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Abstract

The integrated user interface development environment based on the Lean Cuisine
graphical notation [Apperley & Spence, 89] is a combination of software tools used to
support user interface development from initial design. rapid prototyping through to
direct implementation. This thesis describes the development of three software tools used
in the integrated user interface development environment.

The Lean Cuisine graphical editor (Elc) provides an interactive design environment for
graphical specifications of menu-based interfaces and shows that the Lean Cuisine
notation described in [Apperley & Spence, 89] has been implemented in a practical
computer environment as an interactive interface design tool.

The user interface simulator (Slc) is a very effective and reliable interface simulating and
testing tool which supports quick and convenient user interface simulation. Using Slc, a
menu interface can be quickly simulated in its design environment, where a menu-based
interface can be partially or wholly simulated and invalid menu structures can be
dynamically modified, or in its application environment, where evaluators are given a real

feel of how this menu-based user interface works.

The user interface generator (Glc) is used to generate basic interface source code files
for a user interface from its Lean Cuisine graphical specification file, and a working

model] of a user interface can be easily and quickly implemented without programming.

The integrated user interface development environment based on the Lean Cuisine
graphical notation [Apperley & Spence, 89] successfully integrates a graphical notation,
the visual programming technique, with an existing programming toolkit and offers
advantages over other User Interface Programming Toolkits, language-based UIMSs and
current Visual Programming Tools. It supports three main phases (design, prototyping
and implementation) of the graphical user interface development lifecycle. This approach
has not been found in previous user interface development tools and user interface

management systems.
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Chapter 1

Introduction

1.1. User Interface Development

Creating a good user interface for a system is a difficult task, and the software to support
user interfaces is often large, complex, and difficult to debug and modify [Myers, 88].
Current techniques for the specification and development of user interfaces can be
divided into three basic groups: User Interface Programming Toolkits, User Interface
Management Systems (UIMSs) or User Interface Development Systems (UIDSs), and
Visual Programming Tools. Although many tools have been created to make user
interfaces easier to design and implement, their development is still a hard work. It is
generally the case that as user interfaces become easier to use for the end user, they
become more complex and harder to create for the user interface creator. Direct-
manipulation user interfaces are particularly difficult to create because they often provide
elaborate graphics, many ways to give the same command, a mode free interface, and

rapid semantic feedback [Myers, 89].

1.2. The Limitation of Current Approaches

Many solutions for finding better methods of creating good user interface have been
proposed in the areas of User Interface Programming Toolkits, User Interface
Management Systems(UIMSs) and Visual Programming Tools. Many tools have been
created to make user interfaces easier to design and implement but each method has its

own attendant problems.
1.2.1. User Interface Programming Toolkits

User Interface Programming Toolkits such as Motif [Young, 89], Macintosh Toolbox
[Apple. 85]. OpenLook [Sun, 90A], and XView [Heller, 90], provide a conventional
programming interface and these programming toolkits are widely used for user interface
construction. With all toolkits, the user interface designer writes programs in a

conventional programming environment to create the user interface. The disadvantages



of using toolkits are that they provide limited interaction styles, lack of support for easy
prototyping, difficulties in ease of use at least as great as the base language, no
abstraction mechanisms, no path of communication between the user interface designer
and the end user [England, 90], and they cannot be used by non-programmers.

1.2.2. UIMSs

The problems with User Interface Programming Toolkits have led to the creation of
UIMSs (User Interface Management Systems). UIMSs attempt to provide solutions to
some of the problems of conventional programming toolkits. In most UIMSs, the
designer specifies the user interface with a special purpose language and provides
abstract user-system dialogue specification mechanisms. Their descriptions are generally
interpreted, thus aiding prototyping to some degree. But they still require programming,
and with an ordinary text editor it is not easy to create, debug, and modify a textual
specification file for a complex user interface, and textual specifications of user interfaces
are too complicated to be understand and used. So language-based UIMSs are not

suitable for the non-programming interface designer.
1.2.3. Visual Programming Tools

Visual Programming Tools offer advantages over interface toolkits and language-based
UIMSs inherent in their direct manipulation approach. No programming language has to
be learnt, and immediate feedback is provided to the designer. Visual user interface tools
fall into two categories, those built on existing programming toolkits and those aimed at
more general user interface construction. An example of former category is
OpenWindows Developer's Guide (Devguide) [SUN, 90B], it is a graphical user
interface design tool built on XView user interface toolkits and that allows the user
interface designer to interactively construct the user interface by drawing the desired
interface primitives on the screen. The interface is automatically prototyped. But
Devguide cannot offer this drawing function to all interface primitives; for example,
Devguide uses the menu editor window to construct menus. Also Devguide cannot
organize a complex user interface because it lacks specification of the user interface and
cannot support the dynamical creation of hierarchical menus from their specification at
run-time. An example of later category is Peridot [Myers, 88] which offers programming
by demonstration for component construction and component behaviour specification.
The information used to construct an interface is implicit and therefore hidden in the
system. Also the interventions of the inference mechanism can become tedious for an

experienced user [England, 90].



1.3. A New Menu Interface Development Environment

In order to make user interface development much easier and quicker, a new menu user
interface development environment based on the Lean Cuisine [Apperley & Spence, 89]
diagrammatic design tool has been built. The main goals for developing this menu user

interface development environment are :

¢ To provide an interactive menu interface design environment and allow user
interface designers who are not programmers to create menu interfaces by using
Lean Cuisine graphical notation.

¢ To provide an automatic prototype environment and allow user interface designer to
simulate the design partially or wholly at any design stage.

¢ To provide a tool used to generate source code for a user interface from its Lean

Cuisine specification file.

¢ To support user interface development from design, simulation to direct
implementation based on the Lean Cuisine graphical description.

¢ To ensure a true separation of concerns between the application and the user
interface.

The new menu user interface development environment based on the Lean Cuisine
graphical notation [Apperley & Spence, 89] aims to fulfil some of the deficiencies
outlined in User Interface Programming Toolkits, UIMSs and Visual Programming Tools
above, and to support the graphical user interface development lifecycle. The details of
how these goals were achieved will be discussed in later chapters.

1.4. Overview of the Thesis

Chapter 2 presents a review of several existing user interface development tools in
chronological order, and briefly discusses the limitation of these tools.

Chapter 3 discusses models of softiware development lifecycle and graphical user

interface development lifecycle, main graphical environments for user interface



development, notations for dialogue specification. and the integrated interface
development environment based on the Lean Cuisine graphical notation.

Chapter 4 briefly reviews menu structures in the Lean Cuisine graphical notation, then
describes in detail the basic structure and functions of Elc, the Lean Cuisine graphical
editor, and discusses how a user interface designer interactively design the graphical
dialogue specification by using the Elc tool. The user interface simulation at the design
stage, and the implementation environment of Elc are also discussed.

Chapter 5 briefly reviews some existing interface testing tools and describes in detail
Slc, an interface simulating tool used in the Lean Cuisine menu interface development
environment to support quick and convenient user interface simulation based on the Lean

Cuisine graphical notation.

Chapter 6 describes in detail Glc, a software tool used to generate basic user interface

source files for a user interface from its Lean Cuisine graphical specification file.

Chapter 7 gives two detailed examples of software development in the menu interface
development environment based on the Lean Cuisine graphical notation, and shows that
a menu-based user interface can be rapidly simulated, modified and implemented based

on its Lean Cuisine graphical specification.

Chapter 8 reviews the integrated user interface development environment based on the

Lean Cuisine graphical notation and provides conclusions.



Chapter 2

Related Research

2.1. Introduction

In recent years, significant advances have been made in the area of user interface
development. A number of user interface development tools like user interface builders,
user interface management systems (UIMSs) or user interface development systems
(UIDSs), and user interface development environments (UIDEs) have been developed
and provided solutions to some of the problems of conventional programming user
interface toolkits.

Some of these tools are designed to allow an interface designer to easily create, modify
and generate an interface to an application through high level specifications [Apollo, 88;
Olsen, 86; Olsen, 89; Schmucker, 86; Singh & Green, 89a). Each of these tools
introduces its own notation (a special purpose language) for the higher level user
interface specification. The language based notation can be used by the user interface
designer to specify the interface's syntax [Apollo, 88; Olsen, 89; Schmucker, 86] or the
application's semantics [Olsen, 86; Singh & Green, 89a]. The special purpose language
used by these tools may take several different forms: menu networks, state-transition
diagram languages, context-free grammars, event languages, declarative languages and
object-oriented languages [Myers, 89]. Obviously, these languages and tools can only be
used by programmers.

Some of these tools are designed to let an interface designer define the user interface by
placing objects on the screen with a mouse [Buxton et al.. 83; Henderson. 86; Myers, 88;
Myers et al., 93. Sun, 90b]. These tools can be used by nonprogrammers or
programmers and user interface can be created without conventional programming. But
these systems are more difficult to build and only support the creation of a limited range
of interface [Myers, 89].

The following sections present a review of several user interface development tools in

chronological order.



2.2. MIKE

Olsen (1986) developed MIKE (the Menu Interaction Kontrol Environment) [Olsen, 86]
in Pascal for Pascal programmers. The goals for MIKE’s development [Olsen, 92] are :

L Provide a high level UIMS model that would allow many new user interface
capabilities to be automatically supported by the UIMS.

° Provide a dialogue specification model that would readily explained to
nonprogrammers.

° Automatically generate a working interface from a minimal specification and then
provide refinement tools for improving the generated interface.

] Integrate the visual layout specification with the dialogue and semantic
specification.

Figure 2.1 shows the system architecture of MIKE. The four major components of
MIKE system are the interface editor, the interface profile, the generated interface and

the standard run-time code.

Generated
Semantic Interface
Include > . RS
Application Compile Interactive [0 =
Source Code > and —» Application
Lixile Program
Include ™

Figure 2.1. The system architecture of MIKE [Olsen, 86].

In this Menu Interface Kontrol Environment, the interface designer works through the
graphical interface editor that provides access to the interface profile, which contains the

complete definition of the dialogue's semantic and presentation aspects.



MIKE does not have a separate dialogue specification; the dialogue is controlled by
semantics and the presentation. MIKE supports the user to extend the user interface by
creating new macro commands by example. A major drawback of MIKE was its
command line orientation and its limited range of interface techniques. In particular, it
could not be used to provide the kinds of user interfaces that one finds on the Apple
Macintosh and similar systems. In response to these difficulties, Olsen developed the
Mickey system which will be discussed in section 2.5.

2.3. Peridot

Peridot [Myers, 88] stands for Programming by Example for Real-time Interface Design
Obwviating Typing and is a working prototype that is able to create many types of
interaction techniques. Figure 2.2 shows a sequence of snapshots during the creation of a
pop-up menu with Peridot .
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Figure 2.2. A sequence of snapshots during the creation of a pop-up menu with
Peridot[Myers, 89].



In particular, Peridot uses an inferencing mechanism for placing the constraints based on
what the designer has drawn on the screen. This inferencing works not only for
placement of single items but also for conditional and interactive placements. Peridot
also allows the interactive mouse behaviours of visual objects to be defined by example.

Peridot is very different from other graphical user interface development systems because
it lets the designer create the interaction themselves. It can create most of the interaction
in the Macintosh Toolbox and its own interface [Myers, 89]. Peridot chiefly performs the
interaction-technique builder function, and does not provide the support for sequencing,
also called syntax or dialogue control of the user interface.

2.4. The UofA* UIMS

Singh & Green (1989) developed a high-level UIMS called the UofA* UIMS [Singh &
Green, 89a] which uses a high-level descriptions of the semantic commands supported by
the application to automatically generate the lexical and syntactic design of graphical
user interfaces. Figure 2.3. shows the structure of the UofA* UIMS.

Dewice End User's Craminiand
Descnption Preferences g
; D t

{(from library) (optional) MRS

Designer

User «€€——3{ Presentation |————— gfi;g;;e € Application

Figure 2.3. The structure of the UofA* UIMS [Singh & Green, 89a].

The main parts of the UofA* UIMS are Diction, Chisel and vu. Diction produces the
dialogue control component of the user interface based on a description of the semantic
commands and it also produces another output used by Chisel, in conjunction with a

device description and optional user’s preferences, to produce the presentation



component of the interface. Vu is an interface graphical tool that can be used by the
designer to refine the presentation component produced by Chisel. Figure 2.4 shows an
example of command description used by the UofA* UIMS.

/"Declare global arguments. Center of Mass (COFM), length of the limb (LENGTH)
and mass of the limb (MASS) are subranges of real numbers, whereas bend
(BEND) and rotation (ROTATE) angles are subranges of integers.

TORQUE represents a list of torque functions that the user can assign to limbs.
LIMB is an interaction technique which implements 3-dimensional pick.
The INFO window is used to display limb attributes.”/

COFM =1{0.0:1.0]

LENGTH = (1.0 : 5.0)

MASS = [1.0: 20.0]

BEND = [0 : 360]

ROTATE = [0 : 360]

TORQUE = (TorqueFuncl TorqueFunc2 TorqueFunc3 TorqueFunc4
TorqueFunch TorqueFuncé)

LIMB = pick3ad

INFO = window

/* The commands are declared as follows. Command name is optionally
followed by the syntax type and the selection type of the command.

After this come the argument declarations. For each argument its

type, range or enumerations, if any, and default value, if any, are

specified. In the following declarations none of the commands specifies

syntax or selection type.

The Add_Limb, Remove_Limb, Move_Limb, Show_Attributes, Change_Orientation
Change_Length, Change_Mass, Change_Cofm, and Change_Torque commands are
declared as OPEN_ENDED. The rest of the commands follow the default
selection type which is CLOSE_ENDED. The mass, length, cofm, bend, rotate,
and torque arguments of the Add_Limb command assume the

Currently Selected Values (CSVs) of their respective interaction techniques®/

Change_Root (position : LIMB) i

ADD_Limb {OPEN_ ENDED) (parent_limb : LIMB, mass : MASS {CSV},
length : LENGTH {CSV}, cofm : COFM {CSV},
bend : BEND {CSV ]}, rotate : ROTATE {CSV},
torque : TORQUE {CSV}), _

Remove_Limb {OPEN_ ENDED) (limb : LIMB)

Move_Limb {OPEN_ ENDED)} (limb : LIMB, new_parent : LIMB)

Show_Attributes {OPEN_ ENDED} (limb: LIMB)

Change_Orientation { OPEN_ ENDED} (limb : LIMB,
new_rotation : ROTATE, new_bend : BEND)

Change_Length {OPEN_ ENDED} (limb : LIMB, new_length : LENGTH)

Change_Mass {OPEN_ ENDED} (limb : LIMB, new_mass : MASS)

Change_Cofm {OPEN_ ENDED} (limb : LIMB, new_cofm : COFM)

Change_Torque {OPEN_ ENDED)} (limb : LIMB, new_torque : TORQUE)

/* The Save, Load, and Exit commands do not have any arguments”/

Save( )

Load( )

Exit( )

Figure 2.4. Command Description for the Skeleton Editor [Singh & Green, 91].
From the command description shown in Figure 2.4, the interface produced by the

UofA* UIMS is shown in Figure 2.5. All the commands in the interface are placed along
the right edge of the screen. The interface can be refined in the vu environment.
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Figure 2.5, The interface generated from the command description (shown in Figure 2.4)

can be refined in the vu environment [Singh & Green, 91].
2.5. Mickey

The Mickey [Olsen, 89] system was developed by Olsen (1989) to explore the language
UIMS paradigm in the context of direct manipulation interfaces. It was designed both as
an attempt to simplify the user interface specification process and to broaden the scope
of interfaces that could be modelled in a language-based UIMS [Olsen, 89].

Mickey extracts its user interface specification directly from the Pascal code. The
presentation issues are handled by the Macintosh resource editor. Figure 2.6a shows the
Pascal declarations of Mickey for a sample Macintosh menu s7yles and the corresponding
styles menu generated by Mickey from its Pascal declarations is shown in Figure 2.6b.
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TYPE

LineWidth = (ThinLine (*Name=Thin *),
MedLine (*Name=Medium®),
ThickLine {*Name = Thick *) );
FillColor = (BlackFill (*Name=Black®*),
GrayFill(*Name=Gray*),
WhiteFill (*Name=White®) );
VAR
LineSize (* Menu:Sty}e's *): LineWidth;
ColorSetting (* Menu=Styles *): FillColor;
VAR
BoldText (* Menu=Styles Name=Bold Key=B*) : Boolean;
ItalicText (* Menu=Styles Name=Italic Key=I*) : Boolean;
UnderLineText (* Menu=Styles Name=Underline Key=U?*) : Boolean;
OutlineText (* Menu=Styles Name=Outline *) : Boolean;
ShadowText (* Menu=Styles Name=Shadow *) : Boolean;

(a)

(ULITE Styles
S /Thin
Medium

Underline %U B
vOulline
Shadow

(b)
Figure 2.6. (a).The Pascal declarations of Mickey for a sample Macintosh menu styles
and (b). the corresponding styles menu generated by Mickey from its Pascal declarations
[Olsen, 89].

Obviously, Mickey is suitable for programmers to learn to use because of its
programming language orientation. It is targeted specifically for application analysts
because it is driven by the semantic definition of the interface. The form of specification
of Mickey leads to a very tight binding between a particular user interface style and a
particular programming language[Olsen, 89].

2.6. Devguide

Devguide [Sun, 90B] is a graphical user interface design tool that allows the user
interface designer to create user interfaces without ever writing a line of code. To create
an interface with Devguide, the designer simply drags element glyphs from Devguide’s
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base window onto the workspace where each glyph turns into an interface element. Once
the elements of a user interface are in place, the designer can edit each individual
interface element by changing settings and values in a property window listing the
properties of that element. After creating an interface, the designer can see how its
elements look and feel when users use them. In Devguide’s test mode, the interface is
automatically prototyped. What the designer sees is the interface the application will
have. When the interface has been specified the programmer has only to implement the
functionality of the application.

Devguide implements the OPEN LOOK look and feel for the application by generating
program calls to the XView user interface toolkit. The generated code is well formatted
and easily readable and can be edited or directly compiled. Figure 2.7 shows the
development procedure of a user interface by using Devguide.

gu

e

Creating or editing an mterface |f—p Testing the mterface

'

Sawve the interface as a GIL file

s

Interface source code L Lvm:;f;;le !{::232

e

Running the result

Figure 2.7. The development procedure of a user interface by using Devguide
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Although Devguide is a commercial user interface designing tool, it lacks a complete
specification of the user interface. It does well in creation and layout of simple interface
elements, but when used to create or modify complex interface elements, for example,
hierarchical menus, it causes confusion because it cannot give a clear and complete
specification of menus and sub-menus. Although the hierarchical menus can be created
statically by using Devguide, Devguide cannot support the dynamic creation of

hierarchical menus from their specification at run-time.

2.7. SCENARIOO

SCENARIOO [Roudaud et al,, 90] is a UIMS which allows interface designers to
prototype, develop, test and debug user interfaces either in a simulated or true
application environment. The process used to build a user interface consists of creating
and modifying three internal database; the Widget database, the Dialogue database, and
the Simulation database. Each database has its own interactive editor. The global
functional architecture for SCENARIOO is shown in Figure 2.8.

interface
@ PIOEIrammer
A “‘\A e oo
Simulation Dialogue Widget
Editer Editer Editor
l t 7+
v
Simulation Dialogue Widget
data data daia
+ F
Y

Test
Ewvirenment | ==———> l Run-time kernel |

7
bt @

end-user

apphcainn
Figure 2.8. The global functional architecture for SCENARIOO [Roudaud et al., 90].
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In Figure 2.8, the Widget Editor is used to create and modify widgets; the Dialogue
Editor is used to construct event graphs which are used to decompose a complex
dialogue into simpler ones and contribute the visual aspects of the dialogue; the
Simulation Editor is used to create sets of application simulation data. The run-time
kernel is connected either to the simulation database or to the actual application, the
simulation database is used during prototyping and early debugging, and the connection
to the actual application is made for final debugging and tests. At run time, either the real
application or the simulation can be run, but not both together.

2.8. GENIUS

In the GENIUS [Janssen et al., 93] environment (GENerator for user Interfaces Using
Software ergonomic rules), user interfaces for database-oriented applications can be
automatically generated from extended data models and petri net-based dialogue
descriptions. The GENIUS environment is shown in Figure 2.9.

Data Model

Views > Dialogue Nets

v h 4
Knowledge-based Generation

h 4 v
UIMS Language

Figure 2.9. The GENIUS environment [Janssen et al., 93].

In the GENIUS approach shown in above, views are defined in the Entity Relationship
Diagram Editor (ERDE) based on the Entity Relationship (ER) data model. transitions
between views are specified in dialogue nets, a knowledge-based component generates
the static user interfaces from the view definitions. As a target system, an existing UIMS
is used. The dialogue nets as will are transformed into code for the UIMS. The GENIJUS
approach offers a much better integration of the user interface development with general
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software engineering methods. The specification of the dynamics is much easier with the
graphical dialogue net representation than with a textual language. In the current system,
refinements of the generated dialogue are done by means of the underlying user interface
management system, the support for maintaining consistency between view and dialogue
definition will be enhanced in the future work.

2.9. UIDE

UIDE [Foley et al, 91; Sukaviriya et al., 93], the User Interface Design Environment
which utilizes a model of an application to automatically create an interface, is designed
to allow interface designers to easily create, modify, and generate an interface to an
application through high-level specification. Through UIDE, a designer creates an
interface for an application by first describing objects and operations in the application,
and then chooses various interface functional components by linking them to application
operations. Once the application model is mapped to interface functional components,
the UIDE run-time environment uses the specifications in the model to generate a desired
interface. Figure 2.10 shows the run-time architecture of UIDE.

UIDE
Dialogue Manager

User
Application Interface

Model

Help

Figure 2.10. The run-time architecture of UIDE [Sukaviriya et al., 93].
Currently, defining the model in the C++ version of UIDE is still done through the
standard C++ declaration and instantiation syntax. A visual tool to create an application
model has been planned.

2.10. Summary

Many current user interface management systems (UIMSs) are language-based UIMSs.
With an ordinary text editor, it is not easy to create, debug, and modify a textual
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specification file for a complex user interface. Textual specifications are too complicated
to be understand and used by non-programmers, so these language-based UIMSs are
very hard to use [Myers, 88]. Existing user interface development tools are not suitable
for both interface designers and application developers. Graphical layout tools lack
specification of the user interface. Very few UIMSs can provide software tools to
support user interface development from user interface design, user interface simulation

to direct implementation based on graphical description.



Chapter 3

Motivation

3.1. Software Development Lifecycle

Software development lifecycles have their roots in engineering methods and more
specifically in the procedures of system engineering [Sage & Palmer, 90], the use of the
tools of system engineering to develop. analyze, and implement large-scale system is
embedded in the several sofiware development lifecycles in use today. The models of
software development lifecycle are still the subject of current research, but a number of
different general models of software development lifecycle have been applied to practical
software development projects [Boehm, 88; Cattell, 91; Fairley, 85; Hix & Hartson, 93;
Laplante, 93; Lee, 93; Martin, 88; Sommerville, 92]. Some of these models are: the
waterfall model, the structured approach, the structured evolutionary rapid prototyping
approach, the spiral model, and the object-oriented software development lifecycle.

The waterfall model of the lifecycle

The initial waterfall lifecycle model has undergone numerous refinements, so there are
many versions of this appearing in the literature [Boehm, 88, Bischofberger &
Pomberger, 92; Laplante, 93; Sage & Palmer, 90, Sommerville, 92], and one of these is
shown in Figure 3.1.

Requiremenis
definition
Y
* System and
software design "
A
* Inplementation
and unit testing ¢
Integration and
system testing
'y L4
Operation and
maintenance

Figure 3.1. The waterfall model of the lifecycle [Sommerville, 92].
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In Figure 3.1, the software process is made up of five stages; they are requirements
analysis and definition, system and software design, implementation and unit testing,
integration and system testing, and operation and maintenance. In an ideal situation, each
of the above stages could be carried out in sequence. Actually, the software process is
not a simple linear model, the development stages overlap and feed information to eack

other; one more stages are often repeated.

The structured approach
The concept of the structured software development lifecycle was introduced by
Yourdon [Yourdon, 82]. The structured software development lifecycle model is showr

in Figure 3.2.

Users

Activity

rvey
Information
Flow

Operations —_—

-

fa\
Database\
Qomersiur}‘

5
eplanc
e

Installation

Figure 3.2. The structured software development lifecycle model [Yourdon, 82].

The nine separate phases are shown in Figure 3.2; they are survey, analysis, desigs
implementation, acceptance test generation, quality assurance, procedure descriptiol
database preparation, and installation. Contrasting the Yourdan structured softwar
development lifecycle model with the waterfall software development lifecycle mode
there is no difference in the stages specified, other than minor semantic ones [Sage «
Palmer, 90].



The structured evolutionary rapid prototyping approach

The lifecycle activities of the structured evolutionary rapid prototyping appro:
[Connell & Shafer, 89] are derived from a structured development lifecycle witl
number of necessary changes and consists of rapid analysis, prototyping, design, tuni
and testing. As opposed to the structured software development lifecycle discus:
above, the structured evolutionary rapid prototyping approach does not requ
exhaustive analysis and design activities before implementation activity takes place ¢
also differs from traditional throwaway prototyping [Lee, 93]. The evolutionary raj
prototyping process is shown Figure 3.3.

Design
Derivation

Prototype lteration

Rapid
Analysis

User
Approval

Database
Creation

Figure 3.3. The evolutionary rapid prototyping process [Connell & Shafer, 89].

In the structured evolutionary rapid prototyping approach, the requirements document

produced to specify user profile and the initial user task model to be realized in the niti
prototype. The initial prototype is constructed right after rapid analysis activity withot
going through any formal design activity and detailed design will be derived from a use:
approved prototype. The testing activity is not clearly defined in the structure
evolutionary rapid prototyping approach because a prototype has effectively undergor
svstem testing throughout the lifecycle. The key to a successful structured evolutionar
rapid prototyping development is access to good sofiware tools that allow rapi
construction and iterative evolution of prototypes. With its early prototyping activity an
iterations of user feedback and developer implement, the structured evolutionary rapi
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prototyping approach shortens the development lifecycle span, increases user
satisfaction, and lowers development and maintenance costs. Fourth-generation
languages (4GL) provide high-level interpretive description of program functionality and
are widely adopted for prototyping database applications [Lee, 93].

The spiral model

The spiral model [Boehm, 88] of the software development lifecycle differs from the
waterfall model in that the waterfall model is a specifications-driven model but the spiral

model is a risk-oriented or risk-based model. An outline of the spiral model is shown in
Figure 3 4.
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Develop- Reqguirements cesign il
mentplan|  validation | ¢
Unit |
Integrztion ; n—_— test
znc test ED:;E:,;?:IC:?T“ Intecration
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Plan next phases |
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Figure 3.4. The spiral model [Boehm, 88].
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The key characteristic of the spiral model is an assessment of management risk items at
regular stages in the project and the initiation of actions to counteract these risks. Before
each cycle, a risk analysis is initiated and at the end of each cycle, a review procedure
assesses whether to move on to the next cycle of the spiral. In Figure 3.4 the radial
dimension reflects the cost parameter as these costs accumulate over the several phases
completed at the time of use of the model; the angular dimension represents the progress
made in the development at a particular cycle. The spiral model has been designed to
accommodate all other models of development and a risk-oriented spiral model of
process management forces the consideration of all alternatives and risks [Sommerville,
92]. The advantages of the spiral model are the introduction of the notion of nisk
assessment and risk management into the software development process. It is able to
incorporate the best attributes of other software development lifecycle models and is well
suited for iterative process[Sage & Palmer, 90].

The object-oriented software development lifecycle

The object-oriented sofiware development lifecycle [Lee, 93] shares some characteristics
with the rapid prototyping approach. Since object classes are abstract data types with
encapsulated data and methods, individual classes can be regularly refined while creating
new classes through inheritance mechanisms. The object-oriented software development
lifecycle is iterative and evolutionary. Figure 3.5 shows a object-oriented software
development lifecycle proposed by The Object Management Group (OMG).

Lifecycle
——P»|  Strategic modelling
———JP»  Analysis modelling
Object P Design modelling — delf'nugﬁon
modelling L'  Implementation modelling ::;st::!m

——P»  Construction

+—»  Delivery

Coordination and reuse

Figure 3.5. The OO software development lifecycle proposed by OMG [Yourdon, 94].
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The object-oriented approach encapsulates data with corresponding operations, and
employs polymorphic mechanisms such as class inheritance to allow incremental software
development. With data encapsulation, object classes can be conveniently reused,
modified, tested, and extended. As a software development approach, more recent
developments have focused on object-oriented analysis and object-oriented design
activities [Booch, 94; Yourdon, 94].

3.2. Graphical User Interface (GUI) Development Lifecycle

Graphical user interface development consists of several phases: the analysis of graphical
user interface requirements, graphical user interface design, graphical user interface
prototyping, graphical user interface evaluation, and graphical user interface
implementation. The graphical user interface development lifecycle generally follows that
of software development, so some models of software development lifecycle discussed in
section 3.1 can be adopted for graphical user interface development. But designing and
developing the graphical user interface is an iterative process of refinement that persists
as long as there is sufficient motivation to modify an interactive system. Thus, any
implementation should be based on a software architecture that supports modification of
the user interface [Bass & Coutaz, 91]. The key to the success of graphical user
interfaces is user-centred design [Lee, 93]; it is not acceptable for designers simply to
impose their view of an acceptable user interface on users, and the user must take part in
the interface design process [Sommerville, 92] and give timely user evaluation and
feedback.

When a waterfall lifecycle model or a structured software development lifecycle model is
used for graphical user interface development, testing is the only stage to allow
meaningful user feedback, any errors and problems introduced during the analysis or
design stage will have to be found and corrected only at a very late stage, it can be costly
if extensive design modifications are required. Although iterations are always included in
various descriptions of the waterfall lifecycle model, it remains unclear when and
according to what criteria such iterations are to be carried out [Bischofberger &
Pomberger, 92]. These make the waterfall lifecycle model and the structured software
development lifecycle model less appealing for graphical user interface development,

where timely user evaluation and feedback are critical to success.

The prototyping-oriented sofiware development lifecycle model [Bischofberger &
Pomberger, 92; Lee, 93; Martin, 88; Sage & Palmer, 90; Smith, 91, Sommerville, 92]



has its strengths where the waterfall lifecycle model and the structured software
development lifecycle model display serious weaknesses. It can be used for graphical
user interface development because it supports the requirements definition. The user
interface specification is the most important part of the requirement definition and its
quality is decisive. The user interface specification and its underlying functional
behaviour can be represented much better and tested more effectively with an executable
prototype than in the case with other means of represents. A user interface prototype can
provide an ideal basis for communication between the user interface developers and the
users.

The "star" user interface development lifecycle (Figure 3.6) [Hix & Hartson, 93] shows

that evaluation is to be applied to every user interface development activity, not just to

design.
TASK/
FUNCTIONAL/
% USER ANALYSES
VME ; REQUIREMENTS/
LR % : SPECIFICATIONS
EVALUATION
e ] CONCEPTUAL/
A \
SOFTWARE FORMAL/MDETAILED
PRODUCTION 1 DESIGN &
REPRESENTATION
RAPID
PROTOTYPING

Figure 3.6. The "star" lifecycle of user interface development [Hix & Hartson, 93].

The star lifecycle also shows that there is not a single starting point, nor is there a
prescribed order for development activities. Each development activity should be
followed by evaluation of some sort.



24

The object-oriented software development lifecycle model [Lee, 93] treats the graphical
user interface development as an integrated object-oriented software development
process. A task model based on the GOMS (Goals, Operators, Methods and Selection)
model will guide the object-model construction. The task model and the object model are
the high-level abstraction of a graphical user interface application. Developing a
graphical user interface for a specific style guide becomes a straightforward mapping
process.

The user interface development lifecycle proposed by Perlman [Perlman, 88] includes
three main stages: design, evaluation, and implementation (Figure 3.7) . The sources of
design and redesign are personal experiences with previous development and popular
system, guidelines and standards provided by basic and appled research and experts, and
feedback based on evaluation of similar existing system and of prototype system. Formal
models make predictions of the goodness of a user interface based on a formal
specification of the design, without requiring implementation. Usage data contribute to
an empirical evaluation afier implementation of a preliminary version or a prototype. The
user interface development lifecycle shown in Figure 3.7 is often iterative, with many
small changes in design being implemented and evaluated over its brief period [Perlman,
88].

Standards

Evaluation
| Experience

DESIGN

Formal IMPLEMENTION

Models

Usage Data
EVALUATION

Figure 3.7. The user interface development lifecycle proposed by Perlman [Periman, 88].
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3.3. Current Graphical Environments

There are many graphical environments which provide hardware and software support
for graphical user interface development and application. Generally speaking, the
hardware support of a graphical environment includes user input devices (e.g., mouse,
keyboard) and graphics-display output devices (high-resolution graphical monitors). The
software support of a graphical environment includes graphical operating system (e.g.,
OpenWindows™, Microsoft Windows™) and layered abstraction of software libraries
(e.g., Xlib, Xt Intrinsics, Motif, OPEN LOOK, XView, Macintosh Toolbox, Microsoft
Windows Libraries) which are used to assist the development of application software. In
different graphical environments, different layers based on different abstractions allow
graphical application software to access various services provided by that graphical
environment.

In the X Window System, there are a number of primitive layers. The Xlib contains all
the necessary low level primitives to construct X Window applications. This would be
the lowest level that an application developer would work at. The Xt Intrinstics collects
together the Xlib primitives and provides a basic framework to construct and use
widgets. A number of style-specific toolkits are available with different layering
architecture. The Athena widget set (Xaw), the Motif widget set, and the OPEN LOOK
Intrinsics Toolkit (OLIT) are Xt-based widget sets, each of which is implemented as a
software layer above the Xt Intrinsics. The XView toolkit is a Xlib-based toolkit and it
implements the OPEN LOOK graphical user interface. In the X Window System, the
typical software development environments are shown in Figure 3.8, and Figure 3.9.

Applications

Athena Widgets;
Mot Widgets;
OLIT Widgets

Xt Intninsics

_ Xib
Operating System

Figure 3.8. The software development environment using Xt-based widget set.
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Applicaton

XView Toolkit

Xlib
Operatng System

Figure 3.9. The software development environment using XView.

In the Apple Macintosh graphical environment, graphical user interfaces are developed
by using Macintosh User Interface Toolbox which provides various resource services to
support a Macintosh-style graphical user interface implementation. The Macintosh

software development environment is shown Figure 3.10.

Application

Macmtosh Toolbox

Operating System

Figure 3.10. The Macintosh software development environment.

In the Microsoft Windows 3 x software development environment. there are a number of
developing tools that support the development of graphical user interfaces. The most
common tools for Windows programming are the Microsoft C compiler and the
Microsoft Windows Software Development Kit (SDK), Borland C++ and Resource
Workshop. and Microsoft Visual Basic. The application program interface (API) of
Microsoft Windows consists of all functions that Windows programs may call. All the
Windows functions are declared in a large header file named WINDOWS H. which is
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included in the Windows Software Development Kit (SDK). An import library included
in the SDK is used by dynamic linking to create an executable Windows program. The
three major dynamic link libraries included in Windows are a kernel library, a user library,
and a graphics device interface (GD]) library. The kernel library contains the tasking and
memory management functions, the user library contains the windowing and user
interface functions, and GDI library contains the Windows Graphics Device Interface
functions. The Microsoft Windows software development environment is shown in
Figure 3.11.

Windows Application

Windows Software
Development Tools

Windows Libranes

Microsoft Windows operating system

Figure 3.11. The Microsoft Windows software development environment.

3.4. Notations for Dialogue Specification

There are many notations for dialogue specification. Existing techniques can be grouped

into two classes; textual notations and graphical notations.
3.4.1. Textual Notations

The textual notations are special-purpose languages used by the interface designer to
describe dialogue specification and control. These special-purpose languages are
context-free grammars, declarative Janguages. event languages. object-oriented
Jlanguages and command descriptions. The details of these special-purpose languages can
be found from [Alty & Muliin, 89; Apolic. 88 Hill, 86; Olsen, 92: Schmucker, 86; Sibert
et al., 86; Singh & Green. 91. Yap & Scott. 90]. Although these special-purpose
languages have been used in most UIMSs for interface specification and some of them
have proved tc be verv useful in user interface development. The user interface
specifications based on these special-purpose languages are difficult tc create, debug.
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modify and understand. The languages used by many UIMSs to specify the interface are
poorly structured in sofiware-engineering sense. Most UIMSs require that the designer
learn a new special-purpose language and some of them are real programming
environments (e.g.. MacApp, Mickey), so they are inaccessible to nonprogrammers
[Myers, 89].

3.4.2. Graphical Notations

The graphical notations incorporate special-purpose symbols used by the interface
designer to describe dialogue specification and control in a graphical manner. For
example, the Lean Cuisine graphical notation [Apperley & Spence. 89] is based on tree
diagrams used to describe the structure and the behaviour of menu systems. Transition
networks based on a set of nodes (states) and the links between them (state transitions)
have been extensively used as a dialogue description technique, by both designers and
implementors, and are probably the most popular form of dialogue description currently
in use [Apperley & Spence, 89). There are other graphical notations used in the context
of dialogue specification and user interface management systems, these graphical
notations are Petri nets [Bastide & Palanque, 90], event graphs [Roudaud et al., 90], and
dialogue nets [Janssen et al., 93]. Event graphs can be used to describe the dynamic
‘visibility of objects within a graphical-interactive application. Dialogue nets are similar to
event graphs in modelling the dynamic visibility of objects needed for the coarse-grain
dialogue specification. Petri net objects are more powerful since general object flow and
object manipulation can be described. However, they are more complex than event
graphs and less suited for the earlier design phases [Janssen et al.. 93]. The following

discussion focus attention on Transition networks and Lean Cuisine graphical notations.
3.4.2.1. Transition Networks

Transition networks, also known as finite state machine diagrams or state transition
diagrams, consist of nodes that correspond to a state and directed arcs that connect
nodes. In a transition network. the dialogue is shown as being in a particular state
awaiting the next interaction with the user [Jones, 91b]. Arcs out of each state are
labelled with the input token that will cause a transition to the state at the other end of
the arc. In addition to input tokens, the arcs in some systems are labelled with application
procedures to be called and output to be displaved [Myers. 89]. Transition networks
often show the dvnamics of & dialogue in & graphical manner.



Some software tools have been developed to create and interpret transition networks.
For example, Rapid/Use [Wasserman et al., 82; Wasserman, 85; Wasserman et al., 86] is
based on graphical specification of the required dialogue using transition networks. The
dialogue is specified based on diagrams created using a graphical tool -- Transition
Diagram Editor (TDE). A typical transition diagram created using the TDE is shown in

Figure 3.12.

< book-loan> o

¥

<book-return>

<book-reserve>

| §

Figure 3.12. A Rapid/USE transition diagram [Jones. 91a].

A text file can then be compiled from the transition diagram created using the TDE, or
alternatively the text file can be created directly by using a special language (the
transition diagram language) entered with a conventional text editor. The textual

representation of above Rapid/USE transition diagram is shown in Figure 3.13.

diagram library entry Start exit Exit

node Start

cs, r1, ¢_ "University Library System’
r+2, c10 'Do you need help [y/n) ?*

arc Start
on 'n' to Topmenu
on 'y to Help

arc Topmenu

on '1' to <book-loan>
on ‘2" to <book-returnz

arc <book-loan> skip to Topmenu

Figure 3.13. Textual representation of the Rapid/USE transition diagram [Jones, 91a].
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Based on the text file of the Rapid/USE transition diagram, a menu system can be rapidly
generated by using Transition Diagram Interpreter (TDI) and can be used to demonstrate
and evaluate the dialogue. The similar system based on transition networks can be found
from [Jacob, 85].

Although transition networks have been extensively used as a dialogue description
technique, by both designers and implementors, and are probably the most popular form
of dialogue description currently in use, this graphical notation has obvious shortcoming
when attempting to describe a menu containing a number of interrelated subgroups
[Apperley & Spence, 89]. Transition networks can become an incomprehensible maze of
arcs as the interface becomes large, and can be very difficult to understand and edit
[Myers, 89]. A typical example is shown in Figure 3.14.

Figure 3.14. Transition network description of the Macintosh Stvle menu [Apperley &
Spence. §9].
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In Figure 3.14, the behaviour of a five meneme menu is described using a transition
network: states in the diagram are used to represent twelve possible menu states. and
arcs are used to represent the possible input actions in each state. Although the diagram
does completely and accurately describe the behaviour of this particular menu, it is
neither simple to produce nor to understand [ Apperley & Spence, 89].

3.4.2.2. Lean Cuisine Notation

Lean Cuisine [Apperley & Spence, 89] is a visual notation used to describe the behaviour
of hierarchical menu systems. Two basic tree diagrams are used to describe mutually
exclusive (1-from-n) menu groups and mutually compatible (m-from-n) menu groups. In
the Lean Cuisine description of a menu system., a menu consists of a set of menemes
which may be terminal (leaf) menemes. real non-terminal menemes, or virtual menemes.
Terminal (leaf) menemes represent specific actions or parameters; real non-terminal
menemes are headers to other menus, and virtual menemes are used to partition a single
menu. and are not presented to the user. Also in the Lean Cuisine description of a menu
system, many special characters are used as menu and meneme modifiers. Figure 3.15
shows the Lean Cuisine description of the reduced five meneme Style menu which has

been described using a transition network in Figure 3.14.
Style§

—— Plain Text*

— {Fancy Text}

|
] |

Bold  Italic {Indexed)

— Superscnipt

L— Subscnipt

Figure 3.15. The Lean Cuisine description of the reduced five meneme Sry/e menu.

In Figure 3.15, Sryle is a required choice group marked § and offers a mutually exclusive
choice between Plain Texi, which is marked * as the default choice, and the virtual
meneme {Fancy Text! This virtual meneme in turn represents the mutually compatible
choice of Bold. lalic and {Indexed]. the latter another virtual meneme offering a
mutually exclusive choice between Superscript and Subscripi.



The Lean Cuisine notation has been used as a diagrammatic design tool to design a user
interface from specification, through preliminary analysis, to the final design [Apperley,
88]. and its textual form has been used as the basis for an interface prototyping
environment which provides for the direct implementation of the action and control
lavers from a Lean Cuisine description [Anderson & Apperley, 90]. The prototyping
environment implemented by Anderson & Apperley on an Apple Macintosh provides two
software tools: the first tool generates the interface definition file (IDF) based on a Lean
Cuisine textual specification and the second tool -- an interpreter then uses the interface
definition file (IDF) to simulate the interface. Figure 3.16 shows the translation of a
textual Lean Cuisine specification (b) to an intermediate presentation specification (c).
The graphical specification of the simple menu is shown in (a) and the resultant menu is

shown in (d).

Style§
— Plain*
— {Fancy}
Bold Italic  Font
—— Geneva
(a) L— Times
(Style$,ME, Style
(Plain*, Plain
({Fancy},MC, (C
(Bold, Bold
Italic, Italic
(Font, ME, Font
; bold
ont ol
italic
(Geneve Geneve geneva
Times) Times
), >
» C
(b) (c) (d)

Figure 3.16. (a) Lean Cuisine specification. and (b) its translation from a textual
description to: (¢) equivalent presentation modei and (d) resultant menu [Anderson &

Apperley, 90].
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Lean Cuisine offers a clear, concise and compact notation, which in its present form can
be used 1o describe both the action and control lavers of hierarchical menu systems
[Anderson & Apperley, 90], and as a graphical design tool, it is more powerful than
other graphical notations (e.g. transition networks et al.) for descriptions of complex
menu systems. The specification of a menu-based user interface is much easier with the
LC graphical design tool than with a textual language. If software tools are available in
current graphical environments, the Lean Cuisine graphical notation could be used as the
basis for an integrated interface developing environment in which menu-based interfaces

will be very quickly built without programming.

3.5. Problems with Existing User Interface Developing Tools

Many current user interface management systems (UIMSs) provide a set of
implementation tools, but little in the way of design aids. Most UIMSs use a textual
specification and ofien require the user interface designer to learn a special purpose
programming-like language, and with an ordinary text editor, it is not easy to create,
debug. and modify a textual specification file for a complex user interface. Textual
specifications are too complicated to be understand and used by non-programmers, so
' these language-based UIMSs are very hard to use [Myers, 88]. Very few UIMSs can
provide software tools to support user interface development from user interface design,
user interface simulation to direct implementation based on graphical description. and
support the graphical user interface development lifecycle. Existing user interface
development tools are not suitable for both interface designers and application

developers.

3.6. An Integrated Interface Development Environment

In order to solve these problems and make user interface development much easier and
quicker. research has been carried out to develop software tools used to support the
Lean Cuisine graphical notation. The result of this research is an integrated interface
development environment based on Lean Cuisine graphical notation. The integrated
interface development environment is a combination of software tools used to support
user interface design. simulation and implementation. The Lean Cuisine graphical editor
(Elc) provides an interactive design environment for graphical specifications of menu-
based interfaces. The simulation tool (Sic) provides an automatic prototvpe environment
and allows user interface designers tc simulate user interfaces based on a partial or whole
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dialogue specification at any design stage by a direct mapping process. A tool called user
interface generator (Glc) is used to generate basic interface source code files for a user
interface from its Lean Cuisine graphical specification file and allows the user interfaces
to be implemented without programming. The menu-based user interface development
process based on these three supporting tools is shown in Figure 3.17.

Interface design using the —  Dialogue simulation and test dunng
Lean Cwsine graphical notation  |of—— design (partial or whele stmulation)

l

Save the graphical spectiication of
an mterface as @ LC graphical data file

Sle )

v

Interface simulation and test
mits application environment

Glc

Interface source code

v

make

Running and testing the real interface

Figure 3.17. The menu-based user interface development process based on three

supporting tools.

The charactenistic of the integrated interface development environment based on the
Lean Cuisine graphical notation is that it provides software tools which make user
interface development much easier and quicker from design and prototyping to
implementation. The details of three supporting tools will be discussed in following

chapters.



Chapter 4

The Lean Cuisine Graphical Editor

4.1. Introduction

The menu interface development environment is based on the Lean Cuisine visual
notation [Apperley & Spence, 89]. Three supporting tools, Elc, Slc and Glc, have been
developed for graphical dialogue specification, simulation and automatic generation of a
menu-based interface. Elc is a graphical editor used by the interface designer to create a
Lean Cuisine graphical description of a menu interface; Slc is a user interface simulator
and Glc is a user interface generator which can automatically generate a user interface

from its Lean Cuisine graphical specification.

This chapter describes the basic structure of Elc and discusses how a menu interface
designer interactively designs the graphical dialogue specification by using Elc. The user
interface simulation at the design stage. and the implementation environment of Elc will

also be discussed.

Before describing the basic structure and functions of Elc. it is necessary tc review the
Lean Cuisine visual notation and examine an example of a Lean Cuisine description of a

svstem of menus.

4.2. Menu Structures in the Lean Cuisine Visual Notation

As discussed in section 3.42.2, Lean Cuisine [Apperlev & Spence. 89] is a visual
notation which can be used as a diagrammatic user interface design tool. Two basic
diagrams shown in Figure 4.1 are used 10 describe mutually exclusive (!-from-n) menu

groups and mutually compatible (m-from-n) menu groups.
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Figure 4.1. Two basic Lean Cuisine tree diagrams [Apperley. 88].
(a). The tree diagram for a mutuallv compatible menu group. and

(b). the tree diagram for a mutually exclusive menu group.

As summarised in [Apperlev. 88], a menu is a set of selectable representations of actions,
parameters, objects (which may be other menus), states. and other attributes, in which
selections may be logically related and/or constrained.

A meneme 1s defined as an individual selectable representation within a menu, and has
two basic states: selected and not selected. A meneme's state may be changed either by
direct excitation, or by indirect modification. Menemes may be terminal (leaf) menemes.
in which case they represent specific actions or parameters, or they may be non-terminal

menemes, in which case they are themselves headers to other menus.

In order to partition a single menu into constituent syntactic sub-groups. virtual menemes
are used and correspond to nodes in the Lean Cuisine tree. However thev are not
presented to. and not directly accessible to, the user. Virtual menemes are shown by
enclosing their names in braces. A virtual meneme can be considered to be in the selected
state if there is a valid selection present in the sub-section of the menu that it represents.

In the Lean Cuisine diagrammatic notation, many special characters are used as menu
and meneme modifiers to indicate virtual menemes. required choices*, default choices.
dvnamic defaults. bistable menemes. select-only menemes, deselect-only menemes.
monostable menemes and passive menemes. Figure 4.2 shows a typical example of a
menu taken from the TaP [Apperley, 88] interactive application. The Lean Cuisine
description of the text stvie and size facilities is shown in Figure 4.2(a). and a possible
presentation of the Sn/e menu is shown in Figure 4 2(b).

In the Elc svsiem. a special character * is used 1¢ indicate a required choice.
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Figure 4.2.(a). The Lean Cuisine description of the text style and size facilities, and
(b). a possible presentation of the Style menu.

In the Lean Cuisine description of the Style menu, Shape, Size and Fancy are virtual
menemes which represent three menu sub-groups. So this Lean Cuisine diagram
describes a single menu. In the Size sub-group, only one size is possible at any one time,
so the Lean Cuisine tree diagram for a mutually exclusive group is used to describe
different text size (10,7/2,14,18). In the Shape sub-group, the possible text shape
combinations are plain, bold, italic, and bold-italic. So Bold and Italic are described by a
Lean Cuisine tree diagram for a mutually compatible group, and Plain and {Fancy} are
described by a Lean Cuisine tree for a mutually exclusive group.

A size and a shape are both always required, so a special character § is marked on Shape
and Size to indicate a required choice. The character * which is marked on menemes
Plain and 12 is used in Figure 4.2(a) to indicate a default choice in the Shape and Size
sub-groups.

The main aim of developing the Elc program is to implement the Lean Cuisine notation
described in [Apperley & Spence, 89] in a practical computer environment and to
provide an interactive Lean Cuisine menu interface design tool which is independent of
the implementation and suitable for both non-programming and programming interface
designers. The computer description of the Lean Cuisine specification of a menu
interface in the Elc system can be used by Slc to simulate the user interface and by Glc to
generate the user interface code files. The details of Slc and Glc will be discussed in
Chapter 5 and Chapter 6.
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4.3. Overview of Elc

Elc is a window based graphical editor. To a user interface designer, it seems like an
interactive drawing package such as AutoCad [Omura, 92], CATIA’s DRAFTING
[Dassault, 87], and MacDraw [Dilback, 1991]. In general CAD software systems, the
basic drawing elements are lines, curves and so on, but in the Elc system, the basic
drawing elements are the two basic Lean Cuisine tree structures shown in Figure 4.1.

The Elc graphical editor has two modes, the design mode and the simulation mode. In
the design mode, the base window of the Elc system includes the menu-bar which
contains menu buttons and command buttons, the canvas pane, the vertical scrollbar and
the horizontal scrollbar, as shown in Figure 4.3.

Menu button Command button Menu-bar

n Cuisine Craphical Editor

= o2
( FlLE?_)QnenuBar 7) [_'Msnu'rype ﬂ(‘mnema O JCTREE v )( smum‘ﬁon)( HELP ) 7

Canvas pane

Horizontal scrollbar Vertical scrollbar

Figure 4.3. The base window of Elc.

In the base window shown above, the menu-bar provides the pull-down menus and the
command buttons which will be used by the user interface designer to give commands for
performing the basic functions of Elc; these pull-down menus and command buttons are
shown in Figure 4.4a and Figure 4.4b.
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DELETE ALL

Figure 4.4a. The pull-down menus of the design mode of Elc.

(SIMULATION ) (CHELP)

Figure 4.4b. The command buttons of the design mode of Elc.
In the simulation mode of Elc, all menu buttons and command buttons are grayed

(disabled) except the HELP and GO TO DESIGN command buttons. Figure 4.5a shows

the menu-bar of the Elc system which is in the simulation mode.

Menu buttons (grayed) Command buttons Menu-bar

Command button(grayed)

Figure 4.5a. The menu-bar of the simulation mode of the Elc system.

Two command buttons which are available in the simulation mode of Elc are shown in
Figure 4.5b.
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{ HELP) (GO TO DESIGN )

Figure 4.5b. The command buttons of the simulation mode of Elc.

The canvas pane provides a drawing surface where the Elc system displays Lean Cuisine
trees and where an interface designer can create new trees and edit existing trees for
graphical specification of an interface. The vertical scrollbar and horizontal scrollbar are
used to scroll a large Lean Cuisine diagrams in the pane.

In the canvas pane, mouse buttons are used to select (left button) a Lean Cuisine tree
which will become the currently selected Lean Cuisine tree, or to drag (middle button)
the currently selected Lean Cuisine tree to an appropriate position, or to indicate (right
button) a new position for the currently selected Lean Cuisine tree, which will directly
move to this new position.

The accurate position of the mouse selection on a Lean Cuisine tree will be recorded by
the Elc system when this Lean Cuisine tree becomes the currently selected Lean Cuisine
tree. The meneme and tree operations on the currently selected Lean Cuisine tree will
use this position message to determine their operation position when the designer wants
to name a meneme, delete a selected meneme, to add a meneme to an appropriate
position of the currently selected Lean Cuisine tree (Section 4.6), or to modify the local
geometric shape of the currently selected Lean Cuisine tree (section 4.7), etc.

To define a menu-based interface, the first step is to create different Lean Cuisine trees,
then edit them and finally link them to form the graphical dialogue specification of a
menu interface. To do this, the designer selects different Lean Cuisine tree types
(horizontal or vertical menu-bar, exclusive or compatible menu ) from the pull-down
menu and inputs a parameter (the meneme number of a Lean Cuisine tree) from a pop-up
input window, which appears after the designer selected a related menu command and
disappears after a parameter has been input. By using related menu commands, mouse
selection operations and keyboard inputs, the designer can add text to the meneme as its
name or modifier, delete a meneme from the currently selected Lean Cuisine tree or
insert a meneme into the menemes of the currently selected Lean Cuisine tree. Lean
Cuisine trees created in a design window of Elc can be linked to form a graphical
dialogue specification of a menu interface.

The designer can modify dialogue specifications by using the menu commands or by
creating new Lean Cuisine trees and linking new Lean Cuisine trees into a dialogue
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specification of a user interface. The geometric shape of a Lean Cuisine tree can be
modified (section 4.7) for general layout of all Lean Cuisine trees. Some tree group
operation commands are available for rapid tree operations. During graphical dialogue
specification or after finishing graphical dialogue specification for a menu-based user
interface, the designer can simulate the whole or the parts of the menu system by using
the Elc simulation function.

The Lean Cuisine graphical specification created in an Elc design window can be saved
as a Lean Cuisine graphical specification file with the extension ".Ic", and a previously

saved Lean Cuisine graphical specification file can be loaded into an Elc design window.

All of the menu and button commands will be discussed in this and subsequent chapters.

4.4. The Basic Graphical Primitives

The Elc system provides two basic graphical primitives shown in Figure 4.6 to represent
the Lean Cuisine tree diagrams for a mutually compatible menu groups and a mutually
exclusive menu groups.

e
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Hj: the interval value between two adjacent menemes,
W : the leaf length of a tree.
X0.YD: the reference position of an LC tree.

L
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Figure 4.6a. The graphical primitive representing a mutually exclusive menu group.
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H1: the root length of a tree.

H2: the leaf length of a tree.

Wi: the interval value between two adjacent menemes,
X0,Y0: the reference position of an LC tree.

Figure 4.6b. The graphical primitive representing a mutually compatible menu group.

Each graphical primitive has various attributes which are under the control of the
interface designer. Some of the attributes of a graphical primitive are initialized by the
Elc system when this graphical primitive is created. These attributes are tree type, tree
reference position, tree leaf length, interval value between two adjacent menemes, and
colour. Table 4.1 lists all the attributes of a graphical primitive and their initial values.

Attribute name Initial value
Tree type Number (0, 1, 2, or 3)
Tree reference position Constant
Tree leaf length Constant
Meneme number of a tree Number (1~20)
Interval value between two adjacent Constant

menemes (array)

Subtrees (pointer array) Nil
Parent tree pointer Nil
Meneme names (pointer array) Nil
Meneme modifier Nil
Colour Black

Table 4.1. The attributes of a graphical primitive and their initial values.
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Some of the attributes of a graphical primitive can be set by the designer. These
attributes are parent tree pointer, subtree pointers, meneme names and meneme
modifiers. Other attributes like meneme number can be input from a pop-up window
before a tree is created. All of these attributes can be modified by the designer during
graphical dialogue specification.

When basic Lean Cuisine trees are linked to construct more complex dialogue
specifications, some attributes (except colour) of each Lean Cuisine tree will be

automatically modified by the Elc system according to the designer’s action.

Based on the two basic graphical primitives described above, four different basic Lean
Cuisine tree diagrams are used in Elc to represent the mutually exclusive menu group,
the mutually compatible menu group, the horizontal menu-bar and the vertical menu-bar.

The examples of these four basic Lean Cuisine tree diagrams are shown in Figure 4.7.

B I

- I I I I

(a) (b)

| L
T | -

() (d)

Figure 4.7. The examples of the four basic Lean Cuisine tree diagrams used in Elc. (a):
A vertical menu-bar (tree type = 0, meneme number = 3); (b): a horizontal menu-bar
(tree type = 1, meneme number = 4); (c): a mutually compatible menu group (tree type =
2, meneme number = 5); and (d): a mutually exclusive menu group (tree type =3,

meneme number = 5).
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4.5. Creating Basic Lean Cuisine Trees

In order to produce the graphical dialogue specification for a menu-based interface, the
first step is to create different Lean Cuisine trees in an Elc design window, then edit them
and finally link them to form the graphical dialogue specification of a menu interface. A
Lean Cuisine tree is created based on its type and meneme number. After a Lean Cuisine
tree type has been selected from the pull-down menu MenuBar or Menulype and a
meneme number of a Lean Cuisine tree has been input from the pop-up input window, a
new Lean Cuisine tree will be displayed on the Elc editing window. Figure 4.8 shows the

procedure used to create a LC tree.

First, select command EXCLUSIVE
/— from MenuType menu

=] Lean t.'uls}ée Graphical Editor 1

(FILE ©)[ WenuBar v ) j { Meneme o) [ TREE v)( SIMULATION )( HELP)

T T e e
\ ;

= ||-‘| =

COMPATIRIE ]
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@ Then give a meneme number
/_ from & pop-up window
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Input MEnume Numbey: 4 /
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ir'@ Lean Culslv&fmphlml Ed ltor oy

(FILE oY MenuBar v) (MenuType v) Menema ©) [ TREE v ) SIMULATION )( HELP)
=

Pressing the enter key causes
anew LC tree to be displayed

| |
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IGL D)

Figure 4.8. The procedure used to create a LC tree.
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All of Lean Cuisine trees are free trees before the designer adds constraints to them. The
designer can put a Lean Cuisine tree at any new position in the editing window by
selecting it and indicating a new position for it. If the designer want to move a Lean
Cuisine tree which has been linked to other Lean Cuisine trees, for example, it has parent
tree or subtrees; the Elc system will launch a dialogue box which includes a constraint
message of the currently selected Lean Cuisine tree. The command buttons CANCEL and
UNLINK AND MOVE displayed in this dialogue box provide two possible operations.
If the designer selects the CANCEL button from this dialogue box, the move operation
will be cancelled. If the designer selects the UNLINK AND MOVE button from this
dialogue box, the Elc system will remove all link constraints from the currently selected
Lean Cuisine tree and modify attributes of the currently selected Lean Cuisine tree,
attributes of its parent tree and attributes of its subtrees. After finishing attribute
modification, the currently selected Lean Cuisine tree moves to a new position and
becomes a free Lean Cuisine tree.

4.6. Basic Meneme Operations

Basic interactive operations on each meneme are provided by the Elc system. The
interface designer can interactively add a meneme to the currently selected Lean Cuisine
tree at an appropriate position, delete a meneme from the currently selected Lean Cuisine
tree, and attach a meneme name and semantic message to each meneme. The ADD
command and the DELETE command are very useful when the designer wants to modify
an existing Lean Cuisine tree.

To add a meneme to a Lean Cuisine tree, first select a meneme from a Lean Cuisine tree
which will become the currently selected Lean Cuisine tree after selection, and
afterwards select the menu command ADD from the pull-down menu Meneme. A new
meneme will be inserted after the selected meneme. Some of attributes of the currently
selected Lean Cuisine tree will be modified by the Elc system after new meneme's
insertion. It would not be difficult to modify the Elc system to allow the designer to
insert a new meneme before a meneme or insert a new meneme at selection point which
is on a tree trunk. Figure 4.9 shows the procedure used to add a meneme.
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Figure 4.9. The procedure used to add a meneme.

To delete a meneme from a Lean Cuisine tree, first select the meneme to be deleted and
then select the menu command DELETE from the pull-down menu Meneme; the selected
meneme will be deleted from the currently selected Lean Cuisine tree. Similar to a
meneme ADD operation, related attributes of the currently selected Lean Cuisine tree
will be modified by the Elc system after a meneme deletion. The Elc system will
automatically delete a Lean Cuisine tree from the graphical specification of a menu
interface if all of its menemes have been deleted by the designer.

The menemes of a Lean Cuisine tree are pure geometric representations when the
interface designer creates the Lean Cuisine tree by using menu commands selected from
pull-down menu MenuBar or MenuType. The meneme name, meneme modifier (it also is
submenu modifier if a meneme has a submenu) and the application link message must be
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added to the menemes by the designer. To do this, first select a meneme, and then select
the menu command 7EXT from the pull-down menu Meneme. A pop-up window which
is for text input appears and the designer can input a meneme name, Or a meneme
modifier, or an application link message from this pop-up window. After finishing the
typing of text, pressing the enter key causes the pop-up window to disappear and the
attributes of the currently selected Lean Cuisine tree to be modified by the Elc system,
and the content of the Elc design window to be redrawed. Figure 4.10 shows the
procedure used to add a meneme name.

First select a meneme Then select the TEXT command
from an LC tree from the Meneme menu

SIMULATION )( HELP

= | o |
ELD
[] ‘ d -ﬁ
& /—Thcn give a meneme name from a pop-up window
== Iny/ul_npu p_Wiadow
Input Menum:ué
@ Pressing the enter key causes a new meneme
name to be added to the selected meneme

Lean Culsine Craphlcal ediar

MenuType v ) ( Mensme v) ( TREE v )[ SINULATION [ HELP)

U
cut
copPY
PASTE

Figure 4.10. The procedure used to add a meneme name.

The pop-up window for text input can be kept on the screen for repeated operations. To
do this, the designer clicks the SELECT button on the pushpin to pop it into the hole.
The pop-up window is then pinned to the workspace, and it remains on the screen until
the designer either unpins it, or dismisses it using the window menu. In this case, the
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designer does not need to select the menu command 7EXT from the pull-down menu
Meneme after meneme selection when he/she wants to continuously add text strings to
different menemes.

The UNDQO command which is in pull-down menu Meneme is available to cancel ADD a
meneme or DELETE a meneme operation.

4.7. Basic Tree Operations

Basic tree operations are provided by the Elc system to modify interactively the tree
shape for the layout of a menu specification and to link trees to form a complex menu
structure. Menu commands on a single tree, which is the currently selected Lean Cuisine
tree, and menu commands on all Lean Cuisine trees are available so the designer can
have different command selections for efficient tree operations.

The basic geometric shape of a Lean Cuisine tree is determined by the Elc system which
uses system default (initial) values to determine the geometric attributes of a graphical
primitive. The local geometric shape of a Lean Cuisine tree can be modified at any time
after its creation to avoid Lean Cuisine trees overlapping when linking them to form a
complex graphical specification of a menu system.

To modify the shape of a Lean Cuisine tree, first select the part which will be modified,
and then select the menu command MODIFY from pull-down menu 7REE. A pop-up
window appears on the screen after the MODIFY menu command selection, and a
parameter P for the tree modification is typed into the input field of the pop-up window.
The parameter input procedure is similar to the text string input procedure; pressing the
enter key causes the Elc system to check the input parameter; if it is valid, the pop-up
window is dismissed, and the shape of the selected part of the Lean Cuisine tree is
changed according to the input parameter, and the redrawing procedure happens in the
Elc désign window. If it is invalid, an error message will be displayed on the screen.
Repeated modifying operations can be done when the pop-up window is kept on the
screen.

For a Lean Cuisine tree which represents a mutually exclusive menu group, its shape can
be modified according to its tree leaf length or the interval value between two adjacent

menemes (including the tree root).
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To modify the leaf length of a tree, select one of the leaves of the tree, and select the
menu command MODIFY from the pull-down menu 7REE, then type a valid parameter P
into the input field of the pop-up window. All the leaves of the tree will be modified at
the same time according to the parameter P.

To modify an interval value between two adjacent menemes (including the tree root) of a
tree, from the tree, select the line segment which is between two adjacent menemes ,and
select the menu command MODIFY from pull-down menu 7REE, then type a valid
parameter P into the input field of the pop-up window; the interval value which was the
length of the selected line segment will be modified according to the parameter P so the
shape of the tree will be modified.

The valid range of the parameter P is greater than O when the modified LC tree
represents a mutually exclusive menu group. Figure 4.11 shows the original shape of a
Lean Cuisine tree (tree type = 3, meneme number = 5) which represents a mutually
exclusive menu group and its possible shapes after modification.
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Figure 4.11. The original shape of a Lean Cuisine tree which represents a mutually
exclusive menu group and its possible shapes after modification. (a). The original shape;
(b)(c). after changing its tree leaf length; (d)(e). after changing one of the interval value
between two adjacent menemes; (f)(g). after changing the interval value of the tree root.

For a Lean Cuisine tree which represents the mutually compatible menu group, except
tree root the modification of its shape according to its tree leaf length or the interval
value between two adjacent menemes is in the same way as the modification for a Lean
Cuisine tree which represents a mutually exclusive menu group; to modify the root of a
tree which represents the mutually compatible menu group, select the root of the tree
first, then select the menu command MODIFY from the pull-down menu TREE, and type
a valid parameter P into the input field of the pop-up window, the root of the tree will be
moved in horizontal direction according to the parameter P. The valid range of the
parameter P is greater than -2000 and less than 2000, if the parameter P is negative, the
root of the tree will be horizontally moved to the left of the original position of the tree
according to the absolute value of the parameter P, if the parameter P is positive, the
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root of the tree will be horizontally moved to the right of the original position of the tree
according to the parameter P. Figure 4.12 shows the original shape of a Lean Cuisine
tree (tree type = 2, meneme number = 4) which represents a mutually compatible menu
group and its possible shapes after modification. |

Figure 4.12. The original shape of a Lean Cuisine tree which represents a mutually
compatible menu group and its possible shapes after modification. (a). The original shape
of a LC tree; (b)(c). after changing its tree leaf length; (d)(e). after changing one of the

interval value between two adjacent menemes; (f)(g)(h)(i). after changing the position of
the tree root.

The LINK menu command selected from the pull-down menu 7REFE is used to create a
relationship between a parent tree and a subtree to form a complex menu structure. A
subtree can be linked to its parent tree only when its reference position is close to a

meneme of its parent tree. If the link operation is successful, the linked subtree will be
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highlighted and some attributes of both the subtree and its parent tree will be modified by
the Elc system, or an error message will be displayed on the screen. If a meneme and its
subtree cannot be linked, the position or shape of the trees should be modified to satisfy
the link condition. Figure 4.13 shows a design example, an LC graphical specification of
a menu-based interface is formed in an Elc design window and ready to be simulated
after linking related LC trees.

Lean Cuisine Graphical Editor
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Figure 4.13. The LC graphical specification of a user interface.

The UNLINK menu command is used to destroy the relationship created by the LINK
command between two trees. After an UNLINK operation, some attributes of the related
trees will be modified by the Elc system.
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The DELETE menu command is used to delete the currently selected Lean Cuisine tree.
If the DELETE command is selected, the currently selected Lean Cuisine tree will
disappear from the design window. The DELETE ALL menu command is a group
operation command which is used to delete all Lean Cuisine trees from the design
window, the all trees will disappear from the design window after the DELETE ALL
operation.

If no Lean Cuisine tree has been created since the tree deletion, the deleted tree or trees
can be restored by using the UNDO command selected from the pull-down menu 7REE,
the restored tree or trees will be redisplayed on the design window if the restoration
procedure is successful. Also the UNDO menu command can be used to cancel the last
MODIFY operation.

The AUTO LINK command and the UNLINK ALL command are other group operation
commands; the AUTO LINK command is used to create all possible links between trees
according to their positions; and the UNLINK ALL command is used to destroy the all
link relationships from existent graphical specification of a menu-based user interface.
The aim of using the group operation commands AUTO LINK, UNLINK ALL and
DELETE ALL is to provide rapid tree operations for a complex menu structure
specification.

4.8. Menu Interface Simulation at the Design Stage

Rapid prototyping within a UIMS environment is probably the most efficient method for
supporting the design-build-test nature of a user interface construction process [Wilson,
88]. The Elc system provides a simulation environment in which the designer can
simulate and test a menu-based user interface which has been designed in an Elc ‘design
window by using the Lean Cuisine graphical notation. When starting Elc, the default
mode of Elc is the design mode. The designer can change the mode of Elc from the
design mode to the simulation mode by selecting the command button SIMULATION
from the menu-bar. In simulation mode, the lc_run_time kernel is used to generate a user
interface prototype from its Lean Cuisine graphical specification, and dynamically create,
delete and manage menu structures according to its Lean Cuisine graphical specification
and the user's actions.
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The menu structure of the user interface designed in an Elc design window can be
partially or wholly simulated. Before selecting the SIMULATION button, a Lean Cuisine
tree which describes a menu-bar must be selected. If it is a root of the Lean Cuisine trees,
the whole menu interface will be simulated in the simulation window (whole simulation);
if it is a subtree, only this tree and its subtrees can be simulated in the simulation window
(partial simulation). Figure 4.14 shows an example of interface simulation based on the
graphical dialogue specification shown in Figure 4.13. The details of interface simulation
and Ic_run_time kernel will be discussed in Chapter 5.
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Figure 4.14. The direct simulation of a menu interface from its Lean Cuisine description
created in an editing window of Elc.
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In Figure 4.14, the front window is the simulation window of a user interface; the back
window is the design window which is in the simulation mode and contains the Lean
Cuisine visual specification of the user interface; and the middle window is the command
window used to display the feedback message when testing the interface.

A menu tree which describes a menu structure and is not attached to a menu-bar cannot
be simulated because in the current Elc system, the precondition of setting the simulation
mode of Elc is that a Lean Cuisine tree which represents a menu-bar must be selected.
But it is easy to modify the Elc system in the future to simulate this type menu tree as a
pop-up menu or a pull-down menu if it has been selected for simulation.

4.9. Lean Cuisine Graphical Specification File

A special file format is used by the Elc system to store the Lean Cuisine graphical
specifications of user interfaces. The Lean Cuisine graphical specification file of a user
interface is a text file which contains the attributes of all Lean Cuisine trees created in a
design window of Elc. Because it stores an interface without reference to a specific
windowing environment or programming language, the Lean Cuisine graphical
specification file of a user interface can be used in other windowing environment--as long

as the supporting tools, Elc, Slc and Glc, exist in that windowing environment.

With the supporting tools, Elc, Slc and Glc, available in different windowing
environment, it will be possible to design, modify and simulate a user interface in a
windowing environment, save it in a Lean Cuisine graphical specification file, then in
other windowing environment, use the supporting tools to load it into the Elc system,
modify or simulate this user interface in current windowing environment. Based on the
Lean Cuisine graphical specification file of a user interface, the interface source code for
different windowing environments and programming languages will be generated by
using the available code generators.

4.10. The Development Environment of Elc

The Elc graphical editor has been implemented as a XView™ application in the
OpenWindows™ application environment that operates on Sun™ workstations.
XView™ is based upon Xlib and is a user interface toolkit to support interactive,
graphics-based applications running under the X Window System™, an important feature
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of the XView™ toolkit is that it implements the OPEN LOOK™ Graphical User

Interface. Figure 4.15 shows the development environment of Elc.

XView Application

XView Toolkit

Xlib

Operating System

Figure 4.15. The development environment of Elc.



Chapter S

The User Interface Simulator

5.1. Interface Simulation and Test

User interface development is an iterative process, after creating the specification of a
user interface or parts of an interface, the designer may want to see how its elements feel
when the end user uses them. One way to do that is to generate the source code for the
interface, compile and link the code, then run executive file. Perhaps this testing method
is a very effective and reliable interface testing method because the interface simulation is
based on its source code, but this type interface testing is not suitable for early
development of an interface because it involves several steps and is not convenient. The
specification of a user interface needs to be modified time after time and the user
interface should be simulated or tested in a quicker and more effective way.

5.2. Some Existing Interface Testing Tools

Some interface testing tools have been developed to support quick and convenient user
interface simulation in the user interface design environment or in user interface
management systems. The following is the survey of these interface testing tools.

Devguide [Sun, 90b] uses the interface setting to determine the way user interface
elements on the workspace behave. When the first setting, Build, is set, the user interface
can be built and selected user interface element can be edited. The second setting, Test,
helps the interface designer tests the feel of the user interface which has been designed.
When Test is set, selected button highlights, menus display, and so forth, user interface
elements act as if they were part of a finished user interface. Of course, there are no
function calls in place, so no anticipated program functions happen as user interface
elements are used. It is very easy to change interface setting from Build mode to Test
mode, and vice versa.

SCENARIOO [Roudaud et al., 90] provides the interface designer a test environment
based on its Run_time kernel which is connected either to the simulation data base or to
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the actual application. The simulation database is used during prototyping and early
debugging, and the connection to the actual application is made for final debugging and
tests.

In the Borland Resource Workshop [Borland, 93], menus can be created as a resource
script in the Workshop menu editor. The Workshop menu editor provides three different
views of the menus which are being edited: the Outline pane shows the menu's pseudo-
code (resource script), the Attribute pane is used to customize the currently highlighted
line in the menu resource script, and the Test Menu pane is used to test menu system.
Top level menu items and top level pop-up menus are displayed in the menu bar for the
window. The Menu editor automatically updates the test menu system when its attributes
are modified or its resource script is edited by the designer. The Workshop menu editor

provides an integrated menu design, modify and test environment.

UofA* UIMS [Singh & Green, 91] provides the simulation subsystem in the wvu
environment which is used to refine the graphical presentation components generated by
Chisel, the simulation subsystem uses the work window and enables the designer to
rehearse the presentation components being created, the design created in workshop
subsystem is passed to the simulation subsystem which creates windows and activates
menus and other interaction techniques defined in the presentation components. The
menus and other interaction techniques can be tested by designer just as the end user
interacts with them. The designer can go back to the workshop subsystem from the
simulation subsystem to modify the design and then reenter the simulation subsystem to
test the new design.

U-face [Kanba & Hashimoto, 91] is a design system mainly for using with menu-driven
application software on generic terminal screens. The different views, design views,
simulation view and verification views, are provided in U-face user interface design
system. The design views consist of a screen layout view and an operation view, the
simulation view which is automatically produced from a designed interface is used to test
each bperation step by step such as runtime. The verification views are also produced
from a designed interface and include displays of a screen transition network, a mode
sequence diagram and a key-binding graph. With the simulation view, the designers can
check their design work and demonstrate the user interface, and the end users can test
the user interface and check its suitability to their requirements.



5.3. Overview of Slc

Slc is a software tool which is used to simulate a user interface from its graphical
specification in the menu interface development environment based on the Lean Cuisine
visual notation. It can be used by the interface designer to simulate the menu interface
which s/he has designed at different design stages. A menu interface can be simulated in
its design environment or in its application environment. When a menu interface is
simulated in its design environment, it can be partially or wholly simulated from its Lean
Cuisine description created in the Elc editing window; any invalid link relationship
between a parent tree and a subtree can be dynamically modified by the Slc system
during the simulation. When a menu interface is simulated in its application environment,
it is wholly simulated based on its Lean Cuisine graphical specification file, and it can
give the evaluators a real feel of how the menu-based user interface works.

5.4. Interface Simulation in Its Design Environment

As discussed in section 4.8, Slc can be embedded in the Elc system to provide a user
interface simulation environment in which a user interface can be directly simulated from
its Lean Cuisine visual specification created in a design window of Elc. The details of
interface simulation in the Elc design environment will be discussed in the following
sections.

5.4.1. Change the Mode of Elc

During the design, the designer can easily change the mode of the Elc system from the
design mode to the simulation mode when the precondition for interface simulation has
been satisfied, or change the mode of the Elc system from the simulation mode to the
design mode without precondition. The precondition for interface simulation is that a
Lean Cuisine tree which represents a menu-bar must be selected (so it is the currently
selected Lean Cuisine tree) before selecting the SIMULATION button which will change
the Elc system from the design mode to the simulation mode. If the precondition for
interface simulation has not been satisfied when the SIMULATION button is selected, a
alert box which gives prompt message will be displayed. This alert box is dismissed when
the designer selects the OK button from the alert box, in this case, the mode of the Elc
system is still in design mode. If the precondition for interface simulation has been
satisfied when the SIMULATION button is selected, the mode of the Elc system will be

changed from the design mode to the simulation mode, and a window which simulates
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the part or the whole of the menu interface designed in the Elc window appears. Figure
5.1 shows the design mode and the simulation mode of the Elc system.
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Figure 5.1a. A design window of Elc in design mode.
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Figure 5.1b. A design window of Elc in simulation mode.
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In the simulation mode, the Elc design window which displays the Lean Cuisine graphical
specification of a menu interface provides a graphical reference for menu interface
simulation, but its menu buttons and command buttons are grayed (disabled) except the
command button HELP and the command button GO 70O DESIGN, so the Lean Cuisine
graphical specification displayed in the Elc design window cannot be directly modified by
the designer during simulation. If the design should be modified according to the
simulation result, the menu buttons and command buttons of the Elc system can be
enabled by selecting the GO 70O DESIGN button, the selection of the GO 70O DESIGN
button will unconditionally terminate the simulation procedure, close the simulation
window and reset the design mode of the Elc system.

The command button SIMULATION is often used to change the mode of Elc from the
design mode to the simulation mode and the command button GO 7O DESIGN is used
to change the mode of Elc from the simulation mode to the design mode. To avoid
confusing, the Elc system has been developed to provide the enabled command button
SIMULATION in the design mode and the grayed (disabled) command button
SIMULATION in the simulation mode, so the command button SIMULATION can only
be selected when the Elc system is in the design mode; the command button GO 7O
DESIGN is dynamically created by the Elc system when the Elc system changes its mode
from the design mode to the simulation mode and destroyed by the Elc system when the
command button GO TO DESIGN has been selected and the mode of Elc will be
changed from the simulation mode to the design mode, so the command button GO 70
DESIGN can only be selected when the Elc system is in the simulation mode. By using
these command buttons, the mode of the Elc system can be easily changed and a menu
interface can be easily created in the design-simulation-modification-simulation way in
the Elc graphical editor.

5.4.2. Partial or Whole Simulation of a Menu System

When a menu interface is simulated in its design environment, according to the designer's
decision, it can be partially or wholly simulated from its Lean Cuisine description created
in the Elc editing window. Before selecting the SIMULATION button to use the Slc tool,
a Lean Cuisine tree which describes a menu-bar must be selected from the design
window of Elc. If it is the root of the Lean Cuisine trees, the whole menu system will be
simulated in the simulation window (whole 