(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 14, No. 2, 2023

Graphical User Interfaces Generation from BPMN

(Business Process Model and Notation) via IFML

(Interaction Flow Modeling Language) up to PSM
(Platform Specific Model) Level

Abir Sajji', Yassine Rhazali®, Youssef Hadi®

Computer Research Laboratory-Faculty of Science, Ibn Tofail University, Kenitra, Morocco™ ®
Information and Communication Systems Engineering Research Group, Higher School of Technology, Meknes, Morocco?

Abstract—The fundamental concept behind the MDA (Model
Driven Architecture) approach is the development of many
models, first the Computation Independent Model (CIM), then
the Platform Independent Model (PIM), and lastly the Platform
Specific Model (PSM) for the concrete implementation of the
system. Web applications are just one example of customized
software that is now being developed at an increasing rate.
Interaction Flow Modeling Language (IFML) was developed to
represent the front end of any program that necessitates a
powerful interaction with a user through the use of an interface,
regardless of the technical details of its implementation. There
are various modeling tools for IFML; the Webratio tool is an
illustration that facilitates the generation of the entire web
application. This article discusses the model transformations in
the MDA’s approach, starting from the CIM level up to the PSM
level through the PIM level. To begin, we created the Business
Process Model and Notation (BPMN) and IFML metamodels in
Eclipse tool, we created also the BPMN model, and we get the
IFML model by applying the shift rules in Atlas Transformation
Language (ATL). Finally, we generated the application using a
standard tool that implements IFML Webratio tool. A CRUD
(Create, Read, Update, and Delete) features for the after-sales
service case study were provided to illustrate the conversion
strategy from the CIM level via the PIM level to the PSM level.
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I.  INTRODUCTION

The core idea behind the MDA’s methodology is the use of
models at various points in an application's development
lifecycle. MDA promotes requirements development (at the
CIM level), design and analysis (at the PIM level), and
eventually code (PSM level). MDA's primary goal is to create
models that are independent of technological aspects to
generate all application code automatically and significantly
boost productivity [1].

It has been increasingly crucial to deliver tools and
processes for web application development. Because of how
complicated are the interfaces, the increased demand for Web

applications, and businesses' overall need to create applications
quickly in recent years.

Model-driven architecture's rise demonstrates its value to
engineering and its effectiveness in raising application quality,
while reducing development time and boosting productivity.

[2].

Recently, a new web engineering technology named
Interaction Flow Modeling Language (IFML) was suggested
for use in developing web and mobile applications [3]. It is an
Object Management Group (OMG) standard that makes it
easier to describe graphical User Interfaces for desktop
computers, laptops, mobile phones, and tablets without regard
to the platform on which they are used.

Several tools have been suggested for creating IFML
models and codes, including the Webratio tool [4]; a model-
driven project with code generators that can create functional
applications from IFML models.

Our main goal of this article is to automatically generate
graphical user interfaces from PIM to PSM using the Webratio
tool. In this article, we are going to treat the model
transformations in the MDA’s approach, starting early from the
CIM to PIM up to the PSM level.

We created in the first step the BPMN and IFML
metamodels at Eclipse tool, the business process model of a
case study named the after-sales service using the BPMN
notation created also, then applied the transformation rules in
ATL language [5]. We obtain the IFML model at the PIM level
into Eclipse tool, finally, we import the IFML model in .xmi
format [32] into the Webratio tool to get graphical user
interfaces (GUI) code.

The key benefit of our work is that it uses two standards
BPMN and IFML as well as a powerful commercial
tool Webratio. To cover every step of the model
transformations process in the MDA's approach, starting from
the CIM level through the PIM level and up to the PSM level.

The article is structured as follows: in Section Il we go into
the fundamental techniques that underpin our strategy in the
theoretical background, Section Il presents the related works,
in Section IV we will present our approach by describing the
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CIM level to the PIM level transformation rules also the
representation of the two metamodels BPMN and IFML.
Section V provides a case study of the after-sales service
illustrating our methodology starting from the CIM level to the
PIM level up to the PSM level, a discussion and limitations are
presented in Section VI, and we finish by outlining the ongoing
and future work in Section VII.

Il. THEORETICAL BACKGROUND

A. BPMN

The Object Management Group (OMG) established the
Business Process Model and Notation (BPMN), a standard that
gives businesses the ability to graphically describe and analyze
their internal business processes and consistently communicate
these processes. Additionally, the graphical notation makes it
easier to wunderstand how business transactions and
collaborations across companies are performed [13]. A BPMN
model does not accurately depict the system's functional
behavior. BPMN’s fundamental conceptual primitives are
tasks, events, gateways, pools, lanes, and flows [14].

B. IFML

The OMG developed the Interaction Flow Modeling
Language (IFML), to define interaction flow models. These
models are employed to explain user-application interaction on
the front end.

IFML was created by developers with more than ten years
of experience with Webratio tool and WebML. The OMG
adopted it as a standard in March 2013 [15].

IFML offers multiple advantages to the design of Uls for
desktop, mobile, and web applications. One of the five artifacts
the IFML specification provides is IFML visual syntax [4]. The
latter, however, is simplified and well-known to developers,
which discusses the development of various tools for creating
IFML diagrams.

C. Webratio Tool

Some technologies are designed for IFML model creation
and code production for the creation of web and mobile
applications. Webratio tool [16] focuses on rapid developments
using model-driven development and code generation.

It is a commercial web development tool. When the
Webratio tool was launched in 2001, it was built using WebML
[17]. Later, the Webratio tool used IFML to replace WebML.

The entire process of modeling a web application is
supported by the Webratio tool. Typically, one begins by
developing the application's data model, or "domain model".
This model defines all the data types that the web application
will use.

Site views can be made once the domain model has been
established. Each of these site views includes an IFML model.
The developer can generate the designed web application after
modeling it in IFML.

Last but not least, Webratio tool enables the direct
deployment of the web application to a remote server.
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As a tool, Webratio facilitates IFML web development
from conceptual modeling through execution and also enables
the entire web system generation with a click when the created
IFML models are valid.

I1l. RELATED WORK

We relate the previous works that discuss the application of
the model-driven development approach to obtain graphical
user interfaces.

The authors in [5] represent a methodology that permits a
semi-automatic conversion from the CIM level to the PIM
level using the MDA’s approach, BPMN, and IFML standards.
Several rules for semi-automating the conversion from the
CIM level to the PIM level were developed. To achieve this an
order management case study was provided to demonstrate the
transformation strategy.

In [6] a technique for the model-driven creation of a
Graphical User Interface for Internet Applications utilizing
IFML was described. Model-driven engineering-related
frameworks and technologies were used by the authors.

The construction of a prototype Qt/Taurus code generator
based on the IFML standard and appropriate modeling tools,
which are expanded to provide platform-specific code
generation was described by the researchers in [7].

The goal is to enable low-code development in SKA GUI
design, increasing the effectiveness, reliability, and coherency
of the Ul that is created.

A basic GUI use case is provided to fully illustrate the
software development life cycle, starting with requirements
and incorporating IFML modeling, Qt/Taurus automatic
coding, interface evaluation, and validation.

The authors of this article [8] explored the modeling tools
for IFML and presented a comparative analysis while taking
into account several criteria. In this study, IFMLEdit.org,
Webratio tool, IFML Editor, and MIA-studio were all studied
and compared as potential IFML tools. Each tool has
advantages and disadvantages.

This paper [9] suggested a modeling approach for creating
user interfaces that are based on IFML. First, it describes the
benefits of the model shifting process, the Webratio tool, and
the extension of IFML to web applications.

Second, a detailed method for mapping IFML to the design
environment is provided. The authors presented IFML for the
web application, which can fully satisfy the expectations of the
user. Its primary benefit is that it makes creating the project's
front-end interface simple and quick.

AutoCRUD is a Webratio tool plug-in that aims the
development of CRUD operations automatically by producing
IFML specifications, the plug-in raises the efficiency of Web
developers according to Rodriguez-Echeverria et al. [10].

In this work [11] authors provided a new method for
creating the user interface for mobile applications, and
implementing it with the Android operating system.
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By establishing a language for the creation of graphical
user interfaces, the Technology Neutral DSL (Domain-specific
language) is designed to be cross-compiled to generate native
code for a diversity of platforms.

The development of software applications incorporating a
multi-experience User Interface is explored in this study
through model-driven approaches [12].

The authors explained how elevating the abstraction level
at which these interfaces are defined allows for quicker
development, better deployment, and better integration of each
interface with the rest of the software system and any other
interfaces it may need to cooperate with.

They provide a new Domain Specific Language (DSL) for
describing various CUI kinds and demonstrate how this DSL
may be a component of an integrated modeling environment
that can explain the relationships between the modeled CUls
and the other models of the system.

IV. METHODOLOGY

The CIM model is intact by the application's technical
details and includes both business process requirements and
client needs.

Vol. 14, No. 2, 2023

with a suite of tools for modeling user interaction and
computer program behavior graphically.

In our methodology, we used the Eclipse tool to transform
the BPMN model (CIM level) into the IFML model (PIM
level) according to the MDA approach.

First of all, we created the BPMN and IFML metamodels
shown in Fig. 2, Fig. 3, and Fig. 4 in Eclipse tool, then the
creation of the BPMN model from the BPMN business process
as a “xmi” file from the BPMN metamodel, and we finally
obtain the IFML model in ".xmi" file too by applying the
transformation rules shown in Fig. 1 written in ATL language

[5].

Lastly, we import the xmi file obtained to the commercial
tool Webratio to generate the user interfaces automatically at
the PSM level.

A. The CIM Level to the Pim Level Conversion Rules

BPMN models to IFML models transformation rules are
shown in Fig. 1 every converting rule is defined in ATL and
human language and represented by a schema.

Firstly, it is necessary to define the PIM level metamodel

and the CIM level metamodel to describe ATL’s
BPMN is a standard for creating business processes.  transformation rules.
Application interface modeling is done using IFML, it comes
Human Langage Graphical representation Transformation rule in ATL
-Each “State” of “Data Object” Rule R 1{
becomes “View Component” Data Object from
|State) stt: MMbpmn!StateObject
[stt.isTransformableStateObject ())
to
vep : MMifml IViewComponent(
Mame <- stt.name
)
|
-Each “Display” state of “Data Object” Rule R 2{
becomes “View Container” with “List” Data Object from
view component plus “"On Select {Disply) stt - MMbpmn!StateObject
Event” [stt.isTransformableStateObject () and
v stt.isDisplayl))
R2 to
cn - MMifmllContainer
i Name <- “«\WebPage»'sstt.name)
vep - MMifmlIViewComponent{name«<-
‘alistw,
;gm ContainerBelongs<-cn.name}
Osev : MMifmllOnSelectEvent(
ViewComponentBelongs<-vcp.name)
I
-Each “Delete” state of “Data Object” Rule R 3{
becomes “ View Container” with Data Object from
“Delete” action plus simple event {Delete) stt : MMbpmn!5StateObject
[sttisTransformableStateObject () and
v stt.isDelete())
to
R3 cn - MMifmllContainer
l Name <- “«\WebPager'sstt.name)
ac : MMifmllAction {(name=<-"Delete’,
ContainerBelongs<-cn.name)
sev - MMifmllSimpleEvent(
. ViewComponentBelongs<-ac.name)
h
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-Each “add or Modify” state of “Data
Object” becomes “View Container”
with "Form” view component plus "On
submit event”

Rule R 4{
from
stt : MMbpmn|StateObject
(sttisTransformablestateObject () and
(stt.isAadd() or stt.ishodifyl(]))
to
on - MMifml!Container |
name <- ‘«WebPage.'+sit.name)
vcp - MMifmllViewComponent(
name<=-"Form’+ stt.name,
containerBelongs<-cn.name)
osev : MMIFML!OnSubmitEvent(
ViewComponentBelongs<-ac.name)

t

-Each “Exclusive Gateway” becomes
“Menu” view component with simple
event corresponding transition in
output “Exclusive Gateway”

Rule R 5{
from
exl : MMbpmn!Exclusive
(exl.isTransfarmableEclusive {])
to
vep: MMIFMLIViewComponent |
name=- "« Menu »"+exl.name )}
Rule R {
from
fl : MMBPMNIFlow
(flisTransformableFlow() and
fl.OutputisDecisionState())

Ta
MMIFMLISimpleEvent{name=-fll.name,
ViewComponentBelongs=-
Fl.NameDecisionStateOutput() )

}

-Each “Parallel Gateway” becomes
“Menu”  wview component with
“Events” corresponding transition in
output “Parallel Gateway™

RuleR6{
from
prl - MMbpmn!Parallel
(prl.isTransformableParallel {})
to
wep: MMIFMLIViewComponent |
name<- "« Menu »’+prl.name )}
RuleR{
from
fl : MMBPMNIFlow
(flisTransformableFlow() and
fl.QutputisDecisionState())

Tao
MMIFMLISimpleEvent(name<-fll.name,
ViewComponentBelongs=<-
Fl.MameDecisionStateQutput() )

t

-Each “Lane" becomes “View

Container”

Wiew Container

Rule R 7{
from
In: MMBpmnlLane
(In.isTransformableLans())
to
wen - MMifmlviewContainer (
Mame <- In.name

)

-Each “Task™
Component”

becomes “View

Task

i

‘Wiew Container

www.ijacsa.thesai.org

Rule R 8{
from
tsk - MMbpmniTask
((not tsk.isManual(}) and
(tek.isTransformableTask())
to
ven : MMifmllviewContainer {
Mame <- tsk.name

)
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T Sequence Flow
RS

Y )

Navigation Flow

Rule R 9{
from
saf : MMbpmn!SequenceFlow

(sgf.isTransformableSeguenceFlow())
to

nvf - MMifmiINavigationFlow (
name <- sqf name

source <- sgf.source(),
target =- sqf.target()

}

Fig. 1. CIM level to the PIM level transformation rules.

B. CIM Level: BPMN Metamodel

business p

rocess

metamodel [18].

| Uncontrolled)

At the CIM level, BPMN was utilized to describe the

processes  are
computationally independent, the OMG standard for business

process modeling is named BPMN. Fig. 2 displays the BPMN

because  business

for

C. PIM Level: IFML Metamodel

IFML Metamodel that uses the UML metamodel's main
data types provides a set of UML metaclasses as the foundation

IFML metaclasses and presumes that the
ContentModel is defined in UML [19], [20].

IFML

The IFML metamodel is illustrated in Fig. 3 and Fig. 4.

1
| Conditional o Task i F Transtorm = TypeTask
[ Compensation Association] = type : TypeTask [ Message Flow — yes = notmanual
= mame ; EString - no — manual
eventln = transformable : Transform
0.1 = TypeSequence
[_, Defaull compensationfissociatign | eventOut - direct
\Q £ SequenceFlow eventSource  flowiut - returnBack
= type : TypeSequence figwin
mnt_'l'alrget 0.1 0.1 {7 datewayOut
= Normal | Flow
v‘\ =] Exception = name : EString dataSource
| = transformable : Transform belo sSubpmcess““l
[ Timeq [ Compensation : ] Poo
| Errol 1) 04 ] | DataDbject | NestedSubprocess
1 intermediatefvend 041 | Ok1 'J - = name : EString
flowln (0.1
DJIE - " oal| 2 transformable : Transform
m | Even N -
| Nong H " = name : EString gatgwhyin dataTarget ] £ Transaction
= transformable : Transform F———
0.1 stateobject belongsSubprocess 01
= nd 0.1 0.1 %, -
| Conce [ StateObject
gatgwayln = name : EString | Subprocess lanes
gatew - transformable : Transform = name ; EString
- o = transformable : Transform
E Ml e T TinW o o,
1| Rule . belongsqrou Lane 1 »
\-| GateWay 04 Lhng roup =
= name : EString I Or - M. i 0-1
H JomExclusiv = transformable : Transform < | Group | Lane
= name : EString = name : EString
= transformable : Transform = transformable : Transform
B Furld’arallehﬂ ForkExclusive | parallel [
[T JoinParalie] = nameP : EString | Exclusive
L Comp

Fig.

objects
2. The BPMN metamodel.
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IFML:Core:: - omﬁmﬂm% IFMiL::Cone:; +sourcainteracionFlowElement o.r IFML:Cona= +interactionFow
PArEMeders 1 . . 2.+
+ directioncDirection = in 2 +ininieractionFlows
43 WFiowElement 0.*
cchetackass>> cchetaclass>> <<Metaclass>> <cletnciass>> c<hietaclass>> <l - < >
+viewElementst  |EML-Core:: IFML: Core:: IFML: Cora:: IFML: Cona:: IFML:Cona: IFML:Cona:: IFMIL::Cona::
[ WiewElement Action PaortDefinition Event NavigationFlow DataFlow
AN O..‘,‘I\ sinpuiPoris | g » N
. — InpuiiParis | g » 0. | »outPoris
viewCompanents 1| +gvent +inletactionFlowExpression | 0.1
+module | 1 1| smodule
1| +viewCompanent <ehetaclassss
<ccMetaclass>> 0.1 IFML::Core:: ._
IFML- Core-: ceMataciasss> <<Metaclass>> +interactionFlowExpresson - | interactionFlowExpression
0.1 ViewContainer IFML=Care:: IFML: Core::
... ~Core:: o
cmner. ey ViewCompaonent
+isDefauli: Bockean
<<Met <<Met <<Mtaclass>
IFML::Come:: IFML:Come:: WML Core::
+vigwContainer | 0.1 cii it U
P P> P °
IFML L2 1ML
Details List Form
Fig. 3. IFML metamodel 1.
«Metachissx
IFML: Core:
InteractionFlowElement
«Metacksse vactifatonExpression [0.1
IFML::Core::
InteractionFlowExpression ;‘"‘x‘:::‘ sectivationExpression
Activatiol gion | 0-1
+nteractionFloaExpression D1 MO prasion xMetackasss
IFML-Core: ;
+activationExpression |0..1 +action
wviewBement 0.1 Acton 1
«Metackisss «Metachisse
vevent | IFML:Core:: |21 IFML:Core
1 Event |01 ViewElement
T 1 1 +viwElement
! #Metaclasse
cMetaclasse o “.
ML Core:: M Gore: :
ThrowingEvent CatchingEvent s +viewComponaniPart
? “HviswElermentEvents 0.1
aMetaclasss
[ IFML:Core:: roienC \FMLCorar +subViewComponentParts
',‘:::'3‘““‘ aMelaclasso ViewElementEvent [ o 0.1 | ViewComponentPart
Ls:Cove; +systamEvent IFML:Core:;
: 0. 1
ﬂanguagsz"?r(“ghl +Hype - SystemEventType +parentViewComponentPart | 1
sl A e
aMetackiss aMetachsss _OnSelectEvent OnSubmitEvent
IFML: Extensions:: IFML:Core:. s L
-n-m : m- ;s 0
IFML:Extensions::| | IFML:Extens
! . £
L L
1
B
Fig. 4. IFML metamodel 2.
V. CASE STUDY platform, he has access to a menu with four features, including

The after-sales service is described, in which a customer
can make CRUD operations (Create, Read, Update, and
Delete) relating to a complaint if there is a problem regarding
his order.

The process begins with authentication using a username
and password. If the client is already registered on the

add, modify, delete, and consult a complaint. If not, he must
register to use the remaining features.
A. CIM Level

The CIM level is illustrated by the BPMN diagram and
BPMN business process, the first one is represented in Fig. 5,
and the second is displayed in Fig. 6.
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-
-
add a complaint
@ =
o
Exclusive Gatewnay 2 15
-
-
2 s e O
. e Exclusive Gateway 2 ' s
Ingin Qg ' Qg 3 o
Etat Eventd '3 Exclusive Galzwezy 1) o ExClusive Catzway 3
— Esror
End Event 1
delete a complaint % =
ExClusive Gateway 5 |52
2 :
consult a complaint eg
Exclusive Gateway € | '
Fig. 5. BPMN diagram of the after-sales service.
Start
User [logged in]
Register
User [registered]
Delete a complaint Consult a complaint I
Complaint [added] Complaint (updated] N |
Page [errored]
Ena
Fig. 6. BPMN business process diagram of the after-sales service.
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B. PIM Level

Webratio is the most powerful commercial tool available
among others [8]. Some of the characteristics that motivated us
to choose to work with this tool are:

e Provides graphical modeling; the IFML components are
expanded further by this tool, so that users can design
IFML diagrams for web applications.

e Based on the Eclipse and Webratio tools respond
quickly.

e |t is suitable for academic researchers.

We obtained the after-sales service front-end interfaces
designed with the IFML language, by applying the shift rules
from CIM to PIM. [5].

IFML development process involves modeling the
application's domain first, then creating an IFML model using
IFML language, and then converting the created model into a
software system.

1) Domain model: A clear and accessible overview of
information related to the application domain is provided by
the domain model.

We don't suggest a novel modeling language for domain
model modeling because a UML-based OMG standard is
IFML; rather, we utilize UML class diagrams.

The case study’s Domain model is described in Fig. 7 we
added a table named complaint, User, Group, and Module are
tables provided by default by the Webratio tool.

2) IFML model: In our case study, we include only two
important elements in the example: the login/registration
function and the client's space.

Vol. 14, No. 2, 2023

The public is the application’s main page, allowing the user
to authenticate himself to access the proposed features (Login
page) or to register if it is his first connection to the
application.

Otherwise, an error message is displayed, Fig. 8 shows the
“Public” site view.

The site view Public contains an action definition (a
description of a business logic that could be triggered by an
event in an IFML model.) [21] “Register”, which will allow the
creation of a new user in the database and Fig. 9 shows its
modeling.

The action definition Register begins with the input port,
which receives the parameters from the user’s registration
form. The parameters are passed to the "Create User" operation
which is based on the Entity "User."

We utilized a Data Flow to bind the information from the
Input Port to the Output Port, the information between the
input port and the corresponding “Create User”, and the latter
to the output port.

When these operations are completed successfully, the
Action Definition must exit via the "Success" OK Port,
otherwise, the "KO Port" handles the failed execution.

The complaint is the space dedicated to the user where he
can perform one of the operations provided by CRUD (Create,
Read, Update, or Delete a complaint).

In Fig. 10, the interface modeling is displayed.

In the site view Complaint, four areas were used to model
CRUD operations. Each area is composed of pages and actions
definitions, and also utilized view components (List, Form).

— . ) ] e
R i3 | ¥ €| (o Q@ & Qlalal g 2 =R
{3 User
LE . @Group © Module
A oid: integer 3 oid: int
— i1 oid: integer
@ userMame: string N N {8 oid: integer 1 M &)_ dul I?} ctri
0 (@ password: password i& groupName: string @ moduleltstnng
v @ moduleMame: strin
i@ email: string M M M ’
(3 complaint

A oid: integer

(@ description: string

Fig. 7. Domain model of the after-sales service.

426 |Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

I

L AR A

(en ol @| Q[ Q|| Ql e 4] = BRI

=

+

(]

+

&

)

'y

£

[LLlogin

mHom—e}{ Register b4

Registration failed

s* Project | Domain Model | (57} Public | (5 Complaint| £5) Module Definitions 1|

Fig. 8. Site view “Public”.
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Fig. 9. Action definition “Register”.
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B — Logaut e &
[J_‘_T" add a complaint v Complaint Update
-
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i ¥ I /
j o
Update complair
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[L] Consult a complaint
[Ul Delete acomplaint i,
Update H

Compliant

Delete complain
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[ Consult a complaint 3

Complaint

Delete complain
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:’ Projectl@ Domain Model |® Public @ Cemplaint @ Medule Definitions 1 ‘

Fig. 10. Site view “Complaint”.
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To make the connection between the different pages and
actions definitions we used flows (flow, OK flow, and KO
flow) with parameters binding between source and target
elements.

For example, to add a complaint we have a page named
complaint containing a form. When the user presses the button
“save”, the action definition Add a complaint is triggered,
using a flow going from the form to the action definition, by
editing parameters binding.

If the addition is done successfully we return to the Add a
complaint page, otherwise we are redirected to an error page.

(& 0 @ localhost:8080/SAV2/pagel.do

WEB "0 RATIO®

Vol. 14, No. 2, 2023

C. PSM Level

In this paragraph, we will present some of the graphical
user interfaces obtained by generating the application of the
IFML model using the Webratio tool.

Fig. 11 shows the authentication page which provides the
user to authenticate himself through a username and password.

Otherwise, he must register first by entering his personal
information, and Fig. 12 displays this operation.

Another interface where the user can add a complaint is
shown in Fig. 13.

4 > Login

UserName [ ]
Password [0 ]

Login

Register

Fig. 11. ” Login” graphical interface.

0 @ localhost:8080/5AV2/pageS5.do?link=In29

WEB l‘b RATIO®

# > Register

First Name .
Last Name ]
Username .
Password ]

ConfimPassword [ ]

Fig. 12. “Register” graphical interface.

{t @ localhost:8080/5AV2/page9.do

WEB l‘O RATIO’

Consult a complaint Update a complaint Add a complaint Delete a complaint

4 > Add a complaint » Add a complaint

add a complaint

description [

Fig. 13. ”Add a complaint” graphical interface.
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V1. DISCUSSION AND LIMITATIONS

We may infer from an analysis of the works shown in
Table 1, that they can be divided into two groups. Those who
were interested in the CIM to PIM shift and those who were
interested in the PIM to PSM shift.

We can say that the majority of works use UML diagrams
to present the different levels of the MDA approach, except
[25] which used the BPMN standard that is utilized for
business process modeling.

The UML class diagram is often utilized in most PIM to
PSM transformations, IFML as a recommended standard for
the modeling front-en interfaces at the PIM level is not widely
used in the studied papers apart in [30].

The work [31] treated the model conversions in the MDA
approach from the CIM level to the PSM via the PIM level, by
using two models the first is for requirement and the second is
a mathematical model represented by a graph.

The major advantage of our work which differs from other
researches [33-40] is the fact that it covers all the model

Vol. 14, No. 2, 2023

transformations process in the MDA'’s approach. Starting from
the CIM via the PIM level up to the PSM level, utilizing two
standards BPMN and IFML, and a powerful commercial tool
Webratio.

In our case study, we have limited it to CRUD operations,
we can still extend it to cover other aspects of after-sales
service, also the process of our methodology is semi-automatic
in the importation of the xmi file in Webratio tool.

The CIM level to the PIM level shift is implemented in the
Eclipse tool automatically, the IFML model is obtained in an
xmi format [32] and imported into the Webratio tool to finally
get the user interfaces.

The advantage of using IFML modeling is that the front-
end interface of the program can be created quickly also the
application is generated with a click.

But the technology has some disadvantages, for example,
even though IFML modeling is still relatively a new
technology, it is still best suited for modeling small programs
rather than programs for large and medium-sized businesses.

TABLE I. COMPARISON OF PREVIOUS WORKS

Studied CIM to PIM shift PIM to PSM shift

Papers Reached Ilustration Reached Illustration
Rhazali et al. [22] Yes UML diagrams
Kharmoum et al. [23] Yes UML class diagram
Arrhioui et al. [24] Yes UML class diagram
Khlif et al. [25] Yes BPMN
Erraissi et al. [26] Yes UML class diagram
Deeba et al. [27] Yes UML class diagram
Srai et al. [28] Yes UML class diagram
Betari et al. [29] Yes UML class diagram
Koren et al. [30] Yes IFML
Zhang et al. [31] Yes E/;gsc;r;fless-onented Conceptual Yes Graph
Our methodology Yes BPMN Yes IFML

VII. CONCLUSION

Developing software is easier with MDA's approach
because it generates applications automatically from models in
a shorter period and with absolutely no source code
involvement.

Typically, web applications are built using Webratio's tool
robust architecture, it is a consolidated industrial reality that
enables any model to be created. In this sense, we suggested
this  work which highlighted the different model
transformations.

Our methodology adheres to the MDA principles and
suggests defining the various MDA levels' characteristics, as
well as the CIM level to the PIM level shift rules utilizing two
standards BPMN and IFML, till automatically generating the
user interfaces utilizing the Webratio tool.

This is done by creating the two metamodels BPMN and
IFML in Eclipse tool, after we elaborated the BPMN model of
the case study then, by applying the shift rules in ATL
language, we obtain the IFML model under .xmi format.

Finally, we imported this file in Webratio tool to get the
graphical user interfaces.

The objective of improvement is the creation of a tool that
will allow the model transformations from the CIM level until
the obtention of the graphical user interfaces that will
automatize the whole process of model transformations.
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