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Abstract—AngularJS is one of the widely used frameworks
for modern single-page web application development which is
designed to support dynamic views in the applications. To
further assist AngularJS developers, this research proposes how
the concept of model-driven development can be applied to
AngularJS-based development. We propose a UML profile for
AngularJS for building a model of an AngularJS web
application, and a set of transformations that transform the
model into a code template. The developer can then fill in the
template to make a complete workable web application. Also, a
transformation tool is developed to assist in constructing the code
template. Using a case study application, the evaluation in terms
of transformation rate shows that the automatically generated
code covers 87% of the complete code of the case study, which
means it could greatly help reduce development time.
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1. INTRODUCTION

Software companies have the needs to deliver software
products as fast as possible to stay competitive, and have to
find the way to reduce time to market while producing quality
software for customers. One response to such needs is the
concept of model-driven development that uses software
models to drive software development. OMG’s Model Driven
Architecture (MDA) [1] promotes model-driven development
through transformation of one software model into another
model. Software models can be at different levels, e.g.
Platform-Independent Model (PIM) level that is a software
model that represents business functions, Platform-Specific
Model (PSM) level that is a software model that focuses on
business functions implemented on a specific platform, and
code level. A model at one level can be automatically
generated from a model at another level based on a set of
transformations. This mechanism does not only help reduce
time to develop but also lower the risk of introducing bugs
during development and promote application portability.

The model-driven development concept has been applied to
development of various kinds of software, including web
applications. Web application technology has improved
significantly over time in such a way that a web application is
now much more like a desktop application, e.g. in terms of
performance. One technique to improve web application
performance in terms of response time is by creating the web
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site as a single page application [2]. In a single page
application, all code is retrieved with a single load of the page
or resources dynamically loaded to the page, without constant
reloading of the page or transferring of control to other pages.
Almost everything is done on the client side of the application.
One of the frameworks for building a web site as a single page
application is Google’s AngularJS [3][4]. Due to its popularity,
we see that applying the model-driven development concept to
Angular]JS-based web applications would largely benefit web
application development.

In this research, the development of web applications will
be driven by the models at the PSM level, i.e. the models for
the Angular]JS platform. We use the UML profile mechanism
[5] to extend UML for modeling AngularJS-based applications.
A web developer can use this UML profile for Angular]S to
build the design model of a web application. Based on the
proposed transformation templates, the developer can fill in the
code template that is generated from the model in order to
build a complete application. We also develop a transformation
tool and report an evaluation of the approach, using a financial
application developed by a large software company.

Section II of the paper presents some background and
related work. Section III describes the UML profile for
Angular]S and transformations for code generation which are
applied to a case study in Section IV. An evaluation is reported
in Section V and the paper concludes in Section V1.

II.  BACKGROUND AND RELATED WORK

A. Model-Driven Development and UML Profile

As mentioned previously, the model-driven development
concept, like MDA [1], can be used to generate software code
from the models. The development team can respond to
business requirements by first building a software model, e.g.
in UML, at the functional PIM level. This model can be
transformed into lower level models, i.e. the PSM level and
code level respectively, by using transformation tools that
recognize transformation rules. These rules define mapping
between the metamodels that are used to build the models at
the two consecutive levels. In this research, the UML profile
[5] is used to extend the UML metamodel to create a platform
specific metamodel for building PSM-level models. A UML
profile allows a definition of stereotypes (as specific
metaclasses denoted by << >>), tagged values (as specific
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metaattributes), and constraints, which altogether are used to
model software on a specific platform, i.e. AngularJS platform.

B.  AngularJS

Angular]S [3][4] is a popular JavaScript framework for
creating front-end single page web applications. It is designed
to support dynamic views which makes browsing the page
smooth like that in a native application. Important features are:

1) Model-View-Controller: This architecture separates the
application into three layers: (1) view corresponds to the user
interface shown on a browser, (2) model corresponds to the
data shown to the users on views, and (3) controller
corresponds to the logic to control the data shown on views.

2) Template: This is a group of HTML that is converted to
Document Object Model (DOM) for showing a user interface.

3) Two-way data binding: This is a mechanism for the
view to change with respect to the change of the model.

4) Dependency injection: This is a mechanism to let
Angular]S load all services completely before processing
anything.

5) Directive: This is a group of the templates that function
as programmed by the developers.

C. Related Work

Several approaches to UML-based modeling and model-
driven development for web applications exist. For example,
Huang et al. [6] propose a UML profile for modeling web
applications at the PSM level and have Servlets, JSP, and Java
code templates generated. Hsu [7] presents a UML profile for
web 2.0 mashups which is used in the model-driven
development of a web mashup that uses map and web feed
services. Kaewkao and Senivongse [8] base the generation of
their Google App Engine applications on the proposed UML
profile. Other researchers such as Mubin and Jantan [9] only
present a UML profile for modeling conceptual, navigational,
and user interface features of web applications, while Kataria et
al. [10] present a component-centric UML profile for modeling
web applications that use ASP, JSP, PHP, Servlets, and
JavaBeans technologies. Similar to these researches, we drive
the development of web applications by UML profile-based
modeling but target the AngularJS platform.

III. ANGULARJS-BASED MODEL-DRIVEN DEVELOPMENT

This section presents the overview of our approach, UML
profile for AngularJS, model-to-code transformation.

A. Overview

Fig 1. illustrates the overview of the approach. Given the
software requirements, a system analyst uses a UML modeling
tool to build a model for an application based on the UML
profile for Angular]JS (step 1). The model is exported to the
XMI format [11] (step 2) and is then used as an input to the
M2C (Model-to-Code) transcoder which is the transformation
tool that recognizes transformation templates (step 3). The
transformation result is the Angular]S source code template
(step 4). Given the code template, a developer will further fill
in the business logic to make a complete web application.

UML Profile
for AngularJS

Transformation
Templates

R Transformation
Tool

Enterprise Architect /
StarUML / MagicDraw

— Edit

M2C Transcoder

— — » Input

- Output AngularJS Source Code

Template

Fig. 1. Overview of the approach.

B.  UML Profile for AngularJS

The UML profile for Angular]S is depicted in Fig. 2 and
the definition of all stereotypes in the AngularJS domain is
listed in Table I.

<<metaclass>>
Class

L
|

<<stereotype>>
‘WebPage
i
[ | |
<<stereotype>> <<stereotype>> <<stereotype>>
ScriptLanguage AngularApp CSS
9
[ | ]
<<stereotype>> <<stereotype>> <<stereotype>>
Filter AppRouter Service
<<stereotype>>
AppView
[ ? 1
<<stereotype>> <<Binding>> <<stereotype>>
T t Controller
[ ? 1 ?
<<stereotype>> <<stereotype>> <<stereotype>>
MarkupLanguage Directive Scope (Model)

9

| ]
<<stereotype>> <<stereotype>>
DirectiveController| IsolateS

P

[
<<stereotype>>
DirectiveTemplate

|, <<Passing>>

<<Binding>> (T
<<stereotype>>
DirectiveScope (Model)

Fig. 2. Overview of UML profile for AngularJS.
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TABLE L. STEREOTYPES FOR ANGULARJS
UML L
Stereotype Metaclass Description
AngularApp Class Deﬁ_ne _the whole AngularJS
application
Define which view to be
AppRouter Class navigated to
. Define the whole user interface
AppView Class of the single web page
Represent  the  relationship
between Scope and Template. If
o _r Scope is changed, it will
Binding Association immediately affect Template
that is showing the Scope value
on the web browser.
. Function to process all business
Controller Artifact .
logic
CSS Artifact CSS tag on the web application
Directive Artifact AngularJS directive
DirectiveTemplate Artifact Partial HTML of Directive
DirectiveController | Artifact Fur.lct}onv to process all business
logic inside a directive
DirectiveScope Artifact Model to be used on Directive
Filter Artifact Function to format. any value of
AngularJS application
IsolateScope Artifact Mode! to be used inside
directive
HTML tag to render on the
MarkupLanguage Class client side
Association between
IsolateScope and
DirectiveController.
Passing Association | IsolateScope will pass the value
that is set from the Directive to
DirectiveController to process
any business logic.
Scope Artifact Model to be used on the
template
. JavaScript file to be used in the
ScriptLanguage Class web application
Shared functions to process
Service Artifact specific business logic across
Angular]S application
Template Artifact User interface of AngularJS
view
WebPage Class Web page that is sent from web
server

In this profile, the AngularApp stereotype denotes an
Angular]S web application. It can load a new view that a user
wants to see inside the Angular]S web application on the client
side by using AppRouter. AppRouter will control how to
redirect or navigate to other views. The view is modeled by the
AppView stereotype. If the user wants to navigate or redirect to
the new view, Angular]JS will load that view inside the
AngularJS web application without making a request to the
server to get the whole HTML to render on the web browser.
This mechanism will provide a smooth responsive user
experience similar to a desktop application. AppView appears
like a normal HTML tag but it can be divided into smaller
components called Directives, each for a specific purpose.

Directive uses the concept of the Model-View-Controller
architecture and comprises three parts. The first one is
DirectiveTemplate (View) which is the HTML to be shown to
the user. The second one is DirectiveScope (Model) which is a
model to bind with DirectiveTemplate (View), i.e. if the Model

is changed, the View is changed accordingly. The last one is
DirectiveController (Controller) which is a controller of
Angular]S to perform any business logic and set the value back
to DirectiveScope for showing on the screen. IsolateScope is a
property with a value that is assigned from outside the
Directive. The IsolateScope value will be passed to
DirectiveController for processing of certain business logic.

An important part of the AngularJS framework concerns
how to change the format of data before rendering to the
screen. This is referred to as Filter, and the Angular]JS profile
provides the Filter stereotype for this purpose.

C. Model-to-Code Transformation

A number of transformations are defined to map the
Angular]S metamodel (in Table I) to code. See Figs. 6 and 7 in
the next section. For simplicity, we define these
transformations in the form of AngularJS code templates, with
placeholders for the corresponding tagged values (i.e. values of
stereotype properties) in the model of the application which is
based on the UML profile for Angular]JS. These templates will
be addressed again when we apply them to a case study.

IV. CASE STUDY

We demonstrate how the UML profile for Angular]S and
the transformation are applied to a case of a large software
company that develops web applications for the financial
domain. The case study is a web application that shows a table
of stock quotes. Traders or brokers can monitor price
movement and compare the prices of different stocks in the
table. Fig. 3 shows the screen of this web application. The rest
of this section discusses the AngularJS-based model-driven
development that results in this screen.

First, a PSM-level model of the application has to be
designed based on the metamodel elements in the UML
profiles for AngularJS. Fig. 4 shows the overall model. The
Directive part (bottom left) of the model is further detailed in
Fig. 5. We describe some of the elements (those annotated by a
number) as follows.

This single page application is called “App” (1 in Fig. 4).
The “App” is an object that the AngularJS framework uses
across this web application. After we create an empty App, we
have to create a view to show inside the App. We create a view
named quotePrice, shown in stateName (2 in Fig. 4), for
showing the stock symbols and prices. Angular]S will
automatically add a prefix # to the stateUrl (3 in Fig. 4) to
navigate to the view, i.e. the URL becomes #/QuotePrice.

Menu

This is Quote Price Table component

Symbol Open High Low Close NetChg  PctChg

PEE 234.000 238.000 233.000 235.000 0.000 0.000%

TOP 59.000 60.250 58.000 59.000 - -

ADVANC 167.500 168.500 167.000 167.000 0.500

Fig. 3. Screen of case study application.
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<<WebPage>>
QuoteWebPage

title: ""Angular JS Profile App"
9

[ 1

<<Directive>>
QuoteTableDirective

9

[ 1

1
<<ScriptLanguage>> <<AngularApp>> <<CSS>>
QuoteAppScript QuoteApp QuoteAppCSS
sre: [ 1 | AppName: "App" href: |
"/js/app.js", ""/ess/bootstrap.css",
"'/js/models/Formatter.js", ""/ess/app.css"
"/js/controllers/quotePrice.js", 1
"/js/directives/quotesTable.js"
1
[ [
<<Filter>> <<Filter>> <<AppRouter>>
numberFilter percentFilter QuoteAppRouter
filterName: "num" filterName: "pct" stateName: "quotePrice" 2
filterParams: [ filterParams: [ stateUrl: ""/QuotePrice" 3
"input", "input",
::(}ef?ultlfslan'l'(", "del‘s;iultIfBlan'l'(", <<AppView>>
| lace’ | lace QuoteView
URL: views/ 5
8 9 quotePrice.html"
controllerName:
"quotePriceController" 4
[ |
<<Template>> <<Controller>>
QuoteViewTemplate QuoteViewCtrl
q : q ‘ <<Scope>>
SUERES SUES QuoteViewScope
QuoteTableDirective QuoteWrapper P
- itle”
6 | directiveName: h3: "title" l‘::;:: :.' "’?:llies s
"quotesTable" directiveName: "quotes-table" o
Quote Price Table
controller: component"
7 | "quotesTableController" <<h3>> P
templateUrl: "templates/ QuoteTitle
P "
directives/quotesTable.html id: "tie”
modelName: "title"

Fig. 4. Design model of case study based on UML profile for AngularJS.

As a server has to host all Angular]JS-related files (i.e.
Angular]S libraries, HTML, CSS, JavaScript) and respond to a
web browser request for the application, the server will
generate the prefix URL as
http://localhost:9999/App/QuoteApp. Therefore the full URL is
http://localhost:9999/App/Quote App#/QuotePrice.

The controller of this view is quotePriceController, shown
in controllerName (4 in Fig. 4), which performs business logic
and has quotePrice.html (5 in Fig. 4) as the view or user
interface for the quotePrice view. Besides, the quotePrice view
will add a Directive named quotesTable (6 in Fig. 4) for
showing the data in a table. The controller of this Directive is
quotesTableController (7 in Fig. 4) and the view or user
interface of this Directive is quotesTable.html. This directive
creates the whole table including the table header (e.g. symbol,
open, high, low etc.) for showing the stock symbols and prices.
In the quotesTable Directive, we add the AngularJS Filter (1, 2
in Fig. 5) to format the value of each cell before showing on
the screen. We also create a Filter called num (8 in Fig. 4) to
format the number value to 3 decimal digits. Another Filter is
called pct (9 in Fig. 4) which formats the number value to 3
decimal digits and appends a percent sign to the formatted
value. In the table in Fig. 3, the num Filter are used with Open,
High, Low, Close, and Net Chg columns, whereas the pct Filter
is used with the Pct Chg column.

The transformation tool receives the design models in Figs.
4 and 5 (in an XMI format) as input to the transformation. The
tool recognizes the transformation templates in Figs. 6 and 7.
The key component of each template is the placeholder
<<stereotype>>property Which will be replaced by the tagged
value of the stereotype property of the model element.

<<DirectiveTemplate>> <<DirectiveController>>
QuoteTableTemplate QuoteTableController
? name: "quotesTableController"
jist: |
<<table>> Shttp',
MainQuoteTable '$stateParams’
id: "qTable" 1
css: "table table-striped table-hover" ?
r <<DirectiveScope>>
<<tr>> <<tr>> QuoteTableScope
bodyRow headerRow scopeName: "items"
modelName: "items" ? scopeValue: "null"
————— [ ———1
<<td>> <<td>> <<th>> <<th>>
cellSymbol cellOpen JESymbol hdrOpen
o " D 0
modelName: "symbol" modelName: "open" EEXC DTG text: "Open!
—— | filterName: "num" )
<<td>> filterParams: ['-',3] <<th_>> e
cellHigh — hdrHigh hdrLow
1 filterName: "num" <<td>> text R Highi text: "Low"
modelName: "high" cellLow | E—
filterParams: ['--',3] filterName: "num" <<th>>
———1 | modelName: "low" hdrClose <<th>>
<<td>> filterParams: ['--',3] LTl hdrNetChg
cellClose — text: K Close text: "Net Chg"
!
modelName: "close" <<td>>
filterName: "num" cellNetChg <<th>>
filterParams: ['--',3] modelName: hdrPctChg
—— | "netChg" text: "Pct Chg"
<<td>> filterName: "num"
cellPctChg filterParams: ['--',3]

N

modelName: "pctChg"
filterName: "pet"
filterParams: ['--',3]

Fig. 5. Directive part of design model of case study.

The rightmost column of Figs. 6 and 7 shows the generated
Angular]JS source code template for the case study. More
business logic has to be added to the code to make a complete
stock quote application.

V. EVALUATION

In an evaluation, we determine the performance of the
approach in terms of transformation rate [6], i.e. the percentage
of code that can be automatically generated compared to the
complete code after the developer has filled in the missing
business logic for the application. Even though the
transformation rate can vary as it depends on the size and
complexity of the added logic, it can give an idea of how much
effort can be saved in the implementation of a particular
application. We measure the code size in terms of the number
of lines of code (LOC). The LOC of the code generated for the
case study application is 95. We have six developers, each with
experience in Angular]JS, add necessary code to the generated
code template to make a complete application. The results are
shown in Table II. The generated code covers between 84-90%
of the complete code for the more- and less-experienced groups
respectively, i.e. around 87% on average.

TABLEII. EVALUATION RESULT
Experience Average % of
Average
Manually Total LOC Manually
Added LOC Added LOC

3 years or more 1 105 10%
(3 people)

Less than 3 years 13 13 16%
(3 people)
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| AngularJS Profile | Model Transformation Templates Source Code from case study
<<stereotype>> <IDOCTY PE html> <IDOCTYPE html>
WebPage <<WebPage>> <html lang="en-US"> <html fang:"en-lSS">
QuoteWebPage <head> <head>
- - <title><<WebPage>>;jo</title> <title>Angular JS Profile App</title>
title: ""Angular JS Profile App" ol Lttt
<<st type>> . - - :
stereotype <<ScriptLanguage>> <script sre="<<Scriptl anguage>>yc"></seript> | | <Scriptstc="/s/app.js"></script>
ScriptLanguage 5 ALC
QuoteAppScript

src: "'/js/app.js"

<<stereotype>>
CSS

<<CSS>>
QuoteAppCSS

<link rel="stylesheet" href="<<CSS>>j .. ¢'>

<link rel="stylesheet" href="/css/app.css">

href: "/css/app.css"

<<stereotype>>
AngularApp

<<AngularApp>>
QuoteApp

AppName: "App"

var <<A[1gu ar A[212> AppName =
angular.module(
'<<AngularApp>> 4, Name'-
['ui.router’,'F ormatter']

):

var App = angular.module(
‘App',
['uirouter',Formatter']

<<stereotype>>
Filter

<<Filter>>
numberFilter

filterName: "num"
filterParams: |
"input",
"defaultIfBlank",
"decimalPlace"

Formatter.filter( <<Filters>>f|terName'»
['$filter', function($filter) {
return function(S<Filters>>fj|(erParams) {
return null;

3
)

Formatter.filter('num',
['$filter', function(S$filter) {
retum function(input, defaultlfBlank, decimalPlace) {
retum null;
3
)i

<<stereotype>>
AppRouter

<<AppRouter>>
QuoteAppRouter

stateName: ""quotePrice"
stateUrl: ""/QuotePrice"

$stateProvider.state( <<AppR outer>>gt» e Name'»

{
1

url: '<S<AppR !2]]1§E>>W',
templateUrl: templates/views/quotePrice.htm[',
controller: 'quote PriceController'

b

$stateProvider state(quotePrice', {
url: '/QuotePrice’,
templateUrl: 'templates/views/quotePrice html',
controller: 'quotePriceController

13

<<stereotype>>
Service

<<Service>>
QuoteAppService

serviceName: """

App service(=<Service=>serviceName's
[== s;;mj_g;;>>d ependencyName-
function(==Service=>dependencyName) {

dependencyName: """ return {
functionName: """ =<Service>>f) netjon Name*
i .
functionParams: fune tion(<=Service > . Y
return null;
}
IS
1):
<<stereotype>> eProvide g ice' . .
AppView <<AppView>> 55131‘:??/‘8‘::"‘:'?{&9“°l°P”“ A $stateProvider state('quotePrice’, {
QuoteView ’ ? url: '/QuotePrice!,
templateUrl: '<<ApPPVIiews>>template Ur]'s templateUrl: ‘templates/views/quotePrice.html',
templateURL: "templates/views/ controller: '<<, iewss> . controller: 'quotePriceController
- ' <<ApPViews>>¢contro llerName
quotePrice.html" s s
controllerName: ’
"quotePriceController"
<<stereotype>> App.controller(‘quotePriceC ontroller’,
Controller <<Controller>>
. << >>, -
QuoteViewCtrl [==<Controller>>dependency Name-
function(==Controller>>dependency Name) {
dependencyName: ""' /*Coding any business logics here .*/
}
D:
App.controller('quotePriceController’,
<<Ste§e0type>> <<Scope>> App.controller('quotePriceController’, PP ['$scope’ (a
cope QuoteViewScope ['Sscope’, scope,

name: "'title"
value: "This is Quote Price
Table component"

function($scope) {

$scope. <<§(‘nne>>u,i me= <<§(‘nne>>1 alue;

}
s

function($scope) {
$scope.title = 'This is Quote Price Table
component’,
}
1:

Fig. 6. Transformation templates and example of generated source code for case study (part 1).
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AngularJS Profile | Model | | Transformation Templates | | Source Code from case study
<<stereotype>>
Directive <<Directive>>
QuoteTableDirective App.directive(<<Directive>>iociveNg me' [function()
{ App.directive('quotesTable,
directiveName: "quotesTable" return { [function() {
templateUrl: "templates/ restrict: 'A’, return {
directives/quotesTable.html" replace: true, restrict: 'A',
controller: scope: { replace: true,
" " <<IsolateScope>> . <<IsolateScope>> scope: {1, L
quotesTableController ! fame.- value templateUrl: 'templates/directives/
<<stereotype>> ’ o quotesTable.html',
IsolateScope <<IsolateScope>> templateUrl: '<<Directive>>0pigte Url's controller: 'quotesTableController
QuoteTablelsolateScope controller: '<<Directive>>-pnrroller '])?;
s1)s
I
name: "" s
value: ""
<<stereotype>> t oot
5 ~ .ereo ype <<D1rectlve(]?nﬁ?ﬂer>> App.controller(quotes TableController',
DirectiveController QuoteTableDirectiveCtrl o
(=<DirectiveController>>de pendency Name:
. . App.controller('quotesTableController',
dependencyName: '$scope’, 'Shttp' function(<<DirectiveController>>dependencyName) ¢ ['Sscope’, 'Shitp'
/*Coding any business logics here .*/ function($scope, Shttp) {
<< >: . $scope.items ="',
S <<DirectiveScope>> $scope.=< >>name™ \ P
DirectiveScope TableDirecti S
QuoteTableDirectiveScope <<DirectiveScope>>yalue: D;
}
name: "items" D;
value: ""
<< >:
3 ste.emotype g <<DirectiveTemplate>>
DirectiveT emplate TableDirectiveT I
QuoteTableDirectiveTemplate <div id=<<DirectiveTemplate>>;/</div>
id: "n

Fig. 7. Transformation templates and example of generated source code for case study (part 2).

VI. CONCLUSION

This paper supports the model-driven development concept
and proposes the UML profile for AngularJS and
accompanying transformation templates that can be used
respectively to model and generate code for Angular]S
applications. The evaluation, using a simple case study
application, reports that the approach can reduce the number of
lines of code that has to be manually incorporated into the
application to around 13% on average (i.c. 87% automatically
generated). Even though time still has to be spent on the
modeling activity, we obtain the models as valuable
documentation that can help reduce coding time of the whole
web applications. Generally, this can also lower the risk of
introducing bugs during development. For future work, a more
extensive evaluation is planned for applications of different
size and complexity. An extension to the proposed UML
profile would be to support modeling of applications in a
specific domain. For example, a UML profile for AngularJS
for the financial domain should comprise metamodels that
correspond to the existing financial metamodel.
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