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Abstract

Cross-platform development frameworks make it possible to develop
web applications for multiple platforms with just one code-base.

The aim of this thesis is to determine which kind of framework is best
suited to bring a web application targeting desktop browsers to the mo-
bile platform. This includes being able to use already developed web
components.

The evalutation was done by first selecting six frameworks from two
different choices of cross-platform technologies. Then a literature study
was done to select one framework from each technique for which a pro-
totype for Trimmas application INSIKT was developed.

Performance tests of the prototypes together with the literature study is
then used to determine which kind of frameworks are to prefer when
bringing a web application targeting desktops to the mobile platform.
This is done with, in particular, INSIKT but as well for general appli-
cations in mind. From this we have successfully determined the best
choice for INSIKT as well as key points when selecting a framework to
use for other applications.
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1 Introduction

The market for smartphones and tablet is an ever growing market and the future for ap-
plications for this kind of devices looks very promising. According to Gartner[15] tablets
is predicted to make up about 40% of the computing device market for 2016 and mobile
phones to make up 80% of the total device market. Since Gartner predicts that by 2018
50% of the users will prefer a tablet or a smartphone first for all online activities[16] and
move away from PCs, it is about time for software companies which have yet not set up a
plan for this mobile growth to do so.

At the same time a lot of software companies have spent a huge amount of money and
man hours in developing their desktop applications. Starting up additional development
teams for the mobile application means that a lot of money have to be invested to bring the
application to the same standard as the desktop version. Then the company needs to keep
two or more projects alive at the same time which increases the cost of development.

But for companies who have made their application targeting desktop browser using tech-
nologies like HTML and JavaScript there might be a way to avoid this situation. So in this
thesis I look at the possibilities to transfer a desktop web application to the mobile platform
and evaluate which cross-platform technology and framework that is the best choice for a
company which already has developed web-components to bring their application to the
mobile platform.

1.1 Trimma

This thesis is done in cooperation with Trimma1. Trimma is an IT-company who develop
and distribute a market-leading software solution for business intelligence called INSIKT
as well as a tool for rent calculation for real estate owners called POÄNGEN. Trimma was
established 2003 in Umeå but has since then grown to be present all over Sweden with
offices in Sundsvall and Gothenburg.

INSIKT is a web-based front-end solution for business intelligence. The solution is based on
the market leading BI-platform from Microsoft, Analysis- and Reporting Services. INSIKT
is today made for the desktop environment but Trimma is looking for a solution to bring
this application to the mobile environment with minimum effort.

1http://www.trimma.se/
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1.2 Related Work

There exist plenty of work and reports on best practices, different technologies and such on
which is the best way to go when to develop a mobile application.

Sommer was in his master thesis focusing on the comparison between cross-platform frame-
work and native development[36]. The business situation on the other hand is similar since
his work is from a business perspective first and not on pure functionality and feeling. Parts
of this work is related to the work of this thesis but the focus of Sommer’s thesis is on a
completely new application without the need to be able to use other components and legacy
code.

Öberg was in his master thesis going for a similar approach as Sommer in comparing cross-
platform frameworks and comparing how they perform compared to a native application[45].
The key difference here is that Öberg focused purely on which cross-platform approach that
is best since native development was not part of the evaluation itself. His evaluation on the
other hand was based on an application with need for native functions (GPS,microphone,
etc). A similar approach is being taken in this thesis but with the focus on bringing a desktop
web-application to the mobile platform without the need for native functions.
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2 Mobile Operating System

The first commercial handheld phone was the Motorola DynaTAC 8000X which hit the
market in 1983. It was a bulky phone which also went by the name ”the Brick”. It allowed
the user to make calls and it had a built-in contact application in the operating system[19].

Before this time the mobile phones could not really be considered mobile since they were
huge units that weighed close to 10 Kg in the beginning of the 1980s and they had to be
carried around in bags[27].

The cell phones continued to develop and got smaller, and better batteries allowing for
longer lasting calls. In 1994 The IBM Simon was released and is considered the first smart-
phone which featured software applications and touch screen[13].The first smartphone also
means the first mobile operating system(OS). The IBM Simon’s underlying OS was DOS
with an additional user interface on top of that. With the help of a type 2 PCMCIA card it
allowed the user to add additional software[11].

In the early 2000s, the next big breakthrough occurred, Symbian entered the market. Sym-
bian was a joint venture between the companies Ericsson, Nokia, and Motorola and were
the OS these companies used in their phones and it played a key role in the early smart-
phone market[30]. Two years later Blackberry OS for smartphones entered as well. When
Symbian had its greatest success on the consumer market, Blackberry had its success on
the enterprise market, making these two operating systems the dominating factors of this
smartphone era[44].

In 2007 the market was revolutionized again. This time by Apple who released the first
generation of its iPhone with the associated operating system iOS. Even though the iPhone
was lacking features compared to its competitors it offered a new kind of experience to
its users. With a wide touchscreen, maps, web browser, almost as capable as a desktop
browser and a simple but powerful user interface, the iPhone became a success. In 2008
Apple introduced App-store with an iOS update making it easier than ever to browse and
install third party applications to the phone just by using the device itself[32, 40].

In 2008, Google joined the market with the first version of Android[18]. Google had bought
Android Inc in 2005 when they’ve decided to invest in the mobile market[17]. Instead of
doing as Apple and release the OS with the hardware, Google is letting other manufacturers
take care of the hardware and focuses on developing the software. Because of this Android
exist on smartphones and tablets with several different specifications and screen sizes.

2.1 Today’s market

Today’s market for smartphones and tablets are mainly using Apple’s iOS and Google’s
Android. Microsoft has also joined the race with its Windows phone OSs. There also exist
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several smaller OS on the market. Some of them are from the past and slowly fading away
and some of them are hoping to be the next big thing.

OS iOS Android Windows Phone Others
Company Apple Google Microsoft -

Tablet share 24.5% 67% 8.5% -
Phone share 15.8% 81.2% 2.2% 0.8%

Table 1: OS market share of smartphones and tablets by sales 2015[39, 38].

As we can see in Table 1 it is Apple and Google that dominates the market and it is Google
that comes up on top. Apple has been the first one entering both markets but Google has
caught up and has several manufacturers using their system and it exists devices running
Android in a wide price-range. Microsoft has been able to take some market shares, es-
pecially in the Tablet market but is still struggling on the smartphone market. The other
alternative OSs still have a very small market share and they are not considered anymore in
this thesis

2.2 Android

Android is as previously stated owned and developed by Google. It is an open source project
meaning that the source code is released for anyone to review. When used in devices it
usually contains proprietary components such as accessing Google services. This means
that all of the code running in a device is not publicly open for revision. Android is based
on the Linux kernel but designed to be running on mobile devices with touchscreen.

Figure 1: The layers of the Android software stack[21, 35, 9].

The Android stack as we can see in Figure 1 is an overall system architecture defining the
larger parts of the Android system. Most of these are not accessed by a developer but can
bring knowledge to how the system works. It consist of four layers.
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Linux kernel

The Linux kernel is at the bottom of the Android software stack. It is the foundation upon
which Android is built and it provides hardware abstraction, memory management, security
settings, and power management to name some functionalities. This level is not something
a user or a software developer will interact with directly.

Core libraries

The next layer is the core libraries. This is made up of two larger parts being the na-
tive libraries and the Android core libraries. The native libraries is a set of libraries han-
dling a wide variety of things. It contains libraries for both 2d and 3d graphics, secure
socket layer(SSL) for secure communications, media codecs, SQLite, a web browser en-
gine(WebKit), and more. These libraries are written in C and C++ and are communicating
with the Linux kernel and will not be accessed directly by a developer.

There is also a set of Android core libraries which is a set of java-based libraries. These
libraries is not doing much of the work but is instead calling the corresponding native library
to perform the work.

Android runtime

The runtime environment is what makes it possible to run the code. It takes care of things
such as sending instructions to the computers processor and memory or other system re-
sources. Android uses virtual machines as its runtime environment to be able to run the
Android applications apk files. This is beneficial for a couple of reasons. One of which
is that it supplies isolation between applications and between an application and the core
system. So in case of an application failure it does not crash the entire system. The other
one is that it allows for cross-compatibility between different sets of platforms.

For a long time Android has used the Dalvik Virtual Machine(Dalvik) as it is virtual ma-
chine but has recently switched over to Android RunTime(ART) as its primary runtime.
The difference lies in executing the application. ART make us of ahead-of-time(AOT) com-
pilation and Dalvik uses just-in-time(JIT) compilation. For newer devices this is said to
improve performance. Both of them runs the Dex format so applications are supposed to
work on both runtimes [22, 41].

Application framework

The next layer is the application framework, which provides services that manage the way
applications are run. This includes life cycle management, content sharing between applica-
tion, location management by GPS, or cell tower to name a few. It provides a lot of utilities
that are needed by developers.
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Applications

The applications are at the top of the stack. Both the standard applications like the dialer or
SMS client and the third party applications that the users install by themselves, are part of
this layer.

2.3 iOS

iOS is the OS used by Apple in its mobile devices such as iPhone and iPad. It is distributed
exclusively for Apple hardware and is a closed source project meaning that people outside
the company have no access to the source code.

Figure 2: The layers of the iOS system architecture[14].

As seen in Figure 2, the iOS system architecture also consists of four layers. Just as with
Android it is the top layers that are most commonly used by developers. The layers are built
upon each other, so for specific tasks and optimization the lower levels might be used by
developers as well.

Core OS

The first layer is the Core OS. This layer contains the systems kernel environment which
is based upon the Mach kernel, which is also used by Apples computer OS (OS X), and
drivers. It contains several low-level frameworks such as specific calculations, security, and
networking.
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Core Services

The Core Service layer contains several core service frameworks as well as high-level fea-
tures. Some of these features is iCloud storage, data protection and file-sharing support.
The core frameworks contains interfaces such as system configuration, data management.

Media

The media layer provides most of the core technologies such as graphics, video, and au-
dio. Everything that involves drawing on the screen or reading or writing different image
formats are supported by this layer. There are also frameworks to help implement these
technologies.

Cocoa Touch

The Cocoa Touch layer contains the most used frameworks for developing iOS applications.
It contains high-level features and frameworks that help with this task. One of these is for
example the UIKit that contains essential infrastructures such as app management, user
interface management, and touch management. Other frameworks in this layer allow you
to add push-notifications, maps, and events.

2.4 Windows Phone

Windows Phone(WP) is Microsoft’s mobile device OS. It is the successor of Windows Mo-
bile which was the OS Microsoft used for cellphones and pocket PC’s. Windows Phone
was first released in 2010. With WP Microsoft attempted to have a greater connection be-
tween its desktop OS and the mobile device OS and the two of them share parts of their
architecture.

Figure 3: The layers of the Windows Phone system architecture simplified[14]

The Windows Phone system architecture, as we can see in Figure 3, differs a little bit from
the others and only has three layer. The architecture is made this way because of the close
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connection to the desktop version of Windows. With this design it is possible for Microsoft
to share parts of the two OSs with each other[29, 28].

Kernel

The first layer is as we can see the kernel layer. This kernel is based on Windows NT
which is the kernel that is used in Windows 8. The kernel takes care of low-level security,
networking, and memory management functions to name some.

Windows Runtime

Windows Runtime(WinRT) is a set of APIs to handle and access system services, media,
sensors, and file system. WinRT consist of two parts, Windows-specific APIs and Phone-
specific APIs. Since Windows 8.1 these APIs are shared to over 90% which makes it easier
to develop for both platforms[28].

Application

The application layer is where the developed application itself is running. Microsoft support
for this layer consists of WinJS, Windows XAML, and DirectX, which are all Microsoft
related technologies and allows access to the WinRT layer.
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3 Mobile application development

Mobile application development is something that has grown immensely since the intro-
duction of the current generation of smartphones. There are a few key differences between
desktop application development and mobile application development. When developing
for mobile devices it is important to keep in mind that the devices are more limited when it
comes to computing power, memory, and battery power. This limit is of course getting less
important over time with better hardware, but compared to normal desktop development
this is worth taking into consideration. Especially since optimizing the application also can
help lower the power consumption by not using battery-draining resources more than it have
to[43].

The other part to take into strong consideration when developing mobile applications is
that there is a huge amount of different mobile devices out there with different OS and
OS versions as well as sizes, hardware specifications, and features. So making a mobile
application that the majority of the users should be able to use involves a lot of testing to
make sure everyone get the same experience[33].

There are mainly two different approaches to develop mobile applications for multiple plat-
forms. The first one is the native approach and the second one is the cross-platform ap-
proach.

3.1 Native applications

A Native application when speaking of mobile development means an application developed
using the software development kit (SDK) provided by the distributor of the OS in the
language they have decided. This means that you have full control and that you can access
all the features that are provided by the SDK. The code is then compiled and is able to run
without any overhead other than the one that is provided by the OS.[24]

The benefit of this approach is that you get a good performing application with a look and
feel of a typical original application of the OS.

The drawback of this approach is that if you want to cover a greater part of the mobile
market you will have to develop at least two or three different applications in different
programming languages. This is a cost factor that a lot of small companies are not ready to
take. Since it is not possible to make use of web technology this approach is not considered
in this thesis.
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3.2 Cross-platform applications

Cross-platform development means to develop using a technology that allows to develop
an application one time and then distribute it over several platforms. This is a good way
to get a mobile application out to several different OSs not having to keep several different
development teams going. Another potential benefit that cross-platform frameworks pro-
vide is version independence. An OS get changes and updates regularly. With the abstract
layer of these frameworks pushes this problem away from the development team and onto
the developers of the framework who have this as their main focus.

The drawback of this is that depending on which approach that is taken there might be some
overhead of the application making it slower than a native one. Another potential drawback
which is also part of the benefits above is that when a new version of the OS comes out it is
up to the distributor of the technology to upgrade and support the new version and include
new features added. This might take time and users of the framework are depending upon
them. And also if aiming for a native look and feel of the application this might be hard to
achieve without a lot of extra work on the interface components. This is heavily depending
on which technology that is used.

There are several ways to categorize different cross-platform approaches. In this thesis they
are categorized as cross-compilation, hybrid-web, or a mobile web approach, which has also
been done in[36, 45, 37].

3.2.1 Cross-compilation

The typical case of cross-compilation frameworks is that the framework supplies an API for
the mobile technologies for a more popular single programming language like C#. This API
provides an abstract layer to the mobile OSs functions and features so that it is possible to
access these without the native SDK. When the code is completed the framework compiles
the code to an executable application on each of the systems it support. This way one code
base can be distributed to several platforms.

A Framework with this approach is for example Xamarin1 which uses C# as its development
language. This approach is not considered any further in this report because the lack of
support for web components.

3.2.2 Hybrid-Web

A hybrid web application, also called web app, is a category of frameworks that makes use
of the HTML, CSS, and JavaScript technologies. The hybrid application is running inside
a wrapper that utilizes the platforms WebView. Exactly how these WebViews work differs
between OSs but essentially it allows applications to display web content inside themselves.

The frameworks that utilizes this technology supply APIs to access the functionality that
the phone provides. This way it is possible with just the framework and JavaScript to access
the phones hardware such as camera or GPS. This means that you can use the same code for
the native functions no matter if you are using Android or iOS, since the framework handles
the translation to the native function calls when it is compiled.

1https://xamarin.com/
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Most of the framework in this category supply their own tools for implementing a User In-
terface(UI). But since the technology is based on HTML, CSS, and JavaScript it is possible
for the developer to modify this freely or use another UI framework for web.

Figure 4: The Structure of a PhoneGap hybrid web application.

Figure 4 shows an overview of a hybrid web application. The framework compiles the
application and put it inside a native wrapper for each OS. This native wrapper runs the
WebView component and also what is called a bridge with its libraries that makes it possible
to access the native functions of the device with JavaScript. With this approach everything
that belongs to the phone is stored on the mobile device.

3.2.3 Mobile web

The mobile web approach makes use of the smartphone’s or tablet’s browsers. There is not
a single application that has to be installed on the device, instead it is a web page that is
adopted to fit the screen of the device itself. Every mobile devices today have a web engine
and a browser which means that this approach reach every potential customer. The benefit
of this approach is that any updates to the web pages are instantaneously. The drawback
of this approach is that it requires even more testing since it exists plenty of different web
browsers, so to have full coverage it is needed to test the different browsers on different
systems.

Apart from the framework specific technology in the Hybrid web applications it uses the
same technology. Namely HTML5, CSS, and JavaScript. The framework in this category
supplies functionality and UI design for a simpler work process with the mobile platform.
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Figure 5: The Structure of a mobile web application.

Figure 5 shows that a mobile web application is not stored at the mobile device at all. Instead
it is stored at a web server and when a user wants to access the application it goes through
a browser that is installed on the device. As we can see there is no way to reach the native
functions and it is not possible to use the application offline at all. Most mobile OSs allows
the user to store a web page as a bookmark on the home screen to make it just as easy to
reach as any other application.
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4 Comparison methodology

As stated in the previous chapter there is a lot of different technologies one can use to
develop a mobile application. But in this thesis we are looking at the best practice to bring
a desktop web application to the mobile platform. Because of this only two of them are of
interest for their use of web technology. They are hybrid and mobile web.

To evaluate these two categories of frameworks the evaluation is divided into two steps. The
first part consist of a literature study to select a top framework candidate in each category.
In the second step, the sample business application is implemented with the two selected
frameworks. These two are then evaluated to find which one is most suitable for bringing a
general web application, and in particular the software INSIKT, to the mobile platform.

4.1 Selecting frameworks

For both hybrid and mobile web there exist several frameworks. In the most basic form
their goal is the same, to supply the technology needed to develop a well functioning mobile
application that works on different platforms.

Studies on this topic have already been done. Sommer presented[36] a model of require-
ments for evaluating mobile development tools. Similar work has also been done by several
others[20, 23, 31] and these will be the foundation of the criteria that are to be used in this
thesis.

The performance is not evaluated, instead the focus is on what the frameworks provides and
how they look from a business point of view. There are three main criteria that are consid-
ered in the evaluation. They are functionality, developer’s perspective, and supportability,
cost, and risk.

4.1.1 Functionality

The most important aspect of the functionality is that it is possible to re-use external and
already developed components. Since this work is about bringing a web desktop application
to the mobile platform the existing components are developed with web standards such as
HTML, CSS, and JavaScript[42].

In the evaluation done in this report there is no need to access device specific functions such
as camera, GPS, or NFC . But of most importance is the support for touch and multi-touch
gestures. The user need to be able to use the application with his fingers as it is expected for
a mobile application to work. So even if not all device specific functionalities are needed it
still need to be considered how well the framework support this functionality.
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Security is of high priority when it comes to a business application. The data that is stored
within the application and sent between the application and the server need to be secured.
For example it should not be possible to access the data from another application used on
the device. So how the distributor of the framework handles the security issue is of high
importance.

The possibility to use the application offline is not of the highest importance, but still a very
useful functionality to have. If the user is able to prepare documents in advance the possi-
bility with offline storage allows the user to access and view these documents anywhere. It
is not a requirement but a feature that might be nice to have.

Creating a GUI can be very time consuming and for a business application it is preferred
to have the same graphical profile as the one that is used by the company elsewhere. But
even so, it is preferred to have support with GUI elements. So whether or not the framework
provides tools for the GUI creation will be evaluated .

Another criterion is how extensive or customizable the framework is when it comes to com-
mon features such as web service access and/or how easy it is to add extensions to fulfill
these requests.

So in short, the parts that will be considered in this functionality criteria are:

• Use of external components

• Touch/device specific functionality

• Security

• Offline support

• GUI tools

• API/Extensions

The most important criterion is the possibility to easily make use of the external already
developed components. The importance are then listed in a descending order.

4.1.2 Developer’s perspective

The developer’s perspective is of most importance when evaluating the frameworks. It is
the developers that will be the ones working with the framework and if it is nothing but
trouble it will result in that nothing will be done or that the application will be poorly done.
So a good support for the developers results in smooth development and good control over
the application.

One of the most vital resources when it comes to using frameworks is the documentation.
So for each framework that is considered the extent to which the documentation is covering
the framework will be a huge factor in the ranking.

Another really important feature for developers, if it is supposed to be worked at by several
people, is how the project is set up. Does the frameworks project set up so that it is possible
for several developers to work at different parts and does it use any specific design pat-
terns such as Model-View-Controller(MVC)/ViewModel(MVVM) to help with this? These
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design patterns is a way to organize the structure and code to divide it up into three inter-
connected parts for a better overview and easier code management. If it is complicated to
share work it will also affect the development of the application.

For every major programming language there exist several IDEs that can be used to help
the developers work faster and find errors while developing. Therefore the support for
development environment is evaluated. Do they supply their own IDE or do they supply
plugins to use in any of the major IDE’s for that programming language. For developing
speed this is of big importance since many minor errors are removed on the go and it helps
keeping track of the project.

Another part that is related to the documentation is examples and introduction to the frame-
work. In this evaluation this is going to be a important factor too. If it is easy to get new
developers to understand the framework it is easy to get the application development started
and especially easy transfer the project to new developers.

Being a cross-platform framework means that the application is supposed to be delivered to
several different platforms. For the mobile web frameworks this is of less importance since
it is just to upload it to a web server and it is accessible by all devices with a browser. But
for the hybrid web apps this does matter. How much support does the framework provide
to compile and distribute the application to the platforms it supports. Poor support means a
lot of work for the developers which instead could be used to improve the application.

So to summarize, the criteria of the developer’s perspective are:

• Documentation

• Setup/Design pattern

• IDE/Plugin support

• Examples/Introduction

• Deployability

The support for developers is a huge matter when it comes to cost as well. If it is com-
plicated and a lot of extensive work for small progress it will mean a lot of resources have
to be put into the development which in turn means increasing cost. The list above is the
ranking of the considered criteria in a descending order.

4.1.3 Supportability, Cost, and Risk

Cost and risk are of the greatest importance for a company. It should not be any different
when looking at new technologies. It is not only what kind of features or what the frame-
work provides for the developers, but also how the framework works on a business level
that is important.

A very vital factor is how stable and mature the framework is. New technologies and frame-
works are introduced all the time and usually comes with the promise to be the next big
thing. But very few of the frameworks actually succeed and if a company actually decides
to go with a framework they want it to continue to develop. Also a mature framework that
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has been around for some time often comes with more support from forums and guides as
well as it is easier to find developers that are experienced with the technology.

Another factor is to look up who is behind the framework. Is it a single company or any
other institution? And how are they supposed to benefit from developing the framework and
how easy is it to change to another framework? This is important because of the risk for
lock in. Investing in a technology that later on start adding extra costs and at the same time
prevent the change to another framework could be a really expensive journey.

Important to know is also if the framework comes with any cost or license that affects how
the framework is allowed to use. There exist several open-source licenses as well, but they
might be limited for commercial usage. To be clear on the cost and restrictions is very
important.

For hybrid web apps it is also of interest to look at which platforms the technology sup-
ports. The most important platforms are of course iOS and Android and preferably Win-
dows Phone as well. But even other platforms might be supported which would increase
the amount of available customers.

To sum up, the following criteria for supportability, cost, and risk are considered:

• Long-term stability/maturity

• Risk/lock-in

• Cost/License

• Supported platforms

The risk and cost is an important factor. It might still be valuable to pay for licensing if the
technology is great and well developed. But it is important to avoid risks and costs that is
not possible to predict. The list above is ranked in a descending order.

4.1.4 Summary

Features Developer’s perspective Supportability, cost and risk
• External components • Documentation • Long-term stability/maturity
• Device specific functionality • Setup/Design pattern • Risk/lock-in
• Security • IDE/Plugin support • Cost/License
• Offline support • Examples/Introduction • Supported platforms
• GUI tools • Deployability
• API/Extensions

Table 2: Summary of critera to be evaluated.

Table 2 summarize of all the criteria that are used to evaluate and select the frameworks for
further evaluation. The evaluation is done with information from the different distributors
of the frameworks as well as information that can be found on different developer forums.

The factors we look at will be graded with good, satisfactory, and poor. From this a frame-
work of each category is chosen.
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4.2 Prototype Tests

The two selected frameworks are used to implement a sample business application which
is explained in the next section. These implementations are tested with respect to their
performance in the same manner as done in [23, 20, 31, 36].

The first metric that is evaluated is the memory usage. Since the mobile web application
wont be installed on the phone, the memory size is the collected size of the files accessed
or created by the application. The majority of all browsers cache most of this data anyway,
so after the application is used the first time this corresponds to the amount of data stored in
memory.

Something that has always been of importance with mobile applications is data traffic. Most
mobile units comes with a data plan and if not connected to a WiFi this is usually limited.
The amount of data that needs to be transferred between server and application need to be
kept to a minimum. This might also affect the response time since a slow or unreliable
connection can cause errors or long delays.

The hardware on some devices are very limited and to have an application that uses as little
CPU resources as possible can have a huge effect on the experience for the user. So one
metric that is evaluated is the CPU usage. This is a percentage unit based on the test device.
It will not show how much it need but rather which is more effective.

To summarize, the three performance metrics are:

• Memory usage

• Data traffic

• CPU usage

4.3 Sample business application

The sample business application is based on Trimmas web application INSIKT. INSIKT is
a complex business intelligence application and the sample application will be a simplified
version of an analysis part of INSIKT. The application has to fulfill four different functions,
outlined below.

Login

The first view a user should come to is the login page. The authentication for this is done at
backend which then returns a session cookie for authentication.
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Figure 6: INSIKT desktop login window.

Figure 6 shows the current login page for the desktop application. This page is ASP.NET
based and cookies and other verification variables are created with this. The functional part
is already implemented, but the layout has to be adopted to the mobile platform size. The
current login dialog is small on non-desktop devices.

Start page

After login the user should come to a start page where the users favorite reports are shown.
There should also be a menu where it is possible to navigate to other parts of the application.
This menu should be implemented even though the already existing navigational objects
wont be part of the mobile application at this stage. The favorite reports are, just as the
login page, generated with ASP.NET.

Figure 7: INSIKT desktop start window with highlighted areas.
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Figure 7 shows the current application’s start page. The areas outlined in red show the two
parts of this page that should be implemented in the sample application. The menu on the
top of the screen and the area where users can select reports to show. This is the only thing
of interest here so it is going to take up the entire screen on the mobile version.

Report View

The user should be able to select a favorite report and view it. It exists different kinds of
views for reports which uses different components that are already developed. The sample
application should be able to show two different kinds of views and it should be possible
for the user to interact with the reports.

Figure 8: INSIKT different desktop report views.

In Figure 8 the two different views that should be supported are shown. Linear and column
diagrams. They are both a stand-alone component based on HTML, CSS, and JavaScript,
which need to be adjusted to the smaller screen and be interact-friendly to the user.
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5 Selecting frameworks

In this chapter the result from the literature study is presented. It exist several different
frameworks and technologies. For each of the two cross-platform technologies three frame-
works has been selected for the study. An extensive (but not complete) list of available
frameworks can be found in Appendix A.

5.1 Hybrid web app

The hybrid web app frameworks are usually divided between the native wrapper and the UI
frameworks. The standard approach today is to use Cordova/PhoneGap or a fork of it as
the native wrapper. Cordova is an open source version of Adobe’s PhoneGap. As a native
wrapper it gives the framework access to all the native functions of iOS and Android and
almost all features of the other OSs [10]. In this evaluation we look more specific on the
front-end framework that works together with this wrapper and only if something else than
Cordova/Phonegap is used this is stated. The frameworks chosen for this evaluation are
Ionic, Sencha touch, and Framework 7.

5.1.1 Ionic

Ionic is a front-end SDK based on AngularJS to build hybrid-web apps[8]. Ionic is a rela-
tively new framework and is developed by a company that now has the name Ionic as well.
The framework itself is open source and has over 200 contributors. The company is in-
stead focusing on providing additional services to support development, functionality, and
distribution. These additional services are now in a beta version but the framework is fully
functional to use and this is what is evaluated.

Features (Table 3)

It is overall good with some satisfactory grades as well. Ionic uses HTML, CSS, and
JavaScript for everything so to make use of external components should not be a prob-
lem. It does not clearly state that it works well with other frameworks or with components
outside of Ionic so the grade for external components is satisfactory.

Since Ionic is build upon Cordova the resulting application is by default mobile friendly and
therefore the grade for device specific functionality is good.

Ionic does not have any know security faults itself but it is also not aiming specifically to be
a secure framework. This also affects Cordova and Android itself. Cordova has guidlines
for secure programming. Other issues are the common web vulnerabilities such as weak
SSL or JavaScript injection [12].
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Ionic and Cordova support offline storage. It is part of the device specific functionality and
is fully supported.

Ionic provides extensive GUI tools since it primarly adds GUI elements to the AngularJS
platform. This gives the developer great tools to create a UI.

Ionic is as previously stated extending AngularJS. This gives Ionic great features for web
service communication etc, but if that is not enough it is possible to add extensions by
supply the JavaScript-files/frameworks that is needed.

Features Grade
• External components Satisfactory
• Device specific functionality Good
• Security Satisfactory
• Offline support Good
• GUI tools Good
• API/Extensions Good

Table 3: The grades of Ionic’s features.

Developer’s perspective (Table 4)

The documentation of Ionics components are overall good with a clear structure. But to
really benefit of Ionic, the documentation of AngluarJS as well as Cordova has to be read
as well. The lack of a documentation of the entire framework suite brings the grade down
to a satisfatctory level.

Ionic can be used just as a CSS framework but by extending AngularJS it does provide
installation/setup that creates a structure which uses the Model-View-Whatever(MVW) ap-
proach. The structure allows for example Model-View-Controller (MVC) or Model-View-
ViewModel (MVVM) which allows multiple developers working at the application at the
same time [1].

The framework does not have any official supported plugins or IDEs. It is however sup-
ported in, e.g., Intel XDK [25]. Otherwise it is HTML or JavaScript IDEs that has to be
used. Since it is supported in Intel XDK the grade is set to satisfactory.

Ionic comes with a quick getting started to install and set up the framework. It also provides
a video crash course to get started quickly. There also exist several demos and a more
extensive step-by-step from set-up to publishing. So there is not much to complain about.

The framework does not add anything by itself to make it easier to deploy or build. But it
is used together with Cordova for which it exist several tools (e.g. Intel XDK) which helps
to build the application for the major OSs without having to download the SDKs. Cordova
itself compiles the application for you but you need to have the SDK installed. So for iOS
this requires an Apple Mac computer. Since it is possible to use external tools to build the
application, with some manual work, the grade is satisfactory.
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Developer’s perspective Grade
• Documentation Satisfactory
• Setup/Design pattern Good
• IDE/plugin support Satisfactory
• Examples/Introduction Good
• Deployability Satisfactory

Table 4: The grades of Ionic developer’s perspective.

Supportability, cost, and risk (Table 5)

For supportability, cost, and risk the grades are not as good as for previous criteria. Because
the first release (v1.0.0) was released as late as May 2015, Ionic is not considered a mature
framework with long-term stability. It does extend AngularJS that is quite mature, but Ionic
itself can not be considered mature hence the long-term stability grade is set to poor.

Ionic is developed by a private company that is Venture Capital backed with the purpose to
make money. Ionic is based on free frameworks such as Cordova and AngularJS so the risk
of a complete lock-in is very low. But the company behind Ionic wants to make money, so
in the future some of the features might cost money or force the use of certain technology.
The grade is set to satisfactory since for now the functionality of the framework is open and
free but some uncertainty drags the grade down.

It is at the moment completely free and under MIT-license but as previously stated the
company behind has already gone out with that some features will be premium features and
come with a price tag. This brings the grade to a satisfactory level. Pricing is not necessarily
a bad thing as long as the cost is clear and that it fulfills the expectations.

Ionic has support for iOS 7+ and Android 4.1+. Windows Phone and Firefox OS are next
on the list to be supported.

Supportability, cost, and risk Grade
• Long-term stability Poor
• Risk/lock-in Satisfactory
• Cost/license Satisfactory
• supported platforms Satisfactory

Table 5: The grades of Ionic’s supportability, cost, and risk.

5.1.2 Sencha Touch

Sencha Touch is developed by a company called Sencha which develops several different
frameworks and tools for web-development[34]. Sencha Touch is an SDK for developing
hybrid web apps using JavaScript. Sencha Touch is fully integrated with Cordova, therefore
it is possible to develop and then package the application to a ready to install application
with only Sencha Touch installed.
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Features (Table 6)

Sencha Touch builds all its components on JavaScript which are later converted into HTML
and CSS as well. This makes its usage of external components limited. It is not possible to
use already developed HTML and CSS components.

Sencha Touch is fully integrated with Cordova and uses its own fork of this tool. This
provides native functionality and the framework touch friendly components.

Just as with Ionic, Sencha Touch does not have any special security issues but is also affected
by the Cordova and web components security issues. Sencha Touch does not provide any
improved security tools.

With the native wrapper of Cordova, Sencha Touch do provide offline support for all major
platforms.

Sencha Touch does provide everything needed to build a GUI. It is a pure JavaScript frame-
work that is compiled to HTML, CSS, and JavaScript. Sencha Touch provides everything
from components, animation, and layouts. Because of the full suit of GUI creation tool the
grade is good.

Sencha Touch has inbuilt Ajax-functions for interacting with web-services. If this is not
enough it is possible to extend it with additional libraries.

Features Grade
• External components Poor
• Device specific functionality Good
• Security Satisfactory
• Offline support Good
• GUI tools Good
• API/Extensions Good

Table 6: The grades of Sencha Touch’s features.

Developer’s perspective (Table 7)

Sencha Touch has a lot of components and features. The documentation for these is very
extensive with examples and in some cases live preview to see different results of the set-
tings.

Sencha Touch is built on Sencha’s other product ExtJS which makes use of both MVC and
MVVM design patterns. The set-up provides the possibility for several developers working
on the application at the same time[26].

Sencha do provide its own IDE for developing Sencha Touch and its other frameworks. The
tool is extensive and is created to fully support Sencha Touch. Even if it cost money the tool
exist and is made especially for the framework. This brings the grade to a level of good.

Sencha does provide a getting started tutorial with how to install Sencha Touch and to create
a basic application. Apart of this there is a lack of good tutorials and demos.
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In the development tool for Sencha Touch, it exist support for building applications for the
major OSs, but this requires the appropiate SDKs to be installed. Other tools like PhoneGap
Build1 and Intel XDK can be used. Since the application still have to be manually submitted
this brings the grade to satisfactory .

Developer’s perspective Grade
• Documentation Good
• Setup/Design pattern Good
• IDE/plugin support Good
• Examples/Introduction Satisfactory
• Deployability Satisfactory

Table 7: The grades of Sencha Touch’s developer’s perspective

Supportability, cost, and risk (Table 8).

As previously stated Sencha Touch is built on Sencha’s other framework for building web
application called ExtJS. The first stable version of Sencha Touch dates back to March 2012
and the framework is still being developed.

Sencha Touch is a complete framework since it is fully integrated with Cordova. Every-
thing is made with the framework’s components and tools. For some functionalities it is
possible to add libraries but it is not really possible to exchange parts of the framework for
other prospects. So the risk of lock in is high since there is no other option for an already
developed Sencha Touch application.

Sencha Touch goes under two different licenses. One commercial license and then GNU
General Public License 3 (GPLv3). The free alternative does not support applications to be
distributed through app stores. Also the tools used to develop a Sencha touch application
are not free. Therefore, the cost/license grade is poor.

Sencha Touch supports all the major platforms with its forked version of Cordova.

Supportability, cost, and risk Grade
• Long-term stability Good
• Risk/lock-in Poor
• Cost/license Poor
• Supported platforms Good

Table 8: The grades of Sencha Touch’s supportability, cost, and risk.

5.1.3 Framework 7

Framework 7 is a free and open source mobile HTML framework to develop hybrid web
applications [6]. The focus of Framework 7 is to get an iOS and Android native look and
feel. Framework 7 is developed as a community, which at the moment has around 40 con-
tributors, but started with Vladimir Kharlampidi and the company iDangerous in 2014.

1https://build.phonegap.com/
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Features (Table 9)

Just as with Ionic, Framework 7 is made up of HTML, CSS, and JavaScript components.
Therefore, the use of external components should be possible, but since it does not clearly
state this the grade is only satisfactory.

Just as with Ionic, Framework 7 does not supply its own native wrapper. But with Cordova
you get the full device specific functionalities of the major OSs. The framework itself
provides GUI for touch friendly usage.

As the previous frameworks there is no special security issue/approach. It shares the flaws
with all the other frameworks with the same approach. With Cordova, Framework 7 does
support offline storage and usage since this is part of the native functionality.

Framework 7 is like Ionic mainly a front-end framework to build GUIs for hybrid web
applications. It has some utility API for the OSs and makes use of Ajax for links etc. It
supports plugins therefore extensions is easy to add.

Features Grade
• External components Satisfactory
• Device specific functionality Good
• Security Satisfactory
• Offline support Good
• GUI tools Good
• API/Extensions Good

Table 9: The grades of Framework 7’s Features.

Developer’s perspective (Table 10)

The documentation of Framework 7 is well written and the documentation consists of ex-
amples and live previews of the components. The extensive documentation sets the grade
to good.

Framework 7 comes with a simple installation and a basic app setup. It does not follow any
of the typical design patterns from start but it is up to the user to structure the application
that way.

Framework 7 does not supply any IDE or any plugin for IDEs. It is however supported in
the Intel XDK developing tool, so there exists IDEs even if it is not officially supported.

It exist a basic getting started page for installation and a simple example application, and
also several good tutorials and demo applications to get the developer further. So the grade
of examples/introduction is good.

The framework itself does not add any support for deploying the application. This is up
to the user after getting the application files from Cordova. But it exist tools to help with
publishing like Intel XDK for example.
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Developer’s perspective Grade
• Documentation Good
• Setup/Design pattern Satisfactory
• IDE/plugin support Satisfactory
• Examples/Introduction Good
• Deployability Satisfactory

Table 10: The grades of Framework 7’s developer’s perspective.

Supportability, cost, and risk (Table 11)

Version 1.0 of Framework 7 was released in early 2015, so it has not been around for long
and the long-term stability/maturity is still weak.

The framework is a community based project. It is as previously stated created by a single
person and the company iDangerous. Since it is more or less just a GUI framework it is
possible to exchange components for other frameworks in case it is going towards a vendor
lock-in. There are no signs that it is the case though, so the risk is low and the grade is good.

Framework 7 is licensed under the MIT license and is completely free.

Framework 7 is created with the native look in mind. It provides graphic components to
make the application look like an original iOS or Android application. These two are the
only OSs it supports. It is most likely working on other OSs as well since it uses Cordova.

Supportability,cost, and risk Grade
• Long-term stability Poor
• Risk/lock-in Good
• Cost/license Good
• Supported platforms Satisfactory

Table 11: The grades of Framework 7’s supportability, cost, and risk.

5.2 Mobile web

A mobile web application is reached through the mobile OS’s web browser, therefore there
is no need for any wrappers or similar and the framework is only a front-end SDK to help
the developer create pages that look and work good on the phone’s browsers. The three
frameworks selected for comparison are Bootstrap, Foundation, and Skeleton.

5.2.1 Bootstrap

Bootstrap is the most popular HTML, CSS, and JavaScript framework for developing re-
sponsive mobile web applications [3]. Bootstrap is originally created by a developer and a
designer at Twitter. The project was started at Twitter mid 2010 but was released externally
as Bootstrap in August 2011. Today Bootstrap is maintained by a core team with help from
external contributors via Github.
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Features (Table 12)

Since Bootstrap mainly is a CSS framework to help with responsive design it should be
possible to use already developed components as long as they fit the window size .

The mobile OS’s does not give mobile web applications access to device specific function-
ality except touch and some GPS functionality. The framework does however adapt and
create components that work good with touch functionality, so the grade is satisfactory.

Bootstrap does not add any extra security features. So it is just as vulnerable as any other
web site or web application.

As stated above the framework does not provide any device specific functionality. This
means that offline access is not supported. If you cannot reach the web server you are not
able reach the application.

Bootstrap provides extensive tools and components to create a good looking and well func-
tioning UI. This includes components and a grid layout.

Bootstrap has quite extensive set of API functionalities to modify the page. A lot of them
are dependent on jQuery. Extensions are easy to add by just importing them on the page.

Features Grade
• External components Satisfactory
• Device specific functionality Satisfactory
• Security Satisfactory
• Offline support Poor
• GUI tools Good
• API/Extensions Good

Table 12: The grades of Bootstrap’s Features.

Developer’s perspective (Table 13)

The documentation of Bootstrap is well written with both a small demo of the components
as well as example code for both the CSS components and the JavaScript functions so the
grade is good.

Bootstrap can be used just as an extra CSS framework to help with styling or can be used
as a complete responsive web framework. In the latter case it can be installed and set up to
work like in a MVC format. Since it is possible to set it up however you like but the user do
not automatically get any set-ups, the grade is set to satisfactory.

Bootstrap does not come with any IDE or any official supported plugins for IDEs. It does
however work with most HTML IDEs. It also exist a ”HTML linter tool” to validate that
the HTML-structure is correct, so the grade is satisfactory.

Bootstrap has a good introduction and several examples on how to do different tasks. Since
Bootstrap is so commonly used there also exist a tutorial on W3C [2].

As a web-framework any web server will work as a host. It exists several tools for deploy-
ment and updating so the grade is set to good.
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Developer’s perspective Grade
• Documentation Good
• Setup/Design pattern Satisfactory
• IDE/plugin support Satisfactory
• Examples/Introduction Good
• Deployability Good

Table 13: The grades of Bootstrap’s developer’s perspective.

Supportability, cost, and risk (Table 14)

Bootstrap is one of the most used mobile-web frameworks in the world and has been around
since mid 2010. It is used in a lot of frameworks and has lots of contributors.

The framework is originally created by developers and designers at Twitter. Twitter has
another main business and Bootstrap is now open source and developed as such.

Bootstrap is distributed under the MIT-license, so it is completely free to use.

As a web framework it should work in every major browser. It is a responsive framework
so the developer has to keep this in mind when developing for it to work as intended.

Supportability,cost, and risk Grade
• Long-term stability Good
• Risk/lock-in Good
• Cost/license Good
• Supported platforms Good

Table 14: The grades of Bootstrap’s supportability, cost, and risk.

5.2.2 Foundation

Foundation is a popular pure front-end framework for mobile devices [5]. As all other web-
frameworks it uses the technologies of HTML, CSS, and JavaScript. It was released in 2011
by a company named ZURB who is still behind it today, even though the framework itself
is open source.

Features (Table 15)

Just as Bootstrap Foundation it is a CSS framework using a grid system. So it should be no
problems to use other components as long as they fit the screen properly [5].

Foundation is a framework to adapt a site to the mobile size screen, so the components work
well with smaller screen and touch. It is not, however, giving access to any device specific
functionality other than the GPS.

There is no specific functionality or section about security. So just as any other websites it
has the common web security issues.
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No device specific functionality means as stated earlier no offline support. So this means
the applications or website wont work if you have no Internet access.

Foundations main purpose is to provide GUI elements. This includes components as buttons
and similar and a grid system.

Foundation is closely connected with jQuery. So to handle web requests the easiest way to
do it is with this. But it is possible to extend it with whatever JavaScript framework you
like.

Features Grade
• External components Satisfactory
• Device specific functionality Satisfactory
• Security Satisfactory
• Offline support Poor
• GUI tools Good
• API/Extensions Good

Table 15: The grades of Foundation’s Features.

Developer’s perspective (Table 16)

The grade for documentation is set to good. This is since it is its easy to find all the compo-
nents and functions and they come with good examples.

When it comes to web it is free to develop in whatever way you want. If installed with the
package manager it divides it up in folders based on what kind of file it is (i.e., HTML and
JavaScript). But it does not provides any specific design patterns so the grade is satisfactory.

Foundation has a lot of tools and add-ons that can be found on their website. Even if they
are not developed by the company behind Foundation they are easy to find and there is an
extensive set of tools and support for IDEs.

It comes with a getting started section. But it is just for a basic setup and after that you are
stuck with the examples in the documentations.

As any other website or web application it is just to upload the project to a web-server and
it is accessible by everyone with Internet connection. And since it exist several tools to help
with this, a lot of them in the IDEs, the grade is good.

Developer’s perspective Grade
• Documentation Good
• Setup/Design pattern Satisfactory
• IDE/plugin support Good
• Examples/Introduction Satisfactory
• Deployability Good

Table 16: The grades of Foundation’s developer’s perspective.
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Supportability, cost, and risk (Table 17)

Foundation as a framework has been on the market since 2011 and has a lot of contributors
to the project. It is also used by quite a lot of large companies so the grade for long-term
stability is good.

The framework is open-source and uses other libraries such as jQuery for part of its func-
tions. The company behind the framework earn money from premium support. So the grade
for risk of lock in is good since its also easy to switch framework with a similar grid system.

The license for Foundation is the MIT-license which is completely free.

Foundation is just a responsive web framework and uses the common web technologies. So
it is working in every major updated browser therefore platform support is not an issue.

Supportability, cost, and risk Grade
• Long-term stability Good
• Risk/lock-in Good
• Cost/license Good
• Supported platforms Good

Table 17: The grades of Foundation’s supportability, cost, and risk.

5.2.3 Skeleton

Skeleton is a very light-weighted web framework which has been out since 2012 [4]. It
is created as an open source project but is still quite small and have not gotten any major
success.

Features (Table 18)

Skeleton comes with a grid system so as long as the external components fit the screens on
the mobile devices it should work with the framework.

Just as the previous two web frameworks, skeleton is not offering any other device specific
functionality other than GPS, which can be accessed as long as the user accepts it. Skeleton
is very light and does not have many components and features other than the grid system to
help with touch.

Also the security issues are the same as the other two. No specific problems and it does not
offer any solutions to the current web issues.

Since the browsers in the mobile devices does not offer any offline support this is not sup-
ported for the framework.

Skeleton is a very basic web framework. It comes with some features such as lists and forms
and some buttons. Other than that its just the grid system.

Skeleton does not come bundled with any other libraries so it does not provide any web
APIs. It can however be used with any libraries or extensions out there.
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Features Grade
• External components Satisfactory
• Device specific functionality Poor
• Security Satisfactory
• Offline support Poor
• GUI tools Satisfactory
• API/Extensions Satisfactory

Table 18: The grades of Skeleton’s features.

Developer’s perspective (Table 19)

Skeleton has very limited amount of features but for the features it does have comes with
examples and an explanation.

Skeleton only comes as a CSS file. So it has no setup as all. The framework is as stated
before very light weighted and is not that frequently used. So it has no special support at
all.

Skeleton has one demo example but no getting started section at all. It is very basic so might
not be that hard to grasp. But the lack of an introduction sets the grade to poor. Since it
exist several tools for uploading web projects to a web-server the grade for deployability is
good.

Developer’s perspective Grade
• Documentation Satisfactory
• Setup/Design pattern Poor
• IDE/plugin support Poor
• Examples/Introduction Poor
• Deployability Good

Table 19: The grades of Skeleton’s developer’s perspective.

Supportability, cost, and risk (Table 20)

Version 2 of Skeleton has been out since 2012 but only has 24 contributors to its git project.
Even though it has been on the market for some time no major companies is known to use
it and it has no company behind to develop it.

The risk for vendor lock in is low since it is no company behind it with other motives. But
as stated above it is risk that it stops being developed, which one might suspect it already
has. But the grade is good since the basic CSS is easily exchanged with other frameworks.

Skeleton goes under the MIT-license.

Skeleton is responsive with a grid system and should work on every major browser.
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Supportability,cost, and risk Grade
• Long-term stability Poor
• Risk/lock-in Good
• Cost/license Good
• Supported platforms Good

Table 20: The grades of Skeleton’s supportability, cost, and risk.

5.3 Selected frameworks

As seen in the evaluation the frameworks within each category are quite similar. Sencha
Touch in the hybrid-web category is built using JavaScript only. Because of this the frame-
work will not be used. And in the mobile-web framework it is only Skeleton that sticks out
as a poor framework. Other than that the two remaining frameworks in each category are
quite similar and it all comes down to preferences. The two framework selected to be further
evaluated and implemented as prototypes are Ionic and Bootstrap. Ionic is selected since
we have no preferences of a native look in this case and Ionic looks like a strong candidate.
And Bootstrap is used since it is the most used and Foundation does not provide any other
spectacular features.
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6 Evaluation

In this chapter we will take a closer look on the two prototypes and the result from the
performance test on these prototypes. In the end of the chapter the final result of the thesis
work is presented both in the case for Trimma’s INSIKT as well as for the general case of
bringing a web application to the mobile platform.

6.1 The Prototypes

Both of the prototypes were developed separately from each other based on the latest version
of INSIKT. The prototypes are connected or run in a local development environment and
not on a live server. They run in the same set-up so that the performance test wont have to
take any uncertainties from this into account.

6.1.1 Hybrid-Web application

The Hybrid-web framework that was chosen is Ionic with Phonegap/Cordova as the native
wrapper. The prototype was built and compiled with the IDE Visual Studio. When develop-
ing the prototype the principles and methodology of the framework was followed as closely
as possible.

Figure 9: The login page of the Ionic app.

In Figure 9 we can see the login page of the Ionic app. It contains fields for username and
password and a login button. When the view is loaded the application sends a request to the
server to get authentication information. When the user logs in this information together
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with the user-information is sent to the server for validation. If the details are valid the user
is sent to the next view automatically. The Login is done with the web-applications ASP
Login page.

Figure 10: List of the user’s favorite reports.

In Figure 10, we see the view that the user is transferred to after login. In this view the
users favorite reports are listed with the information of who created the report. The user
simply choses the report it wants to see and is then transferred to another view for viewing
the report. The reports are gained by parsing the HTML welcome page which makes the
loading of the page a bit slower than what for example a REST API would be.

Figure 11: The two report views in ionic.

In Figure 11 the two report views are shown. This is done by using the Highchart Compo-
nent1 which is used in INSIKT. The data is retrieved through a REST API from the server
and is then shown accordingly to its settings. By pressing the navigation bar on the top the
user can switch views and select another report to show.

6.1.2 Mobile-Web application

The Mobile-web framework that was chosen is Bootstrap. The prototype was built with Vi-
sual Studio as IDE and used parts of Trimma’s desktop-application structure as a template.

1http://www.highcharts.com/



37(49)

Figure 12: The login page with Bootstrap.

In Figure 12 we can see the login page for the Bootstrap application. It uses the same server
logic as the original desktop application but is styled using Bootstrap to get it better adopted
to the tablet size. On a successful login the user is redirected to the start page for mobile
browsers.

Figure 13: The starting page in Bootstrap.

In Figure 13 we can see the start page for a mobile browser after login. The favorite list is
reused from a previous Trimma project and is just modified to work with this application.
At the top of the page there is a drop down menu to be able to navigate between major
parts of the application. The items in this list are at the moment just dummies and does not
redirect the user anywhere.
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Figure 14: The drop-down menu in Bootstrap.

In figure 14 we can see the drop-down menu when it is in use. This menu is part of all the
pages of the mobile-web application except for the login page.

Figure 15: The two report views in Bootstrap.

In Figure 15 we can see the two different report views. Since they use the same High-
chart component in the Ionic application it looks similar to their corresponding views. The
component is as we previously stated also used in the original desktop application and the
difference in look is mainly configuration options that are not implemented in this applica-
tion.

6.1.3 Test results

The two prototypes were tested on the properties that were mentioned in Section 4.2: Mem-
ory usage, CPU usage, and Data usage. The server were running the exact same set up to
avoid any implications of different hardware. The applications use some parts of back-end
that is using older components written in ASP.NET which does not make use of any efficient
exchange of data. Instead the hybrid-web application parses the data from HTML files that
the server provides today. Since the goal is to avoid as much dual development as possible
no special optimizations is done to change to more efficient data-exchange protocols. This
needs to be considered when looking at the result, especially for data transfers. The two
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prototypes run with only the starting application of the OS running. No other application
started before the test is done.

Memory Usage

Comparing memory usage is not as simple as it would be on a normal computer. This be-
cause Android tries to make sure it uses as little resources as possible and if two applications
uses the same resource they share one instance of it.

So when we are comparing the memory usage in this thesis we look at two values in partic-
ular. The first one is Private Dirty. This is the amount of memory that would be free if we
kill the application. So this is the main attribute we consider since this is the unique mem-
ory used by the application. The other value we look at is the Proportional Set Size(PSS).
This is a value that in a good way describes the application’s total RAM usage since it adds
both the private data and the weighted shared data to get an understanding on how memory
demanding the application is[7].

To get these values we make use of the Android Debug Bridge(ADB) which is a command
line tool to let us communicate with the connected device and retrieve some of its values.
For the analyzing of the memory usage we make use of the dumpsys meminfo command:
adb shell dumpsys meminfo <pid>

For the Ionic application we look at the values of that running instance. But for the Boot-
strap web application we instead study the the sandboxed process for the tab running the
application in the browser. In this way we get the correct value that is for the application
only and not for all browser features.

Private Dirty Total(Kb) PSS Total(Kb)
Ionic 50 796 100 062
Bootstrap 44 060 56 150

Table 21: The RAM usage of the two applications.

In Table 21 we can see that the total private dirty does only differ a little bit but that the PSS
does differ a lot. This means that the unique content of the application’s which in this case
is the external component’s takes up the majority of the dirty memory. But it also means
that the Hybrid-web application of Ionic has a larger overhead even if it is shared amongst
a lot of other processes. For example is the web-view used by, for example, the browser
which is why Bootstrap also has a significant amount of PSS. As a conclusion of this we
can say that the load on the RAM is about the same even if the Ionic application makes use
of a larger amount of the shared resources. But anyhow, the Bootstrap application is the
most efficient of the two frameworks when it comes to RAM usage.

CPU Usage

The second metric we look at is the CPU-load. To do this we again make use of ADB
tool but this time it is the adb shell top -m 10 command that is used. This returns the 10
processes that have the highest CPU-load at the moment. The two values we look at for this
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metric are the highest CPU load and the average CPU load while not in idle. THE CPU is
considered idle when CPU usage is ≤ 3%.

Highest CPU-load(%) Average CPU-load(%)
Ionic 34 19,4
Bootstrap 38 24,3

Table 22: The CPU usage of the two applications.

As we can see in Table 22 the Bootstrap application is somewhat heavier on the CPU. It has
both a higher peak as well as an higher average load. This might be explained by the fact
that the Bootstrap application has to transfer a lot of more data through WiFi than the Ionic
application, which has all of the core files already accessible. Or simply that the browser,
while running the application has a higher overhead of for example validation.

Data Usage

The third metric we look at is the Data usage. While on a WiFi this might not matter much.
But when not, it can be very important for two reasons. The first one is that if the connection
is bad and the data transfer is very slow it can severely affect the usability of the application.
The second one is that it is common to have limited dataplans and the user might want to
save it for other use. Since the browser do cache, we run it twice and split the result in
pre-chache and when the browser has it cached.

Data usage (Kb)
Ionic 803
Bootstrap (pre-chace) 1900
Bootstrap (cached) 120

Table 23: The data usage of the two applications.

In Table 23, we can see the data usage from one entire run through the applications. We
see that clearly the first time the application is used in a browser it uses a lot of more data
than the Ionic alternative. This is logical since the first time we use it we have to transfer all
the files which of course will be a larger amount if it is a larger application. But the second
time we use it this data is cached and hence we see a much lower amount of data used.
When changes occur, the application of course have to download the changed files again.
So the cached Bootstrap is more effective than Ionic in our case. Part of this is because the
server-side is not optimised for this kind of application, for example, the login function is
returning entire HTML-pages and not just JSON objects.

6.2 Final result

With the result from the framework selection as well as the test result from the prototypes
we can draw some conclusions about which of the framework category that is the preferable
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alternative. This is first done with INSIKT in mind and then we present some thoughts about
what to think about in a general perspective.

6.2.1 INSIKT

Starting with the test results from the prototypes there is no clear winner on this point. Ionic
uses a bit more RAM while Bootstrap has a bit higher use of the CPU. And when it comes
to data usage it is clear that Bootstrap will use way more RAM than Ionic on the first use of
the application. But after that, it is the other way around. So this is more about how the user
would make use of the application. Is it used frequently during short periods so the cached
data is usable then Bootstrap is preferred but otherwise Ionic would be the better choice if
it is all about the performance.

Looking more generally on the two framework categories when looking at functionality,
developer’s perspective, and supportability, cost, and risk it differs a lot more. Both can very
much handle the external components as long as they are independent and don’t need a lot
of other libraries or technologies. The hybrid-web frameworks have the benefit of allowing
offline support which is not necessary but does allow for nice potential development of the
application.

But it is in the developer’s perspective as well as the supportability the more important fac-
tors are. In Trimmas case with INSIKT, they have customers running different versions of
the application. This means they have different functionalities and set-ups. With hybrid-
web apps this means that a simple application on the respectively OSs’ app store is not
an option, since there is no possibility to choose which version to download but the latest.
Keeping several application installation files and distributing these to users when new de-
vices are acquired would be very time consuming and a hassle. So with this in mind the
mobile-web frameworks which also works on all browsers is to be preferred. Then it is just
to include the mobile application with the desktop server and configure the server to choose
the mobile version instead when connecting with a mobile device. Simple and easy and new
devices wont be a problem since they are able to access it by only typing in the URL to the
server and they are ready to go.

Since there are no major benefits from any of the frameworks from the performance test
and that INSIKT makes no use of device specific functionality, the mobile-web framework
Bootstrap is recommended for further development. It has all the basics covered for the
application and this specific framework is also very mature and has a lot of support on the
Internet.

6.2.2 General

INSIKT was a good application to use as a base for the prototypes but it is not necessarily
the way other web-application works. So here are some of the points that we have been
looking at that might change which kind of framework a company would go for.

The first major thing is if the application needs the device-specific functionality. Then there
is no other option than to go for a hybrid-web framework. The mobile web frameworks
does not offer this support and can not compete unless it is only the GPS positioning that is
needed, which is accessible even in browsers. The device-specific functionality is the major
benefit of the hybrid-web category.
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The other major factor that can change which choice to make is which platforms to support.
Is it only Android and iOS, most frameworks in the categories support this. If other minor
OSs needs to be supported, then the hybrid-web framework might be problematic.

The last major factor is the deployability. If it is no need for multiple versions like with IN-
SIKT the problem with distribution through the different OSs’ app stores causes no problem.
One thing that might affect is the need for a computer running OS X to publish applications
on the iOS app store. There are workaround for this such as cloud solutions to be able to do
this, e.g. MacinCloud2.

2http://www.macincloud.com/
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7 Conclusions

Mobile adaptation is very much a hot topic and in many cases it is expected to have an
application that is working smooth on mobile devices. As we have seen in this thesis there
are options out there too avoid the need for developing one application for every system.
And even more, there exists technologies that support re-use of a lot of the components for
the web in the mobile adaptation.

One thing not mentioned in the results but that still are of interests is the development time
and complications while developing. While developing the prototypes the most challenging
and time consuming on where the Ionic application. It was more time consuming while
testing since the emulator you can use to quickly try the application in a web browser not
always matched the application running on a device. It also needed more tweaking to get
the components to work properly. Total amount of time spent on the two prototypes where
4 business weeks. Of this the Ionic application took about three days longer to develop.

Both the two studied types of kind of frameworks are capable of using external components
of HTML ,CSS, and JavaScript. And in this thesis we established some of the major points
to think about when selecting which kind of framework to use as well as coming up with
the best choice for INSIKT. To summarize, we have achieved our goal of finding possible
solutions of bringing a desktop web application to the mobile platform.

7.1 Future Work

In this thesis the main focus was on being able to reuse web components on the mobile plat-
form and the biggest differences where mainly from a developer’s perspective or a business
perspective. And it was this we used as a base for determine and select major things to think
about. If continuing on this work more performance metrics as well as design/look/feel met-
rics would be appropriate since this also is important factors to consider.

Another thing that would be interesting is to test applications using more external com-
ponents, since the prototypes used in this work apart from more common libraries only
used one external component in the form of Highcharts. Other components might be giving
different results and expectations.

Last but not least, a full test on the other two major OSs, Windows Phone and iOS, would
be of interests to see if the performance differs on the different OSs. In this thesis all the
performance test results are based on Android, but as we saw in the beginning of this thesis
the different OSs differs quite a lot and it is also possible that it would show in such tests.
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[45] L. ÖBERG, Evaluation of cross-platform mobile development tools, development of
an evaluation framework, Master’s thesis, Umeå, Sweden, January 2016.
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A Cross-platform frameworks

Framework Framework category
Ionic Hybrid web

Sencha Touch Hybrid web
Framework 7 Hybrid web

Kendo UI Hybrid web
jQuery Mobile Hybrid web

Onsen UI Hybrid web
Trigger.io Hybrid web
Bootstrap Mobile web

Foundation Mobile web
Skeleton Mobile web

HTML KickStart Mobile web
HTML5 Boilerplate Mobile web

Zebra Mobile web


