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Abstract
This thesis describes the development of a multi-target mobile application for the document version
management system eDOCS DM by utilizing an existing web service on behalf of Data Ductus. The
application targets the leading mobile operating systems iOS and Android while sharing the business
logic through a portable class library. The Xamarin toolchain provides the mechanics for compiling the
C# codebase to run on both OSs. Furthermore the Model-View-ViewModel framework MVVMCross is
tested to simplify the interface development.

During the research phase two other similar frameworks are examined: PhoneGap and Appcelerator
Titanium.

Sammanfattning
Denna  rapport  beskriver  utvecklingen  av  en  multiplattform  mobilapplikation  för  dokument
hanteringssystemet eDOCS DM genom att använda sig av en existerande webbtjänst på uppdrag av
Data Ductus AB. Applikationen riktar sig till de två ledande mobila operativ systemen iOS och Android
och delar programlogiken genom ett portabelt klassbibliotek. För att kompilera kodbasen, skriven i C#,
till  båda  operativ  systemen  används  verktyget  Xamarin.  Fortsättningsvis  testas  Model-View-
ModelView ramverket MVVMCross for att förenkla utvecklingen av användargränssnittet.

Under  forskningsdelen  av  projektet  undersöktes  två  andra  ramverk  för  multiplattforms  utveckling:
PhoneGap och Appcelerator Titanium.
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1 Introduction
In recent  years  the  mobile  application,  app,  market  has  become a huge industry.  The adoption of
smartphones and tablets has grown to almost eliminate the use of the so called “dumbphones” (phones
not capable of performing advanced tasks like a smartphone). While there are still many of these left,
the main market for them are developing countries where mobile internet availability (a requirement for
a smartphone) is not widespread. 

To  serve  this  large  smartphone  market  companies  are  often  required  to  develop  some  means  of
accessing their data on these phone, be it a native application or a web application. Many platforms
exist although the mobile space is mostly dominated by a few models of iPhones and iPads running
iOS and several hundred/thousand smartphones running Android. Applications developed for either of
these platforms are not  compatible  with any other  platform, and may require  porting for different
versions  of  the  OS,  which  makes  developing  for  them an  effort  since  there  will  be  at  least  two
codebases to update and maintain. 

The prevalent type of mobile application is native applications. These are applications developed in the
tools and languages provided by the platform developer, Google for Android and Apple for iOS. This
type  of  application  are  usually  found in  either  platforms  application  store,  App-Store  on  iOS and
Google Play on Android (although Android applications can be installed from other sources as well).
From the store they are downloaded and installed before they can be used. 

The other type of application that has gained popularity among developers recently is web applications.
These are written in JavaScript and use HTML and CSS to present the user interface. They are used in
the context of the web browser like any other web page. Thanks to this they do not require installation
and can be updated with new features instantaneously. However due to the fact that JavaScript is an
interpreted language the performance is usually not equal to that of a native application and in large
part  dependent  on  the  JavaScript  interpreter  implementation.  The  main  reason  to  develop  a  web
application instead of a native is that a web application is usually compatible with all devices, provided
the application uses a responsive design.

A third option has also become available  where the application is  developed in one language and
compiled to native code or run in the Common Language Runtime and still be cross-platform. This is
what Xamarin states their software suite enables. This will enable near native performance while still
being just one codebase to maintain.  

1.1 Goal and Purpose

The purpose of this project is to create a mobile application as a front-end for the eDOCS DM system
using Xamarin to enable sharing code between the target platforms, iOS 7 and Android 4.2.2. As these
two platforms are currently dominating the market for both phones and tablets they are the obvious
choice. The third major platform Windows Phone 8 is quickly gaining market shares but it is still not
near either of the two others. The user interface will be designed for phones only.

The main goal of making eDOCS DM work in its entirety on phones is not feasible for a project
spanning only ten weeks, since the system is very complex and includes many features which take time
to implement. Instead the most important features of the system are chosen to be implemented:

• Logging in to the system
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• Search (both in content and metadata)

• Check-in and Check-out specific revision of a document

• View and change metadata

• Cache documents locally (encrypted)

Furthermore, two other frameworks will be researched. While no testing will be conducted on these
frameworks the theory behind them will be presented.

The objective of the project is to gain knowledge and experience in multi-target development
frameworks like Xamarin and determine if it can indeed save development time and in that case, if it is
worth the trade offs such as larger binaries, yet another learning curve and the price.

1.2 Limitations

The most pressing limitation is the short timespan in which the project must be completed. This means
that not all features in eDOCS DM, and only an iOS- and Android version, can be implemented.

Moreover only the cross-platform framework Xamarin will be tested since this was specified in the
project specification by Data Ductus and the time constraint prevents testing of Titanium or PhoneGap. 

Although the time constraint was known from the start of the project several stages in the project took
significantly longer than first planned which meant that some features that were originally planned
could not be finished in time. Mainly the Windows Phone 8 support had to be excluded since it is not
directly related to the Xamarin toolchain and is not that widely used. 

Again due to the limited time the interfaces could not be as refined as it would have been if the
aim was to make a complete application. Instead a level where it was functioning and fulfilled its use
was  chosen.  Moreover  the  Android  application  was  only  tested  on  a  LG  Nexus  4  and  the  iOS
application in the iOS Simulator. 

1.3 Background

This section aims to explain the different components used in the project as well as some alternatives to
some of these. The structure of the eDOCS system and the corresponding web service will also be
presented.

1.3.1 .NET Framework

The .NET Framework consists  of  two parts:  a  class  library and the  Common Language Runtime.
Programs  written  for  .NET  runs  in  a  virtual  environment,  similar  to  that  of  the  Java  runtime
environment,  which manages memory and exception handling.  The class library included in .NET
features many components including user interface, networking, cryptography and database operations.
This library, combined with C# provides a good developer environment. Unfortunately since .NET is a
Microsoft product it is only supported on Microsoft platforms such as Windows, Windows Phone and
Xbox. Having all these features available on other platforms which are quickly becoming popular such
as Mac and the mobile platforms is where the Mono project and Xamarin comes in.

1.3.2 Cross-Platform frameworks

Cross-Platform development can be useful in all software engineering disciplines. However games may
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be more difficult to develop due to performance requirements, depending on the type of game. The
three following frameworks are all popular and approach the topic in different ways.

1.3.2.1 Xamarin

Xamarin is a collection of tools and frameworks with the single goal to bring C# and .NET to Android
and iOS. The product suite  comes from the same people that  created the Mono framework which
according  to  their  webpage  is  “Mono  is  an  open  source  implementation  of  Microsoft's  .NET
Framework based on the ECMA standards for C# and the Common Language Runtime”[1] . Mono and
Xamarin  enables  use  of  .NET  and  C#  on  Linux  (Mono),  iOS  (Xamarin.iOS),  Android
(Xamarin.Android) and Mac (Xamarin.Mac). 

Xamarin  consists  of  a  compilation  toolchain  which  is  able  to  compile  C#  to  native  ARM
binaries for iOS. This is done by bundling in the used .NET functions and classes (since Apple does not
allow any runtimes to be installed through the App-Store) ahead of time (AOT). On Android, Just-In-
Time (JIT) compilation is used to compile the C#  to bytecode which is then compiled to machine code
when the application starts execution on the device. 

The other part of Xamarin is the Xamarin Studio as well as a Visual Studio Add-In. The Add-In
makes it possible to do most of the development inside Visual Studio(VS). It is also possible to develop
in the Xamarin Studio but since VS is already a complete and well-proven IDE the Add-In is a great
addition. The only exception is developing for iOS when a Mac is needed since the build tools for iOS
are only available on this platform. This is solved by a small application called the “Xamarin Build
Host” which acts as a proxy and connects to VS so building and debugging can be done through VS.
The only other time when VS can not be used is if the iOS user interface is to be designed with the
Interface Builder in Xcode. In that case the VS solution can be opened on a Mac with Xamarin Studio
from where interface files (.xib) can be opened through Xcode. When the file is saved the necessary C#
files are generated by Xamarin Studio and can then be used in the other C# code.

A new feature in VS is Portable Class Libraries. This is great addition to the Xamarin workflow
because it provides a single project with C# and a subset of .NET classes to be compiled and used for
all the platforms supported by Xamarin as well as Windows Phone 8. Previous solutions were to create
copies of the shared code projects which targeted each platform and then referencing those copies in
the platform-specific projects. This was quite cumbersome since all the copies had to be synchronized
in some way. For full PCL support Visual Studio 2012 or newer is required[2].

1.3.2.2 PhoneGap

PhoneGap takes a different approach than Xamarin in that it acts as a native shell for an HTML5 web
application.  This  is  an  area  that  has  become  more  popular  the  last  few years  since  the  HTML5
specification and other related standards comes closer to being finished. Some parts that makes it easier
to  develop  web  applications  are  the  Web  Audio  API[3],  WebGL[4] and  the  Geolocation  API[5].
Applications are developed using JavaScript for the logic and HTML and CSS for the interface. The
main reason to use a framework like this is that the code is almost completely portable. The application
is executed in a webview-like environment regardless of the platform the shell is compiled for. A major
negative consequence of this is that is it very difficult to achieve performance anywhere near that of a
native application. However this is mostly a problem when making games or simulations.

What PhoneGap provides is APIs with which the application can easily access the different
hardware features that are not otherwise available or easy to access such as accelerometer, camera,
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compass, file IO and notification among others. While, as previously mentioned, Android and iOS are
the most important platforms to target PhoneGap is also able to create applications for Windows Phone
7/8, Blackberry 6.0 and newer, WebOS, Symbian and Bada. The last three are not very common today
but can still be interesting to target depending on the use case of the application. 

PhoneGap development can take place in any text editor or IDE since most of the application is
just  regular  JavaScript.  The platform specific  parts  however  are  developed in  Xcode for  iOS and
preferably Eclipse for Android, although the android sdk provides powerful command line tools which
can easily integrate into build systems in most IDEs.

1.3.2.3 Titanium

The Titanium SDK enables a “write once, adapt everywhere” approach using JavaScript in a similar
way to PhoneGap. But unlike PhoneGap the user interface is not written using HTML and CSS but is
instead also written in JS. A Titanium application can target Android, iOS, Windows Phone and Tizen 1.
Titanium uses three compilations to output the final application. The first is pre-compilation, which
optimizes the JavaScript code, by removing unnecessary white-spaces and mapping JavaScript symbols
to native symbols among other things, and analyze what Titanium APIs are used.  The second step
builds the required parts (project, native code etc.) needed to use the platform-specific compiler and the
final step is invoking that compiler to produce the native application[6]. By doing these steps the user
interface, built in JavaScript, can be mapped to the native UI components, like UIButton on iOS and
Button on Android[7]. This makes for an experience like that of Xamarin, however in Titanium the
business logic written in JS is still interpreted using the OS built-in JS interpreter, JavaScriptCore for
iOS and V8 for  Android.  This  fact  means  that  performance  is  still  not  on  par  with  native  code.
According to Hartman et al.[6] the output code is quick enough to provide a fluid experience. 

Titanium applications can be developed in Appcelerator Titanium Studio which is based on
Eclipse. 

1.3.3 Native Development

A native application is one that has been developed using the provided tools for the platform or written
in the platforms native language. A native application is required to be downloaded and installed in
order to use it. For most platforms a native application has been compiled AOT to machine code which
can be directly executed by the processor or, in the case of Java on Android and C# in Xamarin,
compiled to bytecode and executed in a virtual runtime. Since native applications are written in the
platforms native language they can take advantage of all the available APIs that exist for the platform.
Generally the performance of native application is far superior to that of a web application. 

The main problem with making native applications is that if several platforms are to be targeted
each platform requires a separate application each with its own code to write, update and maintain.
Generally nothing can  be easily shared between Android,  iOS and Windows Phone.  This  requires
developers with both Objective-C, Java and C# expertise.

1.3.3.1 iOS

Native development on iOS is done in Objective-C using Xcode. A potential drawback of this is that it
requires Macs, which can be a large expense for a startup company using their own computers or if
there are many developers who needs access to it. 

1 https://www.tizen.org/
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Objective-C is a language which has existed for a long time but was not widely used until the
release of the iPhone SDK in 2008. Its syntax is also quite different to that of regular C-style syntax
which intimidates beginner programmers from learning it. An example of the syntax compared to that
of any C-like language follows:

Function/Method signature:

Objective-C

-(returnType)methodName:(paramType)paramName andParam2:(param2Type)param2Name;

C-like:

returnType functionName(paramType paramName, param2Type param2Name);

Function/method call:

Objective-C:

[object methodName:param1 andParam2:param2];

C-like:

object.functionName(param1,param2);

1.3.3.2 Android

When developing a native Android application there are two choices: Android SDK and Android NDK.
The SDK provides tools for developing a Java application. This can be done in Eclipse or Android
Studio, however the command line tools bundled with the SDK can quite easily be integrated in the
build system of any IDE/text editor.

The NDK (Native Development Kit) makes it possible to write programs in C or C++ which can be
executed on android devices. This can be very beneficial for applications that are “self-contained, CPU-
intensive operations that don't allocate much memory, such as signal processing, physics simulation,
and so on”[8]. However the SDK is sufficient in most situations.

1.3.3.3 Windows Phone

Although the application is not currently compatible with Windows phone the portable class library
used  with  Xamarin  is  capable  of  compiling  to  this  platform  as  well.  Native  Windows  Phone
applications are developed in C# and mostly in Visual Studio 2012 and newer. The Windows Phone 8
SDK requires Windows 8 which has not been adopted very fast, with just over 10% market share in
April 2014 compared to 49% for Windows 7 and 26% for Windows XP[9]. While not many developers
are still using XP not all of them has yet upgraded to Windows 8. 

C# is a language developed by Microsoft in conjunction with the .NET Framework and has a
large community of developers behind it. Since C# and .NET is also used to develop applications for
Windows many developers can easily get started developing for Windows Phone.

1.3.4 Model-View-ViewModel

Much like the Model-View-Controller(MVC), Model-View-ViewModel (MVVM) is a design pattern
utilized to separate the data being displayed from the code responsible for displaying it. The Model part
is the actual data and any operations performed directly on this data. Most often this code is developed
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and maintained by developers, as opposed to the View which is developed by designers. In MVVM the
View will often not contain any code but instead be written in a markup language like XAML. The
ViewModel  acts  as  a  bridge  between  the  View and  the  Model  by  allowing  data-bindings.  These
bindings automatically connects the data from the Model, as made available in the ViewModel, to the
elements in the View.

The  framework  MVVMCross  (MVX)  is  an  MVVM  framework  specifically  designed  with
Xamarin and portable class libraries in mind. It allows both the Model and the ViewModel to exist in
the PCL, and therefore be sharable between all Xamarin platforms. This in turn means that the only
platform-specific parts be the Views, which could potentially save time during development.

1.3.5 Web Service

A web service is a system that enables machines to communicate over a network. In the context of this
thesis  a  web  service  will  be  constrained  to  a  service  described  in  the  Web  Service  Description
Language (WSDL) using the SOAP protocol to send messages, although a REST based web service is
also  possible.  The service  exposes  an  API  though  the  WSDL specification  which  can  be  used  to
generate a set of classes and functions for any given programming language to utilize. 

1.3.6 eDOCS DM

eDOCS DM is a document management system developed by OpenText.  It  provides the means to
version control any document that is used in a company or organization. It also features document
profiles which are a collection of metadata that can be attached to a document. This metadata can then
be searched and used to gather all documentation from a specific customer, project, author, owner etc.
The documents  can be checked-out  for  edit,  in  which case  they are  locked from editing until  the
document is checked-in. 

Currently a native application for Mac, Windows, Windows Modern UI and a web interface
exists.  The  web  interface  uses  the  Java  browser  plugin  and  is  therefore  not  available  on  mobile
platforms. At Data Ductus a web service has been developed which can interface with the backend
system. This service is available on the internal network and requires a VPN connection to access. It
can be queried by sending SOAP/1.1 requests from the application. The process of connection to and
using this service is described in detail in the sections Web Service Library and Web Service Functions.
A C# library to connect to and use the eDOCS web service exists which was also developed at Data
Ductus. This library will be ported to function in a PCL and broken methods will be fixed. 

1.4 Data Ductus

Data Ductus is the company for which the project will be conducted. The company provides solutions
for customers in the following areas according to their website[10]:

• Telecom

• Industries

• Public sector and organizations

Since the company started in 1989 they have done work for many customers, including PostPac, HP,
TeliaSonera, Assa Abloy, Skellefteå Kraft etc. during the past year.

Data Ductus personnel is often traveling between offices and customers and therefore needs
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easy access to documents stored in their eDOCS DM repository. This is where this project will be
useful.  It  should  enable  employees  to  search  for  documents,  then  view and edit  these  documents
without the need for a computer. It is important that the codebase, while not feature-complete, should
be easy to complete and maintain after the project has been concluded. 

Moreover Data Ductus will take this project in consideration in future projects when deciding
on what platforms to support and frameworks to use.

1.5 Method

The implementation of the application was done in five stages.

The  first  stage  is  to  conduct  research  mostly  focused  on  the  Xamarin  toolchain  and  finding  an
appropriate Model-View-ViewModel framework to use. This research shall begin by reading the related
parts of the Xamarin documentation[11] and continue with tests of the different components, such as
PCL and platform-specific user interface.

The second stage is to research eDOCS DM and the C# library. This will be done by examining the
web service and the different queries it can respond to, as well as going through the code to find the
process for sending and receiving messages.

The third stage is to port the C# library to a PCL. Since not all libraries from .NET is available to PCLs
some modifications will be necessary. 

The fourth stage is to implement the actual business logic and the user interface for an iOS and Android
application using Xamarin. Development will begin with the iOS version and proceed with the Android
version. Due to the time constraint as well as the fact that there is no support for VPN in Windows
Phone 8 (will be introduced in 8.1 which is currently in beta[12]) this platform will be excluded.

The fifth and final stage of the project is to produce the written report and present it at LTU Campus
Skellefteå where another student who have examined the report will oppose it.

1.5.1 Social, Ethical, and Environmental Considerations

All  data  presented in  this  thesis  is  mockup data  used exclusively to  demonstrate  the implemented
features and is not live data exposing any personnel or company secrets of Data Ductus. Although the
personal  information,  like  username  and  password,  is  not  encrypted  in  the  application  due  to
restrictions in the web service it is only accessible from within the internal network at Data Ductus or
through a VPN connection, which encrypts all data sent. This solution is not optimal and would need to
be refined in a finished product.

From an environmental viewpoint the project described does not account for many problems except the
usage of  ones  smartphone,  which employees  are  bound to use whether  or  not  they are using this
application. 

1.6 Previous Experiences

I have produced several apps for both iOS and Android which were made using the native SDK for
each platform. I have also created a few webapps that are executed in the web browser on the phone. I
have no experience in either C#, Xamarin or any other similar cross-platform framework.

7



1.7 Abbreviations and Terms

MVVM - Model-View-ViewModel

MVC - Model-View-Controller

MVX - MVVMCross

SDK - Software Development Kit

NDK - Native Development Kit (Android)

AOT - Ahead Of Time (Compilation)

JIT - Just-In-Time (Compilation)

IDE - Integrated Development Environment

VS - Microsoft Visual Studio

WDSL - Web Service Description Language

REST - Representational State Transfer

PCL - Portable Class Library

HTML5 - HyperText Markup Language version 5

CSS - Cascading Style Sheet

JS - JavaScript

V8 - Google's Open-source JavaScript Engine

SOAP - Simple Object Access Protocol.

A protocol often used to exchange data between an application and a web service. Data is sent in XML
often over HTTP

XML - Extensible Markup Language

HTTP - HyperText Transfer Protocol

VPN - Virtual Private Network

DM - Document Management

DST - DM Security Token
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2 Design and Implementation
The implementation consists of three important parts which together makes up the entire application. In
this section the parts will be presented and their function explained. All three parts exists as VS 2013
projects. Figure 1 shows the relationship between the different parts.

 

2.1 Tools and Frameworks

This list presents all the tools and frameworks that is used in this thesis.

• Microsoft Visual Studio Ultimate 2013

• Xamarin.iOS 7.2.2.2

• Xamarin.Android 4.12.3

• Xamarin Studio 4.2.5

• Xcode 5.1.1

• MVVMCross v3.1.1

• PCL Storage 0.9.4

• AutoMapper 3.2.0
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2.2 Projects

2.2.1 Web Service Library

The first part of the system is the library which communicates with the eDocs web service. This is the
previously mentioned existing C# library which has been written by Data Ductus employees. However
the  old  version  was  not  portable  but  instead  imported  into  VS  as  several  projects  targeting  the
necessary platforms. In order to avoid having to sync these projects a new version has been created.
The  new  project  is  a  PCL targeting  .NET  4.5  and  higher,  Windows  Phone  8,  Windows  Store,
Xamarin.Android  and  Xamarin.iOS.  It  contains  a  new automatically  generated  proxy for  the  web
service since the one in the old library was generated using the built-in feature in VS. The new version
is generated using the silverlight tool SLsvcUtil.exe which is able to create a fully portable proxy. The
generated class is called DMWebserviceSoapClient and will be referred to as “the proxy”.

2.2.2 Core Library

The core library is the container for all the ViewModels in the application. It is a PCL targeting the
same platforms as the Web Service Library, meaning the ViewModels can be used on all platforms. In
the app all the viewmodels are responsible for populating the models with data, presenting this data in
appropriate data structures which can be used in the views and finally to navigate between the views.
Since  the  models  in  this  particular  application  are  nothing  but  arrays  they  are  contained  in  the
viewmodels so as not to clutter the project with very simplistic classes.

This library references the Web Service Library and contains a singleton with a ServiceContext
instance. This is mostly to have one persistent context while navigating the views, instead of passing an
instance between them, which slows down view transitions, or having to create a new one and verifying
that the authentication cookie is still active on every view presentation.

2.2.3 iOS & Android

Both the Core- and the Web service libraries are portable and can therefore be shared between the iOs
and Android projects. These final projects are the platform specific projects. Since these only contains
the views which doesn’t perform any logic on the data this section will instead highlight the differences
between the platforms and discuss how these are solved in the application.

As stated in the project specification the user interface is not very refined and is designed only
to  demonstrate  the  functionality  of  Xamarin  and  the  business  logic.  It  consists  of  the  usual  UI
components like labels and buttons. However one component which is handled very differently are lists
of data. As most of the data in the application is arrays these require some form of list view to be
shown. On iOS lists are shown in UITableViews, which requires a UITableViewDataSource to provide
the data for each cell and a UITableViewDelegate to handle the interaction from the user. On Android
ListView uses an Adapter which both provides the data and handles the user interaction. MVX provides
a wrapper around both ListView and UITableView which enables data-binding for both the source and
interactions  to  the  viewmodel.  This  can  be  leveraged  in  simpler  use  cases  where  the  data  being
presented is a simple array, however since the data in this application is mostly quite complex with
nested  data  structures  and  the  layout  is  not  the  same on  Android  and iOS,  custom Adapters  and
MvxTableViewSources are necessary. In effect most of these are complicated and contains more logic
than one would wish for a view.
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2.3 Web Service Functions

In this section the important functions used to communicate with the web service will be explained.
Some of the functions will include the corresponding XML in which case some parts will be omitted to
improve readability, this is indicated by an ellipsis. 

2.3.1 Login

The login function is the most central function in the web service and is therefore implemented directly
in the ServiceContext class. There are currently two ways to authenticate a user: by creating a new
login or by verifying an existing authentication cookie (a string of 320 alphanumeric characters, also
called DM Security Token, DST). The following is a sample SOAP request and response for creating a
new login session. These requests and responses are created and translated by the generated proxy and
exposed as method calls responding to the name in the service description.

Request:

...
<?xml version="1.0" encoding="utf-8"?>
<soap:Envelope ...>
  <soap:Body>

<Loggin xmlns="http://tempuri.org/">
      <library>string</library>
      <user>string</user>
      <pwd>string</pwd>
    </Loggin>
  </soap:Body>
</soap:Envelope>

Response:

...
<?xml version="1.0" encoding="utf-8"?>
<soap:Envelope ...>
  <soap:Body>
    <LogginResponse xmlns="http://tempuri.org/">
      <LogginResult>string</LogginResult>
    </LogginResponse>
  </soap:Body>
</soap:Envelope>

To login a username and a password has to be provided as well as a library name. At Data Ductus only
one  library  named  DATADUCTUS  is  used  and  is  thereby  hardcoded  in  the  application.  The
LogginResult variable in the response contains either a DST if the login was successful or null if the
login failed. When a valid DST is acquired it is stored on the device using portable API PCL Storage
with which arbitrary data can be read and written from a portable class library. In the old version this
cookie was encrypted before it was written to disk using the function File.Encrypt from System.IO
in .NET. This function however is not available in a PCL and as PCL Storage does not feature any
encryption the cookie is currently stored in plain text. Since both Android and iOS employ sandboxed
environments for applications other applications are not able to read the file without bypassing the
sandbox (not currently possible on iOS without a jailbroken device). This is something that would have
to be implemented in a final version of the application.

If a previous DST is cached on the device a call to the CheckDST function can be made. The
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following is a sample of this function. 

Request:

...
<?xml version="1.0" encoding="utf-8"?>
<soap:Envelope ...>
  <soap:Body>
    <CheckDST xmlns="http://tempuri.org/">
      <sDST>string</sDST>
    </CheckDST>
  </soap:Body>
</soap:Envelope>

Response:

...
<?xml version="1.0" encoding="utf-8"?>
<soap:Envelope ...>
  <soap:Body>
    <CheckDSTResponse xmlns="http://tempuri.org/">
      <CheckDSTResult>boolean</CheckDSTResult>
    </CheckDSTResponse>
  </soap:Body>
</soap:Envelope>

The parameter sDST is the DST to be checked and the response come in a boolean, indicating whether
the cookie is still valid or not.

2.3.2 Search

Due to the time constraint searching for documents is one of the two areas which is implemented. The
web service has a function for performing a search by specifying different document properties and
their value. This enables searching in any specific metadata field. To keep the user interface simple
though the only implemented properties specify whether to search in the metadata, in the document
content or in both. These have the PropertyNames FULLTEXT_PROFILE, FULLTEXT_CONTENT
and FULLTEXT_CONTENT_PROFILE. 

Request:

...
<soap:Envelope ...>
  <soap:Body>
    <SearchDocument xmlns="http://tempuri.org/">
      <DST>string</DST>
      <PropertyArray>array</PropertyArray>
      <Lib>string</Lib>
      <SearchForm>string</SearchForm>
    </SearchDocument>
  </soap:Body>
</soap:Envelope>

Where an item in the PropertyArray is described like this:(omitted parts are only used in the web
interface to determine their type and prompt text)

<Property>
          <PropertyName>string</PropertyName>
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          <PropertyValue>string</PropertyValue>
          <PropertyType>string</PropertyType>
          ...
</Property>

Response:

...
<soap:Envelope ...>
  <soap:Body>
    <SearchDocumentResponse xmlns="http://tempuri.org/">
      <SearchDocumentResult>
        <Document>
          <Documentname>string</Documentname>
          <Application>string</Application>
          <Author>string</Author>
          <Docnum>long</Docnum>
          <LastEditDate>dateTime</LastEditDate>
          <MimeType>string</MimeType>
          <FileExt>string</FileExt>
          <RelationshipType>int</RelationshipType>
          <DMDocumentStatus>...</DMDocumentStatus>
          <FT_Score>string</FT_Score>
          <LoginUserTrusteeRights>int</LoginUserTrusteeRights>
          <SystemId>long</SystemId>
        </Document>
        ...
      </SearchDocumentResult>
    </SearchDocumentResponse>
  </soap:Body>
</soap:Envelope>

The result  is  an array containing all  the documents that  matched the search.  These items are then
displayed in a list view. The returned documents does not contain all available metadata about the
document. Instead the function GetDocMetaData is used to obtain the entire document profile using the
value from the Docnum field.

2.3.3 Metadata

The  other  implemented  area  is  metadata  manipulation.  This  pertains  to  fetching  and  displaying
metadata for a given document, and then changing the metadata values. In Figure 3 the navigation and
parameters between views are illustrated. When the document profile view is loaded the document id is
passed. This id is then used to call GetDocMetaData which retrieves the profile for the document. Since
the profile contains over 50 properties, most of which are internal to the system and hidden from the
user, a few fields are hardcoded to be displayed, including name, type, author etc. Figure 2 shows an
example profile as presented in the web interface.
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The necessary parameters are the library name, a valid DST and the document id. The result is
an array of properties, like the one used as argument in Search. Apart from this array the following is
also part of the result.

...
<soap:Envelope ...>
  <soap:Body>
    <GetDocMetaDataResponse xmlns="http://tempuri.org/">
      <GetDocMetaDataResult>
        <Formname>string</Formname>
        <DTS>string</DTS>
        <SearchProfileName>string</SearchProfileName>
        <PropertyItems>...</PropertyItems>
        <SecurityItems>
          <Security>
            <TrusteeName>string</TrusteeName>
            <TrusteeFlags>int</TrusteeFlags>
            <TrusteeRights>int</TrusteeRights>
            <TrusteeAction>Notdefined or Add or Delete or Update</TrusteeAction>
          </Security>
          ...
        </SecurityItems>
        <FileExt>string</FileExt>
      </GetDocMetaDataResult>
    </GetDocMetaDataResponse>
  </soap:Body>
</soap:Envelope>

Except for FileExt none of these are used in the application.
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2.3.4 Additional Functions

In addition to the two functions above most functions from the web service are implemented and tested
in the library. These include the following:

• Upload and download documents

• Check in- and out documents

• Copy document

• Delete document

• Changing security rights on documents

Using these functions only requires that the user interface and viewmodel be written, though that is
beyond the scope of this thesis.

2.4 User Interface

According the project specification the user interface “can be rough and not a polished experience”.
Therefore it is not tested and refined but only coarsely implemented. It does however follow most of
the design guidelines for each platform. Figure 3 shows the navigation path between the views and any
parameters passed between them. The following screenshots show the views for Android and iOS side-
by-side.
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2.4.1 Login

2.4.2 Search
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2.4.3 Document Profile

2.4.4 Versions
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3 Results
The result of this project is an application for both Android and iOS which supports a few of the many
features in eDOCS DM. Most of the codebase resides in a portable class library and can be compiled to
both the supported platforms with the use of Xamarin, along with a few other platforms, all of which
are Microsoft platforms. While the implemented features are not sufficient to produce a replacement for
the web interface or the desktop clients, most features needed to accomplish this are present and tested
in the web service library.

3.1 Multi-target development

The application was developed in Visual Studio with the Xamarin add-on running in a virtual machine
on a Mac, which meant that only one computer had to be used. This turned out to be a good choice
since the experience was seamless when the Mac specific tools were required. The platform-specific
project  contains  only the  necessary logic  to  adapt  the  abstract  notion  of  a  list-view to  the  native
implementation the shared Core project is the largest part to maintain.

3.2 Goals

Several goals were stated in the introduction for which features were to be implemented and these will
be presented and explained here.

3.2.1 Logging in to the system

To be able to access any data inside the system a login feature is necessary. This was the first to be
implemented since no other functions work without a valid authentication cookie. The user inputs their
username and password which  are  then  sent  to  the  server  and authenticated.  Currently no data  is
encrypted since the web service expects both these fields in plaintext. The web service is not available
over a secure http connection either so the data is sent over the network in plaintext. However since the
service is only available when the device is connected to the internal network at Data Ductus, either
using  ethernet  (not  feasible  on  mobile  devices)  or  through  a  VPN  connection,  this  data  is  only
interceptable in plaintext if a potential attacker is connected to this network, making the application
somewhat more secure. 

3.2.2 Search

A scaled-down version of the online search was implemented where the user can choose to search in
either the metadata or content of a document or both. This choice was motivated mostly to keep the
interface as simple to use as possible. The search interface for both the Android and the iOS apps
adhere to the design guidelines for the specific platform and look a little different. They both have the
same options though and return the same result for an identical search. 

3.2.3 Check-in and Check-out version of document

Currently the application can only view what versions of a document exists, it can not interact with any
specific version. This is due to a problem which occurred during the development process which is
further discussed in Conclusion. Like most other features this is implemented in the PCL but no front-
end interface for it exists.
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3.2.4 View and change metadata

When selecting a document in the search view that documents metadata profile is displayed. This is not
the complete profile again due to keeping interface complexity down. The returned array of properties
from the web service contains all elements of the profile, including buttons and hidden fields. As there
is no way of differentiating these properties a few important ones, like name, author, type etc., are
hardcoded to be displayed. Those properties which can be changed are displayed in some form of
editable  element  while  others  are  displayed  in  regular  labels.  When  one  property  is  clicked  the
keyboard shows and allows it to be edited. The property change is sent to the web service when the
selected field loses focus eliminating the need to manually save.

3.2.5 Cache documents

Locally caching documents was a feature that was originally planned to reduce latency when viewing
documents.  However  since  a  document  viewer  is  not  implemented  this  feature  was  not  deemed
important enough to implement since the user would not be able to view the stored document. More on
this is discussed in Conclusion. 
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4 Discussion
The number of apps made with multi-target frameworks on the different app stores is only a fraction of
those which have been developed natively for the platform. The three major multi-target frameworks
Xamarin, PhoneGap and Titanium all use very different approaches to enable code sharing, all of which
targets different types of developers and different use-cases. From what I have been able to conclude
both from this project and my previous experiences developing native apps for Android and iOS most
developers are best off creating their apps using the native SDKs. To answer the four questions from
Goal and Purpose under the objective: 

1. Can it save development time?

The answer to this question is completely dependent on what experience the developers making
the application have. If they are all seasoned C# and .NET developers only having one codebase
to maintain will most probably save some development time. The fact that all developers can
work on the same project and not require one Java team and one Objective-C team can also
save expenses. In any other case I would say that learning the native tools and languages for
each platform is worth the effort, since developing the platform-specific projects require much
knowledge about the respective platform in any case.

2. Is it worth a larger binary?

I would say there are few cases this is a consideration which is actually important. A small iOS
test project was able to produce a 130 KB binary. The same project in Xamarin compiled to 4.2
MB. While this is quite a large difference the significance of the size decreases as the size of the
application increases. And in most projects the executable makes up a very small percentage of
the total size. Various types of resources like images and sounds are usually the culprit of a
large application. Therefore, I don't consider this a major drawback.

3. Is it worth the extra learning curve?

For me this is the most important question. The answer depends on what type of project is being
developed. If the developers have previous experience with projects of the type it can pay off in
the long run to learn all the tools and conventions of Xamarin. However, if the project is one
where the developers are unexperienced, having one learning curve on top of the one for the
project can be a major problem, as it was in my case.

4. Is it worth the price?

The price of Xamarin is currently 999$ per platform, per developer, per year.

This to is dependent on the situation surrounding the project. If it is a sole developer making the
app in their spare time the expense may be too large. However if it is a larger corporation the
expense is almost negligible.

Furthermore the promises  of  a  framework like  MVVMCross  sounds good but  will  most  probably
require huge workarounds in the platform specific projects to be able to share the viewmodel.

PhoneGap can be a good choice if the underlying javascript app is well done. Many webapps
often have a slow and unresponsive interface, in part as a result of not optimizing the app for the slow
hardware and in part due to limitations in the javascript interpreter, like how iOS does not allow other
applications than Safari  to use their  Nitro JS engine and doesn’t  allow developers to use other JS
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interpreters. However recently the performance of both mobile hardware and software has improved
making webapps a viable solution. 

Since I have no experience in using Titanium I can not comment on the performance of apps
written using it or the friendliness of the development tools and environment. As the code is interpreted
JavaScript though it is unlikely that it can outperform that of a native app. However shear performance
is seldom the only requirement when developing an application, ease of use is an important thing to
keep in mind and as show by Ciman et al.[13] Titanium scores equal to PhoneGap on most points,
including community and tutorials and significantly higher on the API. 

The problem with using any of these framework is that since the usage of them is quite limited,
the support available and the community for them are much more limited and smaller than for native or
web development. As Lee Whitney states on his blog “When developers are 10 times more likely to
find results when searching the web about an issue, it directly impacts productivity”[14]. This is one
problem I have encountered time and time again throughout this project. I have also faced a few bugs
in the Xamarin toolchain that affected productivity, an example being when the solution would not
build for iOS, due to a bad symbolic link created during an update.

4.1 Future work

Overall the project has been a success but there are some parts that hasn't gone completely according to
the original plan and some parts that needs to be refined in order for the application to be usable.

First  off,  the  remaining  functions  in  the  web  service  library  should  be  implemented  in  the  user
interface.  Since these functions  cover  most  of  the functionality of  eDOCS this should make for a
complete application.

Secondly, an extra layer of encryption would be necessary to increase the security level. Right now all
data is encrypted through the VPN connection, however this makes it vulnerable to attacks from within
this network. 

Furthermore I would like to try implementing the same application using the other two frameworks to
be able to determine which one would work best for this particular app, as well  as comparing the
development environment and tools in detail.

4.2 Conclusion

The fact that I didn’t get access to the needed libraries and logins until the second week of development
impacted my ability to implement all the features in the project proposal as stated by Data Ductus. The
missing features work in the web service library and have been unit  tested continuously using the
NUnit testing framework but the interface in the apps could not be finished within the timeframe. This
can to some extent be regarded as a failure but as my main purpose was to investigate Xamarin I still
reckon the project was a success. While I have gained much knowledge in both .NET, C# and cross-
platform development using Xamarin I would have to learn more about how to design applications
from the ground up to better be able to make a good product. 

There are a few things to work on in order to make the application fully functional. The first is of
course  to  implement  the  missing  interfaces  to  be  able  to  store  documents  locally  and  bookmark
searches. A potential problem may be that the local documents were to be encrypted but this is quite
difficult, especially on Android where, in order to open the document in another application, it needs to
be written to a storage device the other application can access it, for example a connected SD card. This
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requirement stems from the fact that the extra data passed with an Intent is limited to ~1MB. The
recommended practice is to write the data to a file and pass the URI in the Intent. Even without this
requirement any application used to open the document would be free to do with the document what it
wants, which is also a security risk.
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