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Chapter 1

Introduction

This chapter introduces and motivates the thesieti® 1.1 overviews our
research issue in the context of user interfaceergdion and describes some
advantages of using declarative models to spebiéyuser interface. Section 1.2
presents some important points based on which veptathe agent paradigm to
represent our user interface generation processiofiel.3 describes the context in
which our framework - a methodology, model and catapsoftware - is defined to
generate the user interface but also the code thehinally, Section 1.4 concludes
this introduction proposing a reading map of thenunscript.

1.1Motivations in User Interface Generation

This section introduces the motivations of thieeesh, especially the generation
of user interfaces for database applications amdattivantages and problems in
using declarative models for user interface germarat

1.1.1User Interface Generation for Database Applications

Database systems have always been a major componénisiness-oriented
software applications such as Enterprise Resouarenihg, Material Requirements
Planning, EDI or data warehouse software [Lau0®].b€ productive on a day-to-
day basis and used by the organization’s non-ITf, siaese complex enterprise
packages require all to support and provide efficieuman-computer interaction
(HCI) with the database management systems [Kroe07]

From the point of view of final business actorgdt User Interfaces (Uls) are
today managed through usable and powerful databasle that provide some
support for using and manipulating data in quetfies involve several components
and heterogeneous component types of database asidhbles, table spaces,
indexes, views, queries, keys. By User Interfacehareby refer to as the portion of
an interactive application that handles the intéwac with the end-user. An
interactive application is usually decomposed iticee parts: the Ul, the business
logic (also referred to as the functional core) ahd control that ensures the
connexion between the Ul and the business logic.

As an example of such a complex Ul, just consideinaple order processing
application that an ERP typically has to offersthll requires to access and present
data from different types of structures which residthe sales, accounting, finance,
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manufacturing and productions database moduleORlaBeside of the advantages
which come from the database, the CRUDS pattereai€r Read, Update, Delete,
and Search) also largely contributes in automatigdmeration.

Naturally database interfacing has been a techaicdlhuman interaction issue
since the seventies [Grif01, Eise00]. But, withaypd increasing use of very large
databases and extended business applications siRRaIl, Customer Relationship
Management, E-procurement, Reporting/Drill-DownData Mining systems, these
Uls require dynamic automation and run-time gemnamnato be properly dealt with
on a large-scale.

Ul researchers have richly discussed the capalaility importance of automatic
Ul generation and propose them as the core of Mmased development
environments [Nich05]. There are currently numerand various approaches using
different input materials: designs, patterns, dechures, declarative models... In
this set of techniques, an emerging method is titenaatic Ul generation from
declarative models [Puer94a, Silv00, Schl96, Jan€®B01, Juli04], inspired from
Fourth Generation Languages code generation [JiVO@ractice, these models are
high-level abstractions such as goal or task [B&dh9presentation, dialogue
[Jans93] or interaction, domain [Puer94a, Puer9&jefs on which we will focus in
this research. Examples of such model instantiataoe i* [Wood95], CTT (Concur
Task Tree) [PateOla] or UML. The high-level absimacfeatures provided by these
declarative models typically reduce the semantip batween the software and
organizational concepts. As a matter of fact, tgena model, for instance, uses
modeling constructs that are inspired from the wizgional world (actors, goals,
beliefs, plans, intentions, resources, ...) and djlpicserve well by essence as a
human-computer interaction medium in software dgwelent including database
and Ul applications design. The task model, detilaranodel typically used in Ul
design, records the tasks that potential end-udetse system may need to perform
in their jobs, independently of dealing with a parar computer [Hart92, PateO1a].
Much of the design of an interactive system is gateel on the base of supporting
these tasks.

Another technique related to declarative model$o isse the domain model of
or engineered from the database itself. For ingtarfjobject-)relational domain
models can be effectively used to generate thebdata application interfaces
[Puer94a, Jans93, Grif01, Baar92]. Unfortunatelg thethod only generates static
and inflexible layouts of the Ul and fails to caesi the dynamic features that
operate on the database.

Moreover, automatically generated database apjgitatlls poorly manipulate
data as a combination of simple widgets such &s dsd forms. Typical examples
are forms for search criteria and data detail wikiicancel buttons to validate or
cancel operations and transactions, list for tabdsults with display and
manipulation buttons for adding/editing/deletingising data [Moro06].

Typically, a strong motivation for database applaa Ul generation is the
unexploited potential of relationships between otsie This makes it possible to
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create task-domain mapping rules that are in tuappad onto containers in the Ul

model [Prib07].

Functions + Tasks ¢ Tresentation
O O
A A 4 ] ]
Relationships <> Goaf hierarchies ¢ Dialog units
O O O
h v N4 .
Domain objects + Unit tasks + AIO configurations
O o O
v v '
Attributes + Basic tasks + AIOs
LEGEND

‘ horizontal mapping <> vertical mapping
Figure 1-1: Domain-task-presentation mappings (From [Prib07])

Most of the approaches of the automatic Ul genmmatdf the database
application have used the domain model. A domaidehoepresents a high-level
knowledge of the definitions and relationships ajigen application domain; this
establishes a vocabulary to access the objecta application domain. Typically,
this model should be used in combination with tak&log, or presentation models,
but this is not always the case.

Guidelines
Mapping rules

l

BUELL ———> Code generator

model

Specification
model:

User interface

Figure 1-2: Generic framework for generating the Ul by usiognéin model
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Figure 1-2 depicts the generic framework for adted Ul  generation
based on domain models. The code generator usegiitheline bases and mapping
rules to generate the Ul code based on the domaitehrand the specification
models. The different approaches use the differgmcification models. For
example in Genius [Jans93], it is a dialogue moideT;eallach [Silv00Q], it is a task
model; in Goliath [JuliO4a] it is a presentationdel and in Mecano [Puer94a], it is
an interface model.

1.1.2 Advantages of Declarative Models in Ul Generation

Ul is that subset of a software system that intsraith the user. Since it is used
to communicate between the end-users and the sgstwmomputer, making it a
crucial element, the successfulness of a softwgste depends on, besides the
design of its architecture, the Ul design [MyerBhd-users expect Uls to facilitate
the use, understanding and give the most adegesué.r

The development of a successful interactive sysezires careful design of the
Ul. The Ul affects the acceptance of the applicaby the users. A good Ul design
helps the users to work effectively and quicklyeTst point is to take a step-wise
approach by using a methodological Ul derivationcpss based on the available
resources such as task, domain, data, user, paésendialog models. This process
is conducted by designing the Ul manually or seutematically [Eise02] or
automatically [Boda95a]. In this thesis, we willpgpach the semi-automatic Ul
generation.

Numerous research works in the area of automatigadieration have focused
mainly on Ul generated from the declarative moddlkey offer the following
advantages [Pinh00] in regard to both the autombficand code application
generations:

« Higher-level ofabstraction: They can provide a more abstract gesnr of
the Ul than the ones provided by other Ul develomneols.

e Systematiprocedure: They facilitate designing and implermenthe Ul in
a systematic way since they offer capabilities sashmodeling Uls using
different levels of abstraction, incrementally nitfig the models, and re-
using Ul specifications.

» Softwaresupport: They provide the infrastructure requiredautomate
tasks related to the Ul design and implementatiocgsses.

An important point in using declarative models éoeating the Ul is that these
models are typically described at a conceptual l&e that, the Ul created based on
these models can be implemented in different waystre different delivery
platforms.
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1.1.3 Advantages and Problems of the User Interface Genation

Potential benefits of automatic Ul generation fesidners and developers are:

* Low-cost developmenit reduces work for designer in designing and for
developer in implementing the UI.

« Rapid implementatian the automatic generation helps the
designer/developer to implement the system quittier by hand.

- Effective developmenThe code generated is consistent by construction.
Fewer flaws and defects subsist in the applicaitioprinciple grror-free
quality).

The model-based approach has been the target o€ swoajor criticisms

[Myer00, Puer96, Szek96]. The main shortcomingsroomly cited are:

(1) High threshold the designers need to learn a new language iar dm
express the specifications of the UI.

(2) Low ceiling each model-based system has strict limitationtgherkind of
Uls they can produce and the generated Uls arerggnaot as good as those that
could be created with conventional techniques.

(3) Wide walls model-based systems do not support a wide rahgessible
explorations [Shne06].

A
0 X 0.
o 2 S .
= 3 8 A Ceiling
—] —
2 c L
© K=l %)
[ b <
© 5 O
(9] 4]
O c c < 2
S g a Ta
[ o = © g
2 & § £
o o 3 53
o\ D ,«% = C
o b =t 7]
re} 4 25
[ [ORN]
s
E o
(0]
EE
A 4
\r Threshold

Resources (time, experience,...)
Figure 1-3: Capabilities vs. resources for producing a userface

Typically, Uls produced in interface builders amEk require some significant
amount of resources (in terms of time, experierstdls), probably more than
model-based IDEs, but their coverage is maximurgufe 1-3): they exhibit a low
threshold and a high ceiling. In contrast, firshgeation model-based IDEs suffered
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from a high threshold and a low ceiling: they fatadesigners and developers to
learn a new language (the one of the models), hat dhis effort is made, the
resources required to produce the Ul are low. Hamneanly some limited Uls could
be obtained. The second generation of model-bafdes lhas expanded this
coverage and the trend is now pursued by MDA-caamplsoftwares. It is worth to
notice that such softwares are assumed to reqgseedffort for learning the models
since these models are already part of generaloparpevelopment methods like
UML. We therefore hope that the coverage of suckstwill progressively reach the
coverage of traditional tools, but always with lessources involved.

Automatic Ul generation using declarative modelsasa new research domain.
Such models like the task, user, presentation onaito models can be used to
describe the aspects or viewpoints of the Uls ddgplication. For instance, existing
works such as Tood [Mahf05] use the task and usetets to generate the Ul. The
Ul is automatically generated from the domain amseé @ase models [Rosa07],
Mecano [Puer94a, Puer96] and from combining taskpain and presentation
models [Brid05]. Trident [Boda95a] and Fuse [Lonc@®mbine the task and
domain models.

Viewing from over the current generated Ul systewss can state that automatic
generation is very large and complex; the artifastsd in Ul generation come from
the different resources such as the data, domaék, dnd user models [Boda95a],
data schema [Baja06]. Therefore, beside the abogatiomed advantages, the
following issues can also be advanced:

« Lack of mapping ruleshow to relate the different models with each otlire
this thesis, they are task model and domain maahel;how to translate these
models in order to support the design process QPtib

« Lack of flexibility the Ul generation systems do not allow the dgy@ldo
change the Ul before it is generated. The systeyaldrshow the developer
the Ul which will be automatically generated; thtee developer could
change it according to his/her expectations.

« Lack of attention to the usethe automatic generated Ul is not user-centered.
The user’'s preference is not considered in thenaatic generation. The
user’s preference is reflected in the user’s chiaristics. These characteris-
tics are the skill, experience, professional knalgk of the users.

» Lack of adaptabilityalmost no Uls generated automatically can bepiede
immediately so they have to be modified by the tigver in order to meet
the requirements of the application.

» Lack of techniques for combining modede far, the results produced from
the combination of the task and domain models ingeheration are not
considered rich enough to meet all of the requirgmeetermining the Ul
[Schl96]. Further research works should be donadequately exploit the
advantages of combining these task and domain modlbe same statement
can be made for combining other models.
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* Lack of resource managemethe current Ul generation systems do not
support the developers in the process managementraceability of their
resources. When the content of one of the modedsmigds then the Uls
generated from this model should change to matehndgw version of the
model; likewise, when the Ul changes then the n®dekd to generate this
Ul should also integrate these changes.

e Lack of techniques for generating application cod®st of the research
works have focused on the Ul generation only; theye forgotten the
importance of application code generation. To makeaccurate application
at a low cost the developers expect that both thand the application code
are automatically generated as generic functions dftabase application
that are not belonging to the domain model.

1.2The Agent Paradigm

Our framework will be based on and supported byladative technologies we
have pointed out above. More specifically, we vdllopt the agent paradigm
(models, language, methods, ...), that we introduelevb to analyze task, domain
and user models and generate the database Ulisptoifs and application code.

An agent is a declarative entity defined as “a cot@psystem, situated in some
environment that is capable of flexible autonomitiam in order to meet its design
objective” [Wo0d95, Wood96, Zamb00]. The declamthature of an agent can be
characterized by its autonomy, flexibility and aiteness [Wood96]. The autonomy
of agents reflects their social and decentralizatline. The flexible way in which
agents operate to accomplish their goals is pdatigusuited to these business
systems which are normally expected to functioannever-changing environment.
The situateness implicitly supposes that agentaatreseful as stand-alone entities.
As a matter of fact, they are most of the time citrred in a multi-agent system
(MAS).

The global behavior of a MAS derives from the iatdion between the
constituent agents: they cooperate, coordinate egiotiate with one another. A
multi-agent system is then considered as a soofetyitonomous, collaborative, and
goal-driven software components, the agents, likeaal organization. The agents
intelligently and automatically behave and collaterto fulfill the objectives of a
declarative structure [Zamb00]. Each role that gené has the ability to play has a
well-defined set of responsibilities (goals) acleiévby means of an agent's own
abilities, as well as its interaction capabilities.

This sociality of MAS is well adapted for descriginhe complexity of the
organization of software systems. It permits a dvethatch between system
architectures and its organizational operationalrenment, it reflects the social and
decentralized nature of modern systems [BMOOQL1] #vat operated by different
stakeholders [Parunuak97], it is suited to the dyinand unpredictable situations in
which a software is now expected to run [ZJOWOGVEAQ].



Automatic User Interface Generation from Combininbask, User and Domain
models

In addition to properties discussed above, muléragystems also naturally fit
services oriented architectures. Each model cameimhicbe managed through one
agent that can provide the model itself and the S@th its capabilities. Since,
numerous models can be possible; factorization maasible by multi-agent
architecture is as important and useful as modulari

1.3Automatic User Interface Generation from Combining
Task, User and Domain models

The information used to build the Ul usually confiesn a large and complex
context in which the users work to complete thasks. This context includes the
users’ characteristics (user model), their curr@mmain of application (domain
model often linked in the database world to thexdatconceptual model), the tasks
they commonly perform (task model), the platforraytiwork on (platform model),
the device they are currently using (device modell so on. This context is not
fixed for all the Ul generating processes sincedépends on the different
approaches. For example, in Trident [Boda95a] thésWdletermined from the task
and application models, in Mecano [Puer94a, Puetg6]Jl is determined from the
sole domain model.

The task, domain and user models are three impont@dels based on which
the Ul is easily built for the following reasons:

e« The task model describes the abstract user interfatie task model
expresses how an end-user may want to interactavgtisstem in order to
reach a given goal. This expression is intendetetondependent of any
particular implementation or technology. This exmdawhy a same set of
models could initiate several different Uls [Wil§96

« The domain model provides the special features etkéar creating a Ul
and specifying the methods for performing the genepplication
functions These features are the attributes of the objaai®main model,
the relationships between these objects and ppotyf the generic
application functions. The domain model is not useparately from other
models to generate the Ul, it is combined to tis& tpresentation, dialogue
models.

*  The user model supports the creation of user iatex$ which consider the
preferences of the uselske the domain model, the user model is not used
separately from other models to generate the WUlesihere are various
aspects of the Uls that are adapted accordingeiornedels.

Such models are related to one another. For instehe relationship between
the task and domain models can be described ligectinnections between the
domain objects and the tasks themselves that etfablaser to perform operations
on the domain objects. These operations are cgeatieleting, modifying or
selecting the objects in domain model. The Ul isc#fied by selecting the elements
of a domain model for the relevant tasks. The tasis also be used to filter the
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domain model elements that are further needechiokl design [Brib05]. The task
model fragments, this time at operational leveh ba produced through a mapping
between the tasks and the domain objects and dlteibutes [Brid07]. Such tasks
are: “Add new object”, “Edit object attributes”, lete object”, “Display object
attributes” or “Search object”.

Considering these three models, three main appesadch automatic Ul
generation can be identified: the first one basedhe task models, the second one
based on the domain model such as Janus [Balz@blMacano [Puer94a, Puer96],
and the last one based on the task and domain sxedeh as Trident [Boda95a],
Fuse [Lonc96], Teallach [Grif01]. The task modepagach performs better since
the Ul generated can depict the restructured antrerized information obtained
from multiple objects. The domain model approacm caly produce simple
interfaces; typically each Ul is represented by objct domain. The last approach,
the generation from task and domain models, previdéh better result but
currently is not well defined nor investigated lie titerature.

Hence, combining models is an important conceptlirgeneration since the
different models describe different aspects of thheFor example, a Ul generated
from a task model is expected to be a means byhatfie user can communicate
with the system to accomplish his/her task. Thegierated from a user model is
expected to support the users based on their dbasdics. The Ul generated from
several different models carry many needed aspéetdUl. Various research works
have focused on such models to generate Uls. Btarioe, Tood [Mahf05] uses the
task and user models to generate the Ul. Mecaner@a, Puer96] generates Ul
based on the domain model. Trident [8] or Fuse f96&h combines the task and
domain models while Supple [Gajo04] combines ther asid device models.

Unfortunately, the researchers who have focusetherJl generation have not
investigated and studied the implementation andecgeneration of application
tasks, especially, those generic ones related ttngd inserting, deleting and
searching data. This research focuses on the guieation generation for the tasks
of a data-oriented application coming from thedaling main points:

e The data manipulation demand is very high. It [geaged regularly in most
database applications especially for common tagkk as editing, inserting,
deleting and searching data.

e These functions are easily performed through réngidata from the user,
displaying data to the user, executing the diffe@QL select, insert, update
and delete queries for the different user requirgme

e The main difference in our work from other onestascontribute to the
mapping rules for creating the Ul objects and tmioime of the three task,
domain and user models to generate the code féorpeng both the Ul and
the generic functions of a database applicatioh ssscDisplay(), AddNew(),
Update(), Delete(), Search(), Review().

The different models serve a specific purpose fi¢réint stages of our design
process. The task model expresses the knowledgeredgor procedures used to
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perform some task; the user model describes the afsiéities and beliefs; the
domain model defines the aspects of the applicatioich can be adapted or which
are otherwise required for running the system. &loge, the task model is used to
specify a generic Ul; the domain model is usedocHy the control of this Ul (See
Table 4-3) — at this level the Ul is specified innm details; the user model is used to
influence the design and to select among altereadlutions in the design space.

This research is aimed at defining and using a metidological framework
for developing a user interface to database appliti@n from the task model,
domain model and user model combined together. Thisamework consists
of:
* A meta-model that governs the semantics of the, tdsknain and use
models;

» A methodological process that provide the Ul desifgeveloper with
guidance in order to create the Uls systematidadiyn task, domain and
user models;

» A software supporting the methodological proces®rter to generate
both the user interface code and the applicatiate dbat performs thq
basic functions of the database application.

Our framework is based on and supported by dedlarégchnologies we have
pointed out above. More specifically, we will addhe agent paradigm (models,
language, methods, ...) to analyze task, user andhidomodels and generate the
database Ul specifications and application code.

The purpose of this framework is to offer a low tcoshort time-to-
implementation and efficient development environtrfeom the business user side.
Indeed, the objective is not to provide a tool goofessional database management
development staff but to support non-IT end-usehtle generation of database
applications they do not need to program anymore.

1.4Reading map

The rest of this thesis is organized as followsstfiin Chapter 2, we overview
the related work in the field of automatic Ul geat@n. The task, domain, user
models are presented in Chapter 3; the Ul objeudstlae SKwyRL framework are
also discussed in this Chapter. Then, we presenChapter 4 the DB-USE
architecture, DB-USE methodology and DB-USE prodegausing the SKwyRL
framework. We explain the roles of the main agehtg participate in DB-USE
process such as the Model editor, the Ul builde¥,dode generator for both the Ul
and application. In Chapter 5, we present the tioal we developed for the purpose
of this thesis. The case study is discussed in &h#&p it describes how the process
works through some concrete examples. Finally, wep@se some conclusions and
proposals for future plans complete the thesis. fdading map is depicted as
follows
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Chapter 2
State of the Art

The purpose of this chapter is to review the achges and disadvantages in the
user interface generation and describe currentoappes for generating the user
interface from the declarative models. Sectionf@dvides an overview of the user
interface development environments. Section 2.2riess the different approaches
to model-based user interface development envirohniehe approaches in the
same domain are summarized in Section 2.3. Segtibiists the advantages that
DB-USE wants to learn from current approaches &ednew technique that DB-
USE will do to improve the Ul generation process.

2.1 Model-based User Interface Development Environ-
ments — An Overview

There have been many works in the field of automnasier interface generation
such as the user interface generation from scesf@jda scenario is a description
of a set of users, a work context, and a set &bttt end-users perform or want to
perform); the Ul generation based on patterns [B6idRade07] (a pattern is used to
describe a Ul component including problem, contsaliition and force). This thesis
focuses on user interface generation from declaeratiodels. As already pointed
out, the declarative human-based characteristick properties offered by agent
models typically allow to fill the semantic disceery between the software/data-
base side and the organizational/human Ul side ¢34y Specially, declarative
user interface models facilitate the creation ofhods to design and implement the
Ul in a systematic way and also provide the inftagtire required to automate the
task related to the Ul design and implement proc®¥ge will present in the
following a state-of-the-art Ul generation from teative models, and we will
overview in further details task, domain and usedaets.

Model-based user interface developm@B-UIDE) is a research area where
declarative models are receiving increased intefBEsis emerging technology is
centered around the premise that a declarativefacte model can be used as a basis
for building interface development environments.eTmodel-based approach
facilitates the automation of the design and im@etation of user interfaces
[Pinh00]. The process of developing a user interfath a MB-UIDE is an iterative
process of developing and refining a set of detilaramodels using graphical
editing tools or high-level specification language®nce these models are
developed, they are transformed according to enginoules and style guidelines
into an interface specification. This specificatisnsubsequently linked with the
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underlying application code to generate a runnipglieation. This process is
depicted in Figure 2-1.

Figure 2-1 illustrates the main components in thedbl-Based Interface
Development Environment (MB-IDE). In this proced® user interface developers
have to specify the declarative models as task, psesentation, domain models by
using the modeling tools. User interface code i®matically generated based on
these declarative models through automatic geeratiols. These tools require
additional design knowledge including notably gliitks and transformation rules.
Finally, the application code created by the apgpion developer and the executable
Ul code are built by compiler to deliver the dediegpplication.

Declarative models \
Task, domain,
user models
Modeling toos J
C Presentation Dialogue
Ul developer R - )

Knowledge bases

Design knowledge Automatic generation J

Guidelines tools
Rules
i User
Applica-
. tic?r? code interface
icati code
Application
developer
Compiler/Linker J —

Delivered application

Figure 2-1: Automatic Ul Generation Process Based On Dedler&lodels

From the developer’'s viewpoint, the main componearita MB-UIDE are the
declarative models, which store the conceptual esgprtation of the interface.
During recent years, these models were developédnaneased both in number and
quality specially, the developer focuses on the alamtask, user, dialog and
presentation models. In model-based user interfizeelopment, these models are
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applied to describe different aspects of the ustarface or to provide a varying
level of detail. The relations between the modelgresenting deferent levels of
abstractions are established through transformgti@mconcept which is also applied
in software engineering with the Model Driven Artgltiture (MDA).

The Task and domain models are widely used in thenaatic user interface

generation such as Tridefit2], Mecano [Ange94], Teallach [Grif01], Goliath
[Juli04a].During the last few years, research otomatic user interface generation
has dramatically increased, specially dedicateduratoon declarative models.
Approaches and frameworks like Trident [12], Genjdians93], Janus [Balz95],
Mecano [Ange94], typically based on such high austons models will be detailed
in the following. Declarative models aim at destripUls in order to provide MB-

IDE in which developers can design and implememnthin an efficient and

systematic way, more easily than when using trawkti Ul development tools.

2.2 Approaches to Automatic User Interface Generation

To highlight the importance and need of declarativedels in automatic Ul
generation, we present some major processes ofintsefiace generation based on
such models. These processes differ from each @ilterms of input information,
mostly represented by declarative models and frohiclw the generation is
effectively done, the generation target, and theegation process itself. In this
section, besides discussing the different techsiqiehe different approaches, we
also discuss the different models used in theseoappes because the models are
differently created then the user interfaces gdedréased on these models are
different.

2.2.1Teallach System: A Tool for Generating the User Irgrface

Teallach [Grif01, Barc99, Silv00, Barc00, Grifo8hkloped a model-based user
interface development environment for use with cbgtabases. It seeks to perfect
two issues that researchers believe to be impottarthe wider acceptance and
uptake of MB-UIDEs. These two issues are the rblsuch systems within existing
software environments and the generation of exbtarograms from declarative
models.

2.2.1.1 Teallach’'s Models

Teallach uses the task, domain and presentatiorels\dd generate the user
interfaces. Each model in Teallach defines a vidvthe information required to
generate the interface to a particular applicatiime domain model describes the
underlying application in terms of its data and ragien; the task model describes
what the user can do with the user interface imseof its dynamic and information
processing requirements; and the presentation miodetates how the resulting
interface will appear. These models are in intdmsiationships with each other.
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a Domain Model

Unlike in other MB-UIDEs, the domain model of Teah is automatically
created from the information contained in an obgteibase schema. Additionally,
the domain model’'s main ability is to automaticadlyalyze the API (Application
Programming Interface) of non-database class [#sam@nd to transmit this
information to Teallach’'s other models. This modaovides a degree of
sophistication that is not found in other modeldshsystems. In Teallach, the
domain model represents both the objects in thabdae, and the functionality of
the underlying application. These functionalitie® aised by the interface and
provide support for interaction with the databaBeere are four different kinds of
information represented in Teallach’s domain modiéky are persistent data type,
generic database functionality, auxiliary definigsoand class libraries.

* Persistent data type is a kind of information whishcreated from the
information contained in the database schema.

* Generic database functionality is the managementhef queries, the
transactions and connections.

e Auxiliary definitions that have been implementedr fase with the
application. For instance, the classes not definethe database can be
defined as this type.

e Class libraries are used as the bridge betweedaka API and the data
type of application. For instance, the integer lé&s used to validate
numeric data.

b Task Model

The task model of Teallach is a goal-oriented taigkarchy in which the leaf
tasks represent the action tasks or interactiokstabe non-leaf tasks are named
composite tasks. The relationships between the ositgp tasks are named
sequential, order-independent, optional, repeatablecurrent, choice, conditional.

* An action task is one that corresponds to someléwel activity carried
out by the application and user. An action task rbayautomatic or
manual. An automatic action task is performed befire scene along with
the interface; a manual action task is performedhgyuser’s interaction
with the system.

* An interaction task is a task which involves somaf of interaction with
the user.

The Teallach’s task model allows the passing afrim&tion into or out of tasks
and the declaration of state associated with taikis. is an important improvement
of Teallach’s task model. Generally, the other tagidels do not support this step.
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¢ Presentation Model

Teallach’s presentation model describes the prasentof the designed user
interface. There are two levels of presentation, ahstract presentation model and
concrete presentation model.

The Abstract presentation moddéscribes the user interface in terms of a
number of abstract categories which are used foattions of the users. There are
seven categories; they are named FreeContainertai@en (for grouping the
interface elements), Inputter (for entering daRigplay (for showing da)a Editor
(for modifying data), Chooser (for choosing amoxisting data), and Actionltem
(for invoking behavior).

The Concrete presentation moaeintains the user interface components which
are used to construct the user interface. Thes@aoemts are designated concrete
interaction objects. Typically, they are the buttomenus, dialogs and so on.
Teallach uses the Java Swing widget set becays®vtdes a rich set of widgets,
has an efficient underlying implementation, and kapluggable look-and-feel,
facilitating the construction of different style§interface. Teallach also allows the
use of other, custom widgets when building inteefacdhis is essential if we are not
to rule out domain-specific widgets that particusers may require. The concrete
presentation model is represented in two ways: a @Bw, which may be
considered a “preview” of part of the user-inteefdmeing constructed; and a tree
view, which represents the interface as a hieraathstructure, based on the
containment hierarchy of its components.

d Interactions between Models

There are two ways to associate the elements bettheedifferent models; they
are namedinking andderiving. In linking, an association is made between existing
elements in two models. Ideriving, elements in one model are constructed based
on components in another.

There are four associations between the three ddkalnodels that are the
associations created: between domain and task sjogetsentation and task
models, task and presentation models and, finatgsentation and domain models.

Linking an action task node of task model to anrafien of domain model is to
specify that the linked operation is performed Hig tinked task.

Linking a node of the presentation model to a notithe task model specifies
that aninstanceof the presentation object is to be used to perftirentask in the
generated interface. In other words, the interfgeaerated based on the linked
presentation node is the representation of thefawe of the linked task.

Linking a task node to a node of the presentatiodehis to derive generation of
an abstract interaction object for the linked taske. The abstract interaction object
is determined based on the following rules:
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» If the task node is a non-leaf task then a Freedioet abstract interaction
object is generated.

» |If the task node is an interaction task then antdedabstract interaction
object is generated.

» |If the task node is an action task then an ActEmltabstract interaction
object is generated.

Linking a node of the domain model to a node ofgresentation model has two
purposes:

» Determining the domain’s operations invoked byghesentation’ nodes.

* Generating the presentation node if the linked nofieghe presentation
model is a non-leaf node.

2.2.1.2 Architecture

Figure 2-2 presents an overview of Teallach’'s aechire. The central
component of this architecture is the Teallach Mdgkere which provides some
easy means for creating and maintaining the agsmsabetween the models. Two
main aims of the Model Store are to maintain timdicreated by the developer
between related model components; to provide thpping rules which are used
when automatically generating model fragment in oreael from the information
captured in another.

/ Model Store \

Task Model
<> Presentation Code
$% Model Generator
Ul developer Domain Model

N J

User
" —— interface
apping Rules
Database EEe
Java API or
Applicatior

Figure 2-2: The Teallach Architecture
The domain model is created based on a concretwbakd and the Java’s

libraries. The task model and the presentation in@de created by the Ul
developer. The system generates the mapping rutematically.
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Once models have been constructed and their comfmoaee linked by the Ul
developer, the user interface code is automaticmlyerated by the code generator.
During the process of code generation the linksveeh the components of the
Teallach’s models are verified. And the calls todenying domain data and
functionality are resolved.

2.2.1.3 Teallach’s Tool

Teallach has been developed to facilitate the desighe user interfaces for pre-
existing object oriented database. The Teallach[Barc99] was created to help the
Ul developer construct and link the Teallach modé&lse interactions between the
models are described by steps (D), (E) and (Fylésafs.

£ ': wegards  Wwdows  Helo
De B B 207 a9 L [= =l
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e Actons  Opmoms
T gl

Logmn to Libesry

@ [ mtertaces
o (753 tecetaMvesa: s
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© [0 vhzal wn
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9

© (@) Atrttes.

Figure 2-3: Teallach tool and its models (From [Barc99])

The Teallach tool has been implemented using Jdvar®l the swing GUI tool-
set. The user interface code generated is alsoeimgrited in Java on all major
hardware and OS platforms. The Teallach tool prewithree separate editors for
three Teallach models. These models exchange fbemation with each other
through drag-and-drop or cut-and-paste manipulation

The domain model edités used for three purposes:

* Automatic generation of the components of the apfibn based on the
schema of the underlying database.
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e Creation of the data types and the data structwtésh are not database
classes, but which provide the functionality regdirfor the runtime
operation of the application.

» Creation of the standard queries that can be ruer ¢he underlying
database.

The presentation model editisrused to create the abstract user interfacehend
concrete user interface.

The task model editds used to construct and edit the hierarchicat tasdel.
The task model is structured by the composite &edl¢af tasks (interaction and
action tasks). These tasks will be linked to congm® of the domain and
presentation models by the Ul developer.

Once the Ul developer has made the links betweemtbdels, the Ul code is
automatically generated.

2.2.2 Goliath: A Model-and-Agent Based Environment to Degn
User Interfaces

Goliath [JuliO4a, Juli04b] uses a set of declamtivodels including application,
dialogue, and presentation models to generateuteable interfaces. To facilitate
the use of models, the design and run-time enviesinhas to rely explicitly on
expert's knowledge. This knowledge is encapsul@teal multi-agent system based
on the eco-resolution algorithm to build the models

2.2.2.1 Goliath’s models
The models used in Goliath are application, diadogund presentation models.

 The application model is used to describe appbeatiata, functions,
notifications, re-conditions, and consequenceshefftinction-calls on the
application. An application data term is the outpfia function call or a
part of this output if the function has several patameters.

* An application modelis structured as follows:

(application-model) : := functional-core (functional-core-name) (
types : (type-decl-list)
data-functions : (function-decl-list)
side-effects-functions : (function-decl-list)
pre-conditions : (preconditions-decl-list)
notifications : {(function-decl-list)
subscribe-notifications : (subscribe-list) )
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e The Dialogue model is used to describe user irterfa terms of abstract
containers and the relationship between these io@nga An abstract
container is represented by the views (What apipdicadata is displayed)
and the operations (what functions may be triggéesedsers).

An abstract containeris structured as follows:

(abstract-container) ::= (ac-name) use ( none | (presentation-elemen
t-name) ) (
variables = (localvar-decl-list) ,
signals = (signal-decl-list) ,
views = (view-list) ,
operations = (operation-list) )

A View is structured as follows:

(view) ::= (view-name) (
update = ( (condition-decl-list) ) ,
pdata = (presentation-data) ,
data-term = (application-data) ,
default-value = ((data-value) | none) ,
error-signals = ( (fire-signal-list) ) )

* The presentation model is used to describe thevenatiterface elements
provided by toolkits and presentation elementsngefiby the developer.
Each presentation element has an interface pastdefined by actions and
data. An example of presentation element is remites as following:

contact:Contact (
status = EDIT, actions = ( contactModified ),
data-content = (
civility:Civility (
status = DISPLAY, actions = ( ),
data-content = none)
firstName:String (
status = DISPLAY, actions
data-content = none)
lastName:String (
status = DISPLAY, actions
data-content = none)
birthDate:Date (
status = EDIT, actions = ( ),
data-content = ( ... ) ) ))

),

@F

2.2.2.2 Goliath and its agents
The multi-agent system is applied in Goliath beeaits has dynamic and

adaptive abilities. An agent has autonomy (basedtown state, an agent can
make the decisions), reactivity (once an agenbleas situated in an environment, it
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is able to perceive this environment, to respondctianges that occur in this
environment), and social ability (the agents cdaract with each other by sending
the message to achieve their goals) properties.

Functional Core Application Dialogue Presentation Toolkit
Agent Agent Agent | | Agent | Agent
TkActionFired
ActionFired (button_342, actionPerformed)
A CallFunction (mainWindow, add)
FC_CallFunction
= (addContact, <parameters>)

FC_CallFunctionAck

> CallFunctionAck

»
(callld_21, <output>)

CallFunction
FC_CallFunction "
- (getContactList, <parameters>)
>
B FC_CallFunctionAck CallFunctionAck
»
(callld_22, <output>) SetData
(mainWindow, conchList, <value>)
TkSetData

(list_18, items, <value>)

Figure 2-4: The five agents of Goliath (From [JuliO4a])

Goliath has five different agents includingunctional core Application,
Dialogue, Presentatiorand Toolkit Each agent is composed of an extensible set of
services which allows running an interface from thedels These agents communicate
by sending the messages each others. See Figure 2-4

The Function Coreand theToolkit agents are wrapper agents. They encapsulate
the functional core and the toolkit. These agemtsside a standard interface to
communicate with the functional core and the tdpliindependently of their
implementation language. TiRresentatioragent interacts with thEoolkit agent to
generate automatically the physical presentatiome Application agent allows
providing higher level functions from the functibneore. TheDialogue agent
manages the relationships between the presentatibthe application.

2.2.2.3 Goliath’s Tool
The tool of Goliath has been implemented in CalMRIA]. Each agent of

Goliath is described through a module. The develaperacts with these agents
through a user interface (See Figure 2-5).
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0 Design Envir t
File Components Project
Pending modifications: Agents:
New agent Counter_raz Action_close_11 ~|
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@ SubElement_value_getValue_10 : SubElement search_container
©- PresentationElement_MainContainer_Screel ' | select_data_subElement
@ PData_value_getvalue_8 : PData
LE ©- PresentationElement_MainContainer_Sc
|l [Md functions pralalue_getValue_3 : View
Functions with sit« Functions which return appliq
| Counterincr alue from Counter.getYalue

Counterraz
Counter:setValue

|| Ada. || Remove

Add ’W

I Close
I
|

Figure 2-5: Goliath’s design tool (From [JuliO4b])

Two main objectives of Goliath tool are to generatérst interface from few
details automatically and to improve easily thepmsed interface. Specially, the
tool allows introducing new agents in order to mesge to changes during the
interface generation process. Moreover it allowsgter to select an agent, to view
its activities and selected techniques, and to @hédtis decisions.

2.2.3Wold: A Mixed-Initiative Wizard for Producing Multi -
Platform User Interfaces

Wold [Stoc04a, Stoc04b] comes fromdizard fOr Leveraging thdevelopment
of multi-platform user interfaces. Wold producesning user interfaces for the
database applications by using a wizard applicafidre main goal of Wold is to
speed up the development life cycle. The userfates are structured and described
according to characteristics that remain independecomputing platforms.

2.2.3.1 Wold's Domain Model

The domain model of Wold is built based on the iinfation gathered from the
schema of a database which is specified by theydesilts components consist of
the tables, the relationships between these tathlesjews, the procedures, and also
the queries. These components are presented émthaser in a graphical way. This
model is used to specify the control type and btild OpenRst and CloseRst
procedures. OpenRst procedure is used to retriega fflom the database and
CloseRst procedure is used to update or add neanimtatthe database.
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2.2.3.2 Architecture

The main purpose of Wold is that the generated wppsrts the end-user to
easily communicate with the database and the gemkecade should be simple and
clear. In that sense, the architecture takes iotount both the points of view of the
end-user and the developer.

The Ul generation is performed in seven stepshénfirst step, the designer has
to specify the database he/she wants to interabt Wince the designer has chosen
the data source, the control types are createdl@s¢he data type and foreign key
attributes in the second step. Then the propedfigbese controls are specified in
the third step; these properties are its nameyaise, and its labelOpenRst
procedure is also built in this step. The purpdsthe fourth step is to get the data
list for the combo box and the list box which wemeated in the second step.
CloseRsiprocedure is built in the fifth step. The dimensimd the position of the
controls are specified in the sixth step. Finalhg final user interface is generated in

the seventh step.
Opening )
Mode

e~ omConsult
<=7 7ID s
T > OpenRst

omNew

Date

Display the form with  Display the form with ini
underlying data tialized|controls

J

0%

—1

Opening
Mode
’—

e~ omConsult >
<Dz <Valuge>> (" CloseRst
Update Add | omNew
the data new data

Date Date Y,

Figure 2-6: The application code generation (From [Stoc04a])



State of the Art

Figure 2-6 depicts the application code generaporcess. Once, the Ul has
been specified, Wold system will generate the apfittn code for displaying the
data, updating the data, and creating new data. fifoicess starts with determining
the Opening Modend ends with updating or creating the data.

2.2.3.3 Wold Tool

Wold tool [Stoc04b] has been developed in VisuaiBdt produces the Ul code
for both the Microsoft Visual Basic and the eMbedldésual Basic platforms. Its
goal is to generate a ready-to-run user interface.
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Flehesh 09 New Fist ‘
Cancel Previous ’ Nest ‘

Figure 2-7: Domain model contained in database structure (F&iot04b])

Wold tool is a wizard tool considered to performese following steps:

e Step 1: The designer starts with selecting the bda& he/she wants to
interact with.

e Step 2: In this step, he/she has to select the stateces including the
tables, the views, the procedures, and the quaBased on the attributes of
the fields in the selected data source (such &s tgpe, foreign key), the
control types are specified (Figure 2-7).

» Step 3: TheOpenRsprocedure is built to determine the position ofitcol
in the form, control label, the value of the cohtktien the form is opened.
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* Step 4: Once the combo-box/list-box has been aledte designer builds
the datasource (a list of values) for this control.

e Step 5: To save the change of the da@laseRsprocedure is built in this
step based on the attributes of field such as:mendinked control, data
type, an assigned value.

e Step 6: The size of the controls is specified bagethe length attribute of
linked field in this step.

e Step 7: The controls are lay-outed based the neatieato align and size
the controls between themselves. &ma is a portion of the form which
presents a set of related information’s to thelfirser.

2.2.4 Oracle JDeveloper and MS Access

A common property of Integrated Development Enuinent (IDES), such as
Oracle JDeveloper and Microsoft Access, is theirthlls are generated based on
only the domain model and in an inflexible way: albu only one possible Ul is
generated since only one model is used and onébpm$syout is produced for the
same reasons. In addition, the layout of the geeedl is often simplistic: all fields
are arranged one after another without any taskideration. In order to create the
Uls, the designer has to select the objects abatés from a domain model which
relate to these Uls.

The advantage of MS Access is that it is easy & e designer generates Ul
by using form wizards. Its disadvantage is that tlesigner cannot select the
function that the generated Ul will perform suchaafunction for modifying data,
displaying data, deleting data or searching datually, the generated Ul aims to
display, insert and modify data but not searchedeté or even any other function. If
she wants to implement these two functions, shedoahwith a builder wizard once
the Ul has been generated. Therefore, MS Accessyalgenerates the same Ul for
the same selected attributes while the requiredtims are different.

With Oracle JDeveloper, the designer can work way more flexible, he/she
can create Uls by dragging the domain attributesdaopping them into a form. To
create Uls, firstly, the developer has to makermeation to a database to create the
domain model called EJB diagram (in Oracle JDewelppVith Oracle JDeveloper,
the developer can choose a database type suctaale My SQL, and SQL Server.
Moreover, Uls that are created are richer; besfdeaating the general controls, it
also allows create the graph controls. Like in noiker applications, Uls in Oracle
JDeveloper are created based on the domain atisitsgiected by developer. Unlike
MS Access, Oracle JDeveloper allows the developesetect the function that the
generated Ul will perform. It typically aims to ate Ul for Web service-oriented
applications in Java.
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To give the developer more choices in their workamyironment, DB-USE
allows him/her to select not only the database tgpe also the programming
language. Its purpose is to create Uls that caexbeuted in the different platforms.

Beside of using the domain model, in DB-USE, ttsk tand user models are also
used to create Ul. So DB-USE does not only condider to create Ul but also the
goal that this Ul achieves and the preferencesadriid-users.

 The task model used to create Ul shows that thisaldis to a goal.
Moreover, the task model helps the developer utaieisthe purpose of
creating Ul through task name, task type, actiak ta. so that he/she can
select the domain’s attribute easily and correctly.

* The user model is used to create Ul that consitierpreference of the end-
users; so DB-USE generates the different Uls ffferdint end-users.

With DB-USE, the Ul is generated based on not dingydomain model but also
the task and user models.

2.3 Model-Based User Interface Development Environ-
ment: A Survey

MB-UIDEs may be compared with respect to the nungvet expressiveness of
their models and the design tools that construdt make use of the model-based
information.

2.3.1 Declarative Models: Generic Definitions

Different MB-UIDEs use different set of models tengrate the user interface.
These models are differently described in the weri®B-UIDEs. For example:
Teallach’s domain model describes both databasenanellatabase objects while
Trident's domain model describes the domain’s dbjelo this Section, we present
some generic models used by the MB-UIDEs discusséus thesis. Table 2-1 will
help the reader understand the definitions of tleeladtative models. These
definitions are generic and can be modified byedéht concrete environments in
which these models are used.

Model Description

The presentation model is used to describe howirtesface

. appears to the user. This model allows the designepecify
Presentation  poth static interface components such as buttoxt, field,
menu and dynamic interface components. Dynamiafade

components are used to display the application+uig@ data;

-27 -



Model-Based User Interface Development EnvironmeAtSurvey

they can be changed during run-time.

Task model is used to describe the tasks that Hee can
perform with a system in order to achieve the goalsask is
described by a goal as well as actions needed Hie\ax this
goal. Goals in a task model specify when a desstate is
reached; methods describe procedures to achieveoad g
Especially, in agent orientation, goals are spedifaccording
to model and design the autonomous nature and gingea
features of agents.

Task

Domain model is used to describe the informationuakan
application that is independent of how the objeet®
displayed, and how the operations are invoked. This
information is represented by the objects in a doraad their
Domain relationships. The domain relationships are a key f

determining the dynamic behavior of user interfactse
dialogue and the layout specification for Uls aenerated
based on these relationships. The domain modebli=sstas a
vocabulary to access the objects in an application.

User model is used to describe the characteristicghe
User system's users. These characteristics are theilitiehi
knowledge and styles of information processing.

A dialogue model is used to describe the structofrehe
dialogues. This model describes the human-computer
conversation. It describes interactions, especialhen end-
users can invoke commands, input data and preatat d

Dialogue

Table 2-1: Model’s notion

2.3.2 Applications and their Declarative Models

To highlight the importance and need of declarativedels in automatic Ul
generation, we present some major processes ofintsefiace generation based on
these models. These processes differ from each wtherms of input information,
mostly represented by declarative models and frohiclw the generation is
effectively done, the generation target, the germergrocess itself and the tools.

Most MB-UIDEs such as Tritdent, Teallch, GoliatmdaFuse use the task and
domain models to specify the user interfaces. bafie MB-UIDEs define different
sets of models to describe the interface. TablepBe2ents the MB-UIDEs and their
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models. In the table if a model is U, it is marked with “+”; if not it is marked | with
“—" and if it is present but there ho example which makes use of it, it is manarked
with “+/—".

Models
MB-UIDE
Task Daomain  Presentation User Dialoogue

Trident - - — —
Teallach + -+ + +/— —
Tadeus + + — +/—

Fuse + -+ — +/— +
Goliath + + + — —
Janus — + — — —
Mecano — + — — —
Tood + = — — +
Emode - — + — —
Wold — + = — —
Mastermind - - + — —
Genius — = — — -

Table 2-2: The different approaches in MB-UIDE and the usedatative models

Trident [Boda93, Boda94, Boda95a, Boda95b] usds tsplication (domain)
and presentation models to specify the interfadee Task model of Trident is
represented by an Activity Chaining Graph; the dommodel of Trident is
represented by entity-relationship diagram andptiesentation model is represented
by the abstract user interface objects

Teallach [Grif01, Barc99, Silv00, Barc00, Grif98%as the task, domain and
presentation models to generate the user interf&@eh model in Teallach defines a
view of the information required to generate theiiface to a particular application.
The domain model describes the underlying appbcatin terns its data and
operation; the task model describes what the userdo with the user interface in
terms of its dynamic and information processingunemment; and the presentation
model indicates how the resulting interface wilpagr.
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In Tadeus [Elwe95], like in most other MB-UIDEsetlJl developer has to
create the task model which is represented by rarcigical structure of the tasks;
the domain model which presents the important iestidf the application and the
user model which presents the characteristics efuers. Specially, the dialogue
model is semi-automatically created based on tlemtbreated models. The dialogue
model is used to describe the interface in terwiefs and dialogues.

In Fuse [Lonc96, Lonc97], the use of declarativedels is similar to that of
Tadeus. The task model is used to describe the himskrchy of the application
model. The domain model is used to describe thetifums and the data structure of
the relevant user interfaces. The user model igl usedescribe the static and
dynamic properties of the user groups and individisars which influence both the
Ul generation process and the kind and depth ofhblp offered by the user
guidance component. The dialogue model of Fuseeisemgted based on three
models; task, domain and user models. This modelsed to describe the
transformation of the task, domain and user models.

Goliath [JuliO4a, JuliO4b] uses declarative modigisluding the application
model, the presentation model and the dialogue moolegenerate the user
interfaces. Goliath’s application model is usediéfine the data types and function
signature’s Besides, this model also supports the definithtbrpre-conditioﬁ and
dependency declaratichsThe presentation model is used to describe thsic ba
presentation elements that play a part in thefater Moreover, it allows defining a
new element by composing from the existing elemeiifse salient points of
Goliath’s presentation model are its dependencetomikits and its ability to
simplify the automation of the aforementioned béhanal aspects. This dialog is
used to describe the associations between theidnattcore and the presentations.
The dialogue model is defined in terms of abstramitainers which are more
concrete than abstract tasks. Each container mmpsesn independent part of the
interface linked to a composite presentation elént@esides, each container is also
used to describe the operations that the userrigaget and the data which will be
displayed to the user.

Janus [Balz95] emphasizes the use of object-odeditanain model to generate
the interface. In this model, a domain object jsresented by a class and a class is
described by its attributes and methods. Duringah®matic generation process,
there is a generated window for each class; thebatits of this class are

! Function signatures are the generic functions aplication such as GetCon-
tacts(), DisplayContacts().

2 Pre-conditions are the commands defined by Golidtich are used to verify the
constraints in the database and the needed camlltiefore performing a task.

3 Dependency declaration tasks also are the comnuioted by the procedures of
Goliath; but these procedures are used to remmddeieloper about changing data
which is affected by change of the other procedures

-30-



State of the Art

transformed into the controls; and the method$isf ¢lass are transformed into the
buttons or the menu items.

Like Janus, Mecano [Puer94a, Puer94b, Puer96] timesiomain model to
generate both the static layout and the dynamieNiehof an interface. The domain
model of Mecano is a representation of the objéntsa domain and their
relationships. This model is constructed by the<laierarchy. The interface model
is generated based on the domain model. This mmatghins all the facets of an
interface design including interface object, présgon, dialog and behavior.

Tood [Mahf05] uses task and dialogue models to ggaeuser interface. Task
model is concerned with the description of the uasks of the system and dialogue
model describes the abstract interfaces. TheseHdnts are specified based on the
task model.

Emode [Hein07] uses only task model to specifyuser interface.

Genius [Jans93] generates the interface for databdented applications. This
approach uses an existing domain model that iesepted as an extended entity
relationship model. In order to structure the infation contained in the domain
model with respect to tasks of the user, the viaresdefined in the domain model.
A view consists of a subset of entities, relatigpstand attributes of the overall data
model. Based on these views the dialogue modekmemted. For each view a
dialogue is generated.

In Mastermind [Szek95], the user interface is gatesl based on the task,
domain and presentation models. Its task modelribesc the user’s tasks in a
hierarchical structure and contains the necessalgring information to control the
user interface at run-time. A task in the task nhaslespecified by the goal of the
task, the condition in which the task can be penfmt, the effects of the task,
information requirements of the task and the breakdinto sub-tasks that specifies
how the task must be performed. Mastermind’s domaiodel defines the
capabilities of the application. It is an extensiohthe CORBA object model.
Mastermind’s domain model is not restricted to aombnly objects representing the
data structure of the application; the interfacsigiger can model new object that
combine attributes from other objects in orderattdr model the user’s view of the
data. Mastermind’s presentation model describeslapeut of the user interface
including static and dynamic display. A presentatie specified by a name, a
prototype, the conditionals and so on. This modiws the specification of
automatic presentation update when the applicataia or the presentation context
changes.

2.3.3Design Tools and Generated Uls

The design tools are very important for modeling thsks, domain’s objects,
Ul's objects, so on and for generating the usarfates.
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SEGUIA [Vand99] and SIERRA [Vand95] tools developied the Trident [7]
approach. SEGUIA tool semi-automatically generalbesuser interface by making
questions and suggesting responses to the desi§ieRRA tool maintains the
usability guidelines for designing user interfaseme of which are used in the
SEGUIA tool.

Language used for describing

MB-UIDE Tool .
generated user interface
. SEGUIA AION/DS
Trident SIERRA User interface language (DSL)
Teallach Teallach Java code
Tadeus Tadeus Textual description for UIMS
FIRE
FLUID
Fuse BOSS C++ code
PLUG-IN
Goliath Goliath’s design tool Calm
Janus OOA-Tool C++ code
Mecano Browser tool
Intelligent designer tool
Tood In progress
Java
Emode Emode tool D3ML
Wold

Application modeling suite
Mastermind Task modeling suite C++ code
Presentation modeling suite

ER diagram editor

Genius ER : Entity Relationship

Textual description

Table 2-3: The different approaches in MB-UIDE and their tools

Teallach [Barc99] has been developed completelyis Thol provides three
separate editors for editing the models includiagkt domain and presentation
models. Most of the operations for modeling ardgrered in a straightforward way
by drag-and-drop or by cut-and-paste metaphorsinftance, a Ul model can be
created by dragging information from the domain eioahd ropping them in the
corresponding model. While this approach is sttéigtvard, the mapping rules
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remain inflexible. The models are made easier hadMl developer does not need to
spend a lot of time to design them. The user iaterfis generated by the tool
implemented in Java.

In Tadeus [Elwe95], the Ul prototype is automaticaglenerated from the task,
domain and dialog models. This prototype is desdilin terms of the textual
description which can be implemented by an existisgr Interface Management
System (UIMS).

Fuse [Lonc96, Lonc97] consists of BOSS (BedienQéehnkn-Spezifikations-
System), FLUID (FormalL User Interface Developmem),UG—-IN (PLan-based
User Guidance for Intelligent Navigation) and FIE®rmal Interface Requirements
Engineering) components. Each of these componenty mlso be used
independently. FIRE provides graphical editorsdetting up the task, domain and
user models. FLUID is used to generate the spatific of static and dynamic
properties of a logical user interface. Based a® Ithgical user interface, BOSS is
used to generate the implementation of the userfate in C++ code. Finally,
PLUG-IN is used to generate the user guidance casgs.

Goliath’s design tool provides a graphical editor inodeling the task, domain
and presentation models. The interface generate@diiath is the complete one
implemented irCaml [INRIA].

The OOA-Tool (Object-Oriented Analysis) of Januspiesented in [Balz95].
The generated user interface is described in tefris-+ code and is designed to be
as ergonomic as possible.

Mecano [Puer94a, Puer94b, Puer96] provides tworatp#ools, including the
browser tool and the intelligent designer tool. Tiiewser tool is used to define,
review and inspect the Mecano’s domain model. Basedhis model, the dialog
specifications are generated. These specificatamas classified into high-level
dialog and low-level dialog. The Intelligent tod used to create the abstract
interface object based on the created dialogs.

The tool of Tood [MahfO5] has not been presentedrythe existing literature.

The Emode [Hein07] tool is divided into a designdienvironment and run time
environment. In design time environment, the dgyetamodelling the model such
as task model and dialogue model. In run time emnwirent, the code is generated
based the created models. Emode generates coaeamdd D3ML [BurmO06].

WoLD tool [Stoc04b] is discussed in Section 2.2.3.3.

The tool of Mastermind [Szek95] includes the amdlimn modeling suite (used
to modeling application model), the task modelinges(used to create task model)
and the presentation modeling suite (used to gen@r@sentation model based on
task and domain models). Mastermind generates foodet++.

In Genius [Jans93], the models are created by andiEBram editor. The
generated user interface is described by an UIMStHe user interface editor is not
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presented. The ability of Genius is to generate ekecutable user interfaces for
database-oriented applications.

2.3.4Design Tools and Generated Application Codes

Table 2-4 depicts the application code generatioapproaches. The automatic
application code generation is only considered by tater approaches. Most
approaches generate the code for performing thergefunctions of an application
such as login, delete data, add new data, and ynddib. Specially, Fuse generates
the user guideline of application.

MB-UIDE Application code
Trident —
Teallach Application code
Tadeus —

Fuse User guidance compo-

nent

Goliath Application code
Janus Application code
Mecano —

Tood —

Emode —

Wold Application code
Mastermind —

Genius =

Table 2-4: Application code generation of the approaches

2.4 Conclusion

Most approaches discussed above try to generaimplete and executable user
interface based on task, domain, user, presentaiwh dialog models. Especially,
such approaches use the domain model although dbége it differently. The
domain model plays an important role in user itegfgeneration since it covers the
important features of the user interface creatidme goal of our framework, DB-
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USE, is not only to generate the executable ugerfate code but also the UsiXML
(USer Interface eXtensible Markup Language) [Limp8pecification since it is
portable and can be implemented in the differemirenments.

Beside of user interface generation, some of tiogehes have also generated
the application code for performing generic appiara functions such Teallach,
Goliath. Most of these functions have a connectigth the edition of data in the
database such as adding a new data, deleting nexidtta, modifying data or
retrieving data. This is also a goal of DB-USE, batike the current approaches,
these functions will be automatic created by oamiework instead of being created
by the designer.

Teallach especially allows designer to create titerface for non-database
application by creating domain components whicmdioderive from the underlying
database but from the Java library which still isvatation of DB-USE.

The lack of use of the user model in most appramshews that the end-user of
the system is not adequately taken into accounewheéy are the human component
of the information system who will use the genetatser interface. In DB-USE, the
user model is used to classify the end-users sdhbauser interfaces are differently
generated for the different groups of users.

The developed tools we have studied do not perforost of the goals they
claim to fulfill. For example, Goliath is too singpto cover complex generations, the
model editors have never been detailed; Teallastbkan developed completely but
it seems difficult to use: the task tree is presérnh terms of horizontal tree instead
of vertical ones with which task trees can be oberand modified easily. To
overcome these shortcomings, DB-USE was be deweltpenatch the following
goals:

< Executing the objectives we have discussed.

« Supporting the designers to make the relations dmtwthe task and the
domain models easily and quickly with mouse clicks.

» Facilitating the edition of the models by displayithem in terms of
graphic objects. Especially, DB-USE’s model canldmded from a CTT
task model or created by designer.

Most of the models used in these approaches arly mwegated. In practice, they
can be created based on the existing resourcesasuehdatabase, task model. In
DB-USE, the domain model is created based on aretsndatabase and task model
by transforming the task model created by CTTE.

Specifying the control type of DB-USE is similar\éold but in a more flexible
way. The rules used for specifying the control tgpe created based not only on the
data types, primary key attribute, foreign keyihttre, relationships between objects
but also the actual needs of users. For exampMjdld, a combo-box/list-box will
be created if a foreign key attribute is addedaut, this does not happen often (for
example, ID Department is a foreign key attribufeEmployee object so that a
combo-box/list-box ID Department is generated faditieg the department
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information, but usually, the end-users work wille tdepartment name). In DB-
USE, a combo-box/list-box will be created for atribtite if this attribute comes
from the foreign object; it may be the foreign layan attribute determined by the
designer (ID Department, or Department name, orrégk). In addition, the data of
combo-box/list-box is automatically initialized; iWold, it is initialized by the
designer through a specific wizard.

The navigation between the dialogues, views, aathés has been discussed in
various approaches such as Tadeus, Genius, FudeGaliath. Usually, it is
described in the presentation or dialog model. B+USE, it is determined by the
developer/designer; but it should/could be autora#lti made based on the temporal
operator between the tasks.

To do that, it is necessary to extend the mappitesr For example, in Teallach,
once an interaction task has been linked to a temle then an editor abstract
interaction object is generated in the presentatiodel. That is not correct since we
do not know what is exactly generated, it may kdisplay or inputter or chooser
abstract interaction object.

2.5 Chapter Summary

In this chapter, we have discussed about the aalgastand disadvantages of
current approaches. Besides, the models used andUthgenerated by these
approaches have been also discussed. In next chapteresent the models of DB-
USE including task, domain and user models and Uheobjects used in this
approach; these objects are the concrete intenaotiject and the final interaction
object.
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Chapter 3

Conceptual Modelling of Graphical User
Interfaces

In this chapter, we define the principal models aldments used in our
research. We present the models in Section 3 .&, dasnain and user models. User
interface objects including concrete interactiofeots and final interaction objects
are discussed in Section 3.2. Finally, the SKwyRanfework is presented in
Section 3.3; this framework is represented by agepins, events, and diagrams
used to describe the communications between th&sage

3.1 DB-USE’'s Models

The task, domain and user models will be preseimdtiis section. They are
three main models that we use to generate theniseface.

3.1.1 Task Model

The task model records the tasks that potentialuseds of the system may need
to perform in their jobs, independently of dealimgth a particular computer
platform [PateOla, PateOlb, PateOlc]. Many desiran interactive system were
generated to support these tasks.

Task models play a particularly important role sirtbey indicate the logical
activities an application should support. A taskais activity that should be
performed in order to reach a specific goal. A gsalither a desired modification of
the current state or a query to obtain informatianthe current state. For example,
querying the available flights from Paris to Londan one task that must be
performed in order to book a flight to London (tldative goal). Tasks can range
from a very high abstraction level (such as degda strategy for solving a
problem) to a concrete, action-oriented level (sagselecting a printer).

The task model provides support for modeling bathgtructure of the tasks and
the flow of information between the tasks. The e of the tasks in the task
model is described by the relationships betweesethasks. These relationships can
be of various types such as temporal and semaaititanships.

To be meaningful, the development of the task mddela new application
should be the result of an interdisciplinary distols involving the various
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viewpoints that should be considered (such as tloédbe designers, developers,
end-users, managers, and domain experts). Thisowmluseful in order to obtain
user interfaces able to easily support the desaaibities, thus implying that the
user task model (how users think that the actwishould be performed) and the
system task model (how the application assumesatiaities are performed) match
together.

The task models can be useful for the followindedént purposes [Pate0lc]:

« Understanding an application domain.

* Recording the results of interdisciplinary discassi

< Designing new applications consistent with the 'ssssnceptual model.
e Analyzing and evaluating usability of the interaetsystems.

e Supporting the user during a session.

« Documenting interactive software.

Task models have been used in various approactsemppmrt different phases of
the software development life cycle such as:
¢ Requirement analysis in which, through a task aislydesigners identify
requirements that should be satisfied in orderetdopm tasks effectively.

» Design of interactive applications ([Puer99], [B68Y in which the goal is
to use information contained in logical models deritify the interaction
and presentation techniques best suited to sufipotasks at hand and the
dialogues whose temporal constraints are closabbt® of the model.

e Usability evaluation which can be supported in @asi ways: for example,
identifying task efficiency or analyzing logs ofeusinteractions with the
support of task models (see, for example, [Lece98])

Task models are also used for descriptive and ppdise purposes, for
example, to describe how tasks are supported Bxisting system or to prescribe
how tasks should be supported by a new system.td4ey can be developed at
different levels of abstractions (artifacts-indeghent or related to the use of specific
devices).

Based on the pointed advantages above, most MB-BIRE the task model to
generate the user interface.

3.1.1.1 CTT: ConcurTaskTrees

This thesis uses the task models created by Coaslkiifees [Pate0la, PateOlb,
Pate02] for generating the user interface. Theeeaany task-based approaches
using ConcurTaskTrees notation [Reic08, Espa061d8)yPrib02, Prib07]. In this
section, we describe the notion and the aspe@®nturTaskTrees'’s task model.
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Figure 3-1: A Task Model in ConcurTaskTrees
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Figure 3-1 shows a task model created by ConcuilrasisEnvironment
(CTTE). CTTE is a tool that can be used to suppbet design of interactive
applications, for teaching purposes, and to prodoteractive documentation of
applications. This tool was developed by the redeas of ConcurTaskTrees.

The task model of ConcurTaskTrees is built at dife levels of abstraction
which depend on the characteristics and attribtitasthe notation of a task model
could cover. The main purpose of ConcurTakTre®ibd an easy-to-use notation
that can support the design of real industrial i@pfibns of medium to large
dimensions. At each level the task specificatiobut in two steps: first the objects
are identified and then the actions which allow ¢benmunication among them are
defined. Objects are entities which are manipulated to perform gably the
associated actiong\ctionsare associated with objects. Actions can be civgnit
logical, or physical.

A task in the ConcurTaskTree is described by thieviong attributes:

* Name: Used to identify the task.

» Type: There are five possible types: abstract,, sggplication, interaction
and Cooperation.

» Subtask of: Name of father task.

» Objects: Including name of object, type of objaatdrnal, perceivable), list
of input object actions, list of output object acis.

e lterative: A Boolean type indicating whether thekiés iterative.
» First action: The set of possible initial actioasrdicated.
e Last action: The set of possible final actionsdi¢ated.

The tasks are classified into five types: userliagfion, interaction, abstract and
cooperation tasks. See Table 3-1

Task type Description

User task:performed by the user, it requires cognitive or
physical activities without interacting with thessgm. The
@ user task is associated with some processing peefbroy
‘!h the user on information received from the environtn&or
example: in order to verify the information of thights, the
user reads this information which is displayed ey $ystem.
He/She doesn’t need to interact with the system.

Application task: executed by the system. It receives
L information from the system and it can supply infation to
the user. This task is activated by the applicatibor
example: displaying the information of the studetatsthe

.
"
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user after he/she entered their class’s name.

Interaction task:performed by user interactions with the
system. These interactions are activated by the. U@

E“.r‘ example: in order to login into the system, therusss to
enter his/her user name and password then the nsyste
verifies this information and opens a hew connectio

Abstract taskis used to describe the complex actions, and
its performance does not completely fall into ohéhe three
previous cases. For example: in order to edit tfi@mation

@ of the employees; the system will display a list tbe
employees then the user chooses one of them; braaser
has finished the change of the information; thelesyswill
save these changes.

Cooperation task:performed by the cooperation of the
different users. In other words, the task is orynpleted
- once the user cooperates with the other userseXxample:
M Sending messagask; in this task, there are minimum two
persons including the sender and the receiver.régsage
is sent from the sender to receiver and this taslompleted
when the message is received by receiver.

Table 3-1: Types of task.

The temporal operators are used to link the subtaskhe same abstract level.
ConcurTaskTrees provides a rich set of temporataipes which allows designers
to describe flexible, and more realistic, behawsourhese temporal operators are
described in the following table:

Operator Description

T1 ||| T2 Interleaving: the actions of the two tasks can edgomed in any
order.

Choice: It is possible to choose from a set of $amhd, once the

choice has been made, the task chosen can bemedpthe other

tasks are not available at least until the chosek thas been

terminated.

T1[ T2

T1 2| T2 Order independent: both tasks have to be perfolmdnce one
- is started it has to be finished before startirggcond one.
Synchronization: the two tasks have to synchrorize some

T2 actions in order to exchange information.
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Enabling: when the first task is terminated theam ¢lecond task is

T1>>T2 activated.

Enabling with information passing: in this case w@nt to
T1[>>T2 highlight that when T1 task terminates it providgesne value for
task T2 besides activating it.

Deactivation: when one action from the second taskirs the first
task is deactivated.

T1[>T2
T1|>T2 Interruption: T2 can interrupt T1, T1 can resuméhatend of T2.
T1* Iteration: the task is iterative.

T1(n) Finite iteration: how many times the task will berformed is
specified.

[T1] Optional task: its performance is hot mandgtor

Recursion: the possibility to include in the tagledfication the

v task itself.

Table 3-2 Temporal Operators Used in ConcurTaskTrees

The relationships between the father task anduitsasks are specified based on
the use of the operators described in Table 3-2hdfe operators are used in a
hierarchical context, we can achieve great fleitibiby being able to specify
different behaviours. Based on Figure 3-1, the stasks are involved but we have
two possibilities: In the first case, if tHénite Iteration is assigned to task father
then the tasks T1 and T2 can be performed in adgrdsut before performing them
again, both tasks T1 and T2 have to be finishedhénsecond case, if thenite
Iteration is assigned to all of the subtasks then once asle is finished it can be
performed again without waiting for the completiof the other task. These
relationships can be classed as follows:

Relationship Description

The subtasks must be performed in the specifiedrpadl subtasks
Sequence must be completed before the task’s goal is consiéo be
achieved.

Order- The subtasks may be performed in any order; aliasl#tls must be
independence completed before the task’s goal is considerecttadhieved.
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The sub-tasks are repeated a specific number @stion until a

Repetition condition is satisfied.
The subtasks are performed in parallel; all sulstasiust be
completed before the task’s goal is consideredeaelti. Two kinds
c of concurrent task are distinguished usually by lag:f truly
oncurrence

concurrent tasks occur at the same time, whilerledged tasks
have only one sub-task in common at a particutae tialthough all
are progressing.

The user must decide which one of the subtaskshe performed,;
Choice the chosen subtask must be completed before tlés tgeal is
considered to be achieved.

Enabling with information passing: in this case want to
Option highlight that when T1 task terminates it providesne value for
task T2 besides activating it.

A choice between sub-tasks exists that is deperateat specified

Condition "
condition.

Table 3-3: Relationships table.

3.1.1.2 DB-USE’s Task Model: A Task Model for User Interfae Design

In this Section, we present DB-USE’s task modelchtis derived from a task
model created by CTT. This task model will be usedser interface generation.

The task model described by CTT is created at tiadyais level. In order to
reuse it in our process, it has to be transforméala task model at the design level.
At this level, the task model has to describe thecfion the user can do with an
interface, how the user can interact with the syst@B-USE’s task model is used to
derive the interface. Its task types differ fromTCand are defined in Table 3-5

Transforming the abstract, interaction, applicatemmd user tasks of the task
model at the analysis level to action and infororatiasks of the task model at the
design level is discussed in Section 4.2.2.2.thls Section, we only discuss about
the notion of DB-USE’s task model and its structure

In DB-USE, a task is defined by the task ID, thektaame, the parent task ID,
the task type, the action type, the right taskdbd the temporal operator (See Table
3-4).

Task model of DB-USE is specially defined as aifiex one that allows the
designer/developer to expand this model by credtiegnew task types which may
be needed for new goals in future.
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Attribute name  Attribute type Description
Task ID long Used to identify the tasks.
Task name Text (50) Used to name the task.
Parent task ID long Used to specify its parent.task
Task type Text(10) Used to specify the type of task.
Action type Text(1) r:Jsed to recognize the action that the task
as to perform.
Right task ID long Used to specify its right task.
Text(20) Used to specify the temporal operator

Temporal operator between this task and its right task.

Table 3-4 Task Attributes

There are six different action types used in DB-UaBk model. They are
defined in Table 3-5. The list of action types cée changed by the
developer/designer by adding a new action type,ifyiad the existing action types,
and deleting an existing one.

Symbol Action type Description

I Indeterminacy The action type has not been detemhin

C Create, New, Add, Insel The action of creating new data.

D Delete, Remove The action of deleting existing data

U Update, Modify, Edit,  The action of modifying the data.
Change, Alter

S Search, Find, Filter The action of searching thanda

R Read, Select, Display, The action of showing the data

Review, Show, View

Table 3-5 Action types

There are two types of task including Action anébimation tasks. They are
defined in Table 3-6.

-44 -



Conceptual Modelling of Graphical User Interfaces

Task type Description

Action task Is a task used to describe the endsusemmand to the system
such as close a dialogue, delete a data recondhsiedormation,
open a dialogue and so on.

Information Is a task which is used to describe the displainfofrmation to
task the end-user or the reception of the informaticmfrthe end-
user.

Table 3-6 Task types
a. XML format of DB-USE'’s task model

The task model of DB-USE is stored using XML spieatfions. The task model
begins with<! DB-USE Task Model > and ends witk/ DB-USE Task Model >;
one task in the task model begins withask TaskiID =" TaskType =" > and
ends with</ Task >.

<?xml version ="1.0" encoding ="utf-8" ?>
<! DB-USE Task Model >
<Task TaskID ="10" TaskType ="Infomation" >
<TaskName> Enter user name </ TaskName>
<ParentTaskID >9 </ ParentTaskiD >
<ParentTaskName > Login </ ParentTaskName >
<RightTaskID > 11 </ RightTaskiD >
<ActionType >1 </ ActionType >
<Operator > Interleaving </ Operator >
</ Task >

<Task TaskID ="102" TaskType ="Action" >
<TaskName> Delete User </ TaskName>
<ParentTaskID >86 </ ParentTaskiID >
<ParentTaskName > Manage users </ ParentTaskName >
<RightTaskID > 103 </ RightTaskiD >
<ActionType >D </ ActionType >
<Operator > Enabling </ Operator >

</ Task >

</ DB-USE Task Model >
In the new task model, the structure, the relatigmbetween the supertask and

its subtasks, the temporal operators are all refmedhe syntactic and semantic
aspects (See Figure 3-2).
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8
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Figure 3-2 DB-USE Task Model

Exit applica...
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Figure 3-2 depicts DB-USE task model. The acti®k tis represented by icon

and the information task is represented by i*1 The action type is also
represented by the symbol I, C, D, U, S, R at iitiet bottom of the icons.

b. Task library

In practice, the same tasks can be used in diffessk models. One way to
reuse these tasks is through the use of task psittartask pattern defines a reusable
and generic task structure that encapsulates adefiled functionality for a
recurrent design problem in task modeling [WurddHe task pattern technique has
been presented in [Rade06, Rade07].

The idea of building a task library is to createed of task patterns that can be
reused in task models. These task patterns artedrbg both the developers and the
users of DB-USE.

B,

I I I [ I
Enter user name Enter pass word Ok Cancel

Figure 3-3: Login task pattern

<?xml version ="1.0" encoding ="utf-8" 7>
<! DB-USE Task Pattern >
<Task TaskID ="1" TaskType ="Action" >
<TaskName> Enter user name </ TaskName>
<ParentTasklID >0 </ ParentTaskiD >
<ParentTaskName > </ ParentTaskName >
<RightTaskID >0 </ RightTaskiD >
<ActionType >1| </ ActionType >
<Operator > </ Operator >
</ Task >

<Task TaskID ="4" TaskType ="Action" >
<TaskName> Ok </ TaskName>
<ParentTaskID >1 </ ParentTaskID >
<ParentTaskName > Login </ ParentTaskName >
<RightTaskID >5 </ RightTaskiID >
<ActionType >1 </ ActionType >
<Operator > Resume </ Operator >

</ Task >

</ DB-USE Task Pattern >
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One task pattern of DB-USE is a subtask in the tasHel so that can have the
same structure task model. Figure 3-3 depictd.tiggn task pattern. Task patterns
of DB-USE can be created manually or by extractingh an existing task model.

The developer and the user of DB-USE can classififem tasks into two
different types including generic and specific tpskterns.

*  Generic task patterns can be used in the task sodfldifferent domains.

e Specific task patterns can be used in the task hoddpecific domains.

Task Description Used to
pattern
Login Provides the user name andogin to the system.
password.
Provide Provides the first name, last nan Create un account (a client, a

personnel address, phone number, emrr user, a patient, a criminal...).
information address; make a confirmation.

Search user Provides the ID user or user name. Search usedbas the 1D
user and user name.

Display Displays the first name, last nan Display the information of
information address, phone number, emrr one person (Client, user,
of a user address. patient...).

Ask user for Data is checked by the system, @heck if the data is changed
the chance message is displayed to the user thoen ask the user if he/she
of data ask him/her to save data, Data isants to save it.

saved by the system

Check if the Provides the user name or user Check if the user exists in the

user exists make a search. system.
Make a Provides email address of send&end a request or an answer.
contact and of receiver, content of the

email, send email, save email

Change Provides new email address or n Change email address or
contact phone number, make phone number.
information confirmation.

Table 3-7 Generic task patterns for electronic commerceamddement
applications
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To illustrate these task patterns, we have cresmole task patterns for
electronic commerce and eManagement applications. generic task patterns for
two these application types are described in Tableand the specific task patterns
of electronic commerce application are describedahle 3-8. Specially, these task
patterns in terms of DB-USE task tree are presentdte appendix.

Task pattern Description Used to

Create anew Provides the code, mark, name @reate or insert a new
product product, category, price, amounfproduct.
description.

Make areport Displays the date, code Check the current amount
of inventory product, name of produc of a product.
category, and amount.

Display a list of Displays the product namelListthe current products.

products image of product, see detail and
buy.
Display a Displays the product nam See all of information of a
product in image of product, price, ar product.
details amount, choose shipping tyf

description, send an email, bt
and see other products.

Make an order Provides the product nameQrder the products.
display price, provide quantity,
display price total, select delivery
type, make a payment.

Make a paymen Displays  payment amour Pay the bill.
provide payment type, accou
holder, account numbe
Address, expiration date.

Table 3-8 Specific task patterns for electronic application
Some important points for creating the task modeliated as follows
Determine the goal of the ta:
Determining the goal of the task plays an importaté in the creation of the

task model. Based on the goal, the type of taskéxified. For example: if the goal
of a task is to delete data in the database themask type is an action task; if the
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goal of a task is to display the value to the esdruthen the task type is an
information task.

Name the task based on its g

Naming the task based on its goal helps the degeldgsigner understand what
the task has to perform. For example: if the gdahe task is to display data to end-
user then the task should be nanigidplay valueor Display dataor in detail
Display name

Determine action typ:

Beside the determination of the task type, the ld@ez/designer needs to
determine the action type. The action type repitsstre function which will be
performed to obtain the goal of the task. So theelbper/designer can choose or
create the exact functions for the tasks when bédfaplements these tasks.

3.1.2DB-USE’s Domain Model

A domain model is a representation of the objectsai domain, their
relationships, and the generic functions. The mfation in the domain model is
basically the data model where the data objects defned, including the
relationships between these data objects and mtfeemation that is pertinent to the
relationships such as business logic. A domain todg thus include a data model
of the domain. Similarly to interface models pronig developers with access to a
higher-level representation of the design knowleddemain models also allow
access to a level of representation higher thah dhaata models. Whereas data
models establish a vocabulary to access the datztigtes of an application, domain
models establish a vocabulary to access the objact@n application domain
[Ange94].

The domain model should not only represent data,also business logic: it
should take care of what can and what cannot be doth the data, and how the
data is connected. It should also derive data towed in the database. However, it
should not contain presentation behavior for ther uaterface. It may contain
persistency, but if the application has to run oultiple databases, all database
specific behavior should be delegated to a datahlasteaction layer.

In other words, the domain model consists of onenore abstractions of the
system. It defines the aspects of the applicatidnichiv contain facts about the
domain such as the objects, their attributes ardré¢fationships between objects.
The domain model is the designer’s definition oé thspects of the application
relevant to the needs of the adaptive system. kample, the domain model of
Employee Managemerin Figure 3-3 is a representation of certain aspexft
Employee, Department, Flight, Job history, Locati@ountry, Job and the generic
functions.
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Important benefits of a domain model are the dpson and constraints
specification of the system scope. The domain maedel be effectively used to
verify and validate the understanding of the probldomain among various
stakeholders of the project. It is especially hdl@Efs a communication tool and a
focusing point between technical and business teams

The domain model will serve the following purposes.

« It will define the aspects of the system which adaptive by describing
alternative representations of domain features.

« It will hold the characteristics of the applicatjomhich are measurable, so
that they can be evaluated for effectiveness agdiagequired criteria.

EMPLOYEES

Functions 208_HSTORY

Display()
AddNew()
Update()
Delete() =

Search() R |

Review()

Figure 3-4: Employee Management Domain Model illustrating dioenain objects
and its generic functions

In the domain model of DB-USE, there are two maart@ The first part
contains the domain’s objects, theirs attributed #ome relationships between these
objects which are created based on a certain dastaffeee Figure 3-4). These
components are used to identify the attributes obrecrete user interface. Besides,
in order to obtain the desired behavior of a databapplication task, the generic
functions are also defined in the second part ohaln model; these functions are,
for instance, Display(), AddNew(), Update(), De(gt&Search(), Review(), Cancel(),
Exit(), and Default() functions. These functionsvéebeen created based on the
actual needs of the end-users and based on & tiahonical task types in [Gonz09].

A class diagram or data model can provide mostirifmation for building
domain objects but they do not support performimg tunctions defined by DB-
USE. In DB-USE, the database is chosen to buildddrain model instead of the
class diagram or data model since the databasseid o not only provide the
information to build the domain objects but alsaua the functions created by DB-
USE.

The goals of the functions are showed in Table I8 ese functions will be
discussed in detail in Section 4.2.2.4.
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Function Description

Display()  Used to select the data stored in the databastatfidplay this data
to the user

AddNew() Used to insert a data record into the database
Update()  Used to modify the data of an object in the databa
Delete() Used to delete the data records of an object inl#t@base

Search() Used to filter the data records based on someclseemnditions
which are determined by the user

Review() Used to review the data records by displaying thst, f next,
previous and last record

Cancel()  Used to reset the data for the controls
Exit() Used to close the dialogue or frame

Default()  Used to represent the functions which are not §ipddby DB-USE

Table 3-9: Defined Functions.

Unlike Teallach and Goliath, the generic applicatifunctions are simply
defined in the domain model and they will be anatiyand built more in details by
the system once the function is linked to a comctask in a concrete context.

3.1.3DB-USE’s User Model

When users want to use a program, they do not ceitiiea completely clean
requirement list. They have some expectations ef Heey think the program is
going to work. If they have used similar softwarefdre, they will suppose the
system-to-be to work like other software. If thegvl not used any software before,
they will think that the software-to-be conforms dertain common conventions.
They may have intelligent guesses about how this lgbing to work. This example
of behavior and expectation based on the backgranddknowledge of the user is
called the user model: it is their mental undemditagn of what the program is doing
or going to do for them. [Schl96]

The user model describes the characteristics ofddmred users or groups of
users such as experience, skill, knowledge, charache main purpose of a user
model is to support the designer in creating ther irsterfaces which tend to the
preference of the user. A user model containsutes ito reason from a certain user
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characteristic to a user interface design decigeiyg., selection of interaction
objects).

The user model captures capabilities and limitatiohthe user population, for
instance the kind of interaction techniques that available for visually disabled
people differs from the techniques for other hurbhaimgs. The user model plays an
important role in the user interface design; basedt, the designer will specify a
complex or a simple user interface. For instanceating the user interface for the
people who have experience with the software agiins is different from creating
the user interface for newcomers who have nevet tleecomputer.

User characteristics can be classified as appicatidependent or -dependent.
Application-independent  characteristics include fgnences, capabilities,
psychomotor skills, etc. Application-dependent elsteristics include goals,
knowledge of system and application, etc.

In the DB-USE’s user model, the users of the systéeengrouped into three
groups (Expert, Intermediate and Novice) based l& tiser characteristics
mentioned above.

Training and experience Cultural characteristics Psychological characte-
characteristic ristics

Skill, computer, experi- Language, customs, sensi- | Physical and perceptual re-

ence, education, profes- tivities ... sponses, attitude, cogni-
sional knowledge ... tive, capabilities ...

o High +  High o High

0o Medium o Medium e Medium

« Low o Low o Low

Classifying the users

1) 1) 1)
> > >

& & &
Expert Intermediate Novice

Figure 3-5: Grouping users based on user characteristics
Figure 3-5 depicts DB-USE’s user model which désxgithe user’s experience,

cultural and psychological characteristics. Thearsisare grouped based on these
characteristics.
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Here are some important points needed for cre#tiagiser model.
Be a user of the syste

The Business Analyst should visit the customer aitd put himself into the
user’s position so that he/she has a feel about thogather correct requirements.
Besides, he/she can question the users on thair faly example, let’'s consider that
we need to describe a doctor's job including thenagament of patient’s
documents, prescriptions, patient’s appointmentsnceSwe are not doctors, we do
not have the professional knowledge and do not ktfwevworking process of a
doctor. We should visit the hospital where the piddwill be used and imagine
what a doctor does and how. Through experienceBtisiness Analyst can observe
and question to better understand the doctor’s job.

Determine user experien:

Defining the user experience is very difficult. Oneason is that humans
experience all the time, because they live in adgon with environment and other
people. Basically, a human constantly experiendesmhe/she is interacted with a
product. However, a concept of user experienceotssn simple. Several aspects
relating to users, products and environments ne&e ttonsidered as well. [Olse93].

Currently, the term “experience” has been definatir@e different levels.

The first one is experience, which means a contiawgiream that flows through
human’s mind. People acknowledge the passing oéréxmpce by self-talking or
self-narration.

The second, humans experience things. For exartidg, observe, think or
desire something or they start and stop to do dungtHowever, they do not stop
because experience has reached but they stop kbesamething else came into their
mind or something interrupted them. Hence, theyehgat some experience in the
context of use. This experience is not relatingnaterial experiences. For instance,
when a popup dialogue is displayed on the screéth; tve experience of how to
close it, the user has to click on one of the mstof this dialogue.

The third definition of experience mxperience as storyStories are ways to
organize and remember experiences and they enablerts to communicate
experiences in different situations to particuleople.

Therefore, using user experience in user interf@stgn is a necessary condition
to help the user to use the software products.fdlf@ving experiences are applied
to the user interface design.

Determine the user’s characteristi
It is necessary to know the “class” (i.e., type}tad people who will be using the

system. The created Uls are the most useful if fliethe requirements of most of
the users. In some situations this isn't easy sihi® impossible to identify these
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users as concrete individuals. Different groups uskers will vary in their
characteristics. Whenever possible, the BA shaylda include a range of users as
large as he/she can, but think carefully aboutghéisg the Ul for everyone. If a user
group has many different characteristics, he/sheldhsatisfy the most and identify
what characteristics to address in priority.

The user characteristics are defined based on $e#’suwork experience,
educational level, age, previous computer expeeesud so on. It is possible to
anticipate their learning difficulties to some exteand to better set appropriate
limits for the complexity of the user interface.rRostance, we have two ways to
open a student’'s name dialogue; one is to cliclstodents menu then choose the
student’s name menu, another is to click on a sttel@ame button. If the user has
no computer experience the button option is thé des. He can understand exactly,
quickly what he/she needs to do to open a dialéggee the student’s name.

Determine the user’s capabilities of using, stt

To determine the user’s capabilities of using atutllys a new product the BA
should consider the following user aspects. Thexetaready used some products
which are similar to new one. They would like t@ @snew product.

Group the user

And finally, based on the important points mentwrabove the users can be
grouped in terms of the knowledge of systems reguar associated with jobs and
roles they occupy; in terms of the user’s age asptxify their capability of using
the product, ....

3.1.2User Interface

User Interface (Ul) is that subset of a softwargtey that interacts with the user
of the system. In practice, it consists of formsndews, dialogues ... with text
fields, combo boxes, buttons, options, check baxesso on.

Humans directly or indirectly interact with comprgtehrough user interfaces to
exchange information, semantics, data and knowletgers are responsible for
their behaviors and activities such as clicking ltaétons of the mouse, typing and
entering characters; the computer is responsibiehi® computation results which
are outputted to users. For instance, if the usarsvto make a simple operation
such as 6 * 7, he/she has to tell the computerhiéshe wants to know the result of
this operation by typing the numbers 6 and 7 thihoting a number box or text field.
The computer displays the result also via a nunfileéd or a message box. These
controls are called the entities of the user iatsfand the container which includes
them is called the user interface.
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In our process, we utilize two types of user irdeef object. They are the
concrete user interface and the final user interfac

3.2.1 Concrete User Interface

A Concrete User InterfacgCUI) describes a potential user interface after a
particular interaction modality has been seleceed.( graphical, vocal, multimodal).
This step is supported by several tools helpinggiess and developers to edit,
build, or sketch a user interface. It concretizesbstract Ul for a given context of
use into Concrete Interaction Objects (ClOs) ineord define widgets layout and
interface navigation. It abstracts a final Ul imtdJ1 definition that is independent of
any computing platform. Although a CUI makes explice final look and feel of a
final Ul, it is still a mock-up that runs only witha particular environment. Each
tool pursues a particular go&J$iXML, J Vanderdonckt].

A Concrete Ul consists of a hierarchy of Concreterdaction Objects (ClOs)
resulting from mapping the task, domain and usetet®

A Concrete Interaction Objec{CIO) is a graphical object for gathering and
displaying data the user can see, feel and mangpyseand93]. A CIO is
synonymous to a control, a physical interact owidget or a presentation object
such as text-field, combo-box, check-box, buttorA.CIO in our process is defined
by the label, control type, and editable attribuesh as represented below:

Concrete Interaction Object
Labet The label of the CIO; it will be used to labet¢tbontrol
Control type The control type which is used to communicate
between the user and computer’s system
Editable Yesif this control can be edited by the end-user; ¢th
erwiseNo

A Concrete User Interface abstracts the Final Ustrface (see Section 2.6)
into a Ul definition that is independent of any quirting platform.

The generic control types used in DB-USE are pttesein Table 3-10.

Control type Description
Text field Is a text component that allows the editing ofregks line of text.
Text box Is a multi-line region that displays text.

Combo box Is a commonly-used GUI widget. It is a combinatioina drop-
down list and a text field, allowing the user tther type a value
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directly into the control or choose from the ligtexisting options.

Radio button Is a type of graphical component that allows ther tis choose one
of a predefined set of options.

Check box Is a graphical component that can beitimer an "on" (true) or
"off" (false) state.

Table Should provide a clear summary record of a cobectdf data.
Tables have a number of columns and rows, dependinghe
amount of data and the details shown.

Tab Is a navigational widget for switching betweets of controls.
Menu Is a list of commands presented to user by thesyst
Button Allows the user to click to perform an action. Thatton can

display both text and images. When the buttonicked, it looks
as if it is being pushed in and released

Table 3-10:CIO type table.

This layer assumes a commitment to a class of devand a choice of
modalities. This can include the provision of altive user interfaces as
appropriate to the delivery context (user prefeesncdevice capabilities and
environmental conditions). For example: The largeean of a desktop can contain
more information or more controls than the smailen of a mobile phone.

The CUI should define some, but not all, aspecttheffinal presentation. This
ensures that there is sufficient flexibility in bgiable to realize the presentation on
a variety of devices and platforms. Application elepers should be able to define
themes and other policies for guiding the transfiiom for a particular
device/platform. For example, the application cafiret the type and size of the
font.

The CUI can be stored in a user interface markmguage such as UIML,
UIXML, UsiXML, Microsoft's XAML and Adobe's MXML. These languagare
mainly used to declaratively lay out the interfaxeapplications in a way which is
independent of the programming language, the enwiemt and the platform, and
can also be used to implement the business logidrdaernet application behaviors.
Its goal is to help the application developers middeeuser interfaces independently
from the different platforms or devices.
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3.2.2Final User Interface

A Final User Interface (FUI) represents the operational user interfact ih
running on a special computing platform either fgipretation (e.g. through a web
browser) or by execution after compiling the codeah interactive development
environment. The FUI is determined based on thecred@ user interface. For
example, a combo-box is created for a Palm by uda@. On the next level, the
code of a user interface is produced from the @uell.

The FUI is the result of rendering such choicesdtsd considering the specific
target environment of the device: it could invobittributes like the type and size of
font, location of control and so on. The FUI is th@ning interface implemented in
a specific software environment. In other wordsisitthe Ul which is ran on a
particular platform either by interpretation or byecution. Figure 3-6 shows two
examples of final user interfaces determined fro®@A in different environments:
(a) a dialogue on Windows in Visual Basic and (wedb page on Windows in ASP.

= Employee Form ﬂn /3 Employee Details - Microsoft Intemet Explorer
Exit! Ele EGU Vew Favodes Took Hep [ =]
SO 5 P Q ”
Back Stop. Retresh Home Search
Name: IKING Address [8) itp://id/E deErmp ASP/EmpNo=7439 jJ
Job: [PRESIDENT Employee Details
Manager: | BLAKE »| Name: faccen
Salary: |5|J|Ju Tob SALESMAN
Manager  [BLAKE =
Department: ISALES = Suy T
Department [SALES =]
Save Reset Cancel | Save | Reset| Cancel
" /]
&] Done. 20 Local inianet
(a) (b)

Figure 3-6: FUIs for viewing the employees in two differenvgnnments

A FUI consists of a hierarchy of Final InteractiGijects (FIOs) resulting from
a transformation from Concrete Interaction Objeictsa certain language, on a
certain platform and so on. For example, a dialdgugava or a text-field in Visual
Basic.

A Final Interaction Objectis defined as represented below:

Final Interaction Objects

Labet The label of the control
Control type The control type is specified in certain
platform
Editable Yesif this control can be edited by the
end-user; otherwisdo
Location The location (X, Y) of control in a form
or in the screen
Dimension The dimension of the control, it con
tains width and height
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3.3 The SKwyRL Framework

The SkwyRL [Do05] framework is an agent-orientednfiework composed of
four dimensions, each one reflecting a particuspeat of a MAS (Multi-Agent
System). The first dimension is requirement-drivéhig last three dimensions are
design-driven. The general concepts proposed bBbie(Belief-Desire-Intention)
agent-oriented models and programming languagessaé to define the concepts
of the framework. Consequently it makes the paséage design to implementation
easier. The framework dimensions may be brieflyngef as follows.

3.3.1 The social dimension

This dimension identifies the relevant agents ia #ystem and their goal's
interdependencies. As shown in Figure 3-7, forghal dependency ‘Generate the
Ul code’, ‘Code generator’ is the depender and @®eper’ is the dependee. The
fulfillment of ‘Generate the Ul code’ is the respdiility of Code generator. We
graphically use the i* notation to visually repnasthis dimension.

Enter user name
and password

Employee

Load, send
emails

Figure 3-7: Social Diagram — Mail services

3.3.2The structural dimension

The structural dimension describes the agent mgesf agent-oriented concepts
like beliefs, events, plans, and their relationshiphe agent concept defines the
behavior of the agent such as shown in Figure 3-8:

* The declaration of agent attributes.

« The plans that the agent can execute to obtagoat
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The beliefs the agent can use and refer to. THefbaf an agent can be of
type private, class, or global. A private accesgesricted to the agent to
which the belief belongs. Class access is shardéldl ether agents of the

same class, while global access is unrestricted.

The declaration of agent methods (e.g., the cortstrof an agent)

<<Agent >> MailServer

Attribute
String Name

Plan
Signin()
LoadEmails()
SendEmail()
Signout()

Belief
private belief
Database

Method
private OpenConnection(String UserName, String Paisiw
private LoadEmails()
private SendEmail()
private Disconnect()

Figure 3-8: Agent — MailServer

<<Plar>> OpenConnection
Event
post
LoadEmails
handle
Signin
Used Belief
use
Database
Method
main()

/l Handle a Signin event
/I Connect to server mail
/I Post LoadEmails event

}

Figure 3-9: Plan - OpenConnection.

A plan describes a sequence of actions that ant agentake when an event
occurs. Plans are structured by the Event partBtief part, and the Method part
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such as shown by Figure 3-9. The Event part dexlavents that the plan handles
(i.e., events that trigger the execution of thenpknd events that the plan produces.
The latter can be either posted (i.e., sent bygamiaonly to itself) or sent (i.e., sent

to other agents). The Belief part declares betied$ the plan reads and those that it
modifies. The Method part describes the plan itgblt is, the actions performed

when the plan is executed.

3.3.3The dynamic dimension

The dynamic dimension models the synchonizationhaeisms between events
and plans.

A plan can be invoked by an event that it handle$ ean create new events.
Relationships between plans and events are synzbband modeled with activity
diagrams extended for agent-oriented systems. THieggams specify the events
that are created in parallel, the conditions undkich events are created, which
plans handle which events, and so on.

Employee Server mail
|
is!it logged in?

ReLogin——
]
|

LoadEmails
1
ReadEmails Return emat LoadEmails
Write iemail
Write Emalil Send email
|
Logout

Logout——l Disconnect
(®-

Figure 3-10: Dynamic Diagram — Email services

Figure 3-10 shows an example of a dynamic diagiach agent constitutes a
swimlane of the diagram (e.g., employee and mailes Plans (e.g.,Signin,
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ReadEmails, OpenConnection ...) are representeduaslftorner boxes and placed
in the swimlane corresponding to the agent it bgdoto. An internal event (e.g.,
Login, ReLogin .. Logout) is represented by a ddsheow and an external event
(e.g., LoadEmails, WriteEmail) by a solid arrow. @tower level, each plan could
also be modeled by an activity diagram for furttietail if necessary.

Complementarity of the four dimensions

The social dimension gives an overview of the patté answers the question:
what does the pattern do? However, this dimensaas chot give any information
about the internal content of each agent in theepat

The last three dimensions give more specific infion about the design of the
implementation of the pattern.

The structural dimension describes “How can eactvicee and agent be
implemented?”. Its role (for designing agent-orehsystems) corresponds to the
role of the class diagram (for designing objecéentgéd systems in UML).

The communication dimension describes “How do agemthange information
between them?”. Its role (for designing agent-dgdnsystems) corresponds to the
role of the sequence diagram (for designing objeiented systems in UML).

The dynamic dimension describes “How is the flowcohtrol between services
modeled?” Its role (for designing agent-orientesdtesns) corresponds to the role of
the state chart / activity diagram (for designifxjeat-oriented systems in UML).

The models, Ul objects and SKwyRL framework disedss this chapter will
be used in DB-USE process which is presented iptehad by its architecture,
methodology and multi-agent system.

3.4 Chapter Summary

The models, Ul objects and SKwyRL framework disedsm this chapter will
be used in DB-USE process in chapter 4. In thisgss, the task, domain and user
models are used as its inputs; the CIO and FIQherebjects that DB-USE process
has to create based on these models; SKwyRL frankeigoused to detail the
process.
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Chapter 4

DB-USE: Generating Ul from Task,
Domain, User Models Combined Together

The purpose of this chapter is to describe the imerface generation process
from the task, user and domain models at the camepive and at detail levels.

At the comprehensive level, we discuss the enginggrrocess and its main
components. Section 4.1 describes the working geode practice; this process
starts with the specification of the requiremetitgn the models are created; next,
the user interface design is determined; and fin#lile application is implemented.
Section 4.1.2 shows the architecture of DB-USE. diéeuss the role of the main
components and the resources used in this progesgmetify the user interface. The
DB-USE workflow is described in Section 4.1.3. liosvs how the user interface
code and the application code are generated fraannibdels. The DB-USE’s
methodological process is finally discussed in iBect.1.4.

At the detail level, the user interface generatwacess is analyzed using the
agent framework. The process components modeledjests are represented with
the use of i* social dialog in Section 4.2.1; wsadiss about the role of the agents
and their relationships. Section 4.2.2 presentssthecture of these agents and the
plans. Section 4.2.3 describes the dynamic diagrathmodels the events and the
control flow of the plans of all the involved agent

4.1 Engineering User Interfaces from Combining Task,
Domain and User Models

In this section, we discuss the engineering proeessits main components for
the generation of the user interface from task; asd domain models.

4.1.1 Working Process in Practice

According to the Unified Process adapted for UligiesFigure 4-1 depicts the
practical working process one can follow from gwftithe requirements to
implementing the Ul application. In this processpeohas to analyze the
requirements specs, specify the (object or agémigtsiral and operational models at
the conceptual and logical levels, select the laptatform, design the user interface
so on and finally perform the Ul design and deplepin
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Analysis Ul Design
| want to re- Analyze re- Choose layou
view and edit quirements latf
the info of the letiieling

",
Specify task model, N Draw the
user model, domain ‘, il
? model... controls

Automatic

Implemert it based

End-user Designer on the design

Business Analyst

Form Developer
Figure 4-1: The Working Process in Practice

In this process, we have three main steps. The $itmsp is to create the
declarative models. The process starts with thduymrion of the requirements which
are created by the business analyst. In order ¢aterthese requirements the
business analyst communicates with the end-usersderstand their work, domain,
skills, goal so on. Based on these requirementsBil#ness Analyst creates the
declarative models such as task, domain, usericafiph, presentation models. The
second step is to design the user interface. Afgphatis chosen and the user
interface design is determined by the designerdasethe models created in the
first step. The final step is to implement the &gilon. The developer implements
the application on the platform determined basetheruser interface design.

There are many various researches which have fdcosehe automatic user
interface design such as Trident, Fuse, Teallach. d@sired goal is to automate
both the user interface design and the implememtati

4.1.2 DB-USE Architecture

As discussed in Section 1.3, the task, user andaoiormodels are used to
generate the user interface for the following reaso

-64 -



DB-USE: Generating Ul from Task, Domain, User Moded Combined Together

» Thetask modetiescribes how the user interface provides informatd the
user and how the actions that users and systerarpedan be sequenced.
These two aspects are two mains purposes of arisgiace [PateOlc].

» Theuser modebescribes the characteristics of the end-useggaups of
end-users. The user model is used in order to genendividual user
interfaces, to reconfigure the interface to the-eselr, to provide adaptive
user interfaces, to provide an appropriate levéladp, to actively guide the
user during interaction [Schl96].

e The domain modeldefines the aspects of the application which can b
adapted or which are otherwise required for runniregsystem. Therefore,
the domain model is used to specify the contrathdd user interface — at
this level the user interface is specified mordetails.

Declarative Models

Task Model Data Model
User Model

Mapping Function de-

l rules scription
Model edi- . Function

tor Ul builder .

Task- Database- Messages
knowledge knowledge Code
generator
Layout-
knowledge

Application User
code interface
code

Figure 4-2: Main components of our Ul and Code Generation ieckure

Figure 4-2 depicts the main components and theitaottre of DB-USE. The
Model editor agent uses the task- and database-knowledge tmas$esd the task
model from a XML file, the domain model from a coete database, and the user
model from a diagram file. The loaded tasks haveaaly been manually linked to
the attributes of the domain objects. From thaseeli objects, th&l builder agent
automatically creates the user interface (Ul) disjdzased on the mapping rules
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(these rules will be discussed in subsequent sextidheFunction editor agent
uses the Function description base to build thetfans of the application which are
defined in the domain model. Once the Ul objectsehbeen created and the
functions structured, theode generatoragent produces the code. Especially, our
process does not only generate the user interfaae, but also the application code
behind needed to perform these pre-determinedifunsct

The Model editor agent loads the tasks from the task model whictadsed in
term of XML specifications; the domain model is deal from the database by
executing pre-compiled SQL queries. Executed SQlkriga differ when the
databases are heterogeneous since the domain nmfdemation is stored
specifically for each type of database. The usedeh@s also loaded by thdodel
editor agent.

Once the tasks in the task model have been linkethe attributes of the
domain’s objects in the domain model, Concreteramiton Objects (ClOs) are
created based on the attributes characteristicstladelationships between the
domain’s objects by thel builder agent. These characteristics are for instance the
data types, data length, is-key flag.

Once the CIOs have been created, they are transfbinto Final Interaction
Objects (FIOs). A FIO is described as a user iatarfcontrol unit on a concrete
platform.

In order to obtain the desired behavior of a databapplication task, the
Function editor agent builds the generic functiofisan application by using the
function description base. These functions are,rfetance, Display(), AddNew(),
Update(), Delete(), Search(), Review(), CancelQit(E and Default() functions.
These functions are defined in the domain model.

Finally, the code generator agent uses the Layooatvledge base to generate the
user interface code based on the FIOs and usellélsage base to generate the
application code based on the defined functiong dpplication code is generated
to perform the tasks linked to the functions whéich defined by the Function editor
agent.

In summary, the components of DB-USE are:

e The Task-knowledge base that describes the rulédsedfask model. These
rules are described in the rules RTNRules of TaskM apping) and Table
4-1.

* The Mapping rules base that describes the rulesgdecifying the concrete
user interface from domain’s objects and the retehips between these
objects and for transforming the concrete userfate into the final user
interface. These rules are the rules RSRelds for selecting th&ub-
Tasks), RLIs Rules for makingLink betweenlnformation tasks), RLAs
(Rules for making Links betweenAction tasks), RSDs Rules for
Specifying Data-type), RGAs Rules for Grouping Attributes), RDCs
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(Rules for Determining theControl) and they will be discussed in detalil
later.

« The Database-knowledge base that describes gemspects of the
database tasks, the syntax and the structure wéry.q

e The Layout-knowledge base that contains the syiotaesign guidelines
for controls, windows and other widgets layouts.aléo describes the
semantic rules from which the control types aréngef.

* The Messages base that contains the generic msssagh as errors,
warnings, information to users messages, ... Seee¥abl

*  The Function description base that describes thergefunctions of a task
of the database application.

We will discuss these components more in detdiés.la

4.1.3DB-USE Workflow

Our process for generating the user interface pgctid in Figure 4-3. The code
generation process starts with loading the domaidehfrom the database and the
generic functions defined by DB-USE system, ther usedel from a text file, the
task model from a XML file. Besides, DB-USE alsdfides the functions in the
domain model which are used to perform the gerdatabase tasks; these functions
are Display(), AddNew(), Update(), Delete(), SeércReview(), Cancel(), Exit(),
and Default() functions

Once the models have been loaded, the developerndaes the tasks from
which the user interfaces can be generated basdldeodomain model. Typically,
these tasks are database manipulation tasks. TNeoger then makes the links
between the information tasks and attributes ofdimain’s objects in the domain
model and the links between the action tasks aedi#iined functions. The CIOs
are created based on the linked objects; then (BE3g are transformed to FIOs and
stored in terms of UsiXML specification. Besidebe tDB-USE determines the
linked functions to construct the methods for perfimg these functions. Finally,
the user interface code and application code @mvatically generated.

In this process, we use the XML file, diagram filed database as resources to
load the task, user and domain models. These m=®are created by the business
analyst/designer:

* The database is used to get the information oflttlain model.

e The XML file is used to load task model; the XMllefistores the task
model which is created by task model case tools h suas
ConcurTaskTreeEnvironment (CTT) [PateO1a, PateO1b].

e The diagram file is used to get the user’s charesties.

-67 -



Engineering User Interfaces from Combining Task, b@in and User Models

=N %

Loading models J

Make links be-
tween tasks and
functions

Developer

Creating CIOs J

Code gereration workflow

Generating UsiXML

\

Transforming CIOs to FIO}

!

Built database functions

l

Generating code

USIXML

Figure 4-3: Code generation workflow: Uls are generated fragkt user and
domain moels
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4.1.4DB-USE Methodology

DB-USE is specially interesting in the way thabénefits the Ul designers. It is
built to support them as much as possible in epéigses of the Ul generation. Ul
generation process of DB-USE consists of five ptiasee model analysis, the
relation making, the Ul design, the Application d¢tion design, and the code
generation. There is one person who is responsibte each phase. This
methodological process is depicted in Figure 4-4.

The Model analyst is responsiblefor the model analysis phase. The task,
domain and user models are automatically built hey DB-USE system from the
existing resources. THdser Model Editor is used to load the user model from a
diagram file; theTask Model Editor is used to load the task model from a XML
file; the domain model is loaded from a concretéablase by th®omain Model
Editor. The generic functions of a database applicatibichvare defined by DB-
USE are included into its domain model. These tlm@aponents are implemented
independently. Once these models have been lodumdare verified and modified
by theModel analyst He can change the attribute of the tasks suctaa®, type,
right task, action type, temporal operator or debat existing task or add a new one.
Specially, he/she can create a new DB-USE task hwitte the Model Editor if it
is not created yet.

The associations between the components of theamdkdomain models are
made by theJl Designerin the relation making phase. Firktl Designer has to
specify a composite action task that he/she wanbe tused to generate the Ul. Then
DB-USE displays its sub-tasks based on RST ruRades for selecting th&ub-
Tasks). DB-USE's task model includes two types sktanformation and action
tasks. The information tasks are linked to the damaattributes and the action
tasks are linked to the defined functions. THeDesigner selects the tasks and the
domain’s attributes which participate in the asations.

In the Ul design phase of the DB-USE process, tli@sGre created by tHel
Builder based on the associations made in the relationmpgkiase and on the user
model. The user model is used to generate indiVigser interfaces and to select the
control type among the possible ones that matdhepteference of the end-users.
Once CIOs have been created, in order to reuse thethe different running
environments (including platform, device and lamgp)a DB-USE stores them in
terms of UsiXML [Limb09]. Since the programming tarage has been determined,
the FIOs (Final Interaction Object) are creatededasn the CIOs. In order to
specify the attributes of the Ul objects, DB-USEsigheMapping rules base
which defines the rules for making the associatiogtsveen the tasks and domain’s
components, specifying the control type, locatiod dimension. In this phase, the
Ul Designer plays a crucial role since he/she has to make thatethe created Ul
objects satisfy the goal of the tasks.
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Figure 4-4: DB-USE - Methodology
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The application function design phase is startedeothe FIOs have been
completely created. THeunction will determine the linked functions of the created
FIOs to construct the structure for these functifidisplay(), AddNew(), Update(),
Delete(), Search(), Review(), ...). One strong adwgat of DB-USE is that
application functions are automatically constructey the system not by the
Developer. But the Developer can modify the structure of the function, define a
new function or delete an existing one.

Finally, the Ul code and the application code aenegated in the code
generation phase by ti@ode generator The role of théDeveloperin this phase is
to verify the generated code then to modify itéeded in order to ensure that it is
successfully compiled. Typically, the code genetaby DB-USE is clear and
complete enough to be compiled and executed imredglia

Model analysis Rules that loa model:
RTM1 - RTM2 - RTM3 -
RTM4 - RTM5
Table 4-2 Datatype mapping
5.2.3.1 Algorithms

Model analyst

Relation making Rules that mak: links

RST1- RST2 - RLI1 - RLI2
- RLI3 - RLI4 - RLAL -

Ul Designer RLA2 - RLA3 - RLA4
1
Ul desi M
esign Rules thai creat ClOs
Rules that create FIC
RSD1 - RSD2 - RGA1 - )
RGA2 - RDC1 - RDC2 - —> Table 4-4 Mapping the con-
Ul Designer RDC3 - RDC4 - RDCS - crete control type
RDC6 - RDC7 |
Application function design ¥
Templates that build generic
8 5.32"1empiates at duna
functions
Developer |
Code generation Templates that generate ¢
Table 4-5 Message table
5.3.1.1 Templates that generate Uls
D | 5.3.1.2 Templates that set data for
eveloper combobox

Figure 4-5: Mapping rules, algorithms, templates used in DBE=Uethodology

In order to perform the methodology depicted inurgg4-4, DB-USE provides
the mapping rules, algorithms and templates tleiaed to load DB-USE’s models,
to create Ul objects and to generate the code.eTresources will be discussed in
detail with the concrete examples in Chapters 45andost mapping rules are used
in three first phases; and the templates are useda last ones. Specially, these
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resources can be reused by the approaches of rmasedt user interface
development environment (MB-IDE). For example, i@pping rules used to create
Ul objects and the templates used to generate a@adthe ones that are used in most
processes of MB-IDE; the mapping rules and algorthused to work with the
models can be reused in the approaches if the madd¢hese approaches have the
same format with models of DB-USE; and finally, thmapping rules used to make
relation between components and the templates tesdulild functions are the
special ones, they are defined only for performiregprocess of DB-USE.

4.2 DB-USE Process

Our process is organized around the componentsionedtin Section 4.1. The
different components play different roles; theyemarct with one another by sending
the events and transferring the information. Besidihe components use the
resources database, mapping rules base, layoutikkdge/base and so on to achieve
their goals. The pro-active and adaptable aspecteieocomponents motivate the
adoption of the agent paradigm [Do05] to analyze fiodels and generate the Ul
and code. Each component is described as an agdntha various components
interact with each other to compose a MAS architect

4.2.1DB-USE - Social Model

The process proposed in Section 4.1.2 is detadatyu* in Figure 4-6. In a few
words, i* is an organizational modeling framewolup5] proposing concepts such
as actor (actors can be agents, positions or rodssyvell as social dependencies
among actors. Each node represents an actor afidliecbetween two actors
indicates a dependency (called dependum) betweemdtors: the depender and the
dependee. The depender is the depending actothardependee, the actor who is
depended upon. The type of the dependency maygmalaa softgoal, a task, or a
resource. Goal dependencies represent delegatioaspbnsibility for fulfilling a
goal; softgoal dependencies are similar to goakddgncies, but their fulfillment
cannot be defined precisely; task dependenciesused in situations where the
dependee is required to perform a given activity] eesource dependencies require
the dependee to provide a resource to the depefsdgrartially shown in Figure 4-
5, actors are represented as circles; dependunmals(geoftgoals, tasks and
resources) are respectively represented as ovalsds; hexagons and rectangles;
and dependencies have the form dependelependum— dependee.

The Model Editor agent displays the task model from the XML fileg(e
exported from the CTT - ConcurTaskTrees tool [Paée®ate01b]), the information
of the user model from the diagram file and the disnmodel from the database, to
the developer. It determines the tasks from whieh Wl should be generated; the
information tasks are then linked to the attribubdsdomain’s object in domain
model by the Developer. On the other hand, theoactasks are linked to the
functions which are defined in the domain models&hon these links, thel
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Builder agent automatically creates ClOs then these Ci®s¢ransformed to FIOs.
Once the FIOs have been created,Rbaction Editor agent specifies the structure
of the functions which are liked to action tasksdzhon these FIOs. Finally, the
Code Generatoragent outputs the user interface code and apiplicabde based
on the analyzed results.

Model
Editor

Relate operation
tasks to attributes
and action tasks to
methods

Load task, user and
domain models

Ul Builder

Determine Ul
objects

Function
Editor

Code
Generator

Figure 4-6: i* Social Diagram — Processing code generatiomftask, domain and
user models.

The Developer depends on tlainction Editor agent to define the basic
functions of the database application and onNteglel Editor agent to load the
task, user and domain models. ThkeBuilder agent depends on the Developer to
make the links between the information tasks aedatiributes of domain’s object
and the links between the action tasks and thene@fifunctions. TheCode
Generator agent depends on the Ul Builder to create the thjéais. Finally, the
Developer depends on tlide Generatoragent to generate the user interface code
and application code.
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4.2.2 DB-USE - Agent Structure

The Function Editor, theModel Editor, theDeveloper, theUl Builder and the
Code Generatoragents are described in detail. An agent is stradtby the name,
the plans, the belief and the functions. In orderathieve its goal, the agent
performs its plans based on its beliefs. An agerictivated by the other agents by
sending the events to each other.

4.2.2.1 Model Editor Agent

The Model Editor agent uses theoadTaskModelplan to load the task model
from the XML file, the LoadUserModel to load thesusnodel from the diagram file
and the LoadDomainModel to load the domain modehfthe database.

The structure of th®odel Editor agent is illustrated in the Figure 4-7.

<<Agent >> Model Editor
Attribute

Plan
LoadTaskModel()
LoadUserModel()
LoadDomainModel()

Belief
private belief
XML file
TXT file
Database
Method
Private TaskModel LoadTaskModels(XMLfile f)
Private UserModel LoadUserModel(TXTfile f)
Private DataModel LoadDomainmodel(String
DbName, String UserName, String Pasgjvo

Figure 4-7: The Model Analyst agent structure.

a LoadTaskModel Plan

The LoadTaskModelplan (Figure 4-8) is used by thodel Editor agent to
display the task model from the XML file; this XMfile can be built by tools like
CTT [PateOla, Pate01b]. When theadTaskModeplan receives doadTaskModel
event, it will read the XML file built by the dewsber; the tasks are then created
based on the information in this XML file.
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<<Plan>> LoadTaskModel
Event
post
LoadUserModel
handle
LoadTaskModel
Used Belief
XML file
Method
main()

/I Handle d oadTaskModeévent

/I Read the information of the tasks fromMLXfile
Il Map the Abstraction, Application, Interiact and
// User tasks into action and operation tasks

// Draw the tasks to the developer

/l Post.oadUserModekvent
}

Figure 4-8 TheLoadTaskMode plar structure

The information of task model is stored in a XMlefiThis XML file is built by
the developer by using tools like CTT [Pate0lag@Hb]. A task is described by the
name, the category, the name of the task pareatddscription, and so on; this
information is stored in the XML file like in th@ffowing example.

The task starts at syntaxiask ...>and ends at syntaxSubTask> Each task
has many different attributes, but only some ofittere used such as the task name,
the task’s category, the type of task, the nantask parent, the name of sibling left
task and the name of sibling right task.

We utilize the task model created by ConcurTaskTaeéhe following reasons:

e Focus on activities: the activities that a usersatmperform are described
in details.

» Hierarchical structure: the tasks described in geofrhierarchical structure.
The hierarchical structure of this specifications havo advantages: it
provides a wide range of granularity, allowing kRrgnd small task
structures to be reused and it enables reusaldestiagtures to be defined
at both low and high semantic levels.

* Graphical syntax: it is easier to read and undedsta

* Concurrent notation: the relationship between #skg is defined clearly
and richly.

< Objects: once the tasks are identified, they wallrbpresented by the user
interface objects and the application domain object
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e Capacity to extend: has a rich set of formally wedi temporal operators
(i.e. Lotos operators), probably the most extensive.

» Tool: is supported by a usable graphical tool (CTWhich facilitates its
dissemination and communication among practitianers

<Task Ildentifier="Review employees" Category="Abstraction Task" lterative="false" Optional="false" PartOfCooperation=
<Name> name </Name> "false” Frequency="">
<Type> <{Type>
<Description> </Description>
<Precondition> </Precondition>
<TemporalOperator name="Enabling"/>
<TimePerformance>
<Max> </Max>
<Min> </Min>
<Average> </Average>
</TimePerformance>
<Parent name="Employees"/>
<SiblingRight name="Modifying employee"/>
<Object name="" class="" type="" access_mode="" cardinality="">
<InputAction Description="null" From="null"/>
<OutputAction Description="null" To="null"/>

</Object>

<Object name="" class="" type="" access_mode="" cardinality="">
<InputAction Description="null" From="null"/>

<OutputAction Description="null" To="null"/>

</Object>

<Object name="" class="" type="" access_mode="" cardinality="">
<InputAction Description="null" From="null"/>

<OutputAction Description="null" To="null"/>

</Object>

<Object name="" class="" type="" access_mode="" cardinality="">
<InputAction Description="null* From="null"/>

<OutputAction Description="null" To="null"/>

</Object>

<Object name="" class="" type="" access_mode="" cardinality="">
<InputAction Description="null* From="null"/>

<OutputAction Description="null" To="null"/>

</Object>

<SubTask>

Example 4-1 An example of taskReview employeereated by CTT.

Our tasks are classified into two types: Actiorktasd Information task (See
Section 3.2). The defined types of tasks at theigdesevel are action and
information types. While the types of tasks in @iET, read from the XML file, are
abstraction, interaction, cooperation, applicatiownl user [Lyna03]; these types are
defined at the analysis level. At the analysis lletiee defined tasks represent
different kinds of information among which some ammecessary for Ul generation.
For instance, the user task is a cognitive taskttteaend-user selects as a strategy to
solve a problem or checks the result; typicallysthype of task is not used to
generate the user interface. Therefore, the usérigatranslated to none and the
others are translated to action and informatiokstas the design level based on the
following Rules ofTaskM apping (RTM):

e« RTMZ1: Abstraction, cooperation tasks are automaticalpped to action
tasks.
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e« RTM2: Application tasks are automatically mapped torimfation tasks.

« RTM3: We do not consider user tasks since these ars fask users and
they do not communicate with the system.

 RTM4: Interaction tasks are automatically classified itite action and in-
formation task based on the task type. If the typa task is=dit, Monitor-
ing or Selectiorthen this task is mapped to information task; otiee it is
mapped to action task.

 RTMS5: All sub-tasks of a task mapped to an informatasktfrom an in-
teraction task are also mapped to information t§Sk®, for instance, task
EnterParametein Example 4-2).

These rules are summarized in the table 4-1.

Task mapping

Analysis level Design level
&= Abstraction task Lo ek
B Interaction task (Control type) 8Action task

B Interaction task (Edit\Monitoring\ selection; ** Information task

ﬁ Cooperation task 8 Action task
= Application task “ Information task
User task None

Table 4-1 Task Mapping.

A task in DB-USE is defined by the task ID, thektaame, the parent task ID,
the task type, the action type, the right taskdbq the temporal operator. See Table
3-4.

The created tasks will be displayed to the develepd-user in terms of the tree.

Example 4-2 shows a mapping between tasks in Cdaslkfrees, in our
process considering a typicAtcessStuderibata task. TasKerify is not focused;
task AccessStudentData automatically mapped to action task; t&slowResultss
automatically mapped to information task; and othsks are mapped to action and
information tasks based on the type of each task.example: the task type of
SubmitRequess Control type so it is mapped to action tasle thsk types of
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EnterNameand EnterDepartmentare Edit and Selection so they are mapped to
information tasks.

Mapping

ceagStudentData 8
/ \ AccesstudentData
1>>_ ! _|>—
mv eRequest ShowResults Verify \
g 1» -
. ShowResults
Pr e uest

rParam eters Subml(quu-‘-st 8
/Eﬂ@%m\ SubmitRequest
B8 e
a Action task

Enterlame * EnterDepatment * EnterName EnterDepartment
- Operation tas

Example 4-2 Mapping of AccessStudentData task

Beside creation of the DB-USE’s task model basedhenCTT’s task model,
LoadTaskModelplan also permits the designer/developer to maitliby changing
the attribute of the task (such as the task naheetdsk type, the action type, the
right task, and the temporal operator), creating metask, or deleting an existing
one. This is one of strong pointlodadTaskModelplan.

After the task model is loaded, the plan then pasisadUserModekvent to the
LoadUserModelplan.

b LoadUserModel Plan

The LoadUserModelplanis depicted in Figure 4-9. Thdodel Editor usesthis
plan to load the user model from a diagram filés fie is created by the developer
based on the characteristics of the end-users.

The information in theuser modelis analyzed to classify the users into three
different classes based on their ability to usesthfévare. The analyzed information
is the characteristics of the users such as therexme, skill, knowledge, behavior
and so on. The three classes of the user modelaamed “Expert”, “Intermediate”
and “Novice” corresponding to three levels of dpilio use the software. Based on
these user classes, the designer will choose td butomplex, medium or simple
user interface.
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<<Plan>> LoadUserModel
Event
post
LoadDomainModel
handle
LoadUserModel
Used Belief
use
Txt file
Method
main()

{
/I Handle doadUserModekvent

/I Read the information from a txt file
/I Analyze this information to determine tigpes
/lof end-users

/I Post.oadDomainModeévent
}

Figure 4-9: The LoadUserModgdlan structure

TheLoadUserModefinishes its task by posting th@adDomainModegvent.
¢ LoadDomainModel Plan

The LoadDomainModelplan (Figure 4-10) is usetb load a domain model from
a database specified by the developer. OncédadDomainModelplan received a
LoadDomainModelevent, a database connection is opened based aypheof
database (Oracle, SQL server, MySQL ...), databaseepaiser name/schema,
password entered by the developer. The domain nmiedebded by executing the
SQL queries to get the domain’s objects, the aiteib of domain’s object, the
characteristics of these attributes and relatiggssHietween domain’s objects.
Besides,LoadDomainModelplan also defines the generic database functiotas in
the domain model.

The Domain model in DB-USE is represented by fiygeots which are
domain’s object, attribute, attribute’s charactérss relationship between the
domain’s objects, and the generic function of allase application. These objects
are built based on the information obtained fromdhatabase.

In order to create an opened development envirohfieerthe domain model,
LoadDomainModelplan permits the designer/developer to add a newtifon into,
or to delete an existing one from the domain moef.example, if deleting data is
not necessary then function Delete() can be delétethking reports is needed then
the designer/developer can add the function Repatt( the domain model.

Based on the different databases, the different §@dries are executed to get
the information of domain model. This informationnsists of the name of the
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domain’s object, the name of the domain attribtite,attribute’s characteristics and
the relationships; which are stored in the database dictionary.

<<Plan>> LoadDomainModel
Event
sent
MakeLinks
handle
LoadDomainModel
Used Belief
use
Database
Method
main()
{

/l Handle 4. oadDomainModekvent

/I Connect to the database

/I Get the needed information to create the
/I domain’s objects, their attributes, relaghips
/I Define the generic database functions

/I SendMakeLinksevent
}

Figure 4-10 The LoadDomainModgdlan structure

For example, in Oracle, the name of the domain’'seaibis stored in the
User_tablesview; the attribute’s characteristics are stored inAletab_colsview;
the relationships are stored in tA#_constraintsview. All these are view of the
Oracle Database data dictionary stored in the systser/schema. In SQL server,
the name of the domain’s object is stored in itifermation_schema.tablgsthe
attribute’s characteristics are stored in th@ormation_schema.columnshe
relationships are stored in tirformation_schema.constraint¥hey are here meta
system views owned kgbo the database owner.

Concretely, the steps performed to build domaitigat, attribute of domain’s
object and relationship are as follows:

« Obtain all of the names of the domain’s objects.

« Obtain all of the names of the attributes and tharacteristics of the
attributes.

e Obtain the relationships of domain’s objects.

The following queries are executed in Oracle toawbthe information of the
domain model.

Get the name of the domain’s objects:
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Selectable_name
FromUser_tables

Get the characteristics of the attributes of obfect

Selecitolumn_name, data_type, data_length, data_pretislata_scale, nullable
Fromall_tab_cols
Wheretable_name = ‘A’

Get the relationships of object A:

Selecfconstraint_name, constraint_type, column_name,nstaint_name

Fromall_cons_columns left join all_constraints on
all_cons_columns.constraint_name = all_constracasstraint_name

Whereall_cons_columns.table_name = ‘A’

The characteristic data type in different databasesamed by the different
names. For example text type in SQL server is \aroh varchar2; in oracle is text,
char, varchar and in My SQL is tinytext, text, madtext. So that we suggest a
datatype mapping table for mapping the data typerden the different databases as
to determine the data types of the attribute froendifferent databases (Table 4-2).

The datatype mapping table is built for Oracle, S@tver, My SQL databases.

Data type Oracle SQL server My SQL
boolean None Bit bit
date date d_atetlme date
timestamp
char text tinytext
ntext text
nchar .
char mediumtext
text varchar
nchar longtext
varchar2 .
varchar binary
nvarchar2 )
nvarchar varbinary
int
smallint .
tinyint I )
number . float
number decimal
long X double
numeric .
decimal
float
real
. . datetime .
datetime timestamp . timestamp
timestamp

Table 4-2 Datatype mapping tahle

Example 4-3 shows a domain model. This model ctmeisobjects Employees,
Jobs and Departments; the attributes ID, First_ Ndrast Name, Job_Title, Salary,
and so on; the characteristic data type, nullapteénary key; the relationships
between the Employees and others are 1-n, n-1-dnénd the generic functions.

-81 -



DB-USE Process

Functions EMPLOYEES
STl DEPARTMENTS
S T EMPLOYEE D NUVBER (u] = Column Hame Data Type Nullable Primary Key
Display() J08s mwe @ @ o 0, commnen o wrew O @
. Colun Data Type Nullable Primary Key LAST_NAME TEXT(25) ] o DEPARTMENT_NAN TEXT(40) ] m]
AddNew() 1080 TEXTOI0) 2] o AL TEXT28) [a] (=] MANAGER D NUMBER (2] &)
T JOB_TILE TEXT(25) [m] ] PHONE_NUMBER  TEXT(20) ] [m] LOCATION_D NUMEER @ o
Update() WAy e @ o 1y EDAE oAt o o
MAX_SALARY  NUMBER (=] O J08_0 TEXT(10) o o
Delete() saarv wees @ o
] comssonrcr naeeR [ o
Search() oD N [ &)
. cPARHENT D NMER [ O
Review() 0

Example 4-3 Domain model

The LoadDomainModelplansends théMakeLinksevent to theDeveloperagent
when the domain model is completely loaded.

4.2.2.2 Developer Agent

The Developeragent (Figure 4-11) uses tbetermineATaskplan to determine
a task, which is used to generate the user initfased on the domain model. The
MakeLinkForinformationTask plan is used to make links between information
tasks and the attributes of domain’s objects. BindilakelLinkForActionTask
makes the links between the action tasks and theedefunctions.

The structure of thBeveloperagent is illustrated in Figure 4-10.

<<Agent >> Developer
Attribute

Plan
DetermineGeneratedTask ()
MakeLinkForOperationTask()
MakeLinkForActionTask ()

Belief
Task model
Domain model

Method
Private void DetermineGeneratedTask()
Private void MakeLinks()

Figure 4-11 Developer agent structure

The main goal of this agent is to make links betw#th® components in the task
and the domain models. In our process these compoaee tasks, attributes of the
domain’s objects and functions defined in the darmaodel.

a DetermineATask Plan

The DetermineATaskplan (Figure 4-12) is used by thHgeveloper agent to
handle theMakeLinksevent and to post thenkiTask, LinkATaslevents. Besides,
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the ChooseATaslplan is also used to choose a task from the tagkemé&or each
chosen task, a dialog is generated.

The task model has many tasks and not all of thesmuaed to generate user
interfaces. In order to simplify the making of tieks between these tasks and the
attributes of the domain’s object, the defined fiows, it should focus on one task
at a time. The focused tasks usually are the opedat to access the database in
order to select data, delete data, update daféherefore, the developers have to
determine which ones can be used to generate énéntsrface based on the domain
model. In practice, the chosen task is the compe@sition task.

A task is selected which enables the user to perfgperations on the database.
The operations may be performed at collection |€¢geate new objects, delete or
associate existing objects) or object level (mottify object attributes).

When a task is determined for generating the ugerface, its sub-tasks are also
selected based on the following RST rules; thedetasks are classified into
information and action tasks by DB-USE as discu$setheLoadTaskModebplan.

<<Plan>> DetermineATask
Event
post
LinklTask
LinkATask
handle
MakeLink
Used Belief
Task model
Method
main()

/I Handle aMakeLinkevent

/I Determinea task
/I load the sub-tasks of the determined task

/I Post.inklTask, LinkATaskvents
}

Figure 4-12 DetermineATask plan structure

TheRules for selecting th8ub-Tasks of a chosen task (RST) are:

* RST1: All sub-tasks at level 1 are selected.

e RST2: All sub-tasks of a sub-task of task type informatare selected.
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Ch}s€d‘eg<nment /D@y\ /5( ’w onee Return
8—»— 8 , — —>>— u—[> - g

EnterdepartmemUAam\ Tele- Enter employee Display Exit

ll name

FirstName LastName

el e 8sooy)d

Choose department W /B@)\u Search Employee Return
a Action task

W Operation tas

FirstName LastName

Example 4-4:Display a chosen task for generating the Ul

Example 4-4 depicts how to display a chosen takk.first diagram shows tasks
in our system; the second diagram shows a taskeohby the developer for
generating the user interface. In this example taéls&Display employeés chosen
for generating the user interface. Sub-tasks alI&vare task€hoose department,
Display employee info, Search emplogedReturn the sub-tasks discussed in rule

RST2 areDisplay employee infandName
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b MakeLinkForinformationTask Plan

Once theMakeLinkForinformationTask plan received théinklTaskevent, it
makes the links between the information tasks haedattributes of domain’s objects
(See Figure 4-13). Linking a leaf task to the htttés of domain’s objects specifies
that the task will be an invocation of this atttidwn a particular instancé the data
type, the length, the primary key and so on théindehis attribute. The attributes
are selected according to task goals. In this spesks are filtering domain model
elements which are further needed for user interfdesign. In order to make this
link, the developer must understand the meanseofetéif tasks and then link the leaf
tasks to the attributes of domain’s object bastherfollowing RLI rules.

<<Plan>> MakeLinkForOperationTask
Event
send
CreateUIO
handle
LinklTask
Used Belief
Task model
Domain model

Method
main()

/l Handle dinklTaskevent

/I Make link between operation tasks
/[ and attributes of domain’s objects

/I PosCreateUIOevent
}

Figure 4-13 MakeLinkForOperationTagflan structure

The Rules for makingLink betweenl nformation tasks and domain’s attributes
(RLI) are given below:

« RLI1: Information tasks that have at least one subdasiot linked to the
attribute of the domain objects in the domain model

e RLI2: Each leaf information task (a leaf informationktas a task which
has no sub-task) is linked to at least one attilofithe domain object. This
means that all leaf information tasks are usecetegate the user interface.

« RLI3: One information task can be linked to more thae attribute of the
domain object. For example, task Name is linkeattdbutes First Name
and Last Name.
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 RLI4: One attribute of the domain object can be linkednbre than one
information task. For example, attributes First Maamd Last Names of
object Employees are linked to tasks Name and Mamag

Example 4-5 depicts how to link information tasks attributes of domain’s
objects. Based on RLI1, tagksplay employee infes linked to nothing. Based on
RLI2, all information leaf tasks are linked to ditites of domain’s objects. Based
on RLI3, the tasiNameis linked to attribute&irst NameandLast NameBased on
RLI4, the attributedmirst Nameand Last Nameare linked to task&lanagerand
Name

—

mp iafo Search Employee  Return
|~ b " ST N * SE -

) . Search() Exit ()
Manager Name Email Job title

OVEES
EMPLOYEES JOBS

EMPLOYEE_ID 789 SoaTiD A

: FIRST_NAME A e A
AR s A MIN_SALARY 739
EMAIL A MAX_SALARY 789
PHONE_NUMBER A
JoB_Ip A DEPARTMENTS
SALARY %8 DEPARTMENT_ID 789
DEPARTMENT_ID 28 DEPARTMENT_NAME A -
IS_MARRIED 284 MANAGER_ID 78

LOCATION_ID 789

Example 4-5:Linking tasks and attributes of domain’s objects

The MakeLinkForinformationTask plan finishes its task by sending a
CreateUIOevent.

¢ MakeLinkForActionTask Plan
The MakeLinkForActionTask plan will make the links between the action tasks
and the defined functions when it receives the Aifisk event. Besides, it is also

used to send the CreateUIO event. MakeLinkForActionTask plan is structured
in the Figure 4-14. The functions are represemetiable 3-9. They arBisplay(),
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AddNew(), Update(), Delete(), Search(), Revievgancel(), Exit(), and Default()
functions.

The action type of the task is used as an advicknking this task to a correct
function In order to make sure that the links are coryecteated, the designer can
uses the action type as a counsel. These acti@s tyre defined in Table 3-5; they
arel (Indeterminacy)C (Create) D (Delete),U (Update),S (Search), andR (Read).
For example if the action type of a taskGsthen this task should be linked to
AddNew()unction; or if the action type of a taskDsthen this task should be linked
to Delete()function.

<<Plan>> MakeLinkForActionTask
Event
send
CreateUIO
handle
LinkATask
Used Belief
Task model
Defined functions

Method
main()

/I Handle d.inkATaskevent

/I Make link between action tasks
/I and defined methods

/I sendCreateUlOevent

}

Figure 4-14 MakeLinkForActionTaslkplan

Linking the action tasks to defined functions isdmdy the developer based on
the following RLA rules.

The Rules for makingd.inks betweerAction tasks and defined functions (RLA)
are:

« RLAL: Atfirst, each action task is linked Refault() function which is de-
fined by default and the name of the function geteat by the system is the
name of the task. For example, the TBskete employeés linked to the
functionDeleteEmployee()

« RLAZ2: Each action task is linked to only one definecction.
« RLAS3: Each defined function is linked to only one actiask.

« RLA4: The original action task may be linked to a fumetiwhich is not
based on the task goal. If this task starts bygpetihg a function then the
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original action task is linked to this function. rFexample, when the task
display employee informatiostarts, adisplay() function is performed so
that its original goal is linked to functiatisplay()

g » 8 [1» hJ

Choose department Search by ID Displ info

" D BT,

Default () Search() Name Job title Department

[>

Return

Exit ()

Example 4-6:Linking tasks to the functions defined in domaindab

Example 4-6 shows how to link action tasks to tldingd functions. The
Choose departmetmask is linked tdefault() function because the existing defined
functions do not support the goal of this task.

Like the MakeLinkForinformationTask plan, the MakeLinkForActionTask
planalsofinishes its task by sendingGreateClOevent.

4.2.2.3 Ul Builder Agent

Since the links are made by tieveloper the Ul Builder agent uses the
CreateClOand TransformClOstoFIOsplans to analyze the linked components to
create the Ul objects. These components are ths,ttwe attributes, the domain’s
objects and the defined functions. The structuh@t| Builder agent is illustrated
in Figure 4-15. The Database-knowledge base (SextioSe4.1.1) is used to
understand the relationships between the tasksh@ndiomain’s objects.

There are two important Ul objects used in our pssc These objects are
Concrete Interaction Object and Final Interfacegdbj

« A Concrete Interaction Object (CIO) is a graphichject for entering and
displaying the data that the user can see, feelhzampulate [Vand93]. A
CIO is structured by the label, the control typd #me editable (See section
3.2.1).

» The Final Interface Object (FIO) represents theraf@nal interface object
that is running on a special computing platformheit by interpretation
(e.g., through a web browser) or by execution. Fl@ is determined based
on the CIO in a certain language, on a certairfgrat and so on. A FIO is
structured by the label, the control type, the adilé, the location and the
dimension (See section 3.2.2).
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<<Agent>> Ul Builder
Attribute

Plan
CreateCIO()
TransformCIlOstoFI10s()

Belief
private belief
Database-knowledge base
Method
Private Object CreateCIlOs()
Private void TransformCIOstoFIOs (Object CIOs

Figure 4-15 Ul Creator agent structure

In order to determine the attributes of a ClIO sashcontrol type we need to
specify the domain object (callestlited objedt on which the data can be changed
and to specify the main attribute of the domaireobjcalledmain attributg.

* An Edited objecis an object that its data can be changed by tHeuser.
This object is determined by the developer.

* A Main attribute of a domain’s object which relates to Bdited object
through a 1-1 or n-Irelationship is an attribute determined by the
developer. Théain attributeis used to determine the control type in the
next step.

If the designer does not determine the main ateibit will be automatically
determined by DB-USE system. There are two waytetermine the main attribute.
The first is that the main attribute of an objextthie first linked attribute of this
object. The second is that it is determined basethe action type. For example: if
there are many attributes of object O which ark&ethto the tasks then the main
attribute of this object is the attribute linkedttee task of U action type (Update,
Modify, Change, Alter, Edit).

a CreateClO Plan

Once theCreateClOplan (Figure 4-16) received tliereateClOevent, it creates
the CIOs based on the links between the taskslandttribute of domain. Like in
other approaches, the user interface objects afigul based on the data type, data
length, is-key attributes of the domain’s objecbfR95, Silv00]. If one task is
linked to more than one attribute then these linkgdbutes are grouped and they
are understood as one attribute. This means thahef task is linked to many
attributes then there is a new attribute createdpoesent these linked attributes.
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<<Plan>> CreateCIO
Event
handle
CreateUIO
post
TransformCIOtoFIO
Used Belief
use
Database-knowledge
Method
main()

// Handle &£reateClOevent

/I Specify the components linked
/I Create CIO
/I PosfTransformCIlOtoFIQevent

}

Figure 4-16 CreateCIO plan structure
Creating a new attribute if one task is linked toame than one object:

The data type of the new attribute (which is créatace there is one task linked
to more than one attribute) is specified basecherfdllowing RSD rules.

TheRules forSpecifyingData-type (RSD) are:

* RSD1:If a task is linked to more than one attributed drihe data type of
these attributes is T then its data type is T.

» RSD2:If atask is linked to more than one attributed dithe data types of
these attributes are different (types text, numbate ...) then its data type
is text.

For example, if a tasKotal is linked to attribute®rice andAmountand the data
type of both attributes is number, the data typthefnew attributd otal is number.
But if a taskMake Appointment is linked to columndate (datetime type) and
Addresg(text type) then the data type of new attribdzke Appointmenis text.

If the new attribute is created from the attrilsuté different domain’s objects
(for example objects A, B, C) then it is necesdargpecify the domain’s object of
this new attribute. The domain’s object of the nattribute is one of the above
mentioned objects (the mentioned objects are AC)Band the one that is the most
important and carries most information. For insegné the task Total is derived
from the attributdPrice in the objecProductsand the attributdmountof the object
Bills, the relationship between tables Products-Billd-is and the edited table is
ProductsTHEN the new attribut&otal belongs to the objedills, since in this case,
one product has many bills so that if tReéce-Amountbelongs to grouBills it
carries most information. In order to specify tl@in’s object of the new attribute
we propose some following RGA rules.
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/'“’U@ %bb“*\
B » — I
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Example 4-7:Creating CUIs process.
TheRules forGroupingAttributes (RGA) are:

* RGAZI: If all the attributes linked to a tagkcome from only one objeét
then the new attribute created from these attribbdongs to obje@&. For
example, if the task Name is created from attripuEest Name and
Last_ Nameof the objecEmployeesthe new attributdlamebelongs to ob-
jectEmployees

« RGAZ2: If a taskT derives from two object8, B and the relationship be-
tweenA andB is 1-1 or n-1 then the attribulebelongs to A, otherwise the
relationship betweeA andB is 1-n or n-n then the attributebelongs to B.

Example 4-7 depicts the creating process of ClOsedaon a task, the
components of domain model and the links betweemthEach.d represents a
CIO; the attributes are represented in order: Clime, data type and editable.
These attributes are determined based on the RGARDC rules. In this case,
domain’s objecEmployeess edited object and the attributésb_Title, IDare the
main attributes.
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For each leaf task, a CIO is created. Each ClQdated based on the name of
the task, the characteristics of the domain atteibwhich are linked to this task and
the relationships between the domain objects. Thieamcteristics are the data type,
length, is-key flag and so on. Thabel of the CIO is the name of the linked task;
the control type and editable attributes of the @@ determined based on the RDC
mapping rules presented below.

TheRules forDetermining theControl type are:

RDC1: When a task derives from the attributes of théeeldbbject then the
control type of the CIO created for this task ixfTield or Text box if the
data type is Text; Number field if the data type Neimber; Check
box/Radio if the data type is Boolean; Date pickehe data type is Date
and the Editable attribute value of this CIO is Yiésr example, in Exam-
ple 4-7 the ClOs Name, Email, Telephone ... deriwenfithe object Em-
ployees.

RDC2: When a task derives from an attribute of a donadject which is
not the edited object and if this attribute is the main attribute and the re-
lationships between the edited object and anotheri®‘1-1’ or ‘n-1’ then
the control type of the CIO is Text field or Texbbif the data type is Text;
Number field if the data type is Number; Check IRradio if the data is
Boolean; Date picker if the data type is Date drelEditable value of this
CIO is No. For instance, in Example 4-7 the ClOs Malary and Max sal-
ary derive from the object Jobs.

RDC3: When a task derives from an attribute of the donadiject that is
not the edited object and if this attribute is thain attribute and the rela-
tionships between the edited object and anotheri®ofiel’ or ‘n-1’ then
the control type of the CIO is Combo box and thédbde attribute value
of this CIO is Yes. For instance, in Example 4h& €IO Job title derives
from the object Jobs.

RDC4: If a task derives from the attribute of a domaliject which is not
the edited object and the relationships betweerdlted object and anoth-
er one is ‘1-n’ or ‘n-n’ then the control type dfet ClO is table and the Ed-
itable value of this CIO is No. For instance, inaEle 4-7 the CIOs Note,
Address and Time derive from object Appointments.

RDCS5: If the ClOs of the table type belong to the sar@ €lass then they
are assigned to the same table control. Each Cl9pef table in our pro-
cess is a separate interface, but in practicejusisa column of a table. For
example, the control type of the ClOs Note, Addie@sd Time is table and
they are separate CIOs but belonging to the samggkppointments; they
are then assigned to the object Appointments.

RDCE6: If the data type is container then the controktgp CIO of this task
is Tab or Panel control.

RDCY7: If a task is linked to a defined function then twtrol type of CIO
of this task is Button, Menu or Pop-up Menu.
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These rules are summarized in Table 4-3:

CIO created derives from following components

Data type of attribute Relationship be- (CIO) Ed-
of domain’s object | Edited | Related| tween edited ob-| Main | Controltype | ita-
object | object ject - related ob- | attrib- ble
ject ute
1-1;n-1 1-n; n-n

Text O Text field
Text(length>500) O Text box
Text O O Text field O
Text(length>500) ] [] | Textbox Il
Text O Combo box
Text Table Il
Number Il O [] | Number field
Number D D Number field D
Number Il Combo box
Number Table O
Date\DateTime | Il Il Date picker
Date\DateTime E] D Date picker D
Date\DateTime O Combo box
Date\DateTime Table O

Check box
Boolean O Radio button

Check box
Boolean D Radio button D

Check box
Boolean Radio button
Boolean Table O
Container Tab
Container panel ]
Void Button
Void Menu
Void Pop-up menu

Table 4-3: Mapping the data type of the domain object tocthetrol type of the

CIO
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Table 4-4 depicts classification of Ul controlssed on the ability of user in
computer applications. In some cases, it is bdfttdis table is used with the other
conditions such as number of control in a concsgtece; amount of data: if there
are a lot of data and we need to choose a conyel &mong radio button, check-
box, combo-box and list-box, then it is better if@nbo-box or list-box is chosen;
the number of linked functions: if there are maimked functionsit is better to
create CIOs oMenu typdor these functions; because each button takege plat¢he
screen so that too many of them cannot fit in.

Select a Ul control from the possible ones

Execute a . . .
Make a choice Make a choice Make multi cho
command
Option 2
o 0p!on1 @ Option 1 @
-
Is retired Option 3 Option 3
HEHE | Wokia Option 4
Is retired C 9
Newfile » .
- QO Option 1 [] Option 1
: @® s retired ® Opion 2 [v] Option 2
New file I O Working plion O Dption 3
QO Option 3 Option 4
User type
yp QO Option 4
Novice
O Optior 1
] Option 1
; (® Option 2 Option 2
| Mew file Is retired O Oaton [ Option 3
phian Option 4
O Option 4
Intermediate __ [ Option 1
Eile ® 1z retired O ption 2
" Option 2 .
Hew file i L] Bption 3
O warking Dption 4
Expert Is et Dption 1 [ | [optian 1 (=]
Mewfile » {;'EE'_Ed Option 3 Olption 3
| | watkin Opton 4
& ]

Table 4-4: Classify Ul controls based on ability of user imquuter applications
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Besides the use of the rules above to determineah&ol type of the CIOs; the
User model is also used to determine the contpe tyhich matches the preference
of the end-users. Based on the information fromutser model, DB-USE selects a
correct control type among the possible ones. hemwords, if there is more than
one control type determined for one CIO then thensoe chooses one of them for
this CIO based on the information in the user modet example the control type of
the CIO Exit can be Button, Menu or pop-up menuesyplf the users have no
experience then the control type will be Buttorthié users are professional then the
control type will be Menu. Another example: the tohtype is specified based on
the user characteristics: they are defined basedhenuser’s work experience,
educational level, age, previous computer expeeieaned so on. It is possible to
anticipate their learning difficulties to some etteand to better set appropriate
limits for the user interface complexity. For insta: we have two ways to open a
student’s name dialog; one is to click on studen&nu then choose the student’s
name menu, one is to click on a student's nameobutf the user does not have
computer experience it is better if the Ul is attwit He/She can understand exactly,
quickly what he/she needs to do to open a dialage#othe student’'s name.

In order to reuse the CIOs in the different runnémyironments, these CIOs are
stored in a XML file by using the UsiXML. DB-USE es UsiXML because this

language is specifically defined for describing tiser interface objects.

<oufputText id="id" name="Employee ID lable" content="xpath" defaultContent="Employee ID" isVisible="true"
old="false" textColor="#000000"/>
OfColumns="1" isEditable="true"/>
ble="true"
r="#000000"/>
umns="1" isEditable="true"/>
t="Last name" isVisible="true"
d="false" textColor="#000000"/>
e="true"/>
="true"

<inputText id="id0" name="Employee ID control" maxLength="50" numbe
<outputText id="id1" name="First name lable" content="yxpath" defaultContent="First name" i
isBold="false" tex

<inputText id="id2" name="First name control" maxLength="50" numb:
<outputText id="id3" name="Last name lable" content="xpath" defaultC

)l
<inputText id="id4" name="Last name control" maxLength="50" numberOfColurmns="1"
<outputText id="idS" name="Job title lable" content="ypath" defaultC nt="Job title'
isBold="false" textC

<comboBox id="id6" name="Job title control" isEnabled="true" currentValue=""/>
<outputText id="id7" name="Department name lable" content="ypath" defaultContent="Department name"

ié hle="true" isBold="false" textColor="#000000"/>
<comboBox id="id8" name="Department name control" i bled="true" currentvalue=""/>
<button id="id9" name="Add a new employee" content="xpath" defaultContent="New"/>

Example 4-8:ClOs are described by using UsiXML .
Example 4-8 depicts the text boxes and the combBedby using UsiXML.
b TransformClOstoFIOs Plan
The TransformCIOstoFIOsplan (Figure 4-17) detects tA@ansformCIOtoFIO

event to transform the ClOs to the FIOs. The FI@s specified based on the
attributes of the ClOs and the programming langutdermined by the developer.
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<<Plan>> TransformCIlOstoFIOs
Event
handle
TransformCIOtoFIO
send
BuiltFunction
Used Belief
use
Mapping-rule

Method
main()

/I Handle dransformCIOtoFICevent

/I Transform CIO to FIO base on
/I mapping rule

/I SendBuiltFunctionevents

}

Figure 4-17: TransformCIOstoFIOs plan structure

For each CIO, a correlative concrete control isaté. As discussed, a FIO is
defined by the attributekabel, control type, editable, locatioand Dimension.
These attributes are created as follows:

* Thelabelof the FIO is thd.abelof the CIO.

* TheControl typeof the FIO is determined based on Table 4-4 ferJhva
and VB.Net languages.

* The value of the FIO’&ditableis the value of the CIO’Editable

* The Location and Dimensionattributes of a FIO are determined based on
the order of creation and the length characteristic

Determining the control type of the FIO

Specifying the control type of FIO is not difficult is based on the control type
of ClO and the language chosen by Developer. Asvshin Table 4-5, mapping the
control type of CIO to the control type of FIO degds on the concrete languages. In
this case, these languages are Java and VB.Net.

Note: The control®Number fieldandDate pickerare not present in Java and the
controls Compo boxand Tab are not part of Java-AWT. To implement them we
suggest the following:

e Choosing other controls to replace them. For exam@ombo box is
replaced by List box; Number field is replaced lexifield ...

e Building a new control. For instance, we can cremtaew NumberField
which is built by extending TextField; this new ¢arh only accepts numbers.
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Control type’s Control type’s FIO

Clo Java-AWT Java-SWING VB.Net
Text field TextField JTextField TextBox
Text box TextArea JTextBox TextBox
Number field NumTextBox
Combo box JComboBox ComboBox
Date picker DateTimePicker
Check box Checkbox JCheckBox CheckBox
Radio control Choice JRadioButton RadioButton
Table Table JTable DataTable
Container Container JContainer ContainerControl
Tab JTabbedPane TabPage
Panel Panel JPanel Panel
Button Button JButton Button
Menu Menu JMenu Menu
Pop-up menu PopupMenu JPopupMenu PopupMenu
Label Label JLabel Label
List List JList ListBox
Dialog Dialog JDialog Dialog

Table 4-5: Mapping the concrete control type based on theuage.

Determining the dimension of a FIO

The dimension of a control is described by its heand its width. The controls
are determined based on the Length characteriftibeoattribute domain and the
font size which will be chosen to display data. ¥mpose that the data that we
need to display is a chain of characters; we haweways to display data: the first
way is to display data under a single line andstheond one is to display it under
multiple lines. The height of a control will depena its display of a single or
multiple lines. Both height and width of a contsblould have a maximum value and
a minimum value. We cannot mention here how to tixattmension a control but
we will present some considerations to evaluate it.

Determining the location of a FIO

Before determining the location of controls we needdetermine where the
controls will be laid out. Here, we choose a foanframe or a dialog to contain
these controls. The controls are laid out on tleesgainers based on the dimension
of the container and the order of the control. &ample if the container’s width is
important then the controls are laid out on morantlone column. The controls
created from one domain’s object are grouped tegeth means that they are laid
out on the same place.
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8

Name = Mai Nguyen 5 8 e g
_ Search I

DDepattment name  Computer -2 1fO Search Close

_— P N T~
con BB oot

Note | Address | Time &) u
930 — &% Min salay 3000

Meeting 1 Louvain

Telephone Traction 11:00

Name Department nmelt® s 700

] \ \
e \ AN
[ W O L S
Job title Min salary Max salary
Note Address  Time

Example 4-9:The CIOs to FIOs Transformation process based ample 4-7.

TransformClOstoFIOsplan finishes its task by sending tBailtFunctionevent
to theCode Generatoragent to generate the code for performing the insexface.

4.2.2.4 Functions Editor Agent

The Function Editor agent (Figure 4-18) uses tBailtFunctions plan to build
the generic functions based on the domain’s ategyuF1Os and the functions are
linked and created at previous steps. In the dommdel, the functions are only
defined in terms of prototype. Once, the componemisiding domain’s attributes,
FIOs are determined then the linked functions arapletely built to be able to lay
out the code in such a way that it can be comphed run immediately.

<<Plan>> BuiltFunctions

Functions-Description base

<<Agent >> Function Editor Event
Attribute sent
GenUICode
Plan GenAppCode
BuiltFunctions() handle
BuiltFunction
Belief Used Belief
private belief use

Functions-Description base

Method
Private DefineFunctions()

Method
main()

/I Handle ®efinFunctionsevent
/I Analyze these functions

/I Built the methods

/I SendMakeLinksevent

}

Figure 4-18: The Function Editor agent and DefineFunctions glancture
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In order to analyze these functions, tRailtFunctions plan design them as
design patterns and follow the design pattern fraonk proposed in [Forb00] for
reusability purposes (the generic identified pattecan be reused by others, for
instance, patterns objects, attributes and contantsbe reused by functions such as
Search, AddNew or Display), object-oriented featucempliance with the agent
paradigm and implementation traceability.

The functions are described in details in Figure84Each function is structured
by the name, the objects and the methods. Therdaiffefunctions have different
objects and methods. The number of objects dependshe number of links
between the domain’s objects and the tasks; tlals® Will be discussed in the next
sections.

n.1 << Function >>
Review
<< Function >> L.n . .
Search String CreateSQLString();
Recordset ExecuteSQL();
- Void DisplayFirstRecord();
Obj.eCt GetVaIuesFror_nUs?r( Void DisplayPreviousRecord();
StrmgdCreateSQLStrlng(§), Void DisplayNextRecord();
Recordset ExecuteSQLY(); o !
Void DisplayResult(); Void DisplayLastRecord();
<< Function >> 1.1 1.1 | << Function >>
AddNew l I Delete
ObjectGetValuesFromUser() «?\lbj“t >> String CreateSQLString();
StringCreateSQLString(); __Name < | Void ExecuteSQL();
BooleanExecuteSQL(); Object name
1.1 1.r
<< Function >> n.1 << Function >>
Update <<Attribute >> Display
_ Name _ _
ObjectGetValuesFromUser(); Attribute name String CreateSQLString();
StringCreateSQLString(); Data type Recordset ExecuteSQL();
Void ExecuteSQL(); Key attribute Void DisplayResult();
GetAttributeName()
1.1

<<Control >>
Name
Control name
Control type
ObjectgetValue ();
Void SetValue();

Figure 4-19: Function structures.

One object can have more than one attribute. Thtebutes are the attributes
which are chosen to generate the user interfaeg; ¢an be a number or all of the
original attributes of this object.
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One attribute associates with one control whichsed to display the attribute’s

value to or receive the attribute’s value from éimel-user. One attribute is structured
by the name, the data type and the key attributer &xample: attribute
Manager{Attribute name: Employee name, Data typxt;TKey attribute: No}

One control is structured by the control name,dbetrol type. The getValue()

method is used to get data from the end-user amdeatlalue() is used to display
data to the end-user. For example: control Mand&amn{rol name: cbManager,
Control type: Combobox}

In order to reach the goal, each function has &zete its methods. Each method

is executed for different purposes.

GetValuesFromUser()method is used to get the necessary values frem th
end-user. In other words, this method is used toaees from the controls.

CreateSQLString()method is used to create the Select/Update/|Dsetie
SQL strings based on the goal of the function. &mmple: this method
create Select SQL string for functions Search, &evand Display; Delete
SQL string for function Delete and so on.

ExecuteSQL()method is used to execute the SQL string createstea The
result of this execution depends on the SQL stilinitjis a Select SQL string
then the result is a set of the records, othertyiseresult is a value true or
false.

DisplayResult()method is used to display the data to the end-usesther
words, this method is used to set values for thmgrots.

DisplayFirstRecord()/DisplayPreviousRecord()/DispldextRecord()/Displ
ayLastRecord() methods are wused to display data from the
first/previous/next/last occurrence of the curnexiord.

<< Function >> <<Object >>
Report —,_) Name
1.n Object name
String CreateSQLString();
Recordset ExecuteSQL(); 1.n
Void DisplayResult(); A
Void Print); <<At:\|“3ute >>
ame
Attribute name
Data type
Key attribute
GetAttributeName()

l 1.n

<<Control >>
Name
Control name
Control type
ObjectgetValue ();
Void SetValue();

Figure 4-20: Function Report
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If there is a new function added into the domaithatprevious steps then there
is a new pattern created at this step. For exampleew function Report() defined
into domain by LoadDomainModel plan then a new pattern created by
BuiltFunctions plan as depicted in Figure 4-19.

And finally, GenUICode, GenAppCode events are bgrBuiltFunctions plan.

4.2.2.5 Code Generator Agent

The Code Generatoragent uses th&enerateUICodeplan to generate the user
interface code based on the determined FIOs anG¢herateApplicationCodelan
to generate the application code based on theatkfimctions.

The structure of th€ode Generatoragent is illustrated in Figure 4-21.

<<Agent >> Code Generator
Attribute

Plan
GenerateUICode()
GenerateApplicationCode()

Belief
private belief

Method
Private String GenUICode(Object FIOs)
Private String GenAppCode()

Figure 4-21: The Code Generator agent structure

An application program can be divided in two patte user interface and the
code behind the interface that implements the matefogic of the program and
interacts with external entities (e.g., databasesess). The user interface is
determined by the agents presented aboveCtueGeneratoragent will generate
the code to implement the UL.

a GenerateUICode Plan

The GenerateUICodeplan (Figure 4-22) is activated to generate ther use
interface code to implement the user interface dhasethe FIOs determined above
when it received th&enUICodeevent.

Here are some important steps for generating thfletldne FIO:
« Create a new control.

e Set the label for created control.

* Set the dimension of the control.

*  Set the location for this control on its container.
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» Set the editable attribute of the control.

<<Plan>> GenerateUICode
Event
Send
Finish
handle
GenUICode
Used Belief

Method
main()

/I Handle &enUICodesvent

/I Generate Ul code based on the FIOs and
/I the language specified

/I PosFinishevent

}
Figure 4-22 GenerateUICode plan structure

For the same FIOs, the code that is generatedfferatit depending on the
selected language. For example, the following twdecextracts are generated for
implementing a FIQAlias-nameof type Textin two different languages:

In Java AWT:

TextField name = new TextField():
Label 1 name = new Label():
1 name.setText( "Alias-nawe n ):

name .setLocation (100, 50):;
nawe.setSize (200, 30);

name .setEditable (true) ;

In VB.Net:

Buttonl As System.Windows.Forms.Button

Me.TextBoxl = New System.Windows.Forms.TextBox()
Me.TextBoxl.Location = New System.Drawing.Point (32, 40)
Me.TextBoxl.Multiline = False

Me.TextBoxl.Name = "Alias-name"

~no ~
0

Me.TextBoxl.Size = New System.Drawing.Size (408, 208)
Me.TextBoxl.TabIndex = 0
Me.TextBoxl.Text = ""

The example shows that they use two different fibsa the syntax of the two
languages is different.

Some important points need to be considered wheeargéng code:
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* The code syntax is generated differently for déferlanguages.

e The code generated should be identified, cleare@sy to understand; this
is very important to maintain, enhance and devéiapcode.

e The control name is unique so we have to find atmsl for naming a
control automatically in such a way that the naraaegated relates to the
FUI name and is unique too. Creation of the namstrbe uniform and
standardized since we need to use these namesw¢hgenerate the code
to display and update data.

* The controls are created in a concrete languagedbas the attributes of
FUIs; the control type is determined 6pntrol typeof FUIs; this control is
named bynameof FUIs, etc.

In our process, the concrete controls are laidimw form, or a dialogue. We
suggest create a template file to perform the fdimidgue. The format of the
template file depends on the language on whichapptication is developed such as
Java. Besides, mouse listener, action listenertlagid functions are added into the
template file.

Finally, this plan sendfénish event.
b GenerateApplicationCode Plan

The GenerateApplicationCodelan (Figure 4-23) is activated to generate the
application code to implement the defined functibased on the functions linked to
the tasks when it received ti@enAppCodevent. The Message base is used as a
library for announcing error, the result of perfang of the task, confirmation and
S0 on to the end-users.

<<Plan>> GenerateApplicationCode
Event
Send
Finish
handle
GenAppCode
Used Belief
Message-Base
Method
main()

// Handle &enAppCodevent

/I Generate application code based on
/I the functions linked to the tasks

/I Send~inish event

}

Figure 4-23: GenerateAppCode plan structure
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The Message-Base is created by DB-USE; it is usegrovide the generic
messages of an application. These messages aretasathounce an error, a
warning, or the information to the user and to camivate with the user to confirm
the tasks which will be performed later. For exaamjh order to announce to end-
user that he/she doesn’t have the privilege to vasrlemployee’s data, a message
“You do not have the privilege to work on this fieis displayed to the user.

The messages used in our process are defined la &b

Type of Message Message
ERROR Inputted data is not correct
ERROR Data type is not entered correctly
ERROR Data is not inserted
ERROR It is not successful
ERROR Exception occurred
ERROR Data type is not valid
ERROR Database is not connected
ERROR Data is duplicate
ERROR An error is occurred
ERROR Fail

CONFIRMATION Do you want to save this record ?
CONFIRMATION Do you want to delete this record ?
CONFIRMATION Are you sure you want to change the data ?
CONFIRMATION Do you want to logout ?
CONFIRMATION Do you want tocontinue ?
INFORMATION  Data has changed
INFORMATION A new record is inserted successfully
INFORMATION  Data is deleted successfully
INFORMATION  Connected

WARNING You have to complete this form

WARNING This field can not be null

WARNING Please enter value for this field

WARNING Can not be found

WARNING You do not have the privilege to work on this field

Table 4-6: Message table

Here are some important points needed to gendratapplication code:

e In order to be easily manipulated, the system shtndd the data for the
Compo-boxesThis data is derived from a concrete databaseirstance,
the data of the compo-badob titleis selected from the attribug®b Title
of theobjectJobs.

» Determine controls that concern each other. Thes&as are controls that
are created from an object (which is edited objedt In practice, that is a
group composed of a control compo-box and its irejatontrols (text-
field, number-field, check-box). For instance, whte end-user changes
the value of the compo-badob then the values of the number-fididin
salaryandMax salaryare automatically changed. See Example 4-10.
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job title

’Administration Vice President

[v
M

J

department name ’Purchasing

[+

salary

min salary

max salary

15000

15000 :I
30000

Example 4-10:The Value Change Of The Data Fields

4.2.3 DB-USE Dynamic Diagram

The process finishes by the sending of a finismebg this plan.

As said before, a plan can be invoked by an evettit handles, and can create

new events. The relationships between plans andtgwege described in Figure 4-

24.

Model Editor

LoadTaskModel
® - LoadTaskMode

LoadUserModel

LoadUserModel

LoadDomainModel

LoadDomainMode|

Developer

MakeLinks

LinkoTask

DetermineGeneratedTask

‘LinkATask

MakelLinkFor| | MakeLinkForO
ActionTask perationTask

CreateCIO

Ul Builder

CreateClOs

TransformCIOtoF!

TransformClOsto
FlOs

SpecifyFunc

Structure

Function Editor

on

aInjoniisuonoundAoads

®477

BuiltFunction H

GenAppCode
| GenerateApplicatio
Code

Code Generator

4 GenerateUICode|,

/ GenUICode

"

Figure 4-24: Code Generation Workflow
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The diagram models the control flow from tkkedel Editor agent defining the
basic functions to th€ode Generatoragent creating the user interface. The plans
and their events discussed above are summarizeavbaicluding some specific
points of the workflow, in the Dynamic Diagram.

The process starts with loading the models. OneelLttadTaskModelplan
received the LoadTaskModel event, it reads therin&tion of the task model from
a XML file then loads this model in terms of ourrftat which is represented by
only two task types.

After the LoadUserModelplan received the LoaduserModel event from the
LoadTaskModelplan, it analyzes the information of user moded&iermine the
preferences of the user and posts the LoadDomaieMment to load the domain
model.

The LoadDomainModelplan detects the LoadDomainModel event to load the
domain model from a concrete database which igméted by developer.

The DetermineGeneratedTasglan is activated when it receives the MakeLinks
event from the_.oadDomainModelplan. TheDetermineGeneratedTasglan selects
a task based on which the user interface will beegged. The MakeALink and
MakeOLink events are posted by this plan.

The MakeLinkForInformationTask plan is used to make links between the
information task and the attributes of the domaodet when this plan receives the
MakeOLink event.

The MakeLinkForActionTask plan is used to make links between the action
task and the defined functions when this plan kexeihe MakeALink event.

The CreateClOsplan is used to create the ClOs based on linkgdest the tasks
and the defined functions, the attributes of thendim model when the CreateCIO
event is detected by this plan.

These ClOs are transformed to FIOs by ThansformCIOstoFIOs plan. The
TransformCIOstoFIOsplan sends the SpecifyFunctionStructure evetftutaction
Editor agent.

The SpecifyFunctionStructure plan is activated if it has received the
SpecifyFunctionStructure event from both the MakdéForActionTask and the
TransformCIOstoFIOs plans. This plan specifies the structure of thecfions
linked by the developer. The GenUICode and GenApleGevents are sent @ode
Generator agent to generate the code.

The GenerateUICodeplan is triggered once it has handled the GenU&Cod
events to generate the Ul code which performs tlser uinterface. The
GenerateApplicationCodelan will generate the code to perform functiofior
application when this plan received GenAppCode even

The generated code is returned toBeveloper.
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4.4 Chapter Summary

Chapter 4 has presented the core of this thesisUBB process is started with
presenting main components in DB-USE’s architegttlren methodology of DB-
USE is presented to show the reader the stepssiptbcess, the resources used in
this process and the participants who are resplengilo each steps; and finally,
these steps are discussed in detail by using Mgkiat system. In order to apply this
process, DB-USE tool will be implemented in chafiter
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Chapter 5
DB-USE: Software and Case Study

In this chapter we present a tool implemented basethe process discussed in
Chapter 4. The DB-USE tool is presented in Sedhidn There are two case studies
in Section 5.2 including human resource managenaedt TransLogisTIC. The
comparison between DB-USE and Just-Ul, Vampire, patterns of Coad &
Yourdon is discussed in Section 5.3.

5.1 DB-USE Tool

Multi-agent system development does not requirecifipe agent-oriented
language and can be implemented with language basedher paradigm. Indeed,
the concept ofAgentis not too distant from the concept ©bjectso that object-
oriented languages are considered as suitable meapsactice, most proprieties of
an agent are the same with the ones of an objett as inheritance, message
passing. However, the other proprieties of an ageoh as autonomy, flexibility
behaviour are not supported by the object.

Today, several software frameworks are availablaérmfiplementing multi-agent
systems such as Jack (Java Agent Compiler and Kerdade (Java Agent
DEvelopment framework), 3APL (An Abstract Agent @mming Language).
These frameworks have been fully implemented imJahey provide programming
constructs for implementing agents' beliefs, goadsyices and basic capabilities
(such as belief updates, external actions, or comzation actions). Therefore, to
implement a multi-agent system in Java instead sihgu Java language, the
developer can use these frameworks.

The agents of DB-USE have been implemented in Jaidely used in the large
database-oriented software packages such as @ra8leP. Java language has been
chosen to implement DB-USE tool for following reaso

« Java is an object-oriented language.

+ DB-USE does not need the advanced feature prowgedack, Jade and
3APL into its specific developments.

* DB-USE could subsequently slow down the executimtgss when it does
not need to run these frameworks.

Table 5-1 illustrates the mapping between agentpoovants and DB-USE
components in Java. Each agent is presented bgsa;dts plans are the methods
used for communication means with other agents.
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Agent components DB-USE components in Java
Agents Classes

Attributes Attributes

Belief XML files, database

Plans Public methods

Methods Private methods

Events Messages

Table 5-1: Agents of DB-USE in Java

The main purpose of DB-USE is to help designersréate the user interface
and generate the application code for performimggneric functions of a database
application easily and quickly. We summarize betberimportant goals which DB-
USE aims to achieve:

A friendly and simple interface The interface of DB-USE has been
designed in such a way that any designer can wdftkitwvhile benefiting
from the important features mentioned above. Sityilato other
applications, the main interest of our tool is thsual and/or graphical
generated result.

Performing most of the functions discussed in therdain model DB-
USE has been developed to perform most of the ifumetdefined in the
domain model. These important functions makes e interface directly
specified based on the associations between tkeatas domain models;
and the capability of the application code generati

Efficient managing existing resourcedAs already discussed, the task, user
and domain models used in our process are tharexigsources; they are
used by the other processes such the analysisgstoce

Visualizing the processThe interface visually supports our process as
much as possible. Currently, the tasks are disdlayagerms of graphical
objects. The designer can review the result in seofngraphics whenever
he/she wants during working.

Generating and running the coddn the current version, the user interface
and application codes generated by DB-USE are impfeed in Java. The
code generated has been made clear, easy to wmntkemtd documented
for example: how to name the controls: the contsbisuld be named based
on the control type (T for text-field, C for combox, B for button ...) and
the task name. Typically, the code generated by UE can be
immediately compiled by a Java compiler.
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DB-USE

I DB-USE tool

Application Domain model Task model About
Choose atask Create new employee _ v _ Domain model
= -
oammd%i e [employees]
EMPLOYEE_ID
: FIRST_NAME
[iobs] LAST_NAME
= JOB_ID EMAIL =
JOB_TITLE PHONE_NUMBER
m~ i .w‘lv.u | ‘ = MIN_SALARY HIRE Oﬂﬁ.m
Choose job Enter hire date  Entertelephone  Enter salary MAX_SALARY 0B _|D
SALARY
| COMMISSION_PCT |
[departments] \Omv%qgmzﬁ_o
‘ i DEPARTMENT_ID
& DEPARTMENT_NAME

Show max salary Show min salary LOCATION_ID

! ~|
(] 1»] < I ] [0
[_] Editable mode

Label Aftribute names Data type Control type Editable

Enter employee ID employees.employee_id Number Number field Yes
Enter first name employees first_name Text Text field Yes
Enter last name employees.last_name Text Text field Yes =
Enter email employees.email Text Text field Yes . Create Ul object
Choose job fitle jobs.job_title Text Combo hox Yes  |j.. [] Visual basic
Show max salary johs.max_salary Numbher No ... -
Show min salary jobs.min_salary Number No ji. Remove Ul objects []ce++
Enter hire date employees.hire_date Date Date picker Yes
Enter telephone employees.phone_number Text Text field Yes H E
Enter salary employees.salary Numher Number field Yes
Choose department nar |departments.department_name |Text Combo hox Yes
Save AddNew() Void Button Yes
Cancel Cancel() Void Button Yes
Close Exit) Void Button Yes

: DB-USE too

Figure 5-1
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Figure 5-1 depicts DB-USE tool. The tool is dividelo three separate areas.
The first area is used to display task model; #eord area is used to display the
domain model and the last area is used to displynformation of the Ul objects.

Unlike with the current tools such as Teallach, &bl Fuse, the user interface
designers do not need to manipulate much to cthaténterfaces. They can work
with the task, user and domain models by usingntbese to select the objects of
DB-USE’s models and link them together. Besides, tdsks in the task model are
described in terms of graphics designed to reptdberrole of these tasks; making
it clear to the designer.

The DB-USE’s model can be developed independently.

In this current version, the user interface cod# a@pplication code generated by
DB-USE tool are also implemented in Java. The ogeleerated is very clear and
easy to understand; unlike with most of previoudso

5.1.1 Model Editors

As discussed above, task model and domain model us®B-USE are the
existing resources. Modeling editors of DB-USE hbeen developed to support the
Ul designer in displaying a model or a part of thedel, selecting the objects,
making the associations between the domain’s abjaotd the tasks. With this
version of DB-USE, the generated user interfaces tai the general end-users; so
that the user model is not presented. Maybe thermedel will be used in the next
version of DB-USE tool.

5.1.1.1 Task Model Editor
Task model editor of DB-USE allows the designer:

* Load the task which is created by CTT tool thenes#vin term of the
format of DB-USE task model.

» Create a new DB-USE task model.
e Load DB-USE task model.

The task types defined by CTT are different from thsk types defined by DB-
USE. So in order to reuse this task model we neelahsform the task types of
CTT to that of DB-USE (See Table 4-3). In DB-USEe have two types of tasks:
information task and action task. These tasks aesemted in Section 3.2.2 and
Section 4.2.2.2.i. Information task is represengdicon ® and action task is
represented by ic08 . The relationship betweerntwloetasks is represented by a
straight line.

Once CTT task model is loaded, the designer canif;nédand save it by
clicking onTask model Save task modetenu.
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The task model editor is depicted in Figure 5-2.

In order to load the DB-USE task model, the desidras to selecOpen DB-
USE task modehenu.

B3 DB-USE tool
Application Domain model | Task model | About

New task model

Open CTTE task model 4
| Open DB-USE task model [a]
Save task model

B8y L

Enter user name Choose role Enter password Confirm Exit applica

KN Dl
[_] Editable mode

Figure 5-2: Task model editor

Unlike in current applications such as Teallachrf38], Trident [Boda95],
Goliath [Juli04b], task model editor is displayed terms of graphics and
hierarchical tree structure. The different tasles r@presented by different graphical
icons; making it easier to interpret the role oé ttasks. The hierarchical tree
structure is used in DB-USE tool because it all@asy observation of the flow of
the tasks. Besides, the action types are alsosepted to the designer/developer by
the I, C, D, U, S, R symbols. The temporal operaemveen two task at the same
level is represented by tll2 > I>,>> | and so onsicon

Once a task is chosen by the designer\develdgerask and all of its sub tasks
are displayed on the task panel.

To increase ease of use, DB-USE tool provides tptioos: editing mode and
liking mode.

a Editing Mode

The editing mode is activated once the check lixitable modéis checked by
the designer/developer. The main goal of this misdfor the designer to see the
structure of task tree and modify the tasks.

Based on the task chosen at compo boRdose a task DB-USE will display
all of the tasks whose root is the task chosenth& mode, the designer cannot
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make the associations between the tasks and thaid@@mponents but he/she can
modify the attributes of the task, add new a taskl delete an existing one.

8-

Create newe...

— I [— B, . __
I - I I I
Enter email Cho(_Edit selected task Entertelephone  Enter marita... Save
Add new task
Delete selected task
8,8, B
Choose jobt.. Showmaxsalary Show min salary

Figure 5-3: Task menu

Figure 5-3 shows you how to edit the task modeistlyi the designer has to
choose the task that he/she wants to edit. Thatidling on the right button, a task
editing menu is displayed. To modify the selectaskt one will select the menu
“Edit selected taskto add a new task, the menAdd new task to delete selected
task, the menuDelete selected task

Task Q@@

Parent Task [Create new employee |~
Task name "Choose joh
Task Type |Action task v
Right task name lEmer telephone ] - ]
Operator [Imerleaw‘ng [ - ]
Action type Indeterminacy |v }
| 1 1
| Save J [ Cancel |

Figure 5-4: Task form

The task form depicted in Figure 5-4 is used t@atgrex new task and to modify
the task attributes. The designer can decide thkstgosition among the tasks
which have the same parent task by choosing the tégk; but cannot change the
parent task. For example: In Example 5-1, the taske ofShow max salarand
Show min salaryhave been modified and their positions have beanged.
Besides, the temporal operator of taSkoose job titleis also changed from
Interleaving to Enabling. Once the designer finished the change, he/sheladn
on the ‘Savé button in order to confirm this change; otherwike/she clicks on the
“Cancet button.
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B —8 8

Choose jobt Show max salary Show min sala

'gl
Choose job
8
/m‘.wn\

L |

Choose joh t... Min salary Max salary

>>.

Example 5-1:taskChoose job titlas modified

Once a task is deleted, all of its sub-tasks ase deleted. For example: if the
Choose jobtask in Figure 5-3 is deleted th&hoose job title Show min salary
Show max salartasks are also deleted.

b Linking Mode

The linking mode is activated once the check Heditable modéis unchecked.
In order to reduce the complexity of task modelimyrcreation of the Ul objects,
when the designer has chosen a task from the cdnopd€hoose a task DB-USE
displays only the tasks needed (See Section 4.8.202 creating the Ul. In this
mode, the designer can make the associations betivedasks and the components
of domain model including the domain’s attributd® generic functions. Once the
task has been linked to the domain’s componeist displayed in inactive mode.

¢ Algorithms

In this Section, we discuss some algorithms foeweining the task position in
the task tree, deleting the tasks from the tagk @med inserting a new task into the
task tree. We suppose that task T is located itattle panel by T.x and T.y; the first
position of a task is named Pmin(x, y); the distametween two tasks in the
horizontal line is named by X; in the vertical linés named by Y.

i Positioning the tasks in the task tree

We suppose that Xmax is the T.x of the last tasiclwvlwas set in position. In
order to set the position of the task in the tree weed to build the
SetTaskPostion(Task) and recalculatePositionofPbask(Task) methods. These
methods are recursive. Setting the task positiarisstvith the SetTaskPostion(T)
method; T is the root task.

The SetTaskPostion(Task) method is used to sqidhition of the task T based
on its parent task and Xmax. If T is the root tésé&n its position is Pmin. Once
there is a task added into the task tree that dwarige width of the tree, the
recalculatePositionofParentTask (Task) method ifopmed to modify the position
of its parent task.
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set TaskPosi ti on(Task T)

{
/Il set position for the root task
if (T.isRoot())

T.x = Pmin.x;

T.y = Pmin.y;
}
/I get the sub-tasks of task T
Ts[n] = getSubTasks(T);

For (int i=0;i<n;i++t)
{
if (i==0)
{
Ts[il.x =T.x;
Ts[ily=T.y+Y,;
else
{

Xmax = Xmax + X ;
Tsli].x = Xmax;

Ts[ily=T.y+Y,;
/l recalculate the position of its parent
Itask

recalculatePositionofParentTask(Ts[i]) ;

I set position for the sub-task of task T
setTaskPosition(Ts[i]);

The recalculatePositionofParentTask(Task) methadésl to recalculate the task
position

recal cul at ePosi ti onof Par ent Task(Task T)

if (T.isRoot())
return
Tp = getParentTask(T) ;
Tp.Xx=Tp.Xx + X/2;
recalculatePositionofParentTask(Tp) ;

}
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8. 8

Search emplo...

Search emplo...

B

Search emplo...

8s

Search emplo...

o ¥ %)

Enter informa...

O] ]
Enter infoma... Enter infoma...
i B—0—¥
Entér-'IID Enter ID Enter name
Step 1 Step ? Step < Step ¢

8s 8:

Search emplo...

g-,l I e g > 1
Enter infoma... Search Enter infoma... Search Show result
W Y |y —
1 (0 »1 EnterID Enter name
Enter 1D Enter name
Step 5 Step 6

Example 5-2: Setting task position
Example 5-2 depicts the setting of the task pasitio

i Adding a new task into the task tree

There are two important points when adding a nesk Tainto the task tree. The
first point is to update the tasks around task @ #e second point is to recalculate

the task position. The addNewTask(Task) methodéluo add a new task into the
task tree.

addNewTask(Task T)
/I get the right task of task T
Tr = getRightTask(T);
if (Trl= null )

/I get left task of the task Tr

-117 -



DB-USE Tool

Tf = getLeftTask(Tr);
if (Tf!l= null )
{
/lupdate right-task attribute for the task Tf
Tf.setRightTaskID(T.getTaskID());

}
}
/l add task T into the task tree
addTask(T);
/I Recalculate the task position;
setTaskPostion(root);
}
e Step 1:UpdateShow Emp Infeask
Sho em‘:nplu ees ,, —
! ST 8
y 4 Search )
- & 4 Step 2 Add Searchtask into the task
g1 R R { 1 tree
Show job ID Show job title Show employe. Close
uR 1 uR " ul‘ Showem‘:v\mavees
Showname  Show job title Show telephone
ux—"_un s 1

I3 T
ShowjobID  Show job title Show employe. Search Close

L

Showname  Showjobtile  Show telephone

Step 3:Update the task position
Example 5-3: Adding a new task into the task tree

Example 5-3 depicts the addition of tBearchtask into the task tree. In order to
insert this task between ti&ow emp InfandClosetasks, theShow emp Inféask
is automatically updated by DB-USE.

i Deleting a selected task from the task tree

Before deleting a task, DB-USE has to update tlietésk of this task by
executing the updateLeftTask(Task) method. Thetel€ask(Task) method is used
to delete the task T; this method is recursivéhdftask T is deleted that means all of
its sub-tasks are also deleted; the deletion otdhks is started with the leaf tasks.
Once the deleteTask(Task) method finishes, theas&Hostion(root) method is
executed to recalculate the task position.

updat eLef t Task(Task T)

/I get the left task of task T
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Tf = getLeftTask(T);
if (Tf!= null )

{
/I update right-task attribute for its left task

Tf.setRightTaskID(T.getRightTaskID());

/I update operator attribute for its left task
Tf .setOperator(T.getOperator());

}

/I Call deleteTask(T) method;
deleteTask(T);

/I Recalculate the task position;
setTaskPostion(root);

}
del et eTask(Task T)

/I get the sub-tasks of task T
Ts[n] = getSubTasks(T);
For (int i=0;i<n;i++)

/I call deleteTask in order to delete the
/] sub-tasks of task T
deleteTask(Ts][i]);

/I Delete task T if it is a leaf task

T.delete();
} -
'e'R - >

Show emmployees Step S:ypdate task position
N

B, = >

R R

-
—

R

Show job ID Show job title Show employe... Close
7
Ste 1'IJ—dateShow'ob titletask 2 3
pLoP J B8, B

Show name Show job title Show telephone
A
\
\
Step 2:Delete the tasks based on their order 1, 2, 3, 4

Example 5-4:Deleting a task from the task tree

Example 5-4 depicts the deletion of t8Baow Employee Informatiaiask from
the task tree.
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5.1.1.2 Domain Model Editor

DB-USE’s domain model is defined in Section 3.3isTiodel is very important
for specifying the Ul objects. As mentioned, DB-USKomain model is loaded
from a concrete database which is determined by¢ls@ner (See Figure 5-5).

Login DB Q@@

DB name: |orcl
User name : |hr

Password : |eeee

Connect

Figure 5-5: Login dialogue
As discussed irLoadDomainModelplan (See Section 4.2.2.2), the domain’s
objects are differently stored by the differentadetses. The current version of DB-
USE only supports Oracle system. We hope thatennixt version, DB-USE tool
can support multiple types of databases such asS@ver, My SQL.

By using DB-USE you can display all of the objdctshe domain model or only
some of them by selecting the domain’s objects tlwat want to work on. The
characteristic of DB-USE tool is that the designerks on several tasks at a time.
So it is better to display only the domain’s obgewathich are used to link to these
tasks.

In order to help the designer to correctly and kjyicselect the objects from
domain model based on the selected tasks, we dugge® following important
points:

» Designer needs to specify the goal of the seletzteki root. Based on this
goal the edited object is determined.

* Once the edited object has been determined, DB-&llBks the designer
choose one in two options including “Display alDB-USE displays all of
objects in domain model) and “Display objects rdato the edited object”
(DB-USE displays all tables which relate directiytihe edited object).

« Based on the goal of children tasks, the desigelects the other objects.

The designer can choose the needed objects by dsimgin’s object dialog
(See Figure 5-6). The domain’s object in Editedeot§y and Selected objects list
boxes are selected from Domain’s object list bbrse objects will be displayed in
the panel of domain model if the designer clickgton Ok button (See Figure 5-7).
In practice, the designer only chooses the edibgelcd and the objects related to this
object. To reduce the complexity for selecting tigects, he/she can un-check
Display all option to see all objects which dirgatlate to edited table.
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B Domain's object E] O @
Domain’s objects Edited objects
job_history o employees
ljobs
<<
users ]
Selected objects
departments
=N
[ Display all
l Ok | [ Cancel l

Figure 5-6: Domain’s object dialogue

Domain model

[appointment]
n-1] [employees]
EMPLOYEEID EMPLOYEE_ID =
TIME FIRST_NAME
ADDRESS LAST_NAME
NOTE EMAIL | |
PHONE_NUMBER -
- [iobs
e IR N
= JOB_TITLE
SALARY MIN_SALARY
COMMISSION_PCT MA SALARY
MANAGER_ID
DEPARTMENT_ID Q' [departments]
IS_MARRIED DEPARTMENT_ID
DEPARTMENT_NAME
MANAGER_ID
LOCATION_ID
—
< i I [»]

Figure 5-7: Domain’s object dialogue
Generic application functions of domain model: a beefit for the designer

As mentioned in previous section, the generic fiomst of an application are
independently defined in DB-USE. These functiores gresented in Table 3-9; they
are Display(), AddNew(), Update(), Delete(), Sefrcdnd Review(). In Teallach
and Goliath, the generic application functions lawét by the designer but in DB-
USE they are built by DB-USE’s system. That is thain advantage of DB-USE
over other systems.

DB-USE’s generic functions have been designed imgdeof the pattern
functions to support the designer as much as pesdfor instance, in order to
display the information of the employees and of diepartments, in Teallach and
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Goliath, the designer has to buibisplayEmployees(and DisplayDepartments()
functions manually. But in DB-USE, the designert jlisks the Display() function
built by the system t&mployeesandDepartmentobjects theisplayEmployees()
andDisplayDepartments(unctions are automatically built by the system.

The generic application functions are displayedh® designer in a Function
Menu as shown in Figure 5-8. The designer can ehoas of them to create a link
to the action task. If the designer cannot find shéable function for the goal of
his/her task; he/she can link it to the Defaulf)dtion.

Link to AddNew()
Link to Update()
Link to Delete()
Link to Search()
Link to Review()
Link to Cancel()
Link to Exit()
Link to default()

Figure 5-8: The Function Menu

Once a pattern function has been linked to the red@adomain’s objects, DB-
USE will automatically generate a concrete appglicafunction based on the linked
function and the relevant objects. This concret@liegtion function will be
automatically implemented by Code Generator.

5.1.2 User Interface Creator

1
Edit employ.

[employees)

MPLOYEE_ID
FIRST_NAME
[~ ) o i o LAST_NAME
, I Link to AddNew() B — | —e EMAIL

Choose job Create{ . oyee |p Employee name Email PHONE_NUMBER
Link to Update() Bloy i HIRE_DATE
Link to Delete() JOB_ID
- SALARY
Link to Search() COMMISSION_PCT

ul_m UR ] UR t:::::g:::::: Qéﬁiiiﬁgﬁr,m
Crosselobt. - Shawmaxsalan Shawmin sslan Link to Exit) Linking an operation task to the

Link to defautt()

Linking an action task to an application function attributes of domain’s objects

Figure 5-9: Making the associations

Once the designer has created task and domain spodeishe makes the
associations between the information tasks andattrbutes of domain’s objects
and between the action tasks and the defined apiplicfunctions. The association
between the information tasks and the attributedashain’s objects is created by
selecting a concrete task and the attributes thiekirgy the “Create Ul object”
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button. The association between the action taskd the defined application
functions is created by selecting a concrete telgtking on the right mouse button
then selecting the application function in the fime menu. See Figure 5-9

Creating the concrete interaction objects

Once the associations have been made, the conatetaction objects are
automatically generated and are displayed in tefiiext. The concrete interaction
objects are created based on the RSD (Rule forifgimec Data-type), the RGA
(Rule for Grouping Attribute), and the RDC (Rule faetermining the control type)
rules. These rules are discussed in detaCrieateCIOplan in Section 4.2.2.4. In
this chapter, we don't explain how to specify tiseninterface objects.

Once a concrete interaction object has been cre#ttedinformation of this
object is displayed in a table as show in FigutE05This information includes the
label of control, the data type of the attributd® control type and the editable
attributes of control.

Label Attribute names Data type Control type Editable |
Employee ID |[employees.employee_id |Number Number field | Yes
[Firstname |employees first_name |Text Textfield Yes
Lastname employees.last_name Text Text field Yes
Add a new employee New |Void [Button | Yes
Job title liohs.job_title |Text Combho hox | Yes
[Department name departments.depatment_name  |Text Combho hox Yes
Create Ul object Remove Ul objects Review

Figure 5-10: User interface objects are displayed in termexif

Based on a programming language determined by #sigmer and on the
created concrete interaction objects, the finatrandtion objects are automatically
specified. The control type of the final interactiobjects is determined based on
Table 4-6 and the creation of the final interactiobjects is discussed in
TransformCIlOstoFIOglan in Section 4.2.2.4.

In order to help the designer to better figure tiser interface which will be
generated at the last step of the process, DB-UfpRaosts important function not
available in other application. This function isreview the user interface in terms
of graphics.
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5] Modifying employee @@@

EmployeelD

Firstname

Lastname

Job title | v

Department name L |

Add new employee

Example 5-5:User interface objects are displayed in termgaplics

The user interface is displayed in terms of grapliben the designer clicks on
the “Review button. At this level, the designer just viewe timterface; the system
does not make the demo for the application funstidrhe user interface objects
described in Figure 5-10 are displayed in termgraphics in Example 5-5.

In order to facilitate the operation, the taskskdith to the attributes of the
domain’s objects and to the defined functions ateemabled in the task editor. This
means that the designer can see them but he/sietciotus on or select these
tasks. The user interface objects can be deletetthdrglesigner by clicking on the
“Remove Ul objects’button. And of course, the tasks removed fromateve links
are enabled automatically by the system.

5.1.3Code Generator

The code is generated when the designer clickbh@f3enerate code”button.
In this section, the user interface code generatimd the application code
generation are presented separately.

The code generator component plays an importaet iroIDB-USE tool. It is
used to generate the user interface code baseldeanser interface objects created
and on the application code based on the selectectiébn. As mentioned at the
opening of this chapter, the code generator praxdaga code by using the Swing,
AWT libraries. The generated code is a completeesastich can be compiled and
ran immediately while the code generated by theroéipplications is prototype or
simple code. This is a strong point of DB-USE tool.

There are some current techniques for generatidg soich as template-based
approaches, generative programming, and code imsert

* Template-based approachewolves generating the code based on a data
model (an input model that has been specified)gusémplates [iMat0O0].
This code generation process is obviously a trangftion process. The
data model contains information about the systenitien that the
developer wants to generate, and the template sepi® the syntax of the
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target programming language. The advantages oftéuisnique are that
they provide a clearly defined format and a precg&mmantic. The
disadvantage of it is that the developer needsdate the different libraries
of templates for the different programming langusage

e Generative Programmings the process to generate programs where
automated source code creation is done through gelerators to improve
programmer productivity [BartO1]. The goal of gestére programming is
to automate the software creation process to sodsnte so that human
programmers can concentrate on those areas ofageftesign that really
require human input, while offloading certain taticand error-prone tasks
to automatic routines. One of the main remarkabie@atages of generative
programming is about implementing application cedeomatically after
restricting human interventions to the essentials.

e Code Insertioninvolves inserting code into the target systemr@®yust
before an event is to occur. The inserted codeopag the fault injection
and then the original statement can execute wighfélult present in the
system. The main advantages of Code Insertion ke it is easy to
implement. Its main disadvantage is that it requtre system source code
to be modified making it hard to use this method dgstem certification
[LookO05].

Based on advantages and disadvantages of threaiqeeh, DB-USE has
decided to apply Template-based to its processetemte code. The generation
process is depicted in Figure 5-11.

Templates
Ul objects Code Java
Linked domain’s > generator code

components

Figure 5-11: The process of code generation

The code generator reads the Ul objects and thaitdsrcomponents which are
linked to the tasks then uses a set of templatebuitll the output code that
implements the user interface and the defined fonst These domain’s
components are the domain objects, domain’s atethwand the relationships
between the objects.

DB-USE is interesting in the representation of ¢femerated code. In order to
help the designer to efficiently maintain, enhaand develop the code, the code is
generated according to the same structure, thudupimg a final code that is
consistent. That is one of the reasons why the leeypased technique is selected.

In our process, the user interface objects are daidin a form, a frame or a
dialog.
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5.1.3.1 User Interface Code Generation

User interface code generation in DB-USE is madéway steps. In first step,
DB-USE generates the user interface based the jdtishcreated in previous steps.
In second step, DB-USE generates the code to perfioe setting the data for the
combo-box or list-box.

a Generating the User Interface

struct Ul Obj ect

{
String controlType;
String name;
String label;
Dimension d;
Point p;
bool ean editable;

\ 4
[ ReadControlType ]

String  layoutJTextArea

JLabel Iname = newJLable(label);
Yes JTextArea  taname = newJTextArea();

Is TextArea ? Iname .setlayout();

taname .setSize(d);

taname .setLocation(p);

taname .setEditablt(editable);

No }

String  layoutJCombobox

JLabel Iname = newJLable(label);

Yes JComboBox cbname = newJComboBox ();
Is ComboBox Iname .setlayout();

cbname.setSize(d);

cbname.setlLocation(p);

No cbname.setEditablt(editable);
cbname.addltemListener( t hi s);

String  layoutJCheckbox

JCheckBox ckname = newJCheckBox();
ckname .setText(label);
ckname .setSize(d);
ckname .setLocation(p);
ckname .setEditablt(editable);
ckname.addActionListener( t hi s);
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Is Table?

No

String  layoutJList
DefaultListModel diname =
new DefaultListModel();
JList  Isthame = newlJList( dimname);
Istname .setSize(d);
Istname .setLocation(p);
Istname .setEditablt(editable);
ckname .addMouseListener( t hi s);
}
String  layoutJButton
{
JButton  btname = newJButton(label);
btname .setSize(d);
btname .setLocation(p);
btname .setEditablt(editable);
btname .addActionListener( t hi s);
}
String  layoutJTable
DefaultTableModel dtname =
new DefaultTableModel();
JTable thlname = newJTable( dtname);
JScrollPane spname =
new JScrollPane( tblname );
spname.setSize(d);
spname.setLocation(p);
spname. setEditablt(editable);
}
String  layoutJRadioButton
CheckboxGroup  cbgname =
new CheckboxGroup();
Checkbox cknamel = new Checkbox(
" Yes", cbhgname, true);
Checkbox ckname2= new Checkbox(
"No", cbgname, false);
cknamel .setSize(d);
cknamel .setlLocation(p);

String  layoutJTextField
JLabel Iname =
JTextField tfname
Iname .setlayout();
tfname .setSize(d);
tfname .setLocation(p);

tfname .setEditablt(editable);

new JLable(label);

new JTextField();

Figure 5-12: Generating the user interface code
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The process of user interface generation is depict&igure 5-12. The inputs of
this process are the UlObjects and the templateseation of Java controls such as
JtextField, Jtable, JtexBox ... The CodeGeneratos tise different templates to
produce the Java code based on the different ddppres of Ul object.

b Setting Data for Combo-boxes/List-boxes
Once the combo-box/list-box has been created, DB-d8nerates the source

code to get the data for it. We only explain howget data for the combo-box
because with the list-box, you can do the same.

DataType jDataType
Text String
Number int
Yes/No boolean
Date Date
Number Long
Object Vector

Table 5-2: Data type mapping

Templates
{cDomainObjectName,
getDataforCombobox,
itemStateChanged}

!

Foreign object Code

{Domainobject, generator
DomainAttribute}

Java
code

Figure 5-13: Code generation process for setting data of a cemolxo

Figure 5-13 depicts code generation process ftingetata of a combo-box.

The inputted object of this process is the foragject which is linked Ul object
of combo-box. The template of this object is camnsted as following:

struct  Donmai nQhj ect struct  Donmmi nAttri bute

{

String domainObjectName; String attName;
Donmi nAttri but e *selectedAtts; String dataType;
String mainAttribute; i nt length;
} bool ean isPrimaryKey;
bool ean isForeignKey;
}

Figure 5-14: Foreign object template
To depict this object in practice, we preséduibsobject:
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DomainObject

domainObjectName = "Jobs";
selectedAtts = {
{ "Job_ID" , "String" , 20, true, false},
{ "Jobtitle" , "String" ,30, false, false},
{ "Maxsalary" , ‘int* ,15, false, false},
{ "Minsalary" , intt 15, fal se, false},
%
mainAttribute = "Jobtitle"

Example 5-6:Jobs — foreign object

To store the data records of foreign object, DB-USESs the following template.

class cDomainObjectName

{
jDataType attName1,;

jDataType attName2;
|'o"ubl i ¢ voi d setAttNamel(jDataType value)
{

attNamel = value;

}
publ i c jDataType getAttNamel()
{

}

Return attNamel,;

Figure 5-15: Data record template

The class name is the combination of the letter dod name of the foreign
object. jDataType is determined based on the gata of the attribute (See Table 5-
2). The attributes of this class are specified tame the linked attributes in this
domain’s object; the number of attributes in clasthe number of attributes in the
foreign object. For each attribute in the claser¢hare two methods created: one for

setting value and one for getting value.
The Jobsobject is generated as following:

public cl ass cjobs{
privat e String JOB_ID= " ;
pri vat e String Jobtitle =",
private int Maxsalary =
private int Minsalary =
public voi d setJOB_ID(String value){
JOB_ID = value;

publ i ¢ String getJOB_ID(){
return JOB_ID;

publ i ¢ voi d setJobtitle(String value){
Jobtitle = value;

-129 -



DB-USE Tool

publ i ¢ String getJobtitle(){
ret urn Jobtitle ;

publ i c voi d setMaxsalary( i nt value){
Maxsalary = value;

public int getMaxsalary(){
return Maxsalary ;

public voi d setMinsalary( i nt value){
Minsalary = value;

public int getMinsalary(){
return Minsalary

Example 5-7:Jobs — Data record

getDataforCombobox template is used to get data fle database based on the

foreign object (DomainName) and its attributegNéme1, attName2 ... ). This
template is constructed in Figure 5-16.
void getDataforCombobox(JCombobox cb, ResultSet rs, Statement s)
try{
rs = s.executeQuery( "Select attNamel, attName2 ... From DomainName");
whi | e ( rs .next()){
cDomainObjectName temp = new cDomainObjectName ();
temp.setJOB_ID( rs .getString(attName) );
vDONameadd( temp ); // vDOName Vector used to store the data
cb.addltem( rs .getString(mainAttribute) );
}
cat ch (Exception e){
System. out .printin(e.toString());
}
}
Figure 5-16: getDataforCombobox template
private voi d getDataforCombobox( ~ JCombobox cb, ResultSet rs, Statement s)
{
try{
rs = s.executeQuery(  "Select JOB_ID, Jobtitle, Minsalary, Maxsalary
whi | e ( rs .next())X From jobs" );
cjobs temp = new cjobs();
temp.setJOB_ID( rs .getString( "JOB_ID" ));
temp.setJobtitle( rs .getString( "Jobtitle" ));
temp.setMaxsalary( Integer. par sel nt (rs .getString( "Maxsalary" )));
temp.setMinsalary( Integer. par sel nt (rs .getString( "Minsalary" )));
vjobs .add(temp );
cb.addltem(  rs .getString( "Jobtitle" ));
}
cat ch (Exception e){ System. out .printin(e.toString());
}
}

Example 5-8:Jobs — getDataforCombobox
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Example 5-8 depicts getDataforCombobox templateisipyg Example 5-6 and
5-17.

To automatically change the value of the contrdiéctv have a connection with
combo-box when the value of this combo-box is clanddB-USE inserts the
source code into itemStateChanged() method toaligfdta correctly (See Figure 5-
17).

publ i ¢ voi d itemStateChanged(ltemEvent evt)
i f (evt.getSource().equals( comboboxName))

/IReset value for the other controls which invole w ith this cb

Figure 5-17:itemStateChanged template

itemStateChanged example is depicted in Example 5-9

publ i c voi d itemStateChanged(ltemEvent evt)

i f (evt.getSource().equals( chJobtitle )
tfMaxsalary  .setText(((cjobs) vjobs .elementAt(
chJobtitle  .getSelectedindex())).getMaxsalary());
tfMinsalary ~ .setText(((cjobs) vjobs .elementAt(

chJobtitle  .getSelectedindex())).getMinsalary());

Example 5-9:Jobs — itemStateChanged

5.1.3.2 Application Code Generation

The application code is generated based on theoaetbf the functions linked
to the tasks and on the objects which are assdcigitd these functions (See Figure
4-6). The different methods attend to the differebfectives; they are activated in
order as described in the functions defined above.

Templates
{cDomainObjectName,
getData, displayData,
delete, insert, updateData}

v

Code gener-
ator

Selected objects

{Domainobject,

DomainAttribute,
Relationship}

Java
code

Figure 5-18: Application code generation process
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Since the functions are defined, the objects, tirébates and the controls are
also defined but we don’t know what they are eyaictthe domain model. They are
only determined when the designer makes the linksvden the tasks and
components of domain model. So in this step, wed neeprovide the elements
which associate with the methods of the functioheSe elements are the linked
attributes, the linked domain’s objects, the relaghips between these objects. The
process of application code generation is depictédgure 5-18.

Two points are important for the generation ofdpelication code. The first one
is to generate the query strings to select, dedetensert data into the database.
These queries are built based on the standard $&¢nwents. The second one is
how to get the values from the controls and to thet values to the controls
correctly.

The inputted objects are structured as depicté&dgare 5-19.

struct  Relationship struct Domai nAttri bute
{ {

String domainObjectNamel; String attName;

String domainObjectName2; String dataType;

String onAttributeName1; String asAttName;

String onAttributeName2; int length;

i nt typeOfRelation; bool ean isPrimaryKey;

//1:1 -n:0:1 -1:2n -1 }

struct  Donmai nQhj ect

String domainObjectName;
Domai nAttri but e *selectedAtts;

}
Figure 5-19: Inputed objects
DomainObject

domainObjectName = "Jobs";

selectedAtts = {
{ "Job_ID" , “String" ,20, true, false},
{ "Jobtitle" , "String" , 30, fal se, true},
{ "Maxsalary" , ‘int* ,15, false, false},
{ "Minsalary" , ‘int* ,15, false, false},
b

mainAttribute = "Jobtitle"

Example 5-10:Domain object- example

As discussed in previous section, in order to sieeedata records retrieved from
the database, a template is defined in Figure 5-20
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class cDomainObjectName

{
jDataType asAttNamel;
jDataType asAttName2;
i)“ubl i ¢ voi d set asAttNamel(jDataType value)
asAttNamel = value;

}
publ i c jDataType get asAttNamel()
{

}

Return asAttNamel;

Figure 5-20: Template for storing the data records

public cl ass cjobs{
privat e String JOB_ID= ";
privat e String Jobtitle
private int Maxsalary
private int Minsalary

publ i c voi d setJOB_ID(String value){
JOB_ID = value;

publ i ¢ String getJOB_ID(){
return JOB_ID;

publ i ¢ voi d setJobtitle(String value){
Jobtitle = value;

publ i ¢ String getJobtitle(){
return Jobtitle

publ i c voi d setMaxsalary( i nt value){
Maxsalary = value;

public int getMaxsalary(){
return Maxsalary ;

public voi d setMinsalary( i nt value){
Minsalary = value;

public int getMinsalary(){
return Minsalary
}

Delete function template

The template obeletefunction is depicted in Figure 5-21.

attNameis the primary attribute of the edited objecthi object doesn’t define
the primary attribute then it should consider dlthe linked attributes of the edited
object. controll is the control created from atitédl.
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private voi d Delete(String objectName, String attName, String v alue)
{
try{
s.executeQuery( "DELETE" + objectName +
"WHERE " + attName + "=" + value);
showMessage( "Data is deleted successfully” );

cat ch (Exception e){
showErrorMessage( "An error is occurred " );
System.  out .printin(e.toString());
}
}

Figure 5-21: Delete function template

It is important to specify which data records yoantvto delete based on the
primary attribute and its value or the other atitéls, otherwise we could delete the
wrong data records.

The executeQuery()method returns the True value if it is successithierwise
the False value is returned. TBelete() function will display a message dialog to
134nnounce the result to the users.

AddNev function template

The template oAddNewfunction is depicted in Figure 5-22.

In this case,do.getDomainObjectName(ls the name of edited objecthe
do.getselectedAtts().getAttribute1().getName(), gelselectedAtts().getAttribute2().
getName().. are all of the attributes linked to the taskstlud edited object; the
controll, control2 and so on, are the controls created from théatésattributel,
attribute2....

private voi d AddNew(DomainObject do)

i f (!checkNullValues())

showMessage(  "Can not insert NULL into this object” );
return;
}
try{
s.executeQuery(  "INSERTINTO" +do.get DomainObjectName() + "(" +
do.getselectedAtts().getAttribute1().getN ame()+ " +.. ")

" VALUES (" + controll.getValue() + , + .. )
showMessage(  "One row is successfully inserted” ;

cat ch (Exception e){
showErrorMessage( "Cannot insert" );
System.  out .println(e.toString());
}

Figure 5-22: AddNew function template
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In order to successfully insert a new record it database, we need to be sure
that thecheckNullValues(junction returns true value. This means that gepired
attribute are completely entered data and thavéhee of the primary attributes is
not a duplicate of the value of the primary atttésuof the existing records.

Update function template

The template opdatefunction is depicted in Figure 5-23.

private voi d Update(DomainObject do)

i f (lisModified())

showMessage(  "Nothing is changed" );
return;
}
try{
s.executeQuery( "UPDATE" +do.get DomainObjectName() + "" +

"SET" + do.getselectedAtts().getAttribute1().getName() +
"="  + controll.getValue() + o+
"WHERE " + getPrimaryKeyName() = getPrimaryKeyValue();
showMessage( “"Data is successfully updated” );

cat ch (Exception e){
showErrorMessage( "Fail" );
System.  out .printin(e.toString());

Figure 5-23: Update function template

As for the parameters of AddNew function template,
do.getDomainObjectName() is the name of edited object; the
do.getselectedAtts().getAttribute1().getName(), getselectedAtts().getAttribute2().
getName().. are all of the attributes linked to the taskstlud edited object; the
controll, control2 and so on, are the controls created from théatésattributel,
attribute? ...

Before executing the update SQL, it is necessapkéak if the data is modified
by calling the isModified() method. DB-USE specifithe updated record based on
the primary key.

Search- Display- Reviev function template

We can discuss the three functions Search(), Di§péand Review() at the same
time. The difference between these functions i$ the data is filtered differently.
This means that the WHERE clause is generatedréiffy for each function.
Besides, these functions have a the same objettiagejs to display the record at
index N to the end-user. So we generate a meadispdayDatdVectorvRecords int
index) to display a record at index N.

We suppose that O1, 02, O3 ...On are the linked dorobjects; Attl, Att2,
Att3 ... Attn are the linked attributes of these alige Controll, Control2, Coltrol3
... Controln are the control created based on tHeetimattributes and objects; and
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O1 is edited object. Search(), Display() and Reyiefwnctions are performed by
these following templates.

The getDatatemplate is used to retrieve data from the databidse template is
depicted in Figure 5-24a.

private voi d getData()

{ VRecords = new Vector();
try{
rs = s.execute( "SELECT" + OLl.Attrl.getName() + ""  + Ol.Attr2.getName() +
"'+ ..On.Attrl.getName() + "' +On.Attr2.getName()..
"FROM " + Ol.getName() + "' +02.getName() + R

"WHERE " + Ol.getForeignKey1() = O2.getPrimaryKey () +
"AND" + Ol.getForeignKey2() = O3.getPrimaryKey () + ...
whi | e ( rs .next())

{
cMainRecords temp = new cMainRecords();
temp.setAttribute1( rs .getString(Attributel));
temp.setAttribute2( rs .getString(Attribute2));
vRecords.add( temp ); /I store data recosets in vector vRecords
}
cat ch (Exception e){
showErrorMessage( "There is an error occurred” );

System.  out .printin(e.toString());
}
}

Figure 5-24a:getData template

private voi d displayData(Vector vRecords, int index)

i f ((index < 0) || (vRecords.size() == 0)) return;

i f (Controll.controlType == Combobox/ListBox)
Controll.setSelectedltem(vRecords.elementAt(index ).getValue());

i f (Controll.controlType == Testfield)
Controll.setText(vRecords.elementAt(index).getVal ue());

i f (Controll.controlType == CheckBox/RadioButton)
Controll.setState(vRecords.elementAt(index).getVa lue());

Figure 5-24b: displayData template

As discussed above, the displayData template i@ wsdisplay data record N to
end-user. (See Figure 5-24b)

Default function template
Default function is a special function. The goaltlois function is not specified
so that the generated code for this function is pghetotype. The name of this

function is the name of the linked task. The tergplaf this function is depicted in
Figure 5-25.
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private voi d functionname()

/I The developer has to write the code for this fun ction
}

Figure 5-25: displayData template

DB-USE also produces the application messageseatefin Table 4-5. Based on
this table, we have four types of message; theewifff message types are
represented by different icons. Example 5-11 shgws four different message
dialogs which represent four different types of saeg.

Confirmation

Information

Example 5-11:Message dialog boxes (error, confirmation, warnargl infor-
mation)

5.1.3.3 How to generate code in C or Visual Basic

As discussed, the disadvantage of template-basduhitpie is that in order to
generate code for the different programming langsathe developer has to create
the different sets of template. So that if DB-USEni$ to generate code in other
languages such as C++, Visual Basic then its deeelhas to create the templates
which suit to the syntax and semantic of theseuaggs.

Typically, the number of created templates is tlene for programming
languages. In DB-USE, the templates are not rebgedost different programming
languages. For example, to generate code fortdiédck control in C++ and Visual
Basic, the developer of DB-USE has to create tviiemtint templates for two these
languages, he/she cannot reuse templates whiaheated for Java language.

String  layoutCTextField {
TextBox Iname = gcnew TextBox;
Iname ->Name = label;
Iname ->Width = w;
Iname ->Height = h; }
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String  layoutVBTextField {
Iname As System.Windows.Forms.TextBox
Me.Iname. Name= label
Me. Iname = New System.Windows.Forms.TextBox
Me. Iname .Location = p;
Me. Iname .Size=d}

Example 5-12 Templates for generating a text-field in C++ &fisual Basic
Example 5-12 depicts the templates which are usegtherate code in C++ and
Visual Basic for a text-field.

5.2 Case study

In order to validate the DB-USE tool which is bililised on the architecture, the
methodology, and the agents discussed in Chaptaveduse two case studies
including Human Resource Management and TransL&@QifWaute10a, Waute10b].
Human Resource Management case study is not ankigboit most of its tasks can
be performed by DB-USE tool. Different from HumaresRurce Management,
TransLogisTIC is a big and complex application. iBes, its tasks are the ones that
are implemented in terms of the graphic objecth aag line, icons, and rectangle
objects (See Figure 5-26); while DB-USE tool doesnipport generation of these
objects. This means that we have chosen case stuthieh are positive, negative,
simple, and complex.

Paris Bruxelles Arlon Luxemhourg

- e
S
12:32 06-01-10 15:06 06-01-10

15:06 06-01-10 06:10 06-01-10

00:00 12-01-10 06:1012-01-10
Figure 5-26 Treat Orders Services

Figure 5-26 describes a transportation of mercls@ndirom Paris to
Luxembourg. It is executed by three kinds of meafngansportation: the cargo is
transported from Paris to Bruxelles by plane, fi@raxelles to Arlon by truck, and
from Arlon to Luxembourg by train.

In each case study, we start with descriptionhef task and domain models.
Then some important tasks in the task model areseshdo generate the user
interface code and application code.
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5.2.1 Human Resource Management

We have chosen human resource management asexéiraple for validation of
our DB-USE tool because human resource managersensdad by most large
companies; it is easy to understand, and spedfaliya database application and has
been developed and implemented by using Oracle, SAP

Human Resource Management (HRM) function includesréety of activities.
These activities are recruitment of employees, mameent of employees, training
of employees and dismissal of employees. Activiils® include dealing with issues
related to employee such as compensation, hirirgfopnance management,
organization development, safety, wellness, benefiemployee motivation,
communication, administration, and training.

HRM is responsible for how employees are treatedrinorganization. It is
responsible for bringing employees into the orgatnin, helping them perform their
work, compensating them for labors, and solvingfgms that arise. HRM works to
ensure that employees are able to meet the orgmmzagoals.

We understand that HRM is necessary in every compamd employee
management plays an important role in HRM. Besidesnaging employees is a
major job. In this thesis, we specially focus omagement of employees.

Computer can help the manager to manage their ggdofrom recruitment to
exit. The manager can create a new employee, remiewodify the information of
an existing employee, delete an existing emplogearch employees, and make a
report of employees.

The task model and domain model of HRM are disaigs&Section 1.1 and 1.2
of appendix. Once the models have been loadedjdabigner can start to make the
links between the tasks and domain’s attributes twedfunction defined in the
domain model in order to generate the user interéaxle and the application code.
Edit Employeesand Edit Job Informationtasks are selected to perform in this
section.

5.2.1.1 Edit Employees Task

The Edit Employeegsask is depicted in the Figure 5-27. The task’algs to
allow the end-user to review the employee inforovgticreate a new employee,
delete an existing one, and modify the employearinétion.
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9]
Employee ID

91
Firstname

9]
Lastname

9] 9] D1
Email Job title Hire date

I

. -

Job Title Min salary Max salary

93
Telephone

8.

Edit employe...

9]
Salary

931 Of
Department name Marital status

View firstr...

View nextre...

View previou...

View lastre...

Figure 5-27: Edit employeetask
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In this case thEmployee®bject is also determined to be the edited object.

18 DB-USE tool FEx
Application Domain model Task model About
Choose atask |Edit employee information v Domain model
[employees] |
|EMPLOYEE_ID
i} ‘FWRSTJ\JAME
Edit employe. liobs] LAST_NAME
- JOB_ID [EMAIL
JOB_TITLE _ |PHONE_NUMBER
MlN__uCr\LrF’\ |HIRE_DATE
[MAX_SALARY 'JOBJD
p—1—8——B 8 1—3 [gaLarY
I T 1 I C [departments] COMMISSION_PCT
phone Salary Department name Marital status ~ Create new e. san DEPARTMENT D [DEPARTMENT 1D
[DEPARTMENT_NAME :MAR\TALisTATUS
LOCATION_ID

<] D ) I >
Editable mode
Label Attribute names Data type Control tyoe Editable

Employee ID [employees employee_id____|Number [Number field [ ves -

First name [employees first_name Text Texfield [ ves

Lastname [employees last_name [Text [Textfield | Yes |

Email [employees. email Text Texfield Yes ¥l Java

Job Title fjobs job_title [Text [Combo box [ ves | Sisatolhcbjoct )

Min salary ljobs.min_salary [Nurnber [Nurnber field [N | Visual basic

Max salary y Nurnber [Nurnber field No ||

Hire date | ire_date [Date [Date picker [ ves | Semovs Uobtects [lces

Telephone |employees.phone_number _ [Text [Text field | Yes

Salary [employees salary [Nurber [Number field [ Yes Review Generate code
[Departmentname ___|deparments.depariment_name [Text [Combo box [ ves ’

Marital status [employees. marital_status___[Boolean [Radio control [ ves

Create new empioyee _[Cancel) Void [Bution [ ves

Save [AddNew) [Void [Button Yes

Delete [Detete() Void [Button [ Yes |

Review [Review) Void [Button Yes ~

Figure 5-28: Creating the Ul foEdit employee informatiofiask

The designer can start with linking the tasks te tdlomain’s attributes; these
links are depicted in Figure 5-28. TEenployee idFirst name Last nameEmail,
Hire date Telephone Salary, Marital status tasks are liked toEmploye_ID
First Name Last Name Email Hire _Date Telephone Number Salary,
Marital_Statusattributes of th&employee®object. TheCreate new employdask is
linked to cancel()function to reset the control to empty; tBavetask is linked to
AddNew()function to insert data to the database;Diéetetask is linked tdelete()
function to delete the current record; fReviewtask is linked tdReview()function
to review the first, previous, next and last respitheClosetask is linked tcexit()
function to close the form.

Once the generated code has been compiled andittasutvmodifying, theEdit
employee informatioform is displayed in Figure 5-29.

With this form, the end-user can review the infotioraof the employees, delete
an existing employee, or create a new one. In c@ereate a new employee, the
end-user needs to click on thiewbutton to reset the control to empty; then he/she
has to enter the data for each control in the fdimajly, he/she can insert it into the
database by clicking on thépdatebutton.
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B Edit employee infomation Q@@

Employee ID [1 01 J
First name [Neena |
Last name [Kachhar |
Email [NKOCHHAR |
Job title [Administration Vice President |+ |
Max salary 15000
Min salary 30000
Hire date [1989-09-21 00:00:00.0 J
Telephone [515.123.4568 |
salary 17000 J
Department name IExecmive l A 4 l
Marital status @« Yes " No
| First | Prev [ Next l Last ]
[ New | pet | update | Exit |

Figure 5-29: Edit employee information Form

5.2.1.2 Edit job information Task

The goal of this task is to allow the end-user teate a new job, delete an
existing one, modify the information of the jobdaverify the name, email address,
telephone number of the employees of the currespiayed job.

The Edit job informationtask is depicted in Figure 5-30.

The Jobsobject is the edited object. Once tadit job informationtask has been
chosen at combo bo&hoose a tasland theJobs Employeeobjects have been
selected from the domain model. The designer cam & make the links between
the tasks and the domain’s components.
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—8 88

JobID

Job title

Min salary

%)

8:

Editjoh inf...

Max salary

R
Emmployees

I

B —8 8

Show name

Show email

Show telephone

Create new job

Review jobs

Update

Delete

Close

Figure 5-30: Edit job information Task
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1 DB-USE tool
Application Domain model Task model About

Choose atask  |Edit job information

1
Edit job inf.

| B — B8,

1~}
] obs)
Emmployees s
1 | |JoB_TITLE
[MIN_SALARY
MA_SALARY

Domain model

femploy:

EMPLOYEE_ID
FIRST_NAME
LAST_NAME
EMAIL
PHONE_NUMBER
HIRE_DATE

| ———ioB_iD
SALARY
COMMISSION_PCT
DEPARTMENT_ID

CEX)

ees]

<

Y K S——

[ Editable mode

Label Aftribute names Data type Control type Editable
Mob ID iobs.job_id Text Text field Yes i
[Job title Jiobs job_title [Text [Textfield Yes | Create Ul object
[Min salary ljobs.min_salary [Number [Number field Yes |
Max salary jobs.max_salary INumber Number field Yes J
[Show name lemployees first_name && emph Text [Table (employees) No | Remove Ul objects.
[Show email lemployees.email [Text [Table (employees) No e
Show telephone |employees phone_number __[Text [Table (employees) No
[Create new job [Cancelg [void [Button Yes Review
|Review jobs Review() [void [Button Yes
|Update |AddNew) [Void |Button Yes
[Detete [Deleteq [void [Button Yes
[Close Exit) Void Bution Yes

] ®

Java
Visual basic
Clces

Generate code

Figure 5-31: Creating the Ul foEdit job informationTask

The Job ID, Job title Min salary, Max salarytasks are linked to th&ob_ID,
Job_Title Min_Salary Max_Salaryattributes oflobsobject; theShow nameask is
linked to Fist_name and Last_Name attributes ofEh®loyees object; Th8how
email Show telephontasks are linked to Email and Phone_Number atetbaf the
Employees object; th€reate new jokltask is linked to theancel() function; the
Updatetask is linked to thé&Jpdate()function; theReview jobgask is linked to the
Review()function; theDelete task is linked to theDelete() function; finally, the
Closetask is linked to thé&xit() function. These links are depicted in Figure 5-31.
The relationship betweelobsandEmployeesbjects isl-N, so the control type of
Table is determined for displaying the data oftEneployee®bject.

B Edit job information
Job ID FI_ACCOUNT
Job title [Accountant
Min salary VAZDD
Max salary VQUDD
Employee information
Showname | Showemail | Show |

|Daniel Faviet |DFAVIET 1515.124.4169
|John Chen JCHEN 1515.124.4269
|lsmael Sciarra___|ISCIARRA 1515.124.4369
lJose Manuel Ur... | JMURMAN [515.124.4469
Luis Popp |LPOPP 1515.124.4567

first | prev | Next| | Last |

New | el | update | Exit |

CEX

Figure 5-32: Edit job information Form
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Figure 5-32 depicts th&dit job informationform. This form is the result of
executing the code generated by the previous tepgrode is not modified by the
developer.

In order to add a new job, the end-user has toigeothe job id, job title, max
and min salary. Once the information of the curijebthas been changed; and the
end-user moves to another job or creates a newh@bthis change is automatically
updated into the database. The information of thpleyees cannot be modified in
this form.

5.2.2TransLogisTIC

A supply chain is the set of all actors and relatidbetween them which
participate in the process of delivering value twuatomer as a product or service. It
includes all the processes from raw materials tively and is viewed as a network
of information, materials and financial flows. g case study we particularly focus
on the application that relates to the movementstachge of products and goods
from the supplier to the end-user - with a stroogué on transportation. (See
Section 2 of appendix).

To depict the Ul creation of TransLogisTIC, we stl€reate a shipment order
and Perform shipment order tasks. These task$arertes that are used a lot in this
application and their interfaces are also compdidanough.

5.2.2.1 Create a shipment order Task

Once the shipper has received an order from histhient, he/she creates a
shipment order based on this order. A shipmentrasdepresented by shipment ID,
order number, description (shipment name), shippddress, delivery address,
shipping date, delivery date, volume, status, aadsporter who will transport the
merchandise. There are four different statuses trsedescribe a shipment order
including wait, sent, accepted, refused. When prséit order is created its status is
wait; if it is sent to the transporter then it s&tis sent; if it is accepted by the
transporter then its status is accepted; if iefsised by the transporter then it status
is refused. Once the transporter has been detedmtihe shipper can send this
shipment order to him and wait for his confirmation

8.

Create a shi

| . B " B

I 1
Shipment_ID Order No Shipment name Description Volume Transporteur Save Send to tran Close

B8 8B, 8

Shipping add. Delivery add. Shipping Date Delivery date

Figure 5-33: Create a shipment order task
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The Create a shipment order task is created inr&igt83.

The objects involved in the creation of user irdeef of Create a shipment order
task are T_Appel A Transport (is used to desctilzeshipment orders), T_Noeud
(is used to describe the addresses), T_Utilisat@gsir used to describe the
Transporters), T_Command (is used to describe Itthere of the clients) objects. In
this case, the T_Appel_A_Transport object is ch@sean edited object.

DB-USE tool EEx
Application Domain model Task model About
Chooseatask  [Create a shipment order [+ Domain model
[t_noeud) [t_appel_a_transpor] =
1 ID_NOEUD |ID_APPEL
Create a shi INOM_NOEUD |ACCEPTE
REGION_ID INOEUD_ARRIVEE
ENABLE [T_REQUETE_LOGISTIQUE_ID
M [NO_SERIE
Y ;\DiUT\USf-TEUR
I UI 1 U[_m . ULISATEUR_ID vT})UNITEfLOCAUSEEJD
INOM
Description e {t_utilisateur] (NOEUD_DEFART
| ID_UTILISATEUR DATE_HEURE_ARRIVEE
{NOM |DATE_HEURE_DEPART
TUPE_DE_UTILISER UNITE
e L m—
ping add...  Delive jDate D te W,{‘Tﬁ?,’éﬂaﬂu’e]i] \TRANSPORTEUR
v W ey COMMANDE ID -
<] » Ll [ >
| Editable mode
Label Aftribute names Data type Control type Editable ‘
Shipment_ID \t_appel_a_transportid_appel _|Number |Number field | Yes |t
Order No t_commande.no_commande _|Number Comho hox Yes |t T - i
Shipment name t_appel_a_transportnom [Text Text field Yes |t Create Ul object .
Shipping address t_noeud.nom_noeud Text Combo box Yes t Visual basic
Delivery address t_noeud.nom_noeud Text Combo box Yes it
Shipping Date _anpel_a_transport dafe_heure [Date Date picker Yes | Semove Uobjects Cov
Delivery date t_appel_a_transport.date_heure |Date Date picker Yes t
Volurme t_appel_a_transportvolume  |Number Nurnber field Yes t Review Generate code
Transporteur t_utilisateur.nom Text Combo box Yes it 4
Save lAddNew() Void Bution [ ves |
Send to transporter Sendtotransporter() Void Button Yes
Close Exit) Void Button Yes

Figure 5-34: Generating the Ul fo€Create a shipment ordeéask

The Shipment_ID, Shipment nanpthipping dateDelivery Date, Volumeasks
are linked tolD_Appel Nom Date_Heure_DepaystDate Heure_Arriveattributes
of theT_Appel_A_Transpoubject; theShipping addresdDelivery addressask are
linked to theNom_Noeudattribute of theT _Noeudobject; theOrder Notask is
linked to theNo_Commandattribute ofT_Commandebject; theTransportertask
is linked to theNomattribute of theT _Utilisateurobject. TheSavetask is linked to
the AddNew()function; theSend to transportetask is linked tdDefault() function;
the Exit task is linked tdexit() function. These links are described in Figure 5-34

Figure 5-35 depicts th€reate a shipment ordeéorm generated by DB-USE
tool. In this form, the status of the shipment oridenot displayed to the end-user
but it is specified if the end-user clicked on ®ave Send to transportebutton.
The developer has to write the code to changetdtassin the database. Thait
status is specified if the end-user clicked on $la@ebutton; thesentstatus if the
end-user clicked on th&end to transportetbutton. Theacceptedand refused
statuses are determined in the transporter site.
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B Create a shipment order @@@

Shipment_ID [No10257 |
Order No [N027635 [+]
Shipment name [Computer-Send to Fnac |
Shipping address IBruxelles ] v |
Delivery address  |Charleroi [+~]
Shipping Date [10/08/2010 J
Delivery date [10/08/2010 |
Volume [20 pc |
Transporteur ITransporteur 2 [ - }

[ Save H Send to transporter ] Exit ]

Figure 5-35: Create a shipment orddéorm

5.2.2.2 Perform shipment order Task

Once the transporter has received a shipment drder the shipper, he/she
selects the needed services among the createcceserid perform this shipment
order. A shipment order may be performed by moaa thne service. For example,
the transportation of computers from Paris to Luleuorg is performed by three
services including service 1 (from Paris to Brusgllby plane), service 2 (from
Bruxelles to Arlon by truck), and service 3 (froml@tn to Luxembourg by train).

The Create a shipment ordeask is created as Figure 5-36.

I
Perform ship...

B8, B, B .
Shipmentord...  Shipping add...  Delivery add... Service Info... Add a service  Remove a sevice Save Close
B—8 8

Shipping add...  Delivery add...  Transportati...

Figure 5-36: Perform shipment ordeask
The Shipment Order IDtask is linked to ID_Appel attribute of the

T_Appel_A_Transpodbject; theShipping addres®elivery addressask are linked
to theNom_Noeudittribute of thel_Noeudobject; theTransportation modéask is

- 147 -



Case study

linked to theNom_Mode_Transpouttribute ofT_Mode_Transporbbject. TheAdd
services Remove servicesSave tasks are linked toDefault() functions (the
developer has to write the code to perform thesetions); theExit task is linked to
Exit() function. The Ul objects are automatically spedifbased on these links, see
Figure 5-37.

DB-USE tool EEX
Application Domain model Task model About
Choose atask = Domain model
= [t_appel_a_transport] =]
1 ID_APPEL [EssT¥ice]
Perform ship AGOEPTE N\ fﬁiERV'CE
NOEUD_ARRIVEE {_noeud)
T_REQUETE_LOGISTIQUE_Il | ID_NOEUD IEMZS—PAé*gOURS
NO_SERIE [NOM_NOEUD NOEEULIJDE’;EF’ART
ID_UTILISATEUR REGION_ID s
o ENABLE 2
add Senvice Info Addasevice  Rem L-OUMN'TE-LOCAL'SEE-'D i ID_UTILISATEUR
: INOM
NOEUD_DEPART v
DATE_HEURE_ARRIVEE ULISATEUR_ID :gog;ggf_TRANSPORT L
DATE_HEURE_DEPART &
—8__ 8 UNITE
sh Deliven {m Tran: vw'{‘“ VOLUME L_mode transport
s NORDER ID_MODE_TRANSPORT
RANGPORTEUR INOM_MODE_TRANSPORT
~| | IcommannE I >
LT Y ] —— | D
[] Editable mode
Label Afrioute names | Data type Control type Editable .
Shipment order ID [t_noeud.y &&t_appel_a_transpc|Number Number field | No it Create Ul object v Java
Shipping address___[t_noeud.nom_noeud [Text [Textield [ N0 It O visual bask
Delivery address t_noeud.nom_noeud [Text [Textfield [ No ] SUE Jasc
Shipping address [t_noeud.nom_noeud [Text [Table (t_service) | No It Remove Ul objects Oce
Delivery address [t_noeud.nom_noeud [Text [Table (t_senvice) N0 It
Transportation type |t mode_transportnom_mode_tiText |Table (t_senvice) | No . | = r
[Add a sevice |Addasenice( Void [Button [ ves | Review | | Generate code
Remove a sevice [Removeasevice) [Void [Button [ Yes
Save |Save( [Void [Button | Yes
Close Exit) Void Bution [ Yes

Figure 5-37: Generating the Ul for Perform shipment order task

B perform shipment order [D@

Shipment order ID  No-10987532
Shipping address Paris

Delivery address Luxembourg

Service information

 Shipping address | Delivery add Transportation type
Paris Bruxelles Avion
Bruxelles Arlon Camion
Arlon Luxemhourg Train
[ Add services H Remove sevices ” Save |  Exit \

Figure 5-38: Perform shipment orddorm
In order to perform the functions &fdd servicesRemove servicesand Save

buttons, the developer has to write more code serinor delete the service
information into / from database.
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5.2.3Conclusion

Based on the result of the two case studies abweepote that it is more
adequate to apply DB-USE for database applicatiomsh as the Human Resource
Management application, in which the DB tasks &eedisplay of the information
and the reception of the information. In the Trag®TIC application, some task
information can be better understood if they aspldiyed to the end-user in terms of
graphics. For instance, the following ones.

M TransLogisTIC - Chargeur
File Help Mylabel

EEX

[ Requetes 23| [T Noeuds | [ Appels = al
Choisir une requéte

| Paris Luxemn

Brux-Luxem

LLN-Arlon Paris Bruxelles Arlon Luxembourg
Namur-Brux
| Brux-Arlon - i - -
12:32 06-01-10 15:06 06-01-10
15:06 06-01-10 06:10 06-01-10

00:00 12-01-10 06:1012-01-10

Figure 5-39: Shipment ordeform — graphic objects

EEX

Perform shipment order

Shipment order ID  No-10987532
Shipping address Paris
Delivery address Luxembourg
Service information
Shipping address | Delivery address |Transportation typ
Paris Bruxelles Plane
Bruxelles Arlon Truck
Arlon Luxembourg Train
[ Add services I‘\ Remove sevices “ Save H Exit ]

Figure 5-40: Shipment ordeform — text object
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The services of a shipment are displayed to theused in terms of graphic
objects (See Figure 5-39) and of text object (Sgerg 5-40).

M TransLogisTIC - Transporteur Q@@

File Help Mylabel
‘E Transports £3 | ] Appel - Services =0

Appel transports Services et Transports

-
LLN Bruxelles Warve
| = |

Wavre-Namur

De Warve & Namur
Départ: 00:00 05-01-09 =) EY—
Arrivée: 00:00 05-01-09 Nom: Transport 1_1 Nor: Brx-Warve
Départ: 06:10 09-01-08 Départ: 15:42 09-01-09
Arrivée: 06:10 11-01-08 Arrivée: 15:42 09-01-09

Brx-Wavre

De Bruxelles & Warve
Départ: 00:00 16-12-08
Arrivée: 00:00 16-12-08 “

Nom: Transport 2
Départ: 07:20 10-01-08
Arrivée: 08:15 12-01-08

Namur-Lux

De Bruxelles & Warve
Départ: 12:24 09-01-09
Arrivée: 12:24 09-01-09

< >

[] Afficher tous ATs < >
=8

Figure 5-41: Service and Transpoform — graphic objects

Services and tranports Q@

Transport call [LLn-wavre |
From [Louvain La Neuve |
To [Wavre ]
Departure time [1 0:3012-10-2010 ]
Arrival time [12:1512-10-2010 ]
From To Transport type Time
Louvain La ... |Bruxelles Train 10:3012-10...
Bruxelles Wavre Plane 10:30 12-10...
Louvain La ... |Bruxelles Truck 10:30 12-10...

[ First_ ] pPrev. [ Next [ ast |

| New | pet | update | Exit |

Figure 5-42: Service and Transpoform — text object
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Similar to the shipment information, Figures 5-41d &-42 depict information
about service and transport in terms of graphictartiobjects. With respect to the
example shown in Figures 5-39 and 5-41, if the @sel wants to create a new
service, transport or modify the existing ones te/san click on the right mouse
button to display a popup-menu then he/she carctselgtions such as Create,
Modify, Delete ...

In addition to discuss the two case studies, weldvdike to compare the
advantages and disadvantages of DB-USE with respecthe current other
approaches.

5.3 Validation

Section compares DB-USE with other researches diredu Just-Ul [Moli02,
Moli03], Vampire [Eise02] and the design patterfisCoad & Yourdon [Coad95]
which have the same goal that DB-USE but the inflhdg have used are different.

Like DB-USE, the works selected to compare withaitn to the database
applications. Just-Ul and Vampire aim to generate 1dr database applications
while the design patterns of Coad & Yourdon areatme to describe the tasks of
database application.

The goal of Just-Ul and Vampire is to generate Ut they have used the
different materials and the different processesst-Ul generates Uls based on the
created patterns; Vampire has used the task modgrterate Uls.

The design patterns of Coad & Yourdon are usedhim section to value the
functions created by DB-USE; we would like to shbhew DB-USE perform the
patterns defined by Coad & Yourdon (which are fesglly used in the area of
information systems in order to structure data atdomain model with some rigor,
thus leading to a Ul that appropriately reflects goal of the pattern) and otherwise
how these patterns support generic functions ofl L.

The purpose of this section is to compare DB-USHEhwaurrent works to
validate DB-USE based on the input and output e$é¢hworks.

5.3.1Just-Ul: using pattern to generate user interface

We first discuss the pros and cons of Just-Ul [B®]iMoli03] and DB-USE.
The motivation behind both approaches is that #ialthse applications have similar
interfaces. But unlike DB-USE, Just-Ul uses theigrattechnique to generate the
user interface. These Just-Ul's patterns are sgpdcibased on the user’s
requirements; the interactions of user with aniapfibn. The patterns are expressed
in terms of abstract interaction objects which wilé translated to concrete
interaction objects based on mapping rules. The uderface code is generated
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based on the ClOs and the programming languageseTpatterns are classified as

follows:

The Service presentation patteris created to perform a service
specification based on the data inputted by user raaybe in order to
return the data to user.

The Instance presentation patteis) created to display data of an object
required by user; it is also used to perform sewisuch as modify data,
create new data, delete existing one.

The Population presentation patteike the instance presentation pattern is
used to display data of a set of objects, filteiadarder data and perform
services.

The Master-Detail presentation patters created to display information
under the form of master-detail objects. For instan displaying
information of a student (master object) and hisrses (detail object).

The advantage of Just-Ul is that the operations pdormed quickly and
simply. For instance, if the designer wants to tea form to display the
information of the object employee, he/she only esak link between this object
and theinstance presentatiopattern while the designer has to make the links
between the attributes of this object and the task3B-USE. However Just-Ul is
not flexible for user interface creation. For imste, in order to display the
information of the employees of a department, tesigher has to link department
objects to the master pattern and employee objectthe detail pattern. The
limitation of Just-Ul is that the designer cannaicide which attributes of a
department object or of an employee object wildisplayed to the end-user. Once
the link has been created between a pattern anthjant then all of the attributes of
this object will be displayed to the end-users.sThieakness has been resolved in
DB-USE.

Just-Ul also proposes translators for Visual Baslaya, JSP, ASP and
ColdFusion.

5.3.2VAMPIRE: Agents and GUIs from task model

VAMPIRE [Eise02] uses collaborative interface agettt create user interface
based on a task model. A collaborative interfacentigs a software agent that
supports the designer in user interface creatiarh a5 proposing control type,
managing the links between tasks and user intedfaogonents. In VAMPIRE, the
task model guides the designer to create the ntenface with respect to the task’s

goal.
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&4 VAMPIRE
File

repeatable

SelectFile
® String filename

@ [ Task Model
? FTP

¢ [ Login
[ EnterAddress
[ EnterName
D EnterPassword

[ connect

9 ] Download

[ selectFile

Enter address

Enter name

Enter password

[ AsciiMode

[ BinaryMode

[ DownloadFile
[ Disconnect

NE ] )=
Figure 5-43: VAMPIRE tool (From [Eise02])

VAMPIRE is depicted in Figure 5-43. The processigdr interface design starts
with the designer selecting an unimplemented tagkeé task tree (displayed in the
left panel); VAMPIRE recommends a control by highling this control in the
toolbar (displayed at bottom of the screen). & tthesigner agrees with this
recommendation, he/she can add this control tddihma by clicking in the layout
area where this control will be placed. Otherwike/she can ask for a second
recommendation by clicking the task again.

In VAMPIRE, the designer has to make the links lestw tasks and the user
interface components (controls) based on the recamdations of the system. While
the designer makes the links between tasks andaimain’s components and based
on these links, the user interface components at@vatically generated in DB-
USE. Hence, the user interface generated in VAMP#iegends on the decision of
designer. Besides, the absence of the domain niwdéAMPIRE implies that its

user interface ignores the representation of tha dad business described by this
model.

5.3.3 Verify the coverage of conceptual Coad & Yourdon pterns
by DB-Use

This section discusses of Coad & Yourdon transagigtterns [Coad95] used to
build object model.
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r——
Place
n

SubsequentTransaction ||

Specificltem

b

Acto lPanicipant |Transacti0n
| n 1
-n %n

ltem TransactionLineltem II_ Subsequent TransactionLineltem
] 1 n 1

]
- I

r—

Associate OtherAssociate

Figure 5-44:Design patterns for Transaction (From [Coad95])

Figure 5-44 overviews the main structure of tratisacpatterns organized into
an object-oriented model. Coad & Yourdon recommigncefer to this structure in
order to build a domain model since most of thessigh patterns are frequently
used in the domain of information systems and teractive systems in general.
These transactions are Actor-Participant, Partiti{Jaansaction, Place-Transaction,
Specific Item — Transaction, Transaction - TrarisacLine Item, Transaction -
Subsequent Transaction, Transaction Line Item s&girent Transaction Line Item,
Item - Line Item, Specific Item - Line Item, ItenSpecific Item, Associate - Other
Associate. The interconnections between theserpatige represented by the lines.

We select Actor-Participant and Participant- toifyethe performance of the
functions covered by these patterns in DB-USE. Tdreydescribed as follows:

p - Participant

Actor Participart number -
name number statDate Transaction
address startDate endDate number
phone endDate password date
aboutMe | password authorizationLevel _ ||time
howMany " || authorizationLevel aboutMe n 1 || status
howMuch aboutMe howhany abouthe
calcOwerParticipants isActive howMuch calcForMe
rankParticipants calcForMe calcOverTransactions rateie
calcForMe rateie rankTransactions

isAuthorized

calcForMe

» Actor can be person and organization (agency, cagpeorporation and

department).

» Participant can be agent, client, employee, stuaedtbuyer.

* Transaction can be agreement, assignment, contosdivery, order,
payment, report, purchase, refund, shipment.
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We separately discuss in one hand the capabilitie®B-USE in performing
pattern’s functions and in the other hand DB-USHixtions that have not yet been
discussed in patterns.

Coad & Yourdon DB-USE Note

DB-USE does not support the counting of
the participants of an actor. But the Dis-
play() function of DB-USE can show the

howMany user all of participants of an actor if these
two objects are linked. (Figure 5-44 lists all
the transports of a service)

howMuch Not supported

calcOverParticipants/

calcOverTransactions Not supported

To rank the participants/transactions (for
example based on attribute startDate), the
user can use the Display() function with op-
tion order by(startDate).

With the display() function of DB-USE, the
user can sum value of the different attributes
(such as salary and bonus attributes of em-
ployees objects)

rankParticipants/

rankTransactions Display()

calcForMe Display()

To look for the participants who are active,
isActive Search() you can use the Search(attribute endDate)
function.

rateMe Not supported

To look for the participants who are author-
isAuthorized Search() ized, you can use the Search(attribute au-
thorizationLevel) function.

Table 5-3: Pattern’s functions and performing them in DB-USE

Table 5-3 shows the functions defined in the A®articipant and Participant-
Transaction patterns and which functions of DB-USE used to perform them.
Most of the calculation functions such as howMueieMe are not supported by
DB-USE because they consist of calculate functions.

Table 5-4 lists the functions of DB-USE and relapadtern. It shows that most
functions in DB-USE have not been discussed in Gba@urdon’s design patterns.
Unlike the functions of Coad & Yourdon's patteri@B3-USE’s ones are usually
used to retrieve or modify data in database.
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DB-USE  Coad & Yourdon Note
Display() rankParticipants/  rankParticipants / rankTransactions is used to
play rankTransactions display data in descending/ascending order.
Search() isActive/ isAuthor- isActive / isAuthorized is used to search the
ized active/authorized objects.

AddNew() Not supported

Delete() Not supported

Update() Not supported

Review() Not supported

Table 5-4: Functions of DB-USE and related pattern’s funcion

5.4 Chapter Summary

This chapter has presented a DB-USE tool. This hasl applied for two case
studies, including Human Resource Management aadsLogisTIC. Besides, to
validate the abilities of DB-USE we also comparsvith Just-Ul, VAMPIRE and
patterns of Coad & Yourdon. It explained that mostthe design patterns from
Coad & Yourdon could be indeed incorporated intoanain model made by DB-
Use, that is in turn used together with other mediel semi-automatically generate
corresponding Uls. Coad & Yourdon do not providey gjuidance on how to
produce such Uls, while DB-Use provide some stgniaint.
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Chapter 6

Conclusion

This conclusion presents a summary of DB-USE asdénefits. Section 6.1
summarizes the main ideas of our work. The expebetkfits are emphasized in
Section 6.2. Section 6.3 lists some future works.

6.1 Original contribution of this thesis

To be efficient, data-intensive systems that areimportant component of
today’s software applications need effective hurcamputer interaction. User
interfaces for such data systems have been a emtugsearch issue and nowadays
these Uls have to support automatic generatiodéguaately be dealt with.

We have proposed in this thesis a methodologieahéwork called DB-USE for
developing user interfaces to database applicafiems the task, domain and user
models combined together. More specifically, thsrfework consists of:

« A meta-model that governs the semantics of the, tdeknain and user
models (Section 3.1);

« A methodological process that supports the Ulgtesideveloper to create
the Uls semi-automatically from the above modetx{i®n 4.1.4);

« A software system supporting the methodologicalcess in order to
generate both the user interface code and thecafiplh code that performs
the basic functions of the database applicatiorap@ir 5).

Our framework is aimed at offering a low cost, $himne-to-implementation and
efficient development environment from producingser interface to this database
system. Indeed, the objective is not to only geeethe Ul code but also the
application code for performing generic functioisaadatabase application such as
AddNew(), Search(), Delete(), Update().

The methodological process of DB-USE (Section 4.hds been established
based on lessons learnt from existing researcl@sasiTeallach, Goliath, and Wold
(Section 2.2). The advantages come from the cautdb of declarative models in
Ul generation (Section 1.1.2), the general way teate the Ul objects, the
usefulness coming from Ul generation, the relatlmtween task and domain
models. The disadvantages come from the limit oppivey rules, the missing of
end-user model which is used to create the Ulslwbamsider the preference of the
end-user (Section 2.4). In order to improve thiscpss, task, domain, and user
models have been considered together as opposepaoately in existing work.
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The methodological process of DB-USE (Section 4.1s4divided into five
phases depending on the role of participants asic that they perform.

¢ Model analysis phas&he Model analyst is responsible for this phase- DB
USE’s models including task, domain and user modeddoaded from the
existing resources.

« Relation making phaseOnce these models have been loaded, the Ul
Designer makes links between the tasks in task hamdkethe elements in
domain model.

e Ul design phaseBased on these links, the ClOs (Concrete Intemact
Object) are automatically created by DB-USE syste8ince the
programming language has been determined by tHeeSigner, the CIOs
are translated to FIOs (Final Interaction Object).

« Application fundion design phaseOnce Phase 3 has been completed, the
functions linked in phase 2 are implemented in naetail based on the
created FIOs by DB-USE system. The Developer gaesible this phase.

e Code generation phase Finally, the Ul code and application code are
automatically generated based on the result of ésigh and application
function design phases. The role of the Developéhis phase is to verify
generated code to be sure that it is successfollgpded. Typically, the
generated code is clear and complete enough tomeiled and executed
immediately.

The methodological process of DB-USE has been lddtaising a multi-agent
approach (Section 4.2) in order to support flekinilbut also to ensure clear
separation of responsibilities of these agentgpgp®sed to monolithic process as in
existing work. A multi-agent framework has been laggpto the DB-USE process
since MAS provide the required characteristicsdsatibe it. Each component in the
DB-USE architecture (Section 2.1.2) plays a rolemd agent in multi-agent system
(Section 4.2).

This process has been discussed step by stepcinstep, besides providing the
technique for loading DB-USE’s models or generatiig, rules for translating the
task model from CTT to DB-USE or for determining bbjects, we have also
provided concrete examples to illustrate the residltthe work done in the
considered step. The task, domain and user modess lteen used to create the Uls
for the following reasons:

* The task model prescribes specifications that difiee production of the
abstract user interface.

e The domain model provides the special features eteéar creating a Ul
manipulating the information contained in the damanodel and for
specifying the methods to be performed on thisrmftion.

e The user model supports the creation of user ated which consider the
preferences of the users.
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In this research, we have tried to capitalize oisteyg work and resources as
much as possible. Typically, the DB-USE task mof®&tction 3.1.1.2) can be
loaded from an existing CTT task model (Section. 212 i) while the Domain
model (Section 3.1.2) is created based on a daatesema (Section 4.2.2.1 ii).
DB-USE'’s task model has been particularly defindtebntly from the other ones
since we have considered it to be used for gemgratis at the implementation. In
addition, to support the designer to understandable's goal clearly, the action type
of tasks have been also specified (See Table 3-5).

Our research work has also contributed to defitesrior creating the Ul objects
based on the associations between tasks in taslelraod elements in domains
model. They are the rules RTMs, RSTs, RLIs, RLASDR, RGAs, and RDCs
(Section 4.2). These rules have been used to atenthe task model from CTT
version to DB-USE version, or to create the Ul ol§eEspecially, RDCs have been
summarized in Table 4-3.

The DB-USE tool has been implemented in Java (&edil). It allows the
designer to perform most of the goals discussesiirmethodological process. DB-
USE has been specifically designed to help thegdesideveloper to work with it
easily and effectively. Task and Domain modelsdisplayed in terms of graphics;
and most operations can be performed by using thesen In addition, the DB-
USE's task model cannot only be loaded from the 8Tdsk model but can also be
newly created by the designer (Section 5.1.1.1)this context, we have also
provided algorithms for editing task trees sucthaw to position tasks in the tree
when a task is deleted or inserted (Section Algors).

The result of this research work has been apphedugh two real-world case
studies of two different sizes: one about HumanoRe®s Management (Section
5.2.1), the other about the TransLogisTIC proj&etction 5.2.2). The lessons learnt
from applying this methodological process on thsee case studies as well as the
comparison between DB-USE with respect to significalated work (e.g. such as
VAMPIRE or Just_Ul) are provided in Section 5.3.

6.2 Benefits and shortcomings

In this section, we resume some benefits and shoitgs of DB-USE.

6.2.1 Potential Benefits

The potential benefits of DB-USE come from theduling aspects:

e The task model of DB-USE is specifically defined fgenerating Uls.
Although this model is defined based on represemtabsk models found
in the literature - for example it can be loadeshfrthe CTT's task model -,
the generated Ul highly depends on the exprességeatthis task mode.
The current version of the tool proposes two typéstasks, but the
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designer/developer can define new task types #fldct the flexibility of
the DB-USE's task model. But this task model doet support multiple
users or multiple contexts of use.

e The domain objects of DB-USE’s Domain model are patible with the
ones of existing domain models. However, the fumgidefined in DB-
USE are not the same. They are provided by the BE-Qystem itself
while in the other current domain models, such fioms have to be created
by the designer/developer. The number of the fonstican be decided by
the DB-USE'’s developer. The current version supparine typical
functions including Display(), AddNew(), Update(Delete(), Search(),
Review(), Cancel(), Exit(), and Default() which areecessary for a
database application. This function set can be aagga in the future with
generic functions depending on requirements. Initimhgd based on
concrete contexts, the DB-USE system can genesdééled functions; for
example, if the Display() function is selected displaying the information
of the employees, DB-USE can generate automaticathe
DisplayEmployees() function which describes therilaites of an
employee.

e The methodology of DB-USE has provided a new predes generating
both the user interface code and application camgether based on
declarative models. With this new process, the arhad work of the
designer/developer is decreased significantly aedcomplexity of linking
the Ul code to the functional core is reduced. Mueg, the generated code
is complete in that it can be run immediately withcany further
modification.

< In order to reuse the generated Uls in differeatfptms and programming
languages, DB-USE allows the designer/developstaxe them in terms of
UsiXML specifications.

e DB-USE has also provided the model-based userfat®e development
environment with a set of mapping rules which aseduto specify the
concrete interaction objects based on the assoet@abietween the task and
domain models. The algorithms used for working with task tree have
been also provided in this thesis.

e Our research work has provided a complete toolgnerating Uls from
task and domain models. The goal of DB-USE toaids only to validate
the result of research but also to be applied taahevorking environments.
It then results to be very helpful for implementufatabase applications.

6.2.2 Shortcomings

Based on the case studies and comparisons betivedDR-USE approach and
the other ones, we can point out the following stamings:
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uoljewoline |N JO |9A37

DB-USE has only allowed the designer/developer teate the user
interfaces which relate to the domain model. Tkaa ilimitation of DB-

USE in Ul creation since in practice, the inforroatidoes not only come
from the database but also from the system or #taork e.g., as the
information of printer driver. Therefore, thereasneed for improvement
here.

In the current version of DB-USE, the generatedr uisterfaces are the
dialogues and they are generated separately. Tliisegues are
conceptually related to each other. In order to ¢that, the
designer/developer has to link them together.

The user model has been discussed on how it isideyed in the
methodological process, but requires further irigabn on how to
determine the influence of user parameters (suclpraference versus
performance) on the generated Uls. Today, we ddaeé conducted any
experimental

The user interfaces generated by DB-USE are typiclr database
applications. This research was not focused onicgijns for other types
of applications, hardware or devices yet such asl fdnone or palm while
these devices are being used more and more in odenmm world.

Most functions supported by DB-USE have been usad displaying
information to the end-user and receiving the imfation from the end-
users. Calculation functions have not yet beenudsed such as sum(),
multiple(), subtract() while these are necessary ifaplementing the
database applications such as calculating salecgsp rates, ...

The domain model contains a number of domain abjeghile the

designer/developer just needs some of them for rgéng the user
interface at once. The question to help him/hersétect the corrected
domain objects is until now still open. However, this version, if the

edited object (Section 4.2.2.3) is specified by dlesigner/developer then
DB-USE system will show him/her the related objects

high -+
medium —+
Level of
low T standardisation

| | |
! I I

low medium high

Figure 6-1: Level of automation vs. Level of standardization
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It has been observed (Figure 6-1) that the monedaral the generic functions
are defined in the domain model, such as, butindtdd to, Display(), Read(), etc.,
the more automatic the corresponding Ul generatian take place. This is an
advantage, but also a shortcoming: a good Ul gépnarprocess may take place
when the function is described with a level of egsiveness that is high enough to
generate a usable Ul. Without this level of desmip only a very basic Ul could be
instead generated. Therefore, it is possible t@edhe expressiveness of functions
in order to improve the quality of the Ul generatjarocess, but this is implemented
by the raise of complexity of the generation engasewell as the size of the
knowledge usability base required to be used. Rstance, in OlivaNova, the
domain model could incorporate description of fiow$ thanks to a first-order
predicate logic that goes far beyond simple fumdilike in CRUDS pattern (since a
full language could be used for this purpose). Hmrethe Ul generation process
becomes much more complex. Its automation can Ipeowed, but will require a
significant amount of usability knowledge to bedrnmorated in the environment to
become acceptable.

6.3 Future work

The future work derives from the aforementionedrstoanings:

» Specifying model dialoguén the current version, the generated dialogues
are not yet linked to each other. In the futuressth dialogues will be
automatically linked based on the temporal opematietween the tasks
(See Figure 6-2).

Figure 6-2: Linking Perform shipment order forms

 Enhancing the set of functianhese additional functions should be
created to better meet the development needs ofldtebase application
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such as Print(), Report(), ImportTolmage(), ... Jhegeneric functions
should be generic enough in order to cover a walege of database
applications but also expressive enough to feedasanable generation
process.

Allowing the designer to generate user interfaces hon-database
application Based on the actual needs, most information egoéscome
from the database, for instance, information frestesms such as calendar,
device’s information, environments, guides. Thesg&ces should be at one
point taken into account.

Supporting calculation formulaBased on patterns from Coad & Yourdon
which are not partially supported by DB-USE, designand users need
formual such as HowMuch() and RateMe(). In orderperform these
methods, DB-USE should define the generic operatisnch as sum,
average, multiple, plus, subtract, statistical afens. For instance, Figure
6-3 depicts the pattern “ltem-lineltem” from Coad Xourdon. In this
pattern, the calcForMe method can be understo@d“agmPrice” method.
This method is performed by multiplying the refarenvalue by its
guantity.

:

Item

name )
Lineltem

number -

description quantity

price  |status

abouthMe n 1 || aboutiMe

howhdany calcForie

calcOverLineltems rateMe

rankLineltems

calcForMe

Figure 6-3: “Item - Line Item” Pattern

Improving the DB-USE tool scop# is necessary to add the user model
into DB-USE tool. Indeed, the different Uls shoui@ generated for
different types of end-user depending on the infdiom contained in the
user model. For this purpose, new usability guidedi should be
determined that provide us with some guidance am taoinfluence the Ul
based on user properties. This could also go betfmndcope of this thesis
by considering alternate interaction styles depamain user’'s preferences
(See Figure 6-4). For instance, a command languagkl be added to a
form filling when the user experience with the tésknoderate to rich and
the user experience of the system is rich and akk motivation is high,
while user experience with interaction devices isderate (first line of
Figure 6-4). This could give for instance a fornséa Ul combined with a
command line for the command language, or even fuitiction keys (See
Figure 6-5). In addition to code generation in J&¥8B-USE should allow
the designer/developer to target other programndainguages such as C++,
Visual Basic.
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Interaction style Task System Task Experience with modem
experience experience motivation interaction devices
Command Language moderate to nich nch High moderate
Programming language | Rich nch Rich moderate
Natural Language Rich moderate Low high
Query language Rich moderate Moderate high
Q ions/A El elementary to moderate | Low moderate to rich
Function keys moderate to rich elementary Low low
Menu selection elementary elementary Low low
Form filling elementary to nich elementary to gich low to moderate elementary to moderate
Multi-windowing elementary elementary Low low
Direct manipulation elementary moderate Low low
Iconic interaction elementary to moderate moderate low to moderate [ low
Graphic 1 elementary moderate low to moderate moderate
Multimedia interaction | elementary moderate Low moderate
3D User Intecfaces elementary moderate Low high

Figure 6-4: Possible interaction styles depending on user prées

= Admission d'un patient n o
Nom du patient [ I
+
Informations personnelles
Adresse
Localité
Code postal
Date de naissance D ‘:]
Sexe (H=Homme ou F=Femme)
Etat civil O Marié
O Célibataire
O Divorcé
O Veuf
Téléphone
[+
Commande ===> | |
[ F1-aide | [F3-auitter | [F5=Actualiser | [F7=Préc | [F8=suiv | [F12=Annuter |

Figure 6-5: A Ul combining different interaction styles: forrflihg, command lan-
guage, and function keys.

» Extending relationships between objecfBhe discussed relationships
between objects are first order relationships. flilse order relationships of
an object A (employees object) are the ones thattly connect to A; the
second order relations of A are the ones that azirtoeA through another
object (e.g., department object). (See Figure ®BrUSE should take into
account relationships at a higher level than brsier ones.
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Conducting an experimental studpB-USE has been validated on two
real-world case studies, which is a reasonableirsgapoint. The next step
should consist in defining and conducting an expernital study in order to
determine the value of the methodological procis=ally speaking, one
should identify two or three projects having diffet characteristics, recruit
a significant amount of designers and developeth different levels of
expertise and group them into two groups: one grnasipg DB-Use and
another one without. Then, the results could bepzoed based on the
same case studies based on both qualitative @egigners satisfaction)
and quantitative (e.g., time to design) metricsnggmguently to this, this
thesis did not perform any evaluation of the Ulues by this
methodological process. Therefore, it should be aentified when and
how such generated Uls are different from Uls poeduby a typical user
interface development life cycle. Such two studies certainly desirable,
but represent a considerable amount of work, wittspeaking about the
availability and the cost of the persons involvediuch an experiment.

loyees]

liobs] | femp Second order
JOB_ID EMPLOYEE_ID Relationshi
OB TITLE FIRST_NAME [departments] elationships
ST LAST NAME DEPARTMENT_ID

[MIN_ [Eoen [DEPARTMENT_NAME

MAX_SALARY EMAIL

AR [LOCATION_ID

First order Re-
lationships

[PHONE_NUMBER

HIRE_DATE

|COMMISSION_PCT

DEPARTMENT_ID

IMARITAL_STATUS

[locations]
LOCATION_ID
STREET_ADDRESS
POSTAL_CODE
CITY
STATE_PROVINCE
[COUNTRY_ID

First order Re-
lationships

Figure 6-6: First order Relationship - example

»  Applying “From Domain to Task models” tool to DB-BS$ool In order to
reduce the work of the model analyst if he wantcteate a new task
model. We can apply “From Domain to Task modelsif@7] tool to DB-
USE tool. “From Domain to Task models” tool is d&pd in Figure 6-7.
This tool allows the model analyst to generate gakm the domain

objects.
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& UNIT TASKS GENERATION Q@@

Objects Operations on objects [~ Select all
Client vl

Attributes vV add new
Client Id » Y BY B BX YK )

Clientname new ok cancel

Phone

Address

Post code M edit
Town H--@--H-H-H--91@®

Client bank sel edit ok cancel

Client account ™

dbl-click to select
Selected [~ delete

H-@-0-01®
Client name sel del ok cancel
Phone
Address
Post code
Town

v search by

Client Id 2

dhl-click to remove
Generated tasks

edit Client

new Client

search Client ld [~ display
Wi @--=---@®
sel  display ok

Generate Close

Figure 6-7: “From Domain to Task models” tool
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Appendix

1. Human Resource Management
1.1 Task Model

The designer can create the task moddétraployee managemeby using DB-
USE tool or load it from a XML file created by CTibol. In this case, the task
model is loaded from a XML file created by CTT tdbén the designer modifies it
if he/she wants. Figure 1 shows how to load a @Bk model in DB-USE tool.

18 DB -USE tool BEX
Application Domain model | Task model | About
New task model
Open CTTE task model % DRomain mmodel
Open DBUSE task model | [L& 030 3]
Save task model
LookIn: | Desktop - = 33] 3=

Ctranslogistic [ testxmi
(7 TraoRoLLN
(3 Van Anh
cIveao
Cword
1.1 [) Emplyoee management.xmi
< »|
FileName:  [Emplyoee managementxml
= Files of Type: |.xml -
Editable mode

Label Aftribute names Open Cancel biect V] Java

Visual basic
Remove Ul objects o

Review Generate code

Figure 1: Load task model

We cannot show the task modelEhployee managemeoih one or two pages;
it is very large. So the description of the taskdelois started with the principal
tasks; then these tasks will be presented in def@tiér. Figure 2 depicts the main
tasks of the employee management. Once the endherlogged into the
application, he/she can edit the employee inforomatthe department information,
and the job information or exit the application. dnder to edit the employee
information, the end-user can create new emplog@gew employee information,
modify an existing employee, delete existing omel aearch employee. If the end-
user wants to work on the department informatiasime can review it, modify it,
delete an existing department, or make the depattneport. Besides, the end-user
can review, modify or delete the job information.

In order to log into the application, the end-usas to choose the role from a list
of roles and to enter the user name and passwarce Ge/she has logged into the
application; he/she can choose the task that he/aheto work on. If he/she wants
to work on the employee information he/she hashooseEdit employedask; if
he/she wants to work on the department informatiershe has to choodedit
departmentask; and finally, if he/she wants to work on bk information he/she
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has to choosé&dit job task. The end-user can exit the application whenbetshe

wants by choosing thExit applicationtask.

C
Create newe...

R
Review emplo.

Manage emplo

I
Edit employe...

1
Edit employees

U
Modify emplo...

Delete emplo.

Search employee

Review emplo...

R vlﬂ_

Exit applica..

Review depar

Delete depar...

Modify depar...

Make report

Review jobs

&

Edit job inf.

—_ — —ul
Modify job i. Delete job i

{>

1
Exit applica

1
Close

Figure 2: Principal task
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“. ¢

Create newe...

\

r,m_|___|@_|__|1~

Enterfirst... Enter last name m:-mﬂ‘m_.:m__

I Lo I B8 8 8 8 98—
Choose _.oc Enter hire date Enter telephone Enter wm_w-.< Choose depar... Save Cancel

I

B——8 8

Choose jobt..  Showmaxsalary Show min salary

T

B

.‘Ll >—_— ,‘\_| ]

o:oowm emplo... maml,_mm_ Enter _Am.& name

8

Modify emplo...

B8,

Enter email

B——8 88

o:oom“m_.oS... Enter hire date mam:.m_mu:asm mammwm_mz Choose depar...

Edit employ..

—_—

[ e—

Enterfrst..  Enterlastname  Enteremail

Choose jobt..

\7_

B—8 8

B8 8B, B . 8

Enterhiredate  Entertelephone  Enfersalary  Choose depar.. Createnewe.. Delete employee

Choose job

Show max salary Show min salary Viewfirstr...

———
D i |“=

Review emplo.

View nextre...

View previou...

Cancel

Close

View lastre..

Figure 3: “Create new employee”, “Modify employee informatipand “Edit em-

ployee information” tasks

We chose to present three main tasks among thtaskb-of theedit employegask. They are
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Create new employee, Modify employee informatiodEdit employee informatiotasks

(See Figure 3). The creation or modification of éneployee information is performed by the
end-user. Once the first name, the last name,tfaél address, the telephone, the job title, the
hire date, the department nhame and the salarylieere modified or entered, the end-user has
two choices: save or cancel these changes. SpedamtheEdit employee informatiotask,
beside of modification of employee information, #re-user can create a new employee, de-
lete an existing one, or review the informatioritef next employee, the previous employee,
the first employee, or the last employee.

1.2 Domain Model

The domain model is created from Oracle Human Resswatabase by using a
data type mapping table (Table 4-4). This dataispeovided by Oracle system and
it is automatically installed when you install tbeacle database software on your
computer. We chose Human Resources database ofeCracause it is a simple
Human Resource Employee database system; besipfyyee data is organized
and simple to use.

I DB-USE tool

EBX

Application

Domain model Task model About

Open domain model |

Choose atask = Domain model

gim | 3 | [ ] >
Editable mode
Label Aftribute names

Data type Control type Editable V] Java

Create Ul object
Visual basic

Remove Ul objects oo

Review Generate code

Figure 4: Load domain model

Figure 4 shows how to load domain model from degatfaracle.

In domain model of employee management applicaticmhave six domain’s
objects including Jobs, Employees, Users, RolegpaBments, Locations, and
Countries objects (See Figure 5):

 Employeesobject describes the information of the employeehsas the
employee’s name, the telephone number, the emagkadthe job title, the
department that he/she works in, the date thahbdiggan his/her work,
and the salary. Specially, an employee is idewtifig a unique employee
number name&mployee 1D

-178 -



Appendix

e Usersobject describe the user name, the password andtbead of the
user.

» Rolesobject describes the role of the user.

» Departmentsobject describes the department information. f@amation
is the department name, the location, and the tepat ID.

» Jobsobject stores the job descriptions. A job is déadiby the job title,
the job ID, the max salary, and the min salary.

» Locationsobject describes the address of a departmentdimgithe street
address, the postal code, the city name, the gtaténce, and the country
ID.

» Countriesobject describes the country name and the coliDtry

[users] ]
USER_ID

I employees]
[roles] ] [USER_NAME EMPLOYEE[_ID —
|ROLE_ID [PASSWORD / [FIRST_NAME
ROLE_NAME |EMPLOYEE_ID [LAST_NAME
DESCRIPTION ROLE_ID [EMAIL
[PHONE_NUMBER
liohs) IHIRE_DATE
WJOB_ID —————J0B_ID
Link to AddNew() |JOB_TITLE [SALARY
) MIN_SALARY COMMISSION_PCT
Link to Update() MAX_SALARY \DEPARTMENT_ID
Link to Delete() v /MARITAL_STATUS
P departments]
Link to Search() }DEPARTM[[EN{’_ID 1 v
Link to Review() DEPARTMENT_NAME [locations)
i |[LOCATION_ID |——LOCATION_ID
Link to Cancel() :STREET_ADDRESS
; - POSTAL_CODE
Link to Exit() v :cmr
Link to default() [countries) |STATE_PROVINCE
e |COUNTRY_ID COUNTRY_ID
[COUNTRY_NAME
REGION_ID

Figure 5: Employee management - Domain model is describddB»JSE

1.3 Generating the User Interface and Application Codes

1.3.1 Login Task

The goal of this task is to allow the end-user dg Into the application by
providing the user name, the password and thetodlee system.

The designer can start with thegin task by choosing its name from tGoose
a taskcombo-box and selecting tRolesandUsersobjects to from domain model.

In this case, the objetisersis the edited object. The edited object is chosen b
the designer.
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In order to create the Ul for performing this tatle designer has to make the
links betweenEnter user namdask and attributdJser_nameof object Users
Choose rolgask and attribut®ole nameof objectRoles Enter passwordask and
attribute PassWordof objectUsers Confirm task anddefault() function andExit
task ancexit() function.
=

Choose atask |Login 52 Domain model

ssssss
i USER_ID
roles}
USER_NAME
ROLE 1D PASSWORD
[ROLE_NAME EMPLOYEE_ID
DESCRIPTION ROLE_ID

Kl | > < I >

Aftribute names Data type Control type Editable|...| Create Ul object vl Java
r_name Text Text field Yes

(Choos: e roles Text Combo box Yes

Enter password users pass_word Text Text field Yes Remove Ul objects.

Visual basic
Confirm Confirm( Void Button Yes Cas
Exit application Exit) Void Button Yes

Review Generate code

Figure 6: Create the Ul for Login Task

Figure 6 depicts the creation of the Ul for thegin task. The Ul objects are
automatically created by DB-USE based on the linketnponents once the
designer has clicked on tlizreate Ul objecbutton. These objects are described in
the table at the bottom of window.

Once the designer has clinked on @enerate codéutton; a message dialogue
is displayed to announce to the designer the e this file is used to contain the
code laid out by DB-USE.

B Login Q@@

Enter username
Choose role [Raad only ] N4 J

Enter password

{ Confirm J Exit |

Figure 7: Login Form

Figure 7 shows the login form which is created bB-DSE. In order to
complete this form, the developer has to write @geaph of code for logging into
the application when the end-user clicks onGuafirm button. DB-USE generates
only the code for performing the Ul and getting tleea for theChoose rolecombo-
box
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1.3.2 Confirm Task

The goal of theConfirm task is to allow the end-use to choose the objiets
he/she wants to work on. These objects Eneployees, Departmenend Jobs
objects. Besides, the end-user can exit the apioiicd he/she wants.

This task is a special one. In order to specifyllhdor this task; we don’t need
to use the domain’s objects. Its sub-tasks willlibked to the functions in the
domain model. And the created controls are button®menus. The three taskslit
employegEdit departmentEdit job are linked to theéefault()functions and th&xit
applicationtask is linked to thé&xit() function (See Figure 8).

DB-USE tool FEX

Application Domain model Task model About

Choose atask |confirm 154 Domain model

8

Confirm

T » « | »
(] Editable mode

Label Attribute names Data type Control type Edtable [..] [ Create Ulobject
Edit employee Editernployee() Void [Button Yes )
Edit department [Editdepartment() [void Button [ ves | [[] Visual basic
Editjob [Editiob) Void [Button [ ves Remove Ul objects
|Exit application Exit) Void Button Yes L ke Cee

v] Java

Review Generate code

Figure 8: Create the Ul foConfirm Task

Once the tasks have been linked to the functidms,code is generated by
clicking on theGenerate codéutton. The generated form is depicted in Figure 9.
The developer can change the form title fréonfirmto Main form

B Confirm

[ Edit empl || Editdepartm.. | | Edit job | | Exitapplication |

Figure 9: Main form
In order to complete this form, the developer hmsvtite the code for opening

the Edit employegEdit departmentEdit job forms when the end-user clicks on the
Edit employegEdit departmentEdit job buttons.
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1.3.3 Create new employetask

The goal of this task is to allow the end-user &re@m new employee. Once
Create new employesk has been selected in tbkoose a taskombo-box, this
task is displayed to the designer as Figure 10.

c
Create newe,

v, " ) . [~ M * N T T P
Enter first Enter last name Enter email Choose job Enter hire date  Entertelephone  Enter salary Choose depar. Save Cancel Close
BB B
Choose jobt Show max salary Show min salary

Figure 10: Create new employee task

The objectEmployeess determined to be an edited object. Besidesrderato
create a new employee, the end-user has to givesiii@oyee id of this new
employee. So the designer has to add a new taskef employee IDinto the
Create new employdask.

DB-USE tool EEX
Application Domain model Task model About
Chooseatask [Create new employee 152 Domain model
Crestgnws fempioyees]
EMPLOYEE_ID
FIRST_NAME
[iobs] ] LAST_NAME
JOB_ID EMAIL
» WOB_TITLE PHONE_NUMBER
ul i ul I i 0 u1 - MIN_SALARY HIRE_DATE
Choose job ter te  Ent J MAX_SALARY J0B.ID
SALARY
COMMISSION_PCT m
] DEPARTMENT_ID
) 1 ) DEPARTMENT_ID 7
R R DEPARTMENT_NAME
max sal I LOCATION_ID
K| » « I »
[ Editable mode
Label Aftribute names Data type Control type Editable
Enter employee D |employees.employee_id INumber Nunber field | Yes
Enter first name employees first_name Text Text field [ Yes
Enter last name employees.last_name [Text Text field Yes Rl
Enter email lemployees email Text Textfield Yes || | CreateUlobject :
Choose job title jobs job_title Text (Combo box Yes | [ Visual basic
Show max salary jobs.max_salary Number Number field No | -
Show min salary jobs.min_salary Number [Number field No i Remove Ul objects Cos
Enter hire date employees hire_date Date Date picker Yes )
Enter telephone employees.phone_number __[Text [Textfield Yes S TGenerate codel
Enter salary employees.salary Number [Number field Yes | L
Choose department nar |departments.department_name [Text [Combo box Yes
Save [AddNew() Void [Button Yes
Cancel Cancel( Void [Button Yes
Close Exit) Void Button Yes

Figure 11: Creating the Ul foCreate New EmployeBask

Now, the designer links its sub-tasks to the dofeaattributes and to the
functions in the domain: thénter employee IDEnter first nameEnter last name
Enter email Enter hire date Enter telephoneEnter salarytasks are linked in the
same order to the attributeEmplyee ID First Name Last Name Email,
Telephone_ Numbg8Balaryof the objecEmployeesthe Choose job titleShow max
salary, Show min salary tasks are linked in the same order to the atbut
Job_Title Max_Salary Min_Salary of the objectJobs and finally, theChoose
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department namen linked to the attribute Department_Name of thigjeot
Depertmentsthe Savetask is linked to the functioAddNew() the Canceltask is
linked to the functionCancel() the Exit task is linked to the functiofxit(), see
Figure 11.

Once the links have been created, the designecladnon theGenerate code
button to generate the user interface code andghkcation code for this task. The
code is laid out in fileCreatenewemployee.java

B Create new employee Q@@ B Create new employee Q@@
Enter employee ID Enter employee ID 1001
Enter first name Enter first name Tran
Enter last name Enter last name [mi vi
Enter email ] Enter email Vi.Tran@uclouvain.be
Choose job title President [~] Choose job title; &
Information
Show max salary 40000 Show max sala| -
@ Insert successfully

Show min salary 20000 Show min salal
Enter hire date [ Enter hire date -
Enter telephone Enter telephone 010832145
Enter salary Enter salary [3500
Choose department .Administration [+] . B

LA 1= Choose department ..IT L>]

Update l Cancel l Exit | Update l Cancel l Exit

Figure 12: Create new employderm

Since the generated code is compiled and ran withaedification by the
developer; th€reate new employderm is displayed as the left form in Figure 12.

The max salary and min salary are automaticallyngbd when the end-user
changes the job title. Once the end-user has ehtkesvalue for the controls in the
form, he/she can click on thgpdate button to insert the new employee into the
database; or click on th@ancelbutton to reset the value of the controls; or click
the Exit button to close this form.

There are two types of message displayed to theused when thdJpdate
button is clicked. The information message is diget if the data is successfully
inserted (See the right form in Figure 12); othepyithe error message is displayed.
Besides, the application also displays the warnimgssages if the data is not
entered, or is incorrectly entered.
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1.3.4 Review Employee$ask

The goal of theReview employeetsk is to allow the end-user to verify the
information of the current, first, previous, nexidalast employee, and print it. This
task is depicted in Figure 13.

8-

Review emplo...

o —e e 8,8 . 8 . 8 8§

R I
Show name Show email Show job title Show telenhone Show departm... Reviewemnlo..  Make renort Close

1 =1 | -
Viewfirstr... View nextre... View previou... View lastre...

Figure 13: Review employedask

Before making the links between the tasks and thmain’s components, we
want to modify the name of the tasks: “Show namge’rodified to “Employee
name” and the word “Show” is removed from the narhhe tasks.

The domain’s objects interacting with this task dabs Departmers and
EmployeesTheEmployee®bject is determined as an edited object.

I DB-USE tool FEX
Application Domain model Task model About
Choose atask [Review employees ‘ % Domain model
[ [employees]
oba] EMPLOYEE_ID
R 108 I FIRST_NAME
Review emplo. 0B TILE LAST_NAME
NS EMAIL
MIN_SALARY
VA SALARY PHONE_NUMBER
[MAX HIRE_DATE
[departments] Jsia~:5
[DEPARTMENT_ID LARY
[DEPARTMENT_NAME \COMM‘BB‘ON—PCT
LOGATION_ID DEPARTMENT_ID
MARITAL_STATUS
<« [« ] D
| Editable mode
Label Aftribute names Data type Control type | _ Editable|...|
Employee name employees first_name && employees.last_namiText [Textfield [ No | l Create Ulobject | V] Java
Ermail lemployees.email Text Text field [ Yes | | »
Job title Jiobs job_title [Text [Cormbo box | Yes | [ Visual basic
Telephone lemployees. phone_number [Text [Textfield [ s Remove Ulobjects | o
Deparmentname _|departments. deparment_name [Text [Combo box [ Yes L
Review employees _[Review() [void [Button | Yes [ ] . n
Make report |Makereport)) [void |Button | Yes | Review | L Generate code
Close [ExitQ [Void [Button | Yes -

Figure 14: Creating the Ul foReview employedask

The Email Telephone tasks are linked to the attributeEmail and
Phone_numberbut TheEmployee namtask is linked to the attributésrst_Name
and Last_Name the Job title task is linked to thelob_Title attribute of theJobs
object; theDepartment naméask is linked to th®epartment_Namattribute of the
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Departmentobject. TheReview employeg#ake report Closetasks are linked to
the Review() Default() andExit() functions.

In this case, there is no linked function that $&dito change the data such as
AddNew() Update() So a message dialogue is displayed to the designask
him/her if he/she wants to change the control tyfpoeombo box to the control type
of text field. If the answer is Yes then the vales ofEditableattribute is changed
to the value No.

B Review employees Q@@ B Review employees Q@@
Employee name Tran Ai Vi Employee name Tran Ai Vi
Email ViTran@uclouvain.be Email ViTran@uclouvain.be
Job title Programmer Job title [Programmer |
Telephone 010282672 Telephone 010282672
Department name T Department name  |IT v|
Fist__|_ Prev. | Next | Last | [ Frst [ prev. | Next | Last
Exit l Make report Exit l Make report

Figure 15: Review employedsrm

Figure 15 depicts thReview employedsrm generated based on the previous
steps. If the designer has decided that the congxeshare replaced by the text
fields then the form generated is the left fornmewtvise, it is the right form.

With this form, the end-user can review the empdoiydormation by clicking on
the First, Next Previous Last buttons; in order to close this form he/she clioks
the Exit button. The code used for getting data from thalzise and performing the
functions of these buttons is automatically gerestdty DB-USE.

In order to complete this form, the developer haswtrite the code for
performing the function of thislake reportbutton.

1.3.5 Link the generated forms each other

Once the code has been generated, the developds teed¢ake a look on this
code then write more code to link the forms to esitter and perform the functions
that are not implemented in DB-USE yet. In thisecase are talking about the
functionMake reports

Figure 16 depicts the forms generated by DB-USEe @pplication starts with
the Login form. Once the end-user has logged into the apgfitahe/she can decide
which object he/she wants to work on by clicking tha Edit employee$utton if
he/she wants to edit the employee information, enBdit departmentdbutton if
he/she wants to modify the department informatand finally on theEdit Jobsif
he/she wants to edit job information. With tBenployeedorm, the end-user can
click on the different buttons to open the diffaréarms.
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The Edit department informatioandEmployee$ormswerenot discussed in the

previous steps but they are also generated by DB-US

0

[Purchasing

Depertment name
Adress [2004 Chorade R Seattie ]

Employee information
‘Show email_|_Show telephone
RAPHEAL ___[515.127.4561

Show name

Enter username
Den Raphaely (D]
Aexander Khoo _[AKHOO 515.127.4562
SheliiBaida __|SBAIDA 515.127.4563
Sigal Tobias __[STOBIAS 515127 4564
GuyHimuro__[GHIMURG 515.127.4565
515.127.4566

Choose role

Enter password

|

l

l

AP
P -
2 -
1,2 -
Edit [ Editgeflartm.. | | Edit jolp | [ Exit
T co~~
RS
) ==-<a
n SO~ \ SO -
SO~ ATRRS ~
n ~ ~ \ ~
n S \\ ~o \ ~ < job information \@
~ \
n AN \ Job 1D [FLLACCOUNT
1 < <
1 ~ S \ Job title [Accountant
~ ~ \
] S SO \ Min salary [4200
I ~ ~
1 S ~o \ Max salary ls000
I ~ RS ‘
h So SO Employee information
1 ! ~ S Showname | Showemail | Show telephone
1 Se ™o [Dantel Faviet [DFAVIET 15.124.4169
1 ~ oS |John Chen WCHEN [515.124.4269
1 ~ ™| |lsmaelSciara__[ISCIARRA [515.124.4369
K So \ Jose Manuel Ur._|MURMAN /515.124.4469
' ! Y Luis Popp LPoPP [515.124.4567
N
1 Y
[} S\
l’ 1 DN
i " ‘\ Fust | prev | Wed | Last
1 \ New | Del | update | Exit
I
1
1
r = -~
Create emplo... Make reports | Review empl... Edit Close
A r <
- ~
AN - \3 TS
RN AN n ~o
= 7 LIy =
- ] S~
- ’ LN ~
’ L \
reate new employee dit employee infomation
, L — Employes 10 o1
Enter employee 1D [1001
Enter firstname  [Tran Empleysonome (TR First name. Neena
Enterlastname  [AIVI Email NiTran@uelowain be Lastme: iochbar
g Jobttie Programmer Email NKOCHHAR
Tetephone (070282672 Job title. [Administration Vice President | v |
Department name T Max salary 15000
Min salary 30000
Fist_|_prev_|_Next Last Hire date 1989-09-21 00,00:00.0
Enter hire date [10-10-2010 Extt | Makereport Telephone 516.123.4668
Enter telephone (010832145 ] sy =500
Enter salary 3500 Department name [Executve —
Choose department i v Marital status GYes  CNo
[ update | cancel | Ext |
First Prev. | Next | Last
New | Del | update | Exit

Figure 16: Linking the generated forms together
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2. TransLogisTIC

The model presented hereafter is a process andhdtitn view of a supply
chain with respect to outbound logistics. The moithelorporates the processes
realized at the actor’'s level and the interactieween the different actors. The
individual actors, however, can play different l&or example, a producer will
sometimes be a shipper, when he/she fulfills orfters its clients, and sometimes
be a final client, when he/she has ordered shipsnémm its own suppliers.
Therefore, the model is presented in terms of rplaged by actors.

In the processes involved in outbound logisticsyr fanajor roles can be
identified:

e The shipper:This role is taken by an actor who needs tranagiort for a
shipment. He has received an order from a clienit lzas to deliver this
order. The shipment has its own characteristic @mms of volume,
transportation constraints, pickup and deliveryedatransportation mode
and the shipper has its own expectation on theephie/she should be
charged. The shipper will turn towards one or savigansporters to realize
that shipment.

e The final client: This role is taken by an actor who has orderelimsent
from a supplier and awaits its delivery. The cliesngenerally not involved
in the choice of the transporter, but is impactgdthe planned delivery
date and the delays that could arise in the re@izaf the transportation.

e The transporter: This role is taken by an actor owning transpootati
capacity who receives transportation orders fronippshrs for the
realization of shipments to final clients. The cdmesiness of the actor
having this role is the transportation. As such'she must realize these
orders while maximizing his/her profit.

e The logistic infrastructure managerThis role is taken by an actor who
owns the logistic infrastructure which is neededttansporters such as
hubs, rail tracks, airports, docks... The utilizatiohthis infrastructure is
rented to the transporters while other services ldcobe offered
(transshipments, cross-docking, storage...).

Our generic process and interaction diagram focusas collaboration.
Collaboration consists of two mechanisms.

First, information sharing allows visibility betweehe actors in the supply
chain. This information can generate value for eactor since it allows them to
better plan their own operations and optimize th®mim decisions. Information
sharing can appear at every stage. At strategi,l@nnouncing its own planned
requirements and developments will allow the othetiors to position themselves
better in their own strategic decisions. Tacticailyraises the opportunity to better
fit the needs of clients and suppliers. Operatignal allows all actors to be kept
informed of the realization of one's operations addpt more rapidly to problems
encountered by one actor that could affect thersthe
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A second and more subtle aspect of collaboratimoésdination. If information
sharing has been a current practice in a supplindbaa long period of time, and
trust has emerged between the actors, they canideonsnoving further to
coordinate decisions. In this case, decisions at@mly taken based on internal and
shared information in order to improve one’s owficafncy, but are discussed and
taken in order to optimize some processes moreatilobThe goal is not only to
take the decisions that are favorable for one dutibralso decisions that favorable
for its clients and suppliers. In this case, ithie efficiency of the chain itself that
can be improved.

For each role, the processes involved in outbowgistic can be categorized
into different levels. At strategic level, the astotake long term decisions
determining their relations to the other actorgjnfj their long term objectives,
aiming at matching their capacity to the markeumsments and defining adequate
corporate policies. At tactical level, the actoaket medium term decisions which
aim at achieving the strategic goals. Those dewssitefine the structure in which
operations will take place. At operational levefydo-day decisions are taken
which direct the logistic flows. At each level, énactions occur between the actors
playing the different roles.

On the generic process and interaction diagramptbeesses and interactions
are defined in a generic way, which could be extenfiirther by defining for each
process the tasks that are involved. This tasknifiefn gives rise to an extended
model which is beyond the scope of this chaptee pitocesses are categorized by
roles and levels.

At the strategic level, each player is involvedhaliis/her own strategic analysis
and defines his/her strategic goals. He/She detesrhis/her offer, his/her markets,
his/her objectives and future investments, andhbistorporate strategies. He/She
realizes global supply and demand planning andstum long term business
partners.

The shipper will evaluate his/her future transpiistaneeds. He will determine
the type of transportation he/she will require, ¢tharacteristics in terms of volume,
specific constraints, reliability, quality, scheés) frequency and expected fares. He
will scan the market for appropriate transportertake care of his/her transportation
activities and may eventually enter into long tewntracts with those transporters.

The transporter will decide on which market hefgliepresent and with which
offer. In this model, we use the term « present® sefer to a strategic offer made
by a transporter. A presence is the expressionhwf ¢ffer. It can define the
destinations he/she serves, the capacity he/sheesnalkailable on specific
destinations pairs or in specific regions, the spaomtation mode that is involved, the
type of clients he/she is willing to work with apadssibly the tariffs he/she offers.
The presence allows his/her offer to be visibleth®y market. He can find shippers
reacting to his/her presence definition with whoeishe may enter into long term
contracts.

The infrastructure manager is involved in a simikrategic process. He
evaluates the capacity he/she plans to offer tdrtresporters, and the policies for
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accepting transporters on its infrastructure. Hertaines how the transporters will
use this capacity, under what conditions, and Hos/will be priced. He determines
the development of his/her infrastructure.

The final client has generally little impact on aségic outbound logistics
decisions. In our model, he/she does not chooseahsporters that will be selected,
or the paths that will be used by the shipmentbpabh, in practice, he/she could be
involved by his/her suppliers in those decisions.

At the tactical level, more concrete decisions a&aéten which aim at
implementing the strategy defined at the corpolawel. The business units adapt
this strategy in terms of policies under which thgerations will happen. For
example, the shipper may determine rules for alingaconcrete requests for
shipment to specific transporters, or to realizesfiale trade-off between reliability,
speed and price of the transportation for each &finshipment. The transporter will
define how he/she will implement his/her announgagsence, by defining
connections and paths. Connections are links betivee locations on which he/she
plans to have some transports. Defining connectidngtures his/her network and
allows him to reserve the required capacity oneéhmsnections. He will also define
paths, which are decisions about how to route ttiygngents from the origin to the
destinations by using a series of connections. Jdtbés can be dependent on the
type of shipments.

The operational level deals with concrete shipm#rdshave to be realized. The
operational level itself can be decomposed into shbeduling phase and the
monitoring phase.

In the scheduling phase, the players plan the stsomh realization of the
outbound logistics. The shipper receiving ordeosrfthis/her clients will determine
his/her day-to-day transportation needs. In our ehothose needs are defined as
« logistic requests ». Such requests identify thégrsent, the origin and the
destination, the requested pickup and deliverysdatel other constraints specific to
the shipment. Once the logistic requests have heentified for a scheduling
horizon, the shipper tries to match those requests set of transporters, based on
the tactical policies of the business unit. Theghr builds, for each request, one or
several « transportation calls », which are callat twill be addressed to the
transporters to realize a part of the journey af #hipment. The shipper then
submits these calls to the relevant transporter.

The transporter receives the transportation cafid, will accept or refuse them.
If he/she accepts them, he/she may want to reskeveequired capacity on the path
that will be used by the shipment. According to'ties tactical policies, he/she may
already allocate the shipment to a series of cdiorex This allocation allows him
to evaluate the delivery date which he/she caniconto the shipper. As a new
scheduling horizon begins, the transporter’s scleedists the shipments allocated,
or to be allocated, to each specific connection.vddfies the feasibility of the
allocation, and modifies it if needed. He createganrsports » to realize the
shipments. In our model, a transport is a speaifiwement of a logistic unit (truck,
train, barge...) on a connection. It has a capaeitsghedule, a list of stops and the
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logistic unit is identified. The shipments are thediocated to specific transports.
The path of each shipment is verified and requikthinal operations, such as

transshipments, are identified and communicatedhto involved infrastructure
managers.

The infrastructure manager receives an infrastradibad from the transporters,
and schedules his/her operations and teams tosuektload. In an efficient supply
chain, infeasibilities of one player are commuredato the others for schedule
adaptations. When communication is absent, infdéigib generally result in
delays.

The monitoring phase consists of checking if ev@ng goes as planned, which
is rarely the case. The shipper wants to check evh&/her shipments are, if the
delivery dates are still confirmed, if the shipnseahcounter problems on their route
to be aware as soon as possible of any delay solohe shipments. The final client
should have the same visibility on the shipmentsheis awaiting.

The logistic players, i.e. the transporters and itistructure managers, can
react by taking correctives measures in case dflgnes in the realization of the
schedules. However, this requires, first, a grésibility on the realization of the
transports, second, a great flexibility in rescHedy and, third, good
communication with the other logistic partners.

2.1 Task Model

The task model of TransLogisTIC is created by ushey DB-USE tool for the
following reasons:

e There was no task model yet so it is easier angrfélsthe designer uses
the DB-USE tool to create the TransLogisTIC's taxkdel directly.

e There are lots of tasks in TransLogisTIC whose userfaces cannot be
automatically generated by using DB-USE tool. Thiesks are the ones
that are performed by using the graphical objeathsas the icons, the
lines, the rectangles ... So that the designer ordgtes the needed tasks
for generating the user interface; he/she doesedrto create all of the
tasks of TransLogicTIC in its task model.

< Finally, the designer can create the tasks therthesa to generate the user
interfaces in the same time.

Figure 17 depicts the task mode of TransLogisTIC.otder to reduce the
complexity of the task model, it is representedtbymains tasks. These tasks were
discussed in more details at the previous stepserwhe end-user logs into the
application, he/she will play one of four differemles including the client role,
shipping role, transporter role, and logistic isfracture manager role.
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I
Log into app...
I 0 ”~ ”_ 0
nt's tasks Shipper's tasks Transporter'...
1 T C U T T 1 T ¢
Create Order Delete order Vieworders  Sendordert.  Receive order Create shipm.. Sendtotran.. Receive ship... Manage services Realize ship...  Review shipm..  Make reports
i v 7 U U ot D U
Refuse Accept Accepte Refuse Create service  Delete/Modif...

Select services

Figure 17 : TransLogisTIC's Task model
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The main tasks of a client are tBeeate ordey Delete order Review orderand
Sendan order to shippetasks.

Once the shipper has received an order from clieishe changes the status of
the order taacceptedf he/she can meet its command, otherwisaefosed Based
on the order received from the client, the shippédr create the shipment order
which will be sent to the transporter.

In the transporter site, the shipment orders arsared one by one to change
their status. Besides, the shipper also createleletes the services which are used
to perform the shipment order. Once a shipmentrohds been accepted by the
shipper, he/she selects the needed services wripeitf

The main tasks of logistic infrastructure managee only to review the
shipment orders in order to issue warnings to tients, transporters and shippers,
or make the reports.

2.2 Domain Model

The domain model of TransLogisTIC is representedrimyre than 50 objects.
Figure 18 only depicts a part of the domain mo@bkse objects will be used in the
next steps.
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DATE_HEURE

T_UNITE_LOCALISEE_ID

T_POINT_ID

[t_paint]

LATITUDE

LONGITUDE

ALTITUDE

T_POINT_ID

ID_NOEUD

[region

NOM

Link to AddNew()
Link to Update()
Link to Delete()
Link to Search()
Link to Review()
Link to Cancel()
Link to Exit()
Link to default()

T_REQUETE_LOGISTIQUE_ID

ID_UTILISATEUR
NOEUD_DEPART
NOEUD_ARRIVEE

NOM

[t_noeud]
ID_NOEUD
NOM_NOEUD

REGION_ID
ENABLE

X
Y
ULISATEUR_ID

ID_APPEL

[t_appel_a_transpor]

[t_appel_transpor]

ACCEPTE

NOEUD_ARRIVEE

T_REQUETE_LOGISTIQUE_ID

NO_SERIE

TRANSPORTEUR

T_UNITE_LOCALISEE_ID

NOM

NOEUD_DEPART

DATE_HEURE_ARRIVEE

DATE_HEURE_DEPART

UNITE

VOLUME

INORDER

ID_UTILISATEUR

[t_service]

ID_SERVICE

PRIX

TEMPS_PARCOURS

FREQUENCE

NOEUD_DEPART

NOEUD_ARRIVEE

ID_UTILISATEUR
NOM
MODE_DE_TRANSPORT

[TEMP

APPEL_ID

TRANSPORT_ID

[t_appel_service]
APPEL_ID

SERVICE_ID

INORDER

ID_UTILISATEUR
NOM
TUPE_DE_UTILISER
PASSWORD

[t_mode_transpor]
ID_MODE_TRANSPORT

NOM_MODE_TRANSPORT

Figure 18: TransLogisTIC's Domain model

[t_transport]

HEURE_DEPART

HEURE_ARRIVEE

T_TRANSPORT_ID

ID_MODE_TRANSPORT

ID_UTILISATEUR

NOM

VOLUME

UNITE_ID

SERVICE_ID
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2.3 Generating the User Interface and Application Codes

2.3.1 Log into the applicationTask

In order to use the application, the end-user jpiewithe user name, password,
and the user role; there are four different rofeduding client role, shipping role,
transportation’s role, and role of logistic manageim Based on the provided user
role, the application will specify the user sithe tdifferent sites are performed by
the different interfaces. THenginto applicationtask is depicted as follow:

8

Login to app...

BB, B

User name Password Userrole

I I I
Client site Shipper site Transporter ... Logistic inf..

Figure 19: Login to applicatiortask

Based on the created tadkogin to application and the edited object
T_Utilisateur, the designer makes links between the sub-tasésttza domain’s
components.

I DB -USE tool FEX

Application Domain model Task model About

Choose atask  [Login to application > Domain mo del

. ‘ i

Login to app.

[t_utiisateur]
ID_UTILISATEUR

NOM

It_type_de_utilisateur] (TYPE_DE_UTILISATEUR
D / PASSWORD
TYPE_DE_UTILISATEUR

gy v | 3 I y
] Editable mode
Label Attibute names Data type Control ype Editable | ..| Create Ul object [ Java
ateur.nom Text field Yes t

Text field Yes
Combo box Yes |t Remove Ul objects o
Button Yes
Button Yes

_utilisateur.type_de_u [Text
Void

xit) Void Review Generate code

Figure 20: Generating the Ul focogin to applicatiortask

The User namePasswordtasks are linked to thom Passwordattributes of
the T_Utilisateur object. TheUser role task is linked toType De_Utilisateur
attribute of thet Type De_Utilisateuobject. ThelLogin task is linked tadefault()
function. TheExit task is linked tdexit() function. See Figure 20.
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B Login to application Q@@

User name
Password

User role :Shipping role = |

Exit | Login

Figure 21: Login to applicatiorform

Figure 21 depicts thieogin to applicatiorform generated by DB-USE tool.

2.3.2 Create a new servicéask

A service in TransLogisTIC is the one that is usedescribe the transportation
of the merchandise from the shipping node (shipmddress) to delivery node
(delivery address) by a mean of transportation. Sdrgices are created and deleted
in the transporter site. A service is representgdhe service ID, service name,
shipping address, delivery address, transportangprort company), transportation
mode (plane, train, truck, ship and so on), andepri

I
Create an ne.

., 8, ¥, B, B, ¥ . —I—8,

Sewvice ID Service name Price Shipping add...  Delivery add Transporter  Transportati Save Cancel

Figure 22: Create a new servidask

Figure 22 depicts th€reate a new servidask.

The objects involved in the creation of user ireef ofCreate a shipment order
task areT_Service(is used to describe the serviceB) Noeud(is used to describe
the addresses), T Utilisateur (is used to describe the Transporters),
T_Mode_Transport(is used to describe the transportation type) aibjeThe
T_Servicenbject is chosen as an edited object.

OnceCreate a new serviceask has been created and the domain objects have
been determined; the designer will make the linktwken the tasks and the
domain’s components. Th8ervice ID Service namePrice tasks are linked to
ID_Service Nom Prix attributes of theT-Serviceobject; the Shipping address
Delivery addresgasks are linked to thidom_Noedhattribute of theT-noeudobject;
the Transporter task is linked to theNom of the T_Utilisateur object; the
Transportation modetask is linked toNom_Mode_Transportttribute of the
T_Mode_Transporbbject; and finally, theSave, Cancetasks are linked to the
AddNew()andEXxit() functions, see Figure 23.
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DB-USE tool
Application Domain model Task model About

Chooseatask  [Createannewservice || Domain model
= [t_service] K=
[t_noeud] ID_SERVICE
1 DNOEWD | [PRIX
Create an ne.. \TEMPS_PARCOURS
FREQUENCE
=| INOEUD_DEPART =
INOEUD_ARRIVEE
ID_UTILISATEUR
—\“, I —\u] —8 NOM
Price Transporter  Transportati MODE_DE_TRANSPORT
[ [t_utilisateur] L1 — 1
ID_UTILISATEUR
[t mode_transporl] |
[TUPE_DE_UTILISER (ID_MODE_TRANSPORT
PASSWORD |NOM_MODE_TRANSPORT
KN D | [ ] I D |
[ Editable mode
Label Aftribute names Datatype Control type Editable _|...| N
Service ID t_service.id_service Number Number field Yes Create Ul object
Service name _service.nom Text Text field Yes || [] Visual basic
Price _service.prix Number Number field Yes
@nppmg address noeud.nom_noeud Text Combo box Yes Remove Ul objects Ccss
Delivery address t_noeud.nom_noeud Text Combo hox Yes ..
ransporter t_utilisateur.nom Text List box Yes =
mode |t_mode_transportnom_mode_ti Text Cormbo box Yes Review jGenerata.code
ave AddNew() [Void Button Yes
Cancel Exit) [void Button Yes

Figure 23: Generating the Ul fo€reate a new servidask

Create a new service

Service ID [32 |
Service name Inew servie [
Price [1oo |
Shipping address ]ottignies I v]
Delivery address  [Liege |~]
Transporter ransporteur 2 A
Transporteur 1 C
Chargeur =
Transportation modeIAvion | v]
[ save | Exit |

Figure 24: Create a new serviderm

Figure 24 depicts th€reate a new servicéorm. This is the result of the
execution of the generated code by DB-USE tool evithany modification. Once
the data is completely entered by the end-useshketan click on thBavebutton to
insert a new service into the database or oiEtiigbuttonto close this form.
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3. Task patterns

This section provides some tasks discussed in@etTiask library” in terms of
DB-USE task tree.

Provide personnel information

a5

1SN A8jU3

UMY )SE| JBJU3

ssalppe 1aju3
p

16

|IELB J8)UT
188N 8]E81)
'3

“ auoyd sau3
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Search user

8s

Search

= = [

o — 8 — .

Enter user ID Enterfirst ... Enter last name Search Cancel

Display user information

8

Display user...

My
.}_/I
Name Addess Phone number Email address Close

Change contact information

8

Change Infor...

|~ M W -

a1 By &>y
Display user... Enter phone ...  Enteremail ... Change Cancel
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Create a new product

8.

News a product

B, B o8,

Enter code Enter mark Enter name Cateqory Information Create Cancel

2810
Enter price Enter amount Description
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Make an order

=

8.

Make an order

",

Gl
Enter produc...

e

o

Display price

A |
Enter quantity

oo

Price total

.

Select deliv...

C
Make payment

Cancel

- 200 -



Appendix

Make a payment

B, —=

¢

B

Make payment

| —h

Payment amount Pamenttype FPayment info...

|~ —

[

Account holder

B,

Make payment

—

5B AL |

account number Address

...u W\ ﬁ

I
Cancel

Expiration date
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