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Abstract. User interfaces (UI) for data systems has been a technical and human
interaction research question for a long time. Today these user interfaces re-
quire dynamic automation and run-time generation to properly deal with on a
large-scale. This paper presents an agent-based framework, i.e., a methodologi-
cal process, a meta-model and a computer software to drive the automatic
database user interface design and code behind generation from the task model,
context model and domain model combined together. This includes both the
user interface and the basic functions of the database application.

Keywords: Task Model, Domain Model, Context Model, Automatic Genera-
tion, User Interface, Agent Software.

1 Introduction

Automatic user interface generation has been investigated by numerous Human Com-
puter Interaction (HCI) research works due to its capability and importance in the Ul
development process providing benefits such as low-cost and rapid implementation.
There are currently numerous and various approaches using different input materials
to automate Ul generation such as techniques based on architectural designs, design
patterns, use-case scenarios, declarative models([2, 3, 4].

In order to generate user interface, models are usually not used independently from
other ones. For instance, TOOL[4] combines the task and user models; GOLIATH [2]
combines the application, presentation and dialogue models together to generate the
user interface; other research generate automatically the user interface from combining
the domain and use case models [5]. Combining models is, as a matter of fact, an impor-
tant concept in Ul generation: the different models describe different aspects of the user
interface [7] and serve specific purposes at different stages of the design process.

This research hence proposes a framework, i.e., a methodological process, a meta
model and a software to drive the automatic database user interface design and code
behind generation from the task, domain and context models combined together.

Our framework is based and supported by declarative technologies. More specifi-
cally, we will adopt the agent paradigm (models, language, methods, ...) to analyze
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task, context and domain models and generate the user interface specifications and
application code.

The rest of this paper is organized as follows: we present, in Section 2, the motiva-
tion of this research. In Section 3, we proposes our automatic UI and code generation
process taken together the task, context and domain. Section 4 explains the roles of
the main agents that participate in this process such as the query analyzer, the Ul
designer, the code generator for both the data reviewing and editing. Finally, we pro-
pose some conclusions and plan for future work.

2 Motivation

This section motivates use of the Task, Context and Domain models to generate the
UI and Application codes and presents what is an agent systems.

2.1 Multi-model Analysis

Two main reasons justify the automatic generation of user interfaces from task, do-
main and context models. The first one is the commonality of these models: in order
to develop a software system, the developer usually starts with building the task, do-
main and context models so that it is convenient to generate Ul on the basis of these
existing resources. The second one belongs to the nature of the models itself; indeed
they are inherently part of the UI design, more precisely:

e The task model expresses how a end user may want to interact with a system in
order to reach a given goal; this expression is intended to be independent of any
particular implementation or technology. This explains why a same set of models
could initiate several different user interfaces. Therefore, the task model is used to
specify a generic user interface.

e The domain model defines the aspects of the application which can be adapted or
which are otherwise required for the running of the system. Therefore, the domain
model is used to specify the control of this user interface — at this level the user in-
terface is specified in more detail.

e The context model describes the user abilities, the environment in which the user
works and the platform that can be used for interacting with the system [11].
Therefore, the context model is used to influence the design and to select among
alternative solutions in the design space.

2.2 Forward Engineering: Code Generation

Most of the research works have only focused on the user interface generation and
omits the importance of the application code generation. To produce an accurate ap-
plication at low cost, the developers expect that both the user interface and the appli-
cation code are automatically generated. The application code is generated to perform
the generic tasks of the database application, especially, those tasks related to editing,
inserting, deleting and searching data.

The present research focuses on the application code generation for the tasks of a
data-oriented application in the following context:
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e When the demand for data manipulation is very high. Data manipulations are regu-
larly repeated in most database applications especially for common tasks such as
those listed above.

e When functions are easily performed through receiving data from the user, display-
ing data to the user, executing the different SQL select, insert, update and delete
queries for the different user requirements.

2.3 Agent Systems: A Definition

An agent is a declarative entity defined as “a computer system, situated in some envi-
ronment that is capable of flexible autonomic action in order to meet its design objec-
tive” [8]. The declarative nature of an agent can be characterized by its autonomy,
flexibility and situateness [9]. The autonomy of agents reflects their social and decen-
tralized nature. The flexible way in which agents operate to accomplish their goals is
particularly suited to these business systems which are normally expected to function
in an ever-changing environment. The situateness implicitly supposes that agents are
not useful as stand-alone entities. As a matter of fact, they are most of the time struc-
tured in a multi-agent system (MAS).

The global behavior of a MAS derives from the interaction between the constituent
agents: they cooperate, coordinate or negotiate with one another. A multi-agent system is
then considered a society of autonomous, collaborative, and goal-driven software com-
ponents, the agents, like a social organization. The agents intelligently and automatically
behave and collaborate to fulfill the objectives of a declarative structure [6]. Each role
that an agent has the ability to play has a well defined set of responsibilities (goals)
achieved by means of an agent’s own abilities, as well as its interaction capabilities.

3 Engineering Ul from Domain, Context and Task Models

Our process is organized around the components that will be overviewed in this sec-
tion and described in detailed in Section 4. The different components play different
roles; they interact one another by sending the events and transferring the information.
Besides, the components use the resources database, mapping rules base [15], layout-
knowledge base and so on to achieve their goals. The pro-active and adaptable aspects
of the components motivate the adoption the agent paradigm [1] to analyze the mod-
els and generate the UI and code. Each component is described as an agent and the
various components interact with each other to compose a MAS architecture.

Fig. 1 depicts the main components of our Ul and code generation architecture.
The Model analyst agent uses the task-, database- knowledge bases and the database
itself to analyze the task and domain models to derive sub-tasks, domain objects and
their attributes; the context model is also loaded by the Model analyst agent. The
Function analyst agent uses the Function description base to define the basic func-
tions of the application. The loaded tasks have to be manually linked to the attributes
of the domain objects and to the function defined by the system. From these linked
objects, the Ul creator agent automatically creates the user interface objects based on
the mapping rules. Once the Ul objects have been created, the code generator agent
generates the code that will implement the UL Specially, as already pointed out the
idea is to not only generate the user interface code, but also the application code be-
hind needed to perform these pre-determined tasks.
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Fig. 1. Main components of user interface generation Architecture

The model analyst agent is used to load the task, domain and context models.

In order to obtain the desired behavior of a database application task, the Function
analyst agent defines the basic functions of an application by using the function de-
scription base.

Once the tasks in the task model have been linked to the attributes of the domain
objects in the domain model, Concrete Interaction Objects (CIOs) [16] are created
based on the attributes characteristics and the relationships between the domain ob-
jects by the UI creator agent. These characteristics are for instance the data types,
data length, is-key flag. Once the CIOs have been created, they are transformed into
Final Interaction Objects [16] (FIOs). A FIO is described as a user interface control
unit in a concrete platform.

The goal of determining Abstract Interaction Objects [16] (AIOs) is to create CIOs
for multi-devices, multi-platforms ... This paper focuses on the Ul generation for the
desktop and laptop devices. Therefore, in our process, the AIOs are not considered.

Finally, the code generator agent uses the Layout-knowledge base to generate the
user interface code based on the FIOs and uses the Message base to generate the appli-
cation code based on the defined functions. The application code is generated to per-
form the tasks linked to the functions which are defined by the Function analyst agent.

In summary, the components of our UI and Code Generation Architecture are:

e The Database used to obtain the information on and of domain model.

e The Task-knowledge base that describes the rules of the task model.

e The Mapping rules base that describes the rules for specifying the CIOs from
domain objects and the relationships between these objects and for transforming
the CIOs to the FIOs. These rules are described in [15].
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e The Database-knowledge base that describes generic aspects of the database
tasks, the advantages of the syntax and the structure of a query.

e The Layout-knowledge base that contains the syntactic design guidelines for
controls, windows and other widgets layouts. It also describes the semantic rules
from which the control types are defined.

e The Messages base that contains the generic messages such as errors, warnings,
information to users messages and so on.

e The Function description base that describes the basic functions of a database
application. For instance, in order to insert the data into a database it has to cre-
ate a function Insert() which is used to get the data from end user and to input
them into the database.

Based on the three classes of user, platforms and environment in the context model
[11], we decide to choose the class "user" to support the generation of the user inter-
face. Class user describes the users’ characteristics.

This paper aims at reusing the existing resources. The domain model is automati-
cally loaded from a concrete database; the task model is automatically loaded from a
XML file which is created by the designer by using the ConcurTaskTreeEnvironment
(CTTE) [14] at the analyst level. The user interface is automatically generated based
on the links made between the tasks and the attributes of the domain’s object. These
links are made by the developer.

4 User Interface Generation

This section details the role of the agents and how they communicate with each other
to achieve their goals.

4.1 User Interface Generation Social Model

The process proposed in Section 3 is detailed in Fig. 2 using i*. In a few words, i* is
an organizational modeling framework [10] proposing concepts such as actor (actors
can be agents, positions or roles), as well as social dependencies among actors, in-
cluding goal, softgoal, task and resource dependencies. Each node represents an actor
and each link between two actors indicates a dependency (called dependum) between
two actors: the depender and the dependee. The depender is the depending actor, and
the dependee, the actor who is depended upon. The type of the dependency may be a
goal, a softgoal, a task, or a resource. Goal dependencies represent delegation of re-
sponsibility for fulfilling a goal; softgoal dependencies are similar to goal dependen-
cies, but their fulfillment cannot be defined precisely; task dependencies are used in
situations where the dependee is required to perform a given activity; and resource
dependencies require the dependee to provide a resource to the depender. As partially
shown in Fig. 2, actors are represented as circles; dependums (goals, softgoals, tasks
and resources) are respectively represented as ovals, clouds, hexagons and rectangles;
and dependencies have the form depender — dependum — dependee.
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The Developer depends on the Function Analyst agent to define the basic functions
of the database application and on the Model Analyst agent to load the task, user and
domain models. The UI Analyst agent depends on the Developer to make the links
between the tasks and the attributes of the domain’s objects. the Code Generator agent
depends on the UI Analyst to create the Ul objects. Finally, the Developer depends on
the Code Generator agent to generate the user interface code and application code.
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Belief Method
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TXT file
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Method Plan
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Private Object CreateCIOs()
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Private File GenAppCode(Object Methods)

Fig. 3. The Agent Structures
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4.2 User Interface Generation Structure

Fig. 3 depicts the structure of the agents in our process. Each agent is structured by its
name, plans, the beliefs and methods. These agents are the Model Analyst, Function
Analyst, Developer, UI Analyst and Code generator agents. They will be discussed in
more detail below.

4.2.1 Function Analyst Agent

The Function Analyst agent uses the DefineFunctions plan to define the basic func-
tions which are used to perform the generic tasks of a database application such as
add a new record, delete a record, .... These functions are described in Table 1.

Table 1. Defined Functions

Function Description

Display()  Used to select the data stored in the database and to displays 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 database

Delete() Used to delete the data records of an object in the database

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

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

In order to specify these functions, we design them as design patterns and follow
the design pattern framework proposed in [13, 12] for reusability purposes (the ge-
neric identified patterns can be reused by others, for instance, patterns objects, attrib-
utes and controls can be reused by functions such as Search, AddNew or Display),
object-oriented features compliant with the agent paradigm and implementation trace-
ability.

Each function is structured by its name and methods. Functions typically use ob-
jects. One object has at least one attribute; one attribute can be associated with more
than one control and one control can be associated with more than one attribute. The
number of attribute of each object depends on the number of the attributes used to
generate the user interface.

Fig. 4 depicts the structure of the functions. These functions use the GetValues-
FromUser() method to receive data from end-users, the DisplayResult() method to
display data; the CreateSQLString() method to create the SQL strings based on the
goals of the functions and the ExecuteSQL() method to change data in the database.

One object can have more than one attribute. These attributes are the attributes
which are chosen to generate the user interface; they can be a number or all of the
original attributes of this object.

One attribute associates with one control which is used to display the attribute’s
value to or receive the attribute’s value from the end-user. One attribute is structured
by the name, the data type and the key attribute. For example: attribute Man-
ager{ Attribute name: Employee name, Data type: Text, Key attribute: No}.
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Fig. 4. The Function Structures

One control is structured by the control name, the control type. The getValue()
method is used to get data from the end-user and the setValue() is used to display data
to the end-user. For example: control Manager{Control name: cbManager, Control
type: Combobox}.

In order to obtain the goal, each function has to execute its methods. Each method
is executed by the different purposes.

4.2.2 Model Analyst Agent

This agent uses the LoadTaskModel plan to load the task model from the XML file,
the LoadDomainModel to load the domain model from the database and the
LoadUserModel to load the context model from the TXT file.

The defined categories of tasks at the design level are the action and operation
categories. While the categories of tasks, read from the XML file, are abstraction,
interaction, cooperation, application and user [13], these categories are defined at the
analyst level. At the analyst level, the defined tasks represent different kinds of infor-
mation including unnecessary ones for Ul generation. For instance, the user task is a
cognitive task that the end user selects as a strategy to solve a problem or checks the
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result; typically this type of task is not used to generate the user interface. Therefore,
the User task is mapped to none. (See Tab. 2).

e An Action task is a task used to describe the end-user command to the system
such as close a dialog, search information, open a dialog and so on.

e An Operation task is a task which is used to describe the display of informa-
tion to end-user or the reception of the information from the end-user.

Table 2. Tasks are mapped as follows

Task mapping

Analyst level Design level

&3 Abstraction task 8 Action task
ﬁ')“'f Interaction task (Type: Control type) g Action

ﬁf‘f Interaction task (Type: Edit\Monitoring\ selection) * Operation task
ﬂ Cooperation task 8 Action task
8. Application task ** Operation task
User task None

Fig. 5 depicts an example of the mapping between tasks in ConcurTaskTrees and
in our process considering a typical AccessStudent Data task. Task Verify is not fo-
cused; task AccesstudentData is automatically mapped to action task; task ShowRe-
sults is automatically mapped to operation task; and other tasks are mapped to action
and operation tasks based on the type of each task. For example: the task type of
SubmitRequest is Control type so that it is mapped to action task; the task types of
EnterName and EnterDepartment are Edit and Selection then they are mapped to
operation tasks.

€

StudentData
Acces, tData

—— . g g
EX ]

findsRequest  ShawResults  \fgppin ShowResults

s e

= ﬁ.( .

L - arawggters SubmitRequest

Faramatars SubmitRequast -J -J
EnterName EnterDepartment .
o - P 8 Action task

ﬁ I ﬁ L] Operation task
Enterbame * EnterDepatment ©

Fig. 5. Example of Mapping: an AccessStudentData task.

The LoadUserModel plan is used to analyze the information in the user model to
classify the users into three different classes base on their ability to use the software. The
analyzed information is the characteristics of the users such as the experience, skill,
knowledge, behavior so on. The three classes of the user model are named “‘Simple”,
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“Mean” and “Complex” corresponding to three ability levels for using the software.
Based on these user classes, the designer will design a complex, medium or simple user
interface.

Finally, the LoadDomainModel plan is used to load the domain model from a con-
crete database which is determined by the developer. The LoadDomainModel plan
executes the SQL queries to obtain the information of the domain objects (table
names), their attributes (column names), aspects of these attributes (column attributes)
and relationships between these objects.

4.2.3 Developer
The Developer uses the MakeLinkForOperationTask and the MakeLinkForAction-
Task plans to make the links between task model and domain model. The Make-
LinkForOperationTask plan is used to make the associations between leaf operation
tasks and attributes of domain’s objects. All of the leaf operation task has to be
linked to at least one attribute of the domain’s. The MakeLinkForActionTask plan is
used to make the links between the action tasks and the defined functions. One
action task is linked to only one defined function (Search Employee task in the
Fig. 6). The action tasks not linked to the defined function are linked to default
function (Exit task in the Fig. 6).

As depicted in the Fig. 6, one operation task can be linked to more than one attrib-
ute of domain’s object and one attribute of domain’s object can be linked to more than
one operation task.

Dis ee

x 8 8
W Search Employee Exit

C N N B B
Manager Name  Email Job title Department Exit()
Search ()
EMPLOVEES J0BS
EMPLOVEE_ID 789 oL A
: FIRST_NAME A RS A
LAST_HAME A MIN_SALARY 789
e A MAX_SALARY 78y
PHONE_NUMBER A
JOB_ID A DEPARTMENTS
. Paa DEPARTMENT_ID oy
DERARTMENT_ID 25y DEFARTMENT_NAME AT
MANAGER_ID P8y

I5_MARRIED 789

LOCATION_ID Pgg

Fig. 6. Making the links between the tasks and the attributes of domain’s objects, defined functions
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4.2.4 UI Analyst Agent
There are two important UI objects are used in our process. These objects are Con-
crete Interaction Object and Final Interface Object.

A Concrete Interaction Object (CIO) is a graphical object for entering and dis-
playing the data that the user can see, feel and manipulate [15]. A CIO is synonymous
to a control, a physical interactor, a widget or a presentation object such as text-field,
combo-box, check-box, button ... A CIO in our process is defined by its label, control
type, editable attributes as follows:

Concrete Interaction Object
Label: The label of the CIO; it will be used to label the control
Control type: The control type which is used to communicate
between the user and computer’s system
Editable: Yes if this control can be edited by end-user; otherwise No

The Final Interface Object (FIO) represents the operational interface object that is
running on a special computing platform either by interpretation (e.g., through a web
browser) or by execution. The FIO is determined based on the CIO in a certain lan-
guage, on a certain platform and so on. A FIO defined as follows:

Final Interaction Object
Label: The label of the control
Control type: The control type is specified in certain platform
Editable: Yes if this control can be edited by end-user; otherwise No
Position: The position (X, Y) of control in a form or in the screen
Size: The dimension of the control, it contains width and height

Since the links are made by the Developer, the UI Analyst agent uses the Create-
CIO and TransformCIOstoFIOs plans to analyze the linked elements to create the Ul
objects. These elements are the tasks, the attributes, the domain’s objects and the
defined functions.

The CreateCIO plan is used to create CIOs. The CIOs are determined based on the
features of the attribute such as data type (Text/Number/Date), the primary key, ect
and the relationships between the objects. For example: When one task derives from
the attributes of domain’s objects then the control type of the CIO created for this task
is Text field or Text box if the data type is Text; Number field if the data type is
Number; Check box/Radio if the data type is Boolean; Date picker if the data type is
Date. Another example, if a task is linked to a defined function then the control type
of CIO of this task is Button or Menu. The label of CIO is the name of the task.

Besides, based on the information in the user model, the system selects a correct
control type among the possible control types. In other words, if there is more than
one control type determined for one CIO then our software chooses one of them for
this CIO based on the user’s preference. For example: we have two ways to open a
student’s name dialog; one is to click on students menu then choose the student’s
name menu, one is click on a student’s name button. If the user does not have com-
puter experience it is better if the UI is a button. He/She cans understand exactly,
quickly what he/she needs to act to open a dialog to see the student’s name.



Agent-Based User Interface Generation 157

The TransformCIOstoFIOs plan is used to transform the CIOs to FIOs. The FIOs
are specified based on the attributes of the CIOs and the programming language
determined by the developer. For each CIO, a correlative concrete control is cre-
ated. As discussed, a CIO is defined by the attributes Name, control type, editable,
position and size.

Display e
e [ a Close
- N Search GEal
T LA =
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— " I ] — — =3
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Fig. 7. An example for creating the FIOs

Fig. 7 depicts how the FOIs are created based on the links between the tasks and
the attributes, the features of the attributes of domain model and the relationships
between the domain’s object.

4.2.5 Code Generator Agent

The Code Generator agent uses the SpecifyLanguage plan to specify the language
used to perform the user interface determined above, the GenerateUICode plan to
generate the code based on the determined FIOs and the GenerateApplicationCode to
perform the function determined in the FunctionAnalyst agent.

4.3 User Interface Generation Workflow

Fig. 8 models the plan diagram depicting the control flow from the Function Analyst
agent defining the basic functions to the Code Generator agent creating the user inter-
face. We summarize below some specific points of the generation workflow depicting
the relationships between plans and events.
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Once the DefineFunction plan defines the functions, it sends the loadModel event
to the LoadTaskModel, LoadUserModel and LoadDomainModel plans to load task,
user and domain models. The MakeLinkForOperationTask plan makes links be-
tween the operation tasks and the attributes of domain’s objects when it received the
LinkOTask event. The MakeLinkForActionTask plan makes links between the ac-
tion tasks and the defined functions when it received the LinkATask event. The
CreateCIOs plan creates the CIOs based on links between the task and components
of the domain model when the CreateCIO event is detected by this plan. These
CIOs are transformed to FIOs by the TransformCIOstoFIOs plan. The GenerateUlI-
Code plan is triggered once it has handled the GenUICode events to generate the Ul
code which performs the user interface. The GenerateApplicationCode plan will
generate the code to perform methods of our application when this plan receives
GenAppCode event.

Function Analyst| Model Analyst Developer UI Analyst Code Generator

LoadTaskModel MakeLinkForOper
ationTask
LogdModels CleateCIO

LinkATask
.*[DeﬁneFunctions} LoadUserModel CreateCIOs
LinkOTask .
TransformCIOtoFIO CanauieICiits
MakeLinkForA ct GenUICode
it TransformCIOstoFIOs '| GenAppCode

GenerateApplication
Code

LoadDomainModel

O,

Fig. 8. User interface generation workflow

Since the tasks are associated with the attributes of the domain’s objects and the
defined functions, the user interface is automatically generated based on the features
of the attributes and the relationships between the domain’s objects.

5 Code Generator

The Code Generator is made to help developer to easily create the user interface from
the task, user and domain models. Especially, Code Generator also automatically gener-
ates the application code for performing the defined functions which are discussed in the
section 4.2.1. The task model is load from a XML file which is made by designer by
using the CTTE [14]. The domain model is load from a concrete database which is
determined by the developer. And finally, the user model is load from a text file.

As depicted in the Fig. 9, once the developer chooses a task from the list of tasks
then the sub-tasks of this task is displayed in the left of screen. The sub-task are dis-
played are all of the sub-tasks at level 1 and all of the operation tasks at other
levels. The domain’s objects are displayed in the right of the screen. The Ul objects
are described in the table in the bottom of the screen.
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The link between a leaf operation task and the attributes of the domain’s objects is
made by focusing the task and selecting the relevant attributes then putting on “Add
link” button. The link between a leaf action task and a defined function is made by
focusing the task and selecting the relevant function from a list of functions. Each
action task is linked to only one function and each function is linked to only one task.
(See Fig. 10).

The links are removed by selecting these links in the table then putting on “Re-
move links” button.

The generated code is generated when the developer puts on the “Generate code”
button. The generated code can be compiled and ran immediately. The forms in the
Fig. 11 are the result of the using the Code Generator. The selected language in this
case is java. Beside generating the UI code, the code generator also generates the
application code automatically for creating, deleting, reviewing the information of the
employees.

The generated user interface is not useful as the user interface generated in a tradi-
tional manner are for the following reasons:
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Modifying employee
Review employees E‘E|E‘
E 100 |
Firstname Stewen [} 100
Lastname King Employeename Steven King
Email SKING Email SKING
Y A— Department name [Bxecive ][]
T R— T —
Minsalary 20000 T 515123 4567 |
Maxsalary 40000 Tirne: Address MNate
2008-12-0310:4. 1 LLK idfj= sdfisd
name |Executive - 2008-12-03 10:4. |2 LLN sh sdnbis sndb
o 2008-12-0310:4. |2 LLW ‘Sdfzdﬂh besd sdb
Is married ves! & Mo
Hiredate 2008-12-031317:050
Salary 24000
[ fmrst [ prev | Mext | tast | First Prev Next Last | Exit
| New I Save | Del I Exit ‘

Fig. 11. Forms generated

e The controls are automatically designed in the order of creating the links between
components of the task and domain models. They are not arranged reasonably.

e In the case of selecting alternative solutions, a traditional manner works better than
an automatic manner since the developer can decide the best solution with his ex-
perience, knowledge, domain ...

6 Conclusions

To be efficient, data-intensive systems that are an important component of today’s
software applications need effective human-computer interaction. User interfaces for
such data systems has been a recurrent research issue and nowadays these UI have to
support automatic generation to adequately be dealt with.

We have proposed here a framework whose purpose is to drive the automatic data-
base user interface design and code behind generation from the task, user and domain
model combined together.

This framework has aimed at offering a low cost, short time-to-implementation and
efficient development environment from the business user side. Indeed, the objective
is not to provide a tool for supporting the development of the database applications to
not only the developers but also to support non-IT end-user. Because this tool is easy
to use and the generated code cans run immediately.
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