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Abstract—Smartphone technology affects every aspect of hu-
man life nowadays. Especially there is an increasing demand
for online shopping through smartphones instead of websites.
Therefore, to preserve the customers in the business, it is essential
to keep up with the latest trends and convert the business websites
to the equivalent mobile applications. Transforming a website to
a mobile application efficiently and rapidly is of high demand
from sellers with no programming knowledge. However, it is
not a trivial task with the existence of complex websites for
a variety of domains. WooCommerce with many E-Commerce
functionalities and special customization features is one of the
commonly-used E-Commerce platforms in the community. It is
built on top of WordPress and operates over a large number
of online stores. This research provides a unified framework
for the transformation of WooCommerce websites to Android
as the most widely-used mobile operating system. The Model-
Driven Engineering (MDE) is applied for the development of
the framework, which provides an efficient way to automatically
generate an Android implementation by focusing the attention
of software developers from the low level of implementation to
the high level of design.

Index terms— Model-Driven Engineering; Model-to-Code
Transformation; WooCommerce; Android Applications.

I. INTRODUCTION

The electronic media has a significant influence on the speed
of business, including selling, buying, and marketing processes
[1]. E-Commerce technologies provide a convenient way of
shopping by increasing productivity and decreasing different
kinds of business costs [2]. Mobile Commerce (M-Commerce)
has been overgrowing recently. It is a subset of E-Commerce,
which provides E-Commerce transactions for mobile devices.
From the business perspective, adaptation to the changes in
technology is a crucial task [3]. To keep up with those changes
and stay in the market with an increasing demand for M-
Commerce, online retailers should transform their websites
into smartphone applications [4].

WooCommerce is a flexible, open-source E-Commerce plat-
form, built on top of WordPress. It applies to the devel-
opment of small to large online shopping websites [5]. It

has been reported that 22% of the top 1 million sites are
using E-Commerce technologies [6]. Due to the popularity
of WooCommerce, this platform has been chosen for this
research.

Android is a young mobile operating system developed by
Google, launched in 2008. It is the most popular smartphone
operating system in the world with very rapid development in
different dimensions [7]. This research provides an automated
transformation of WooCommerce websites to an Android
application.

MDE is a software methodology that focuses the attention
of software developers from the low level of implementation to
the high level of design [8]. The main goal of this methodology
is to automatically produce code from the high-level design
by applying different types of model-to-model and model-to-
code transformations. Model-to-model transformation is the
key element in MDE, which takes one/more input model(s)
and produce one/more target model(s). The code then is
generated automatically from those models, which conforms to
their metamodels by applying model-to-code transformations
[9]. Focusing on a particular domain in MDE produces a
more efficient code within the transformation process [10].
MDE techniques have been widely used in the domain of
mobile application development [11]. In this research, MDE
technologies are used to develop a unified framework for
the automatic transformation of WooCommerce websites to
Android applications. Therefore, a comprehensive metamodel
for WooCommerce is presented, which enables the users
to generate any WooCommerce Android applications. The
WooCommerce Android application model conforms to the
WooCommerce metamodel. It then automatically transforms
into the Android code by applying different model-to-code
transformations. A large number of model-to-code transfor-
mation languages exist in the MDE community. Acceleo
is one of the commonly-used languages, which has been
selected for model-to-code transformations in this research
[12]. Additionally, a user-friendly graphical editor is developed
to provide the users who are not familiar with the Android
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Fig. 1: Architecture of Model-to-Code transformation [15]

development process and MDE technologies with a convenient
procedure for the transformation.

This paper is organized as follows. Section 2 introduces
the Acceleo transformation language, Android and WooCom-
merce. Section 3 describes the proposed framework, including
its metamodel and applied model-to-code transformations. The
applicability and functionality of the approach are evaluated
in Section 4 and 5. Section 5 discusses the related work and
advantages of the proposed research. Section 6 discusses the
related work and advantages of the proposed research. Finally,
Section 7 concludes the paper.

II. BACKGROUND

This section provides a brief description of related concepts
to be used throughout this paper, including a description of the
model-to-code transformation and the Acceleo transformation
language. Additionally, it provides a brief introduction about
the Android architecture and WooCommerce.

A. Model-to-Code Transformation

The main goal of MDE is to produce a running system
from the high-level models. This is accomplished by applying
model-to-code transformations [8][13]. Figure 1 presents the
architecture of model-to-code transformation in MDE. In
this architecture, each model conforms to its metamodel. A
metamodel presents properties of the model at the high level
of abstraction with sets of syntactic and semantic constraints
[14]. In this research, a comprehensive metamodel for the
WooCommerce platform is provided, and any WooCommerce
application conforms to this metamodel.

Different model-to-code transformation languages exist,
which may be employed to generate code from models [14].
Acceleo [14] is a code generator developed on top of Eclipse
introduced by Object Management Group (OMG) [16]. This
language is based on UML (Unified Modeling Language) [17]
and EMF (Eclipse Modeling Framework) [18] while following
OMG standards. It provides significant advantages, including
the ability for high customization and interoperability. The
output of Acceleo is the source code, which is generated
by two inputs, the model and the transformation code. The
transformation code is defined in some ”MTL” files. Each file
contains a module, and each module contains templates and
queries. Templates are used to generate code, and queries are
used to extract information from the model [12]. This research
uses the Acceleo language for model-to-code transformation
which provides an automatic generation of Android applica-
tion from the WooCommerce model.

Fig. 2: Android Architecture [19]

B. Android Architecture

Figure 2, presents the architecture of Android, which is
divided into five different layers. The layers include the kernel
and low-level tools, native libraries, the Android runtime, the
framework layer, and the applications layer, which is on top
of all those layers [19] [20]. The generated framework in this
research is based on the Android platform and provides an au-
tomated generation of Android code from the WooCommerce
websites.

C. WooCommerce

WooCommerce is a plugin for the popular WordPress plat-
form. It adds the functionalities of E-Commerce to a Word-
Press website. By installing WooCommerce on WordPress, the
users can create an online store. Therefore, the customers
can visit the store, find their products, add them to their
shopping cart, and finally make purchases by secure payment
methods and have their products delivered to their houses.
Additionally, WooCommerce provides many other functional-
ities like analytics [5]. In this research, many functionalities
of WooCommerce is abstracted in the provided metamodel.

III. AWAG FRAMEWORK

In this research, the Automatic WooCommerce Applica-
tion Generator (AWAG) framework for the transformation of
WooCommerce to Android application is proposed. Figure 3
presents the different stages of this framework. In this frame-
work, the user specifies the requirements of WooCommerce
application and then designs a model for the general structure
and user-interface of the application using the AWAG graph-
ical modeling editor. The editor has a great usability feature
by including graphical icons corresponding to each element
of the metamodel that enables the user to have a convenient
way of working with the framework. The framework converts
the provided elements by the user in the graphical editor to
the XML Metadata Interchange (XMI) format [21]. It is the
commonly-used model interchange language being standard
by OMG, following that the framework transforms the XMI
models to the Android code by applying different types of
model-to-code transformations. The generated code is 100%
correct and supports the required functionalities. The user can
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Fig. 3: The Automatic WooCommerce Application Generator
Framework

then generate an APK file of the application for distribution
purposes.

A. Metamodel
After Investigating different aspects of the WooCommerce

platform, two metamodels were generated. The first
metamodel corresponds to the general structure of the
application, and the second metamodel abstracts the user
interface for the WooCommerece application.

Figure 4 presents the general structure of the WooCom-
merece application. The description of each entity of this
metamodel is explained below:

• WooCommerceApplication: It is the root of the meta-
model and specifies the name and the icon of the applica-
tion. Additionally, a placeholder icon for loading images
is presented in this entity.

• WooCommerceAPI: The URL and authentication info
of the WooCommerce website is specified in this entity.

• Theme: This entity specifies the colors of the theme in
the application

• MainActivity: It is the root page of the application,
which may contain a menu on top and a navigation
drawer on the left. Furthermore, a placeholder for dif-
ferent fragments that can be loaded inside this page is
provided in this entity.

• Menu: This entity contains some MenuItems, with a
specific name and icon. It opens a PrimaryFragment on
touch.

• NavigationDrawer: Some NavigationItems are presented
in this entity. Each of them has a name, an icon, and opens
a PrimaryFragment on touch.

• Fragment: It consists of pages that can be loaded inside
the MainActivity. The user interface of each of these
pages should be modeled via the second metamodel. It is
linked with the user interface model via some Ids.

• PrimaryFragment: This entity presents pages that can
be loaded independently inside the MainActivity, via
the touch of a menu or navigation item. One of the
PrimaryFragments should be the homepage. This means
it is loaded upon the opening of the application. All of
these pages contain a list of items inside them.

• SecondaryFragment: Pages that are called via other
pages and cannot be loaded independently inside the
MainActivity are provided by instantiating this entity.

• CategoryFragment: In this entity, a page showing the
list of categories of products is presented. It opens a
ProductListFragment upon a touch of each category.
Additionally, it requires a CategoryAdapter for defining
the user interface of each category item inside the list.

8/15/2019 wooCommerceApplication class diagram.svg
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Fig. 4: Metamodel for the General Structure of WooCommerce
Application

• ProductSearchFragment: A page for searching products
by their names is provided in this entity. It opens a
ProductDetailFragment upon the touch of each search
result. A ProductListAdapter is also needed for defining
the user interface of each product item inside the list of
search results.

• CartFragment: This entity presents a page that shows
the items in the customer’s shopping cart. It opens a
CheckoutFragment upon the click of the ”Checkout”
button. It needs a CartAdapter for defining the user
interface of each cart item inside the list. Furthermore, it
opens a checkoutFragment upon the click of the ”Place
Order” button.

• ProductListFragment: This entity corresponds to a page
showing the list of the products of each category. It needs
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Fig. 5: Metamodel for the User Interface of WooCommerce
Application

a ProductListAdapter for defining the user interface of
each product item inside the list.

• ProductDetailFragment: In this entity, a page showing
the name, price, and description of each product is
presented. It adds the product to the customer’s cart upon
the click of the ”Add to Cart” button.

• CheckoutFragment: A page for the customer to enter
their delivery information and placing the order is pro-
vided in this entity.

Some other Android application concepts, including internet
permission, are required to produce the final application; how-
ever, those concepts are not presented in this metamodel. This
is because the authors believe there is no need to customize
these entities for each application, and the identical code is
generated every time.

Figure 5 presents the metamodel for the user interface in
the WooCommerce application. The description of each entity
of the metamodel is described below:

• ConstraintLayout: This entity presents a layout for
laying out views based on their relative positions.

• ConstraintLayoutChild: Each ConstraintLayout con-
tains some children inside it. Additionally, each child is
displayed on the screen based on its constraint from four
directions: up, bottom, left, and right.
For example, consider having an ImageView and a
TextView inside a ConstraintLayout, and it is required to
have the textView on top of the page and the imageView
below it, both centered horizontally. The TopOfParent
attribute is set to true for the textView child. Following
that we set both LeftOfParent and RightOfParent to true
making the textView centered horizontally. The same

procedure is done for imageView. However, instead of
setting TopOfParent to true, we make a constraintTop
class with the textView as ToBottomOf reference and
imageView as constarintTop reference.

• Size: Each view has a width and height which can be set
to either match their parent, wrap their content (children),
match their constraint or custom sizes that are represented
in DP units.

• CardView: This entity is ConstraintLayout wrapped in-
side a card-shaped border.

• ListView: A view for displaying a list of items is pro-
vided through this entity.

• ImageView: This entity provides a view for displaying
an image, with a ScaleType that can be center, crop, or
FitXY.

• TextView: It is a view for displaying a text (label).
• EditText: This entity provides a view for displaying an

editable text by the user.
• Button: A view for displaying a clickable button is

presented in this entity.

B. Model-to-Code Transformation

In this section, we have a closer look at the model-to-code
transformation code, which is implemented in this research to
generate an Android application from the XMI model created
by the user in the graphical editor. Figure 6 presents a piece
of template of ”MainActivity” in the Acceleo transformation
language. This template is responsible for generating the
navigation drawer, its items, and behaviors in the application.
The ”for” tag is repeated for each of the ”NavigationItem”s to
create the corresponding list item in the navigation drawer on
the left side of the MainActivity page. This block of code sets
the title of the item, its icon and also sets the ”on click listener”
of that item which opens the primary fragment associated with
this navigation item.

IV. CASE STUDY

For investigating the applicability of the AWAG framework,
a web-based clothing store is designed using the provided
modeling editor in this research. In this store, products are
categorized into different groups. Figure 7 presents the design
of this case study using the graphical editor of the AWAG
framework.

This editor enables the users with basic knowledge of
modeling and MDE to create their web-store. The provided
elements of the editor correspond to class, attributes, and
relations of WooCommerce metamodel. The generated store
application has several pages. Those pages are instances of
”fragment” elements in the proposed metamodel, which has
the equivalent graphical icon in the modeling editor. The
first fragment is shown to the user upon the opening of the
application. To provide this element, the CategoryFragment is
selected from the tool. This page provides a list of existing
categories in the store. The corresponding application page is
presented in figure 8.

When the user touches each category, another fragment
is shown. In this case, the list of the products inside each
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drawer = drawer { 
toolbar = this@MainActivity.toolbar 
selectedItem = -1 
[for (item : NavigationItems |  

app.mainactivity.navigationdrawer.navigationitems)] 
primaryItem("[item.title/]") { 
icon = R.drawable.[item.icon/] 
selectable = false 
onClick { _ -> 

supportFragmentManager.beginTransaction(). 
replace(R.id.container,  
[item.primaryfragment.name/](),  
[item.primaryfragment.name/]).commit() 

false 
                } 
            } 

[/for] 
 

// Called when any drawer item is clicked 
onItemClick { _, position, _ -> 

Log.d("DRAWER", "Item $position clicked") 
false 

} 
 

onOpened { 
Log.d("DRAWER", "Navigation drawer opened") 

} 
} 

Fig. 6: A piece of template for ”MainActivity” in the Acceleo
Transformation Language

Fig. 7: AWAG Graphical Editor

category is presented. For identifying the list of the products
inside each category, the ”ProductListFragment” is selected in
the modeling editor. Figure 9 provides the list of the products
in the ”Tshirts” category in the Android application.

The generated Android application provides the user with
the ability to explore the store products, add them to their
shopping cart and place orders. Therefore, it has all the main
functionalities of E-Commerce mobile applications, and the
designer can even customize the user interface. The XMI
format of the model of provided case study, which is generated
automatically corresponding to the graphical elements of the
editor is presented in Figure 10.

V. EVALUATION

The quality of the AWAG framework is measured according
to the ISO/IEC 9126 quality model [22]. In this framework,
quality models are defined based on the general characteristics
of software, which are further refined into sub-characteristics.

Fig. 8: The Categories Page of The Android Application

Fig. 9: List of products in the ”Tshirts” category in Android
Application

Fig. 10: The XMI model of the web-store case study
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We have customized this framework and selected some Func-
tionality characteristics. Furthermore, Suitability and Accuracy
sub-characteristics are considered for measurement. Following
that, we have assigned sets of attributes to them to have a
convenient way of measurement. Table I presents the selected
criteria for measurement in this research.

Characteristic Sub Characteristic Attribute

Functionality Suitability Effectiveness
Development Time

Accuracy Correctness

TABLE I: Selected quality characteristics, sub-characteristics,
and attributes from the standard ISO/IEC 9126 quality model
for the evaluation of the AWAG framework

The Goal Question Metrics (GQM) paradigm is used to have
a systematic evaluation of attributes in this research. In this
paradigm, several goals are identified for measurement. These
goals are refined to a set of quantifiable questions. Following
that, a set of metrics is associated with every question. Each
attribute is considered as a goal of measurement and Table II
presents the corresponding questions and metrics of each goal.

The Functionality of the AWAG in the development of
WooCommerce application is compared to the conventional
development process by an expert user who is familiar with
Android and modeling technologies. The results indicate that
the development time has been dramatically decreased from
150 hours in a conventional method to 2 hours using the
AWAG framework. Additionally, a 100% correct and complete
Android code with no need for changes is reported. Table
III presents the results of quality characteristics after using
the framework. Table II classifies goals as low, medium, or
high to summarise the relative values of attributes. The results
indicate that the actual development time is low, while the
user has estimated to spend medium time on development.
In general, according to the response of evaluation, we can
conclude that the AWAG framework is appropriate in terms of
functionality to generate the WooCommerce application. It is
worth mentioning that in this metamodel, the related concepts
to WooCommere applications are presented and the general
concepts that are common in all M-Commerce applications
are omitted as already explained in Section 3.

VI. RELATED WORK

In [23] MDE techniques are used to generate automatic
mobile applications from the high-level abstraction. Different
model-to-model and model-to-code transformations are used

Goal Question Metrics
Effectiveness -Does the generated Android code

achieve the required H/M/L
functionalities completely?

Development - What is your estimated time of H/M/L
Time Development?

- What is the actual time of development? H/M/L
Correctness -Does AWAG generate correct code? H/M/L

TABLE II: The proposed GQM paradigm for the measurement
of the quality attributes of the AWAG framework

Goal Question Metrics
Effectiveness -Does the generated Android code H 3

achieve the required M
functionalities completely? L

Development - What is your estimated H
Time time of Development? M 3

L
- What is the actual time of H
development? M

L 3
Correctness -Does AWAG generate correct code? H 3

M
H

TABLE III: The results of GQM paradigm for the measure-
ment of the quality attributes of the AWAG framework

to accomplish this automation. However, a partial Android
metamodel is provided in this research, and therefore, the
generated code is not complete. Additionally, in [24], MDE
approaches are applied for the development of Android appli-
cations. No metamodel is provided in this research, and only
some parts of each Android application are developed using
model-to-code transformation. A modeling language and an
infrastructure for MDE of native applications in Android and
IOS are provided in [25], which allows a flexible application
development on different abstraction levels. However, the
provided metamodel is very general and not specific to a
particular platform and domain. Thus it is not a trivial task
to generate 100% executable code. Additionally, in [26], an
MDE approach for developing Android business applications
is proposed. The approach provides the users of the framework
with a graphical modeling tool that enables the users to model
the business classes of the application using the UML class
diagram. Following that, a set of model transformations is
provided to generate application code. However, using this
approach takes more effort to generate a WooCommerce mo-
bile application than the presented approach in this research.
There is no research in the community with a particular focus
on the development of WooCommerce application using the
MDE approaches.

VII. CONCLUSION

In this research, the AWAG framework for automatic gen-
eration of Android application from WooCommerce website
is developed. The MDE techniques are used for the devel-
opment of the framework and comprehensive metamodel for
WooCommerce applications is produced. The applicability of
the proposed framework is evaluated by developing a web-
based clothing store. The provided graphical editor enables a
user with basic knowledge of modeling to use this framework
and produce a 100% correct Android code. The functionality
of the AWAG framework is compared by using the con-
ventional development process for Android applications. The
result indicates a dramatic decrease in terms of development
time, while producing a correct and complete Android appli-
cation.
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