to enable the User to be able to
place other kinds of markers onto the map, such as the Pin, that the Customizer would

have the component or class implement the Drawable and VisualComponent interfaces

To realizeFeature EnhancementandFeature Constraint, the appropriate components
within Map Explorer offer the flexibility of being specialized. In addition to the

interfaces provided for its primary services, additional interfaces havarbm®porated
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for plug-ins that would enable certain services to be specialized. For instamcetie
ToolBox component there is an interface plug-in that enables the addition (or reafoval)
individual tools (such as Zoom In and Zoom Out). Each tool is realized as a ctass tha
conforms to the plug-in interface, enabling the component to treat all tools the same
This organization and structure allows the toolbox component to provide a vast number
of tools and tool combinations but in such a manner that it is easy for the Customizer to
program.

6.4.4 Design Patterns

Each component of the component design encapsulates a feature and thus provides
excellent avenues for customizing that feature. However, when seveuat$daave to

work together, design patterns are an effective means to custofreange

Coordination. Here we will describe how a design pattern helps to structure how

multiple components can be used together to administer a set of tasks.

To manage the storage and access of @atta(Customization) within the Map

Explorer tool, a Model View Controller [51] design pattern was incorporated into its
design. The Model is made up of collections of Mapltem and ItemiIndex classés whic
have database-like methods for data insertion and retrieval. The Controletaum
several instances of the MapltemType class, one for each different tgp@pand as it
name implies, controls access to the Model. The different Views, Main Map armthi Sear
Panel, are provided by their respective components and acquire the data thegmeed fr
the Model by interacting with the Controller(s). This structure is repteden Figure

6.6.
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Even though many components of the system are involved, once the design pattern is
understood, customizing how these features work together becomes simplified. For
instance, additional views can be added by simply registering them with thel@ontr
Synchronizing data related events among the Views can also be done by making the
appropriate changes in the Controller. Improving the efficiency of dateveadtby

applying better search algorithms in the Model and Controller is yet anatrapke.
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Figure 6.6 Use of a design pattern to manage data

6.4.5 Source Code Customization Summary
With the use of some coding conventions in addition to an application of architecture

elements such as components and object oriented design, the source code of the Map
Explorer tool is organized and structured. This enables our Customizers to understand

how the tool works and to customize its operations to better suit their needs. Not only
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that, but our use of components and a design pattern in this first iteration of the project
makes extracting a framework from our work more likely in future iteratidss

mentioned in Chapter 4, frameworks are difficult to produce as they are wheofes
continuous refinement and thus are not a realistic goal from the first impbtroprdf a

project.

We have also shown in this section how the source code can be customized in terms of
data, control/behaviour, and presentation. Data customization is supported with the MVC
design pattern; presentation customization is made possible due to our deliberate
separation of the interface from the source code; and control customization isgimyvide

our use of components, object oriented design, as well as the MVC design pattern.

However, it is not always necessary to make changes to source code in order taeustomi
an application. In this next section we take a look at how Customizers can customize
many aspects of the Map Explorer tool without having to interact directhyitsit

implementation.

6.5 Non Source Code Customizability
The Customizers that we consulted with expressed a desire to have an intetgetion s

customize the Map Explorer tool. Due to their busy schedules, Customizers may not
have the time to perform all the needed customizations via the source code opthe Ma
Explorer. Some tasks are inherently complex resulting in source code thatigtdof
read and understand regardless of the quality of the architecture. Also, theiZeist

expressed a desire to have their customizations shareable and externaldb the t
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Therefore, we decided to provide the Customizers with a formal language (as

recommended by the framework) they could use to specify their customizations.

6.5.1 Embedding Customizations in XML
The interaction style chosen for the Map Explorer tool was to embed settings and

customizations within an XML[49] format. This would mean encoding customizations
into an XML file (making it a formal language) which would be read into the Map
Explorer tool for interpretation. There were several reasons for choosing Kt, the
Customizers have existing skills in writing, reading, and exchanging.X8#cond,

XML was already in use in the project to exchange data for the map data poirds. Thi
XML has high third party tool support and fourth, it allows for the customizations to

evolve over time.

Finally, we chose XML because it helped us to fulfill some of the requirerfaerds
successful interaction style (which were presented in Chapter 5). NanlyisX
generally readable, shareable, and simple (simple because the Cust@ingsely knew
XML). The other ideal characteristics for an interaction style wecetalgt into the

format and are discussed later.

This formal language is used to author the Map Explorer settings file. This elocism
split into two segments: one segment that describes how the map data is to betélterpr
and searched, and a second segment that encodes customizations directedattqresent
and control/behaviour features. In the following sections, details of these tmergsg

will be provided as well as our initial evaluation of this approach to customization.
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6.5.2 Data Customization
The first section of the settings file will enable the Customizer to quicidiomize the

data being presented in the Map Explorer tool. A sample of the first section of the
settings file is displayed in Listing 6.1. The intent of this section of the XdMb i
customize how the Map Explorer tool will interpret a set of map data points. From the
XML in Listing 6.1, we can see that it describes two types of map data points by noti
the twoitemType elements with thel values ofMcDonalds andPizza Hut. Within the
description of each of these types there are two types of elements thatdaferus
encoding customizations. The first element isathechild element which is used to
describe théemType in general. In the examples below, details regarding the title as well
as the icon to be used for locations of the type on the map are describea with

elements.

Additional characteristics are specified with tleeAttr child elements. These elements
allow the Customizer to describe the meta-data of the map data points by engeding t
names, the default values, and the data types of these meta-data. In addition, the
Customizer can specify the search widget (if any) associated whhnesta-data and

thus has control of how the search panel will appear when the user is searching for data
points of that type. So far, these customizations are relatively simple agtitstrai

forward.

$% &
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Listing 6.1 XML for customization of managing data in the Map Explorer
This simplicity should not be mistaken for a lack of capability. These simpilegset
empower the Customizer with the ability to customize how the Map Explorer (without

source code modifications) will import, store, and present each element of map dat

6.5.3 Presentation and Control/Behaviour Customizat  ion
In the next section of the XML customization document, the focus is on customizing the

features of the Map Explorer tool. In Listing 6.2, we see an example of the
customizations for th&oolbox , the Birds Eye View , theSearch Panel and therull Map

features. Each XMEeature element contains the settings for one particular feature of

the tool. For example, in th@olbox Feature element there are eight settings. The first
setting,whenToShow, contains its value within an element cal&dple and has a value

of Always indicating that this feature is to be always shown. The next seven elengents ar
Setting elements and indicate the position of tieelbox as well as which tools are to be

made available in theoolbox .

More dynamic settings are apparent when looking at the settings fexellae Panel .

ThewhenToShow element in thesearch Panel settings has aynamic child element
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(instead of asimple one as described above) wheferaula attribute is set to

locations.count >10 which indicates that the search panel does not need to be provided if
the data downloaded to the map contains 10 or less locations. This simple control logic
provides for dynamic control, is easy to read, easy to change, and iseasiporated

amongst the simpler settings.

! 1(#2

Listing 6.2 XML for customization of how features behave.
Another example of a dynamic setting occurs infilleMap Feature element. Here, the
selection for the source of the digital map is contained with an element called

ConditionalSetting# This element contains two child elements cafieghtion which
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encodes the testing condition withimvieen attribute and the associated setting within a
choice attribute Reading this setting indicates that the digital map chosen for the Map
Explorer is dependent on how far zoomed-in the user is. When the user is zoomed-in
only as far as the™level, the user will see thencouverGeneral map. When the user
zooms in further, the Map Explorer tool will load WencouverDetailed map to

provide greater map detail.

6.5.4 Evaluation of the XML Interaction Style
This interaction style was designed with the intention of meeting the rewarits we

extracted and summarized from the work of Nardi and Mackay. We describe in Table
6.1 how our XML based formal language reflects, to varying degrees, thebtesira

characteristics of an interaction style. For instance the formaldgegtan be described

as enticing, as being concrete, and as supportive of various skill levels. Hoavever

formal evaluation of the interaction style would be needed to accurately assess i

usefulness, applicability, and how it exhibits the desirable charaasristi

Desirable Interaction Style
Characteristic

Map Explorer's XML Customization Formal Language

Simple

XML is well known by the Customizers, has high tool support, and the designed
schema is semantically rich.

Concrete, Tangible and Visible

Most aspects of the customization are visible: however dynamic sections refer to
non visible items.

Enticing

All the customizations are organized by feature. As the Customizer customizes
one characteristic of a feature, he/she will see the other characteristics available for
customization.

Focused on behaviour

Customization is focused on how individual features behave.

Readable and traceable

XML is a readable format with high tool support to perform comparisons of different
versions.

Shareable

Since the customization is not embedded within the tool, customizations are easy
to share.

Support various skill levels

Simple and dynamic customizations available. More challenging customizations
still possible by modifying the source code.

Based in a formal language

Format is flexible and formal

Tightly coupled to the domain

The tags in the XML format directly reflect the domain.

Table 6.1 Summary of how XML Customization format supports the requiremets
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6.6 Map Explorer Customization Summary
The Map Explorer project presented us with the motivation for developing, and an
opportunity for applying, our customization framework. With the customization
framework in hand, we organized the stakeholders of the Map Explorer project into
Designers, Customizers (not Gurus in this case, since they were not uselty asdve
Users. The Designers of the system used the framework to ensure their riea g
the necessary support for customization. They used the framework as a cteecklist
ensure that the needed flexibility would be incorporated into the tool. Then, as sdggest
by our customization framework, the Designers constructed the Map Explorer
implementation with technologies that produce useful high level abstractions.
Components were built with objects, and where needed, coordinated with design.patterns
The implementation was also specially structured to enable the source codedebe

readable within the chosen development technology.

The Designers then used the lessons we learned from previous researalgrglasand
produced an XML-based formal language. In summary, the Map Explorer projeat prove
to us that the Customization Framework was a definite help in designing and building a
tool that is not only customizable from a technical standpoint, but a practical oe#.as w
Summarized in Table 6.2 is the distribution of ‘how’ each of the types of customization

we identified in Chapter 2 was achieved for the Map Explorer tool.

How
What Design | Components Interaction Othgr.
Patterns Style (XML) (Centralizing
(MVC) Source Code)

Presentation: Information * *
architecture
Presentation: Graphical Design * *
Data: Format *
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Data: Content

Control: Feature Selection * *
Control: Option Specification *
Control: Feature Addition *

Control: Feature Enhancement

Control: Feature Constraint * * *
Control: Feature Coordination * *

Table 6.2 Distribution of how the Map Explorer tool can be customized.

6.7 Customization by the End User
The focus of our customization framework was on giving guidance to the Designer to

design and build a customizable system which was to be tailored by the Cusfomizer
Users. Little work was done on understanding how to best create customizatibesfaci

for the Users by the Customizers. However, as explained in Chapter 5, the Ceisemiz
minimum should enable the User to personalize their software. In addition, if it is known
how the User’s needs would evolve over time, the facilities to adapt to those changes
should be provided.

Working with the Customizer, we decided the following facilities should be givdmeto t
user to customize their tool:

A set of skins to choose from to tailor the look and feel.

A function to select custom icons for the data points.

The ability to re-arrange the components around the window.
The ability to load and save multiple versions of a data set.

PwpnPE

Further exploration of how to effectively design customizations tools for end users

requires more study and is a topic for future work.

6.8 Summary
In this chapter we presented a case study to demonstrate the need fortgraf atik

software customization framework. We believe that this is only a passalssment as

there is still obvious work to be done in terms of a formal evaluation. However, we feel



strongly that our software customization framework was of great bemdfissi case
study. In the next chapter we will conclude with a discussion of why we fettabes

study was successful and provide details of our current and future work.

99
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Chapter 7

Conclusions and Future Work

We conclude the thesis with a discussion of how the customization framework was

indeed a worthwhile pursuit as well as provide an overview of our future work.

7.1 Notes on Applying the Customization Framework
The application of our customization framework to the design and devetapoh the

Map Explorer tool was worthwhile. Decisions regarding design, taathre, and how
the Map Explorer tool was to be deployed were guided by our ¥arke this made
those tasks more manageable and less demanding. This contralstedrimitial work
on the Map Explorer project where we were frustrated and impedesubjack of

understanding of customization. This floundering was useful, howevér|eagl us to
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the development of the software customization framework which enabtagéss in this

project and in future projects.

Several elements of the framework contributed to this successcuRaly noteworthy is

the classification presented in Chapter 2. It was of grepttbdtave this breakdown of
customization when designing and building the tool. The different tygfes
customization acted as a checklist, ensuring that each of thergdkewas considered and

accounted for in the design.

Next, the framework helped us organize the team from IBM and NewMIC irsig s

and Customizers, and guided the Designers to tailor any customization fatolverds

the Customizer more than for the User. The framework was also useful in providing a set
of recommended methods to implement the chosen customizability. We believe that the
framework was general enough that it did not constrain our efforts, while still prgvidi

some specific assistance in our design and implementation tasks.

Current applications of the framework are proving to be just as successful agghe M
Explorer experience. We are applying the framework to help us increase the
customizability of an information visualization tool called SHriMP [52]. AlthHoug

domain independent, the users of SHriMP have struggled to tailor the tool to meet their
needs and to work effectively with their data. We are using the frameavgthde us as

we include additional support for customization. For example, we are addingscripti

support (in the form of a formal language) to the tool.
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Another current project is the Gild [53] project, which is adapting the EclipsédDise
in first year classes. In this project we are using the framework tarexpaaspects of
Eclipse that enables our required customization as well as indicate whipseBaesign
impedes our progress. Furthermore, the framework has also helped us make the Gild

project customizable by the instructors and TAs (the Gurus, in this case).\

7.2 Limitations
Our work in software customization will not be of use to all projects needing

customization support. First, our framework does not address how to incorporate
customization into existing software tools that currently do not support the required
customization. Second, the framework does not suggest how it can be used in situations
where there are special considerations concerning privacy as is the seserity

software and critical systems. An understanding of customization unique to those
domains may need to be uncovered to provide guidance to those types of projects when

incorporation of customization is necessary.

7.3 Contributions
This work offers many contributions to the software engineering reseammnunity, to

the businesses whose core tasks involve designing and developing customizable,softwar

and to the organizations that use the resulting tools and applications.

First, this thesis has formally made clear the need for software engmeesearch that
addresses large and difficult issues. We need to improve our understanding of major

software concerns and develop models, strategies, and guidelines to helpfstaee s
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projects in the right direction. Detailed study and work on classical resepics, such

as software architecture, tool design, documentation, and programming langteges
very important. More important, however, is research that connects reseasctoarea
address issues that crosscut these disciplines and our software proces$esyatesli

Our work in software customization is an example of this. We have taken work from
software architecture, program comprehension, requirements, and HCI to destove
understanding of customizable software. These disciplines and how they are @bnnecte

are presented in Figure 7.1

Figure 7.1 Our work brings together concepts from several research areas toeate
an understanding of software customization.

Also shown in Figure 7.1 is our description of software customization which orgasizes i
issues according to how, what, who, and when. We believe this to be a particularly
useful contribution to software engineers because it provides a vocabularyssdiad

document software customization issues and features. It helps softwiaeeenp
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create a mental model of software customization, which, according to carctese

mental models, will help them make decisions and correct mistakes in thgindesi

Also, in this work we provide guidance for not one issue, but for several issues @lated t
software customization. We were able to understand these diverse issuelggain,
bringing together elements from several areas of research. We evohaztebfor the
software customization process from existing HCI and program comprehensdels.

The model we produced exposes the mental models and knowledge of each set of

stakeholders as well as the interactions had with the software system.

From this holistic view of software customization we were able to produce some

important recommendations for stakeholders in projects involving customizablersoftwa
More specifically, we directed the Designers to provide tailored custoomzatpport

for a group known as the Customizers. We were also able to suggest that it should be the
Customizers to develop customization facilities for the User as thelnew their needs

best.

We then elaborated on what this support could include by exploring the two ‘hows’ of
customization: source code and interaction styles. In our research of source code
technologies, we gained a better understanding of how object oriented design,
components, design patterns, and software frameworks can be constructed aneédssembl
to produce comprehensible software designs. We also explored the work on interaction

styles and discovered their role in software customization, including a setdf |
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characteristics that an interaction style should be instilled with. Throughsetefferts

we updated our software customization model to reflect what we have learned.

We suggest, once more, that the integration of the diverse research domains dtiers use
insights. Giving developers the ability to see and work with the ‘big pictureheip

improve designs and the success of projects. Being able to relate ddemiohggh

level requirements to low level implementation details is another dimension of

understanding that can be achieved with such holistic integrations.

7.4 Ongoing and Future Work
Currently we are applying the framework in helping us re-architect a dontEpendent

visualization tool (called SHriMP [52]). The framework is proving very helpful i

helping us decide how the architecture will enable or constrain customizatiarguly

and by the end-users. We have struggled for the past few years on making such
decisions, and having the framework has provided clarity and consistency in oat curre
design approaches. We are, at this time, integrating scripting support (a typeaaif
language) to better support gurus to customize the tool for end users. We are confident
that this will trigger future Shrimp users to customize the tool to better suppwrt t

particular needs.

We have also been using our customization framework on a project called Gild. In this
project we are customizing the Java development platform and softwarevivekne
called Eclipse. The goal of the Gild project is to simplify Eclipse’s davalopment

tools and make them more appropriate for first year students. We are also ns&kofg



106

Eclipse’s plugin architecture to integrate new features such as cali@eaupport and
software visualization. We have used this project to evaluate Eclipse’s @attom
abilities (identifying its strengths and weaknesses) and are shiaesgresults with IBM

and the research community [48].

Further thought and research into documentation to support software customization is
also needed. How should customizable systems be best documented by the Designer to
ensure that future Customizers can determine the best way to customizeeim® iy

have encountered this issue repeatedly while customizing Eclipse in the Gaélct.proj

Often Eclipse has the customization support we need but it takes significanbeféur

part to locate and leverage the customizable elements. We also want to increase our
understanding of how a Customizer can design customization facilitiesdos. B&ew
approaches and best practices from HCI and related fields will need to bessed and

incorporated into the framework.

Finally, we wish to gather feedback from these projects and endeavours to helihguide
evolution of our customization framework. As the framework matures and evolves,

formal evaluations will be needed to verify and amend aspects of this work.

7.5 Concluding Remarks
We believe that this framework begins to fill an important gap in software emgige

Best practices for designing, developing, deploying, and maintaining highbndaable
systems needs to be researched, discovered, and documented. Our framewoheoffers t

research community a vocabulary to discuss and describe customization softiweare
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and software designs as well as a model that typifies how software is and drlshoul

customized.

We believe that the need for customizable software that is feasible to build|@tssi
deploy, and successful in meeting the needs of users will continue to grow as time
progresses. Finally, we hope that we have inspired others to research trastbpic
contribute to the knowledge of how to cope, manage, and tackle these difficult

challenges.
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