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Abstract: In recent years, rich internet applications have brought a revolutionary change in the web applications. Computation distribution, data
distribution, partial page computation, asynchronous page requests and effective user interaction features along with other constructs differentiate
RIAs from traditional Web applications. IFML (Interaction Flow Modeling Language) is the latest modeling language standard adopted by OMG
(Object Management Group) which has many of new adopted features as compare to earlier modeling standard WebML (Web Modeling Language).
Support of IFML to RIA constructs has been critically analyzed in this paper and extensions have been suggested for constructs not being supported by
IFML.
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1 INTRODUCTION

History has seen the growth of Web from information based static websites to data driven web applications and now to
Rich Internet Applicatons (RIAs) [20]. The term RIA (Rich Internet Application) was introduced by Jeremy Allaire in a
Macromedia white paper in 2002 [9] [12] [2]. The term denotes a novel generation of online applications by merging a
variety of technologies to provide an extremely sophisticated user experience on top of open architectural standards of
the Internet and the Web [19]. Rich Internet applications are a variant of Web based systems which provide rich and
user friendly interfaces with more intuitive interaction experience for the end user like drag and drop, multimedia
presentations and partial page updates etc. to represent complex processes and data. RIAs have responsiveness and rich
GUI normally associated with desktop applications [5]. Rich internet applications are the browser applications which
have the ability to run in offline mode and have rich interface [1]. RIAs combine the responsiveness and interaction
experience of desktop applications with flexibility of deployment of traditional Web applications [7]. RIAs improve the
computation power, presentation and efficiency of a Web Application [13]. The problem of slow performance and
limited interactivity in traditional web applications is resolved by use of rich internet applications [16]. Classical Web
applications do not fulfill user expectations in terms of usability, reliability, maintainability, performance and quality.
Rich internet applications fulfill above user expectations. Classical Web applications are being replaced by rich internet
applications which are more complex and intuitive applications [5].

2 Literature Review and Problem Formulation
Lack of specific development methodology for development of rich user interfaces (RUIs) for internet applications is
one of the challenges which are being faced by RUIs [5]. The novel architecture of RIAs is now challenging many of
best practices and methodologies for Web application development in past years. Moreover market of development tools
is still very much focused on implementation technology, so in this scenario it becomes very important to determine
reflection of new architecture and features of RIA, on old Web engineering development methodologies and determine
whether experience, method and tools of today can be adopted to new requirements of RIA development or a completely
new novel set of development instruments must be conceived [19]. Martinez-Ruiz has presented a design methodology
to develop user interfaces of RIAs in a standardized way [5]. Hiroaki Fukuda and Yoshikazu Yamammoto have
introduced a system to support development of large scaled rich internet applications by providing complete separation
of designer’s and developer’s work at source code level in order to reduce development cost for RIAs [6]. Dissanayake
and Dias have highlighted lack of development methodologies and standards for RIAs. The authors have discussed
various practices to be adopted for rapid application development of RIAs based on AJAX [17]. Bernardi et al. has
discussed the need of modeling language standards to overall improve the quality of RIAs. The authors have presented
an approach for fast prototyping of RIAs [13]. Deb et al. have discussed opportunities and business benefits to
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enterprises by adopting RIA. Realization of SOA (Service oriented architecture) and SaaS (Software as a Service) model
increase in customer productivity and loyalty as well as reduction in operational cost are some of the RIA benefits which
have been discussed by authors. The authors have also listed some of the challenges for enterprises in adopting RIA like
lack of standards in RIA technologies, volatility of the market etc. [3]. Pavlic et al. has done analysis of various
technologies available for online applications development and has concluded RIA as a future of Web [4], so it becomes
important to have a modeling language standard to support RIA constructs.  Model based development is becoming
more and more popular in IT industry. Up-to 50% gain in development efficiency and reduced error rate are some of
advantages of model based development as reported by success stories available on tool vendor’s websites [11]. Sarra
Roubi, Mohammed Erramdani and Samir Mbarki have highlighted time savings, improved productivity and consistency
of applications as advantages of model driven approach and presented a model driven approach to generate code of RIAs
based on model produced using IFML [22]. The growing popularity of RIA and importance of modeling language
standard provides sufficient motivation to adopt modeling language standards for those constructs of RIA which
differentiate it from traditional Web application and have not been adopted by IFML (Interaction Flow Modeling
Language). Section 3 discusses those constructs of RIA which differentiates it from traditional Web applications.
Section 4 introduces IFML (Interaction Flow Modeling Language). Section 5 analyses support of IFML to RIA
constructs and provides extension where required. Finally conclusion has been provided in section 6.

3 Differentiating Constructs of RIA
Different authors have discussed various constructs of RIA which differentiate it from traditional Web applications. The
major differentiating constructs of RIAs have been discussed below:

3.1 Data Distribution

In traditional Web applications data is stored on server side either in database for permanent storage or in objects of
users’ sessions for temporary storage. RIA technologies provide extension to data storage options and allow the data to
be stored on client side persistently or temporarily. [19]

3.2 Partial Page Computation

In traditional Web applications at each user’s interaction the page of a dynamic Web application is recomputed from the
scratch. RIA technologies have added flexibility in computation cycle of interface elements. RIAs allow recomputing or
refreshing selectively only a portion of the application interface which provides better user experience. RIA provides the
ability to the Web page to provide a fast response time without refreshing the page [7].

3.3 Computation Distribution

In traditional Web applications individual components and the associated control logic are executed on the server side.
RIA technologies allow the execution of individual components and associated control logic on client side also which
reduces network traffic and helps the application to respond faster [19]. The processing is distributed between client and
server. Part of the processes running on the server side is executed on client side which helps to improve the response
time of the application as well as to reduce the processing load on the server [24]. In order to provide a better experience
to user, the maximum possible advantage of client processing power should be taken by moving as much as possible
functionality to client side except sensitive business rules [14]

3.4 Asynchronous Page Requests

The asynchronous page requests supported by RIAs help to reduce traffic over the network and improve bandwidth
utilization [23]
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3.5 Push Technology

Push technology i.e. fetching data from server without user’s request in order to keep the page updated is one of the
important constructs of RIA which differentiates it from traditional Web applications [5]. HTML5 has WebSocket
feature which is an advanced technology to facilitate two way communications [21] and to implement push technology.

3.6 Effective User Interaction Features
RIA supports a large set of user interaction features to give an experience of a desktop application to a user. Better
support to multimedia components i.e. graphics, audio, video and streaming [5], support to drag and drop characteristics
of controls enhance the user interaction.

4 Interaction Flow Modeling Language (IFML)

IFML has been developed by WebRatio as a user interface modeling language. IFML focuses on expressing contents
seen by users, navigation paths between elements, events initiated by users, business logic and persistence information
[8]. IFML was adopted by OMG (Object Management Group) in March 2013 as a beta version. IFML 1.0 version was
finalized in March 2014 [10]. IFML provides a structured approach to design data-driven Web applications. With the
help of case tools, the code can be generated automatically from IFML design documents produced. Use of RIAs on
Web is rapidly increasing. Rich internet applications are future of Web. Hence, in this scenario it becomes very
important to have support by IFML for those elements which differentiate rich internet applications from traditional
Web applications. In next section support to RIA differentiating constructs by IFML has been analyzed and extension
has been provided wherever necessary.

5 IFML Extension to Support RIA Constructs
In the next part of the section, IFML extension to support RIA constructs has been presented.

5.1 Data Distribution

Data Modeling is used to describe the conceptual data. There is a need to include provision for modeling of data
distribution concept as provided by RIA. IFML uses notations of ER-Diagram as data modeling language. ER diagrams
enable the data modeling with the help of entities, attributes, relationships and ISA hierarchies. In traditional Web
applications data is stored on server side. RIA technologies provide extension to data storage options and allow the data
to be stored on client side persistently or temporarily. Hence, it becomes important to represent whether entity resides on
client or on server as well as persistence information of the entity.

The following notations are proposed to be used to include extensions provided by RIA to data storage options which
allow the data to be stored on client side persistently or temporarily.

SP: Entity resides on server and is persistent

ST: Entity resides on server and is temporary

CP: Entity resides on client and is persistent

CT: Entity resides on client and is temporary

The notation is proposed to be included in upper part of rectangle representing entity, below the name of entity as shown
in figure 1.
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Figl: Proposed modeling notation to represent entity in order to include extensions provided by RIA to data storage options

5.2 Partial Page Computation

IFML uses the notion of view container to show a unit of interface. View container can represent a browser page, a
desktop window or a panel [15] [18]. XOR view container, Landmark view container and Default view container are the
various types of view containers as supported by IFML. To allow the specification of partial page computation, it is
proposed to include a notion for representing a view container which has the ability to get refreshed or updated without
refreshing the sibling view containers or parent view container. Further distinguish is required to model whether view
container will get updated due to an event generated on client side or will get updated automatically due to push of data
from server to client. The suffix [UC] is proposed to be included to distinguish a view container that has the ability of
getting refreshed without refreshing the sibling view containers or parent view, on generation of an event on client side
like selecting an item from a list, pressing a key in the textbox etc. e.g. the view container showing list of suggested
keywords in a search engine should have a suffix of [UC], when modeled with IFML, in order to distinguish its ability
to get updated on generation of a client side event, keypress of search box in this example.

The suffix [US] is proposed to be included to distinguish a view container which will get updated automatically due to
push of data from server to client because of generation of a server side event e.g. the view container showing live score
of a cricket match should have a suffix of [US], when modeled with IFML, in order to distinguish its ability to get
updated due to push of data from server to client because of a update transaction execution on database.

The proposed suffices should be included in the upper part of rectangle modeling a view container, along with [XOR],
[L] or [D] suffices as shown in figure 2.

[D] [UC] Default View Container

Fig 2: Proposed modeling notation for view container with support to proposed suffices [UC] or [US]
Proper identification of view containers to be computed independently of complete page refresh will enable to generate

code in such a way so that view containers to be refreshed partially are put in separate update panels. In this way auto-
generated code will be closer to the final deliverable code thus improving efficiency and productivity of applications
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5.3 Computation distribution

Action notation provided by IFML is used to model a business logic triggered by an event. By default the notation
models business logic executed on server side but can be used to model the business logic executed on client side also
by denoting as [client] [18]. Figure 3 shows the modeling notation provided by IFML to model an action.

Fig 3: IFML notation to model an action [18]
5.4 Asynchronous Page Requests
Arrow notation of IFML for navigation flow to denote HTTP requests should carry distinction between synchronous and
asynchronous page requests which will lead to generation of code classes in unambiguous way by CASE tool at later
step. The circled label of A or S is proposed be carried over the arrow to make distinction between synchronous and
asynchronous page requests as shown in table 1.

TABLE 1 DISTINGUISHED MODELING NOTATIONS FOR SYNCHRONOUS PAGE REQUEST AND ASYNCHRONOUS PAGE REQUEST

Synchronous page request

v

Asynchronous page request

©
©

v

5.5 Push Technology

Push technology is one of the important characteristic of rich internet applications which distinguish it from traditional
web applications. IFML focuses on events initiated by users. IFML is proposed to be extended to include standards in
order to model and distinguish events generated on server side which have initiated push of data from server to client in
order to keep the pages updated. Notations should be included to model push of data from server to client. Figure 4
shows proposed extension to model push operation initiated by server. The oval notation has been used to model push
operation where on one side data is being pushed by event occurred on server and on another side data is being pushed
to update one or more view containers as shown by special flight arrow notation to differentiate it from navigation flow
and data flow. Data to be pushed has been shown as a parameter over the flight arrow. The notation has the facility to let
the multiple view containers to get updated by single push e.g. as soon as new mail arrives on a mail server, the view
container showing inbox of corresponding mail on client browser as well as view container with summary of number of
mails in various folders, both gets updated.

© \ (et )
View Component 2
b] -

Fig 4: Proposed modeling notation to model push operation
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5.6 Effective User Interaction Features

5.6.1 Drag and Drop

Drag and drop is one of the important construct of RIA which makes the user experience as rich as a desktop application
€.g. in an e-commerce website, instead of pressing a button labeled “Add Item” to add an item to the shopping cart many
websites allow the item to be dragged and dropped to shopping cart which leads to the requirement of the view
component showing information about the item available for purchase to be modeled as drag item. Similarly the view
container showing available items in the shopping cart requires to be modeled as drop location for the view component
displaying item information. IFML is proposed to be extended to model drag and drop relationship between view
component to be dragged and view container acting as drop location, by an arrow as shown in figure 6. Double arrow
has been used to differentiate it from arrow of navigation flow and data flow

View Container

I B
J

View Component View Container
(With item to be dragged) (Drop location)

Fig 6: Proposed modeling notation to model drag and drop operation

5.6.2 Multimedia Components

IFML provides view component to model an element of the interface in order to display the content. Modeling
standards should be provided in order to model multimedia components within view components. Standards for audio
and video can be adopted as modeling notation to specify these multimedia components. During automatic generation of
code from design produced, the CASE tool will be able to generate classes and method calls for including audio and
video elements within specified view component. Table 2 shows proposed modeling notations for audio/video elements.

Table 2
PROPOSED MODELING NOTATIONS TO MODEL AUDIO/VIDEO ELEMENTS

—1)

Video
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6 Conclusion

In this paper, constructs of rich internet applications which differentiate these from traditional web applications have
been discussed. Support of interaction flow modeling language (IFML) to these constructs has been analyzed.
Constructs have been proposed for data distribution, partial page computation, asynchronous page requests, drag and
drop, multimedia components and push technology. The proposed modeling language standards will help to auto-
generate code by CASE tools which will be closer to the final deliverable code of application and thus efficiency and
productivity of applications will be improved which is ultimate goal of model driven approach for implementing
applications.

As a future work, IFML can be extended to identify and support those constructs which have arrived due to generation
of mobile applications. Implementation of mobile applications has provided many new constructs which should be
supported by a modeling standard.
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