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Abstract 

New technologies related to mobility, such as smartphones and tablets, once 
again push companies to reconsider their IT system. New services can be 
provided externally (to customers, partners or the general public) as well as 
internally (to employees) and existing ones have to be reconsidered to fit new 
devices and new ways of using IT. 

This important evolution implies that new technologies and new components 
are integrated in the IT system. Those components are characterized by a 
high volatility: they are subject to trend effects, they evolve quickly to follow 
the terminals market and thus their lifetime is far from guaranteed. This study 
focuses on new uses brought by mobile technologies and that modern 
companies can benefit from, and then, based on several market products, 
proposes a set of software architecture patterns that correspond to the 
different possible implementation of mobility in the IT system. 
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Abbreviations 

QoS: Quality of Service 

NFC: Near Field Communication 

B2C: Business to Customer 

B2E: Business to Employees 

HMI: Human Machine Interface 

SDK: Software Development Kit 

MDM: Mobile Devices Management 

 

 

 

 

 

 

 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 4/53 

 

Table of contents 

 

1. Introduction .................................................................................. 5 

1.1. Mobile IT ............................................................................................................................. 5 

1.2. Research questions .......................................................................................................... 10 

1.3. Scope and delimitations .................................................................................................... 10 

2. Solucom ..................................................................................... 11 

3. Theory ........................................................................................ 12 

4. Methodology ............................................................................... 16 

4.1. Case study ........................................................................................................................ 16 

4.2. Shared data sources for the two research questions ....................................................... 17 

4.3. Methodology specific for RQ1 ........................................................................................... 19 

4.4. Methodology specific for RQ2 ........................................................................................... 21 

5. Results ....................................................................................... 24 

5.1. Categories of users and associated mobile services in modern companies (RQ1) ......... 24 

5.1.1. Business to Consumers ............................................................................................... 24 

5.1.2. Business to Office Employees ..................................................................................... 26 

5.1.3. Business to Field Employees ....................................................................................... 26 

5.2. IT architecture patterns to implement mobility in the information system (RQ2) .............. 29 

5.2.1. Native application (Android) ......................................................................................... 29 

5.2.2. Native Application (iOS) ............................................................................................... 30 

5.2.3. Web application ........................................................................................................... 32 

5.2.4. Compiled hybrid application ......................................................................................... 34 

5.2.5. Wrapped hybrid application ......................................................................................... 36 

5.2.6. Virtualized application .................................................................................................. 38 

5.2.7. Back-end architecture .................................................................................................. 40 

6. Conclusions ................................................................................ 43 

6.1. Validity and reliability ........................................................................................................ 43 

6.2. Future work ....................................................................................................................... 45 

7. References ................................................................................. 46 

 

 

 

 

 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 5/53 

 

1. Introduction 

This section pictures an introduction to the project, firstly by presenting the 
definition, in the scope of this report, of “mobile IT” and the purpose of this 
study. Leading research questions driving the study will then be explained. 
Finally, scope and delimitations of the project will be stated at the end of this 
introduction. 

1.1. Mobile IT 

The smart mobile phone (smartphones) drew a clear line between historical 
GSM mobile phones and current feature-packed phones. Previously a single 
purpose oriented device, the phone is now a full computer carried in the 
pocket and the most widespread interface for ubiquitous computing (1). 

From a promising new technology, several combined factors now make 
smartphones an unavoidable technology for both the public market (2) and 
the enterprise market (3). Two of them are described below. “The release of 
the iPhone five years ago marked a shift towards a mobile-dominated future,” 
said David Mitchell Smith, Gartner research vice president. “With phones and 
tablets becoming a platform for the delivery of applications and information, 
and not simply a communications tool, the era of running applications solely 
on desktop and notebook PCs is rapidly being superseded by a fast-moving, 
diverse era of ecosystems that span consumer electronics, business 
computing, fixed-location clients and mobile clients” (4). 

Two main factors (5) are responsible for this rapid success of smart mobile 
devices: 

 Evolution of the supporting mobile networks 

 Evolution of devices 

These are described next. 

The evolution of the supporting mobiles networks 

From historical analog cellular systems deployed during the early 80’s to 
current Third-Generation (3G) and Fourth-Generation (4G) systems, the 
performances and connectivity of mobile networks have been constantly 
increasing (5). Table 1 gives an overview of major evolutions of protocols and 
channels from 1989 to 2013. On the one hand, the evolution of standards 
and products has allowed a drastic improvement in throughput and latency 
(6), and on the other hand, interconnection to the internet network has 
constantly been improved, with more protocols allowed and the possibility to 
use end-to-end SSL tunnel from a mobile device to a back-end system. 
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The increasing available bandwidth and overall reliability of the network 
enable the deployment of media-rich services and the control capability for 
network resources enable provision of the adapted media to the user with the 
appropriate level of security and quality of service (QoS) (5). 

 
Table 1: Evolution of Protocols and Channels from 1989 to 2013 (6) 

2G 

GSM voice-dominated, circuit switched core network 

GPRS 
add support for packet data on shared channels 

add IP based core network 

EDGE increased packet data capacity for GSM systems 

3G 

UMTS 

separate voice and packet data support 

focus on dedicated channels 

complicated network architecture and protocols 
due to macro diversity and QoS requirements 

HSPA 
improved support for packet data; emphasis on 
shared channels 

IMS support for IP-based services, e.g. voice (VoIP) 

4G LTE 

strong packet data support (latency, throughput, 
control overhead) 

simplified protocols 

packet switched only, i.e. no circuit switched core 
network 

 

Furthermore, the ability for modern mobile device to adapt to several types of 
radio communications (mobile GSM based networks, WiFi, Bluetooth, NFC), 
as depicted in figure 1, makes it an always connected computing platform, a 
specificity that cannot be ignored by modern organizations. The 
consequences are the emergence of new or renew uses brought by mobile 
devices, and they will be studied in further details later in this paper. 
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The evolution of devices 

From single purpose oriented devices, 
phones, and mobile devices in general 
(including tablets), have turn into 
powerful computing platforms, packed 
with advanced sensing capabilities, 
widespread I/O (more and more often 
USB, HDMI, jack plug, etc.), all of that 
supported by improved battery and 
enhanced HMI (touch screen). They are 
now the most featured computing 
devices, far more connected to their 
environment than standard computers 
(1). Figure 2 gives an overview of the 
many features in modern smartphones. 

Besides, being always available and 
always connected, smart mobile 
devices have emerged as a very 
popular computing platform. In fact, 
according to Gartner Inc. as of third 
quarter of the year 2012, smartphones 
sales accounted for 39,6% of total 
mobile phone sales, as smartphone 
sales increased 46.9% from the third 
quarter of 2011 (7). 

Figure 1: Schematic view of the evolution of connectivity brought by smartphones 

Figure 2: An overview of the multiple features offered by smartphones 
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This conjunction of features, bandwidth and performances in a mobile and 
handy device now allow not only an evolution in standard IT uses, but also a 
revolution, bringing new innovative uses like geolocated and real-time 
information, augmented reality or NFC communications. Few can ignore the 
opportunity, since mobility will eventually have a role in most digital products 
and services (8) (9). This state of fact now pushes companies to reconsider 
their IT to take into account this paradigm shift: mobility is no more a 
borderline practice, it is a true enabler for increased productivity, real-time 
information and collaboration and innovative communication with customer 
(3). As a response, IT departments in most organizations worldwide now 
place mobile IT in their top priorities (10) (11) as shown in the figure 3 below. 

 

 

 

 

 

 

 

 

 

 

 

It is said on the survey above that enterprises want to provide mobility 
support “for employees, customers or business partners”. In fact, the mobile 
services provided to each of those categories of users might be very different 
in their nature and in the way they are brought to the end user. For instance a 
bank might want to provide a bank account management application for its 
customers whereas it will provide handy tablets with access to internal 
resources to its employees in branch offices. 

Furthermore, and as seen before in this introduction, the “mobile revolution” 
was at first driven by technology. Full-featured affordable mobile devices 
appeared on the market, in several shapes (smartphones, tablets and other 
hybrid models) whereas mobile networks and web technologies supported 
those devices. Uses however, at least in companies, have hardly been a 
driving factor. “The problem is that we now have a clear view on what 
hardware is available to us, but not on what usage we can have with it” (12).  

Figure 3: Top strategic IT priorities according to Forrester (extracted from (11)) 
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This problem leads to the first research question of this study: to provide a 
clearer view on the uses of mobile IT from which companies can benefit, it 
focuses on the usage of mobile devices observed in today’s enterprises. 

Research Question 1: What are the new mobility services / use cases 
provided in modern companies? 

 

In the rapidly evolving mobile application market, new technologies, players, 
devices, and platforms emerge just about every month (13). These constant 
shifts in the business landscape and competitive environment create 
uncertainty and risk. Whether we speak about software, development 
languages, frameworks or devices, the products and editors on the market 
are very often young and not assured to last in the middle or long term. A 
striking examples of this state of fact is the evolution of market share for 
mobile operating systems (OS), pictured in Figure 4. Whereas Nokia’s 
Symbian OS was sold with nearly half of all smartphones in 2009, the shares 
are completely different only 3 years after where Android, inexistent in 2009, 
is now sold with 72% of smartphones, bringing down Symbian to only 3%.  

 

This clear instability even on very short period of time is a critical problem 
when building a viable IT strategy for mobile services in a company and 
illustrates the need for an IT strategy whose choices are at a level above 
market products, thus avoiding the issue associated with constant changes in 
this market. This is possible through the use of architecture patterns. The 
definition and usage of this concept is discussed in the theory chapter and 
leads to the second research question. This study propose a set of 
architecture patterns, built on the study of existing products and projects, and 
that should encompass all possible ways of building a mobile service. 

Research Question 2: What are the IT architecture patterns to 
implement mobility in the information system? 

Figure 4: Worldwide Smartphone Sales to End Users by Operating System (from the data presented in (34) and (2)) 
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1.2. Research questions 

The introduction to mobile IT given above stated two main research 
questions on which the study will be focused. These are: 

 RQ1: What are the new mobility services / use cases provided in 
modern companies? 

 RQ2: What are the IT architecture patterns to implement mobility in 
the information system? 

1.3. Scope and delimitations 

The following points define some aspect of the study and delimit its scope: 

 This report addresses two aspects of mobility, uses and IT 
implementation, but only from an enterprise point of view. This means 
that this report does not address social or behavioural impact on user 
for instance, or technical explanations on how mobile networks and 
devices works. The study will rather be based on existing technologies 
and possibilities to explain why companies can benefit from them and 
how IT systems in those companies are transforming themselves to 
provide those mobile services to customers or employees. 

 The uses of mobile IT identified and studied in this report are only 
business-related uses and not personal ones. Put in different words, the 
questions addressed here will be more like "how to aid employees in 
their daily work" than "how can they access Facebook from their 
professional phone". 

 To transform a large organization to enable/enhance mobile IT is a 
broad project, implying transformation on several levels (strategy 
design, infrastructure, software architecture, user education, technical 
support, marketing, etc.). This study will address on the one hand the 
strategy design aspect by studying targeted user and uses of mobility, 
and on the other hand the IT aspects, i.e. software architecture and 
associated infrastructure. 

 As previously seen in this introduction, two main actors are currently 
leading the mobile operating system market (14): Google with Android 
and Apple with iOS. The recently emerging, or “historical” challengers 
(Microsoft Windows Phone and RIM Blackberry for instance) have not 
reached more than 5% market share at the time of writing. For this 
reason, this study will be limited to the two mobile OS Android and iOS 
for the IT aspects. 
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Strategy & management 

Mobilise the business toward 
its clients and business 

development 

IT Transformation 

Align IT with the business 
strategy and core business 

requirements 

Telecom & innovation 

Provide value through new 
communication services 

IT Architecture 

Use service-oriented 
approaches 

to improve IT performance 

IT Governance 

Improve IT performance for 
business lines 

Security & risk 
management 

Manage risks and protect one's 
information assets 

2. Solucom 

This study has been conducted with both the Industrial information & control 
systems (ICS) department of KTH in Stockholm, and the company Solucom 
in Paris. The following introduces the company and pictures its stakes in the 
study and its essential role during the project. 

Solucom is a French independent consulting firm in management and 
enterprise information systems. Founded in 1990, it now has more than 1000 
employees and only customers from the top 200 biggest companies and 
administrations in France. 

As pictured in the figure below, the offer is divided in 6 practices, addressing 
business transformations from various points of view, from CEO to CIO: 

The study has taken place in the IT architecture practice, and more precisely 
in the "User and Workplace services" business line, which deals with 
innovative work environments and changing paradigm in the way employees 
work in modern companies. 

To conduct this project in this particular company was of mutual interest. On 
the one hand, the surrounding environment there, with experts, state of the 
art projects with large companies and relevant information databases has 
been essential to the study. On the other hand, Solucom benefits from the 
study as mobile IT is indeed a rapidly growing concern in large organizations 
(10). Solucom strives to always be acquainted with recent technological 
development when at the same time keeping a high level end long term 
vision on those technologies, their evolution and perspective. Thus the study 
also aimed at providing Solucom with a structured overview on the subject of 
mobility for business, and useful inputs in projects with customer.  

Figure 5: Solucom's six practices (35) 
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3. Theory 

This chapter presents literature review related to the subject of this study, 
and how this was used to build and support the content of this report. It starts 
from mobile uses and mobile strategy study (RQ1), followed by works related 
to RQ2: work in the field of Mobile IT architecture, an overview of what is 
software architecture and how it is used in the result section to present the 
architecture patterns. 

Work related to RQ1 

While gathering references for this study, it turns out that very few research 
papers actually address the subject of mobile devices uses from the point of 
view of the enterprise. In (15), Pousttchi et al. have studied provided services 
and different uses of mobile banking applications and have assessed the 
customer requirements. In (16), Cui et al. gathered user data, user practices 
and emerging trends to produce an activity taxonomy applied to mobile web 
access. However these studies focus on the user / customer point of view, 
whereas this paper’s approach is based on enterprises, and how they can 
benefit from mobile services for various populations inside (employees) and 
outside the company (customers). 

Aside from research paper, and because mobile technologies are a hot topic 
in many companies (see the introduction), literature about business mobile 
strategy has also been found in publications from mobility related industries 
(here Dell and Oracle) and large advisory companies (here Gartner). 

In its “Six Steps for Building a Long-Term Strategy for Mobile: Technical 
Considerations”, Oracle presents its vision of how to determine his mobile 
strategy (17). As explained in the paper, the study is based on Oracle 
experience with many businesses that have taken a “panicked approach to 
building a mobile presence”, to quote their word.  

Also studied for this paper, “CIO Strategies for Consumerization: The Future 
of Enterprise Mobile Computing” is a white paper by Paul d’Arcy from Dell. 
The paper is built around two parts: trends in the mobile space and 
recommendations regarding mobile strategy. 

Finally, in “Mobile Applications and Interfaces: New Approaches for a 
Multichannel Future”, Gartner provides guidelines concerning mobile 
applications based on its analysis of the current market (4).  

Work related to RQ2 

The goal behind research question 2 is to provide a comparison of the 
different possibilities to implement mobility in the enterprise’s information 
system at IT level. 
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Many publications address this IT aspect with a comparison of existing 
market products, such as (18) which compares four popular mobile runtime 
environments in 2011, and (19), which examines and provide a comparison 
of several cross-platform mobile frameworks. However, the lack of stability in 
the mobility market makes those comparisons rapidly outdated and irrelevant 
(20). This report thus suggests a higher level of abstraction as explained 
further. 

Several approaches to mobile IT modelling have been studied in order to 
understand the context around research question 2. In “Research areas and 
challenges for mobile information systems” (21) authors provide a study on 
how it is possible to develop mobile information systems through layered 
model-based approach. Three levels are suggested to model information 
systems:  

- Conceptual level, where data flows and interactions are examined 
regardless of the use of information technology or not as a medium. 

- Logical level, where information technology architecture is studied, but 
without taking into account the technological implementation below it. 

- Physical level, where implementation details are discussed such as 
software products, configuration and hardware. 

This level-based model has been used to build research question 2. In fact, it 
provides the “higher level of abstraction” mentioned earlier: conceptual and 
logical level. In other words, studying mobility implementation in IS at logical 
and conceptual level makes it possible to overcome the constant changes 
that are currently happening at the physical level and improve the validity of 
the study over time. It was then chosen to study specifically the logical level 
as we this research question is focused on IT implementation. 

In “Providing web services to mobile users: the architecture design of an m-
service portal”, the authors discuss the architecture of a service-based 
mobility implementation (22). The study is based on a 3-parts model of the 
mobile Information System presented in the figure 6 below. The 3 parts of the 
model are: 

- The mobile clients: it is the device from which the user accesses the 
application. In the scope of this study, it can be any type of smartphone or 
tablet. 

- The server-side infrastructure: it is the backend section of the Information 
System of the enterprise. It already contains enterprises legacy 
services/databases and in the general case has to be integrated with the 
application running on the device. 

- The mobile network infrastructure: this part of the model is not controlled 
by the enterprise itself but rather by a service provider. For this reason, 
this infrastructure will not be discussed in the scope of this study and 
considered as a transparent medium between device and backend. 
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The goal with research question 2 is to provide the on-device and backend 
architecture patterns that can be used to implement mobility in an Information 
System. 

Brian Fling in his book “Mobile Design and Development” (20) and Gartner in 
the report “Mobile Applications and Interfaces:  New Approaches for a 
Multichannel Future” (4) provides a few on-device application architecture. 
However, both are not highly detailed and Fling’s work is partly outdated 
considering the evolutions in mobile networks and mobile OS. This study’s 
goal is to provide exhaustive, detailed and up-to-date architecture patterns on 
both sides of the mobile network. 

Finally, a different kind of theory was also used in this report: in fact, to 
answer research question 2, software architecture patterns should be built 
and presented. The following thus presents the theory behind what is 
software architecture and how it is presented in this report.  

Software architecture describes, in a symbolic and schematic way, the 
different software elements of a computer system, their properties, relations 
and interactions. Contrary to function oriented analysis, the software 
architecture model does not describe what the IT system do but rather how it 
is conceived to answer the requirements. Such a model facilitates high-level 
design decisions and architecture patterns reuse between projects. In the 
words of Richard N. Taylor: “software architectures shift the focus (…) from 
lines-of-code to coarser-grained architectural elements and their overall 
interconnection structure” (23). 

Figure 6: Mobile information system model (extracted from (22)) 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 15/53 

 

Software architecture, just like the traditional architecture, can be categorized 
in styles (24). Despite the millions of different computer systems, every one 
of them can be classified by a small number of architectural styles (25)  

One of them, “Pipes and Filters”, has been used in this study to model the 
architectural patterns that have been built. This style, described by David 
Garlan and Mary Shaw in their “Introduction to Software Architecture” is 
composed of software components connected by data stream. Information 
flows into the network and is shared and transformed by the different 
components it crosses (25). Figure 7 gives a schematic representation of 
“Pipes and Filters” architecture. This architecture style has been chosen 
among others because it is adequate to model information streams flowing to 
and from mobile devices and the information system. 

Also, “Pipe and filter” architecture modelling benefits of nice properties. First, 
it supports reuse: any component can be mutualized of two components can 
be hooked together provided they agree on the presentation of data being 
transmitted. Second, those models are highly adaptable and scalable 
depending on the context as components can easily be inserted or replaced 
in the architecture (25). A detailed description of this architecture style and its 
advantages and disadvantages is provided in Garlan and Shaw’s paper. 

Figure 7: Pipe and filter (extracted from (25)) 
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4. Methodology 

This chapter is intended to give the reader a view on the methods that have 
been used to carry out this study. The two research questions stated in the 
introduction implied that the final result is: 

 A structured list of services and uses of mobile technologies that are 
currently provided by large companies. As seen before, those new uses 
will depend on the targeted end user and thus this list should be 
classified by categories of users (RQ1). 

 Architecture patterns that allow the IT implementation of those mobility 
services. To provide an end to end view, architecture patterns should 
cover on-device software as well as back-end integration to the 
company’s Information System (RQ2).  

The method used to gather those study results is the one of a case study. 

This chapter will present firstly how the case study will be conducted 
generally, and then a specific focus will be done for each research question 
to provide details on the actual methodology and types of sources. 

4.1. Case study 

 

According to the Merriam-Webster dictionary as of 2012, a case study can be 
defined as “an intensive analysis of an individual unit (as a person or 
community) stressing developmental factors in relation to environment”. In 
the context of this report, “individual units” are large organizations which have 
a well-established mobility strategy or are working on projects involving 
mobile IT. The final goal of the case study is to retrieve the three previously 
presented results. 

Figure 8: Overview of the method used throughout the study 
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The method used throughout this case study is schematically described in 
the figure 8 and based on the Guidelines for Industrially-Based Multiple 
Case Studies in Software Engineering (26). Major parts of the process given 
there have been kept. Only “Administration of case study” is not shown on 
this schematic. This administration part has been done on legal, scheduling 
and publishing aspects but is not necessary to present in further details 
here. 

The first step consists in focusing the study, that is formalizing the goals, 
defining the scope and building the project management (schedule, 
validation process and publishing issues).  

The second step is elaborating the plan to gather the empirical data that will 
be necessary for the later analysis. R. Yin states: “the design is the logical 
sequence that connects the empirical data to a study’s initial research 
questions and, ultimately to its conclusions” (27). In the scope of this study, 
this design and the work in step 1 are formalized in the “Project Plan”. This 
document contains the method used during the study and the underlying 
theory. 

The third step is about collecting empirical data, the “raw material” in the 
study. According to R. Yin’s work, there are six different ways to collect data 
in a case study: participant observation, direct observation, documentation, 
archival records, interviews and physical artefacts, each of them with their 
advantages and associated risks (27). Actual use of those sources is given 
below. The fourth step consists in analysing raw data. The needed results 
presented above must be extracted and conclusion made on those results. 
Finally, the project plan, analysed data and discussion will constitute the 
“Final Report”, which is the main output of the study. 

The following chapters will describe how the third and fourth steps (empirical 
data gathering and analysing) have been carried out. Some data sources 
were shared for all RQ (chapter 4.2) and the specificities for each RQ are 
detailed in chapter 4.3 and 4.4. 

4.2. Shared data sources for the two research questions 

Two main data sources have been used for all research questions: interviews 
and documentation study in a sample population of companies. Those are 
described in the following 
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 Five interviews have been conducted for this study. Those were 
standardized, open-ended interviews, meaning that the same open-
ended questions were asked to all interviewees; this approach 
facilitates faster interviews that can be more easily analysed and 
compared (28). A very basic guide of discussion was thus provided to 
the interviewee (available in annexe). Each interviewee was 
independent from the others, i.e. the information from one interviewee 
was not used for the others. Interviews lasted between 30 minutes and 
1 hour and were all carried out through personal communication, 
directly in Solucom’s office. Each interviewee was chosen for its 
experience in mobility projects with Solucom’s customers. In order of 
meeting, the following persons were interviewed:  

 Mathieu Sabarly (senior consultant) 

 Simon Radier (consultant) 

 Jean-François Baumann (manager) 

 Julien Rousson (senior consultant) 

 Julien Joffre (manager). 

 Documentation study in a sample population of companies has also 
been done. As stated in the introduction, Solucom works with large 
organizations, for most of them based in France, and with European or 
international presence. A significant proportion of those companies are 
beginning to show a great interest in mobile IT, that is more than a 
simple cell phone commodity for employees.  

The sample population was thus constituted of some companies that 
have worked with Solucom on a mobility related project. A choice has 
been made between all companies that have worked with Solucom 
based on the possibility to gain access to valuable information on the 
project/company. Those are: 

 Air France: French flag carrier which operates worldwide scheduled passenger 
and cargo services to 156 destinations in 91 countries. 

 i-BP: Bank engineering company in charge of the information system of Banque 
Populaire, a French group of cooperative banks. 

 Groupama: International insurance group based in Paris. 

 Thalys: International high-speed train operator originally built around the high-
speed line between Paris and Brussels. 

 Pôle Emploi: French governmental agency which registers unemployed 

people, helps them find jobs and provides them with financial aid. It employs 
45,000 civil servants. 

 PMU: French betting company, the 1
st
 in Europe for horse racing bets. 

 SNCF: France's national state-owned railway company. It employs more than 
180,000 people in 120 countries across the globe. 

 RATP: state-owned public transport responsible for most of the public transport 
in Paris and involved with operation of urban transportation services in Europe, 
Asia, Africa and the Americas. 

 Arkema: Chemical company that produces specialty chemicals and advanced 
materials. 
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 GRTgaz and GrDF: French natural gas transmission system operators. 

 L’Oréal: One of the world's largest cosmetics and beauty company. 

 RTE and ERDF: The electricity distribution system operators of France 
(1,300,000 km of lines). 

 Edelia: Company which designs, develops and implements solutions for 
monitoring, measurement and remote control of energy consumption. 

 Transilien: Suburban railway services of the SNCF-owned railway network 
operating within the suburb of Paris. 

 Savelys: French company specialized in the maintenance of energy equipment. 

 LVMH: French multinational luxury goods conglomerate. 

 Heineken: Dutch brewing company which operates in more than 70 countries 
and employs approximately 66,000 people. 

For each company, the empirical data has been gathered using the 
following two sources: 

 Documentation: about the project, the applications and the new services that 
have been or will be developed. Most of those documents came from Solucom 
and have been gathered when working on the project. 

 Archival records: quantitative data that applies to the mobile strategy and 
makes it possible to measure its actual effects. These are measures of ROI 
(return on investment), customer adoption or cost of the project. 

4.3. Methodology specific for RQ1 

As presented in the introduction, the mobile IT revolution was at first driven 
by technology alone (12). In most cases, the new devices were introduced in 
companies by users and not IT department and what follows is that solutions 
(smartphones, tablets) were available before actual needs (from the 
company point of view, i.e. not user personal needs, but business related 
needs). To design an effective mobile strategy, companies will thus have to 
carefully target the categories of user it wants to address and the services it 
wants to provide. 

Empirical data. To answer the research question, this report choses to study 
the already existing practices in the field of mobile IT in a sample of large 
organizations. More precisely, the following information has been gathered: 

 Context in the company (issues and opportunities) 

 Support and utilisation of mobile devices by co-workers or customers. 
Does the organization currently provide mobile devices to employees? 

 Mobile solution that the company wants to provide through the project 

 Targeted users for each mobile service 

Data sources. Four data sources where used to gather empirical data for 
RQ1:  
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 Interview of mobile IT experts: Doing this study at Solucom offers the 
advantage of having access to people experienced in company 
transformation, particularly in the field of mobility. As they were shared 
between all RQs, the interviews are described in the previous chapter 
(4.2). 

 Observations in a sample population of large companies, which will 
provide relevant insights on what mobile services are built in 
companies. Sample population is given in chapter 4.2. 

 Literature: presented in the Theory chapter. According to R. Yin 
recommendations, we can state that on the one hand this method for 
gathering data offers a source of information easily accessible (books or 
electronic documents) and already well-structured. On the other hand, 
the validity and reliability of the data is not assured, and depends on the 
method used to do the study and its writing date. The bias induced by 
who is the author and what is his company core business also has to be 
taken into account. 

For this study, analysis where studied from: 

  “Mobile Applications and Interfaces: New Approaches for a Multichannel 
Future” by Gartner (4) 

 “The recommendations for future enterprise mobile computing” by Paul d’Arcy 
from Dell (3) 

 “Six Steps for Building a Long-Term Strategy for Mobile: Technical 
Considerations” by Brenna Johnson and John Andrews from Oracle (17) 

 “Solutions de mobilité en entreprise : retour d'expérience” by Solucom (12) 

 Observations publicly available mobile services in some companies. In 
the scope of this study, this information has been gathered through 
download and study of publicly available mobile applications. The goal 
was to gather empirical data for RQ1, and more specifically what 
category of user is targeted by the application and what services are 
available through the application. Thus, the two following characteristics 
have been observed: 

 Targeted public: is the app only for customers (for instance a banking app for 
account owners) or usable for the general public?  

 Type of service(s) provided 

This data has been gathered through installation and direct observation 
of the applications. Each of them have been installed/accessed on/from 
a Samsung Galaxy S2 running Android 4.0 or an Apple iPhone 4 
running iOS 6. 

Five mobile applications have been studied. The choice has been 
based on the owning company: only large organizations whose 
business is not related to mobile services. The mobile applications from 
the following companies have been studied: 

 LCL: an historic French bank. 

 Auchan: a French international retail group and multinational corporation. It is 
one of the world's principal distribution groups. 
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 AXA: a French global investment, retirement, and insurance group. 

 La Banque Postale: a French bank recently created as a subsidiary of La 
Poste, the national postal service. 

 Leroy Merlin: a French home-improvement retailer serving thirteen countries. 

During the “Analyse data” step, all information gathered from the four sources 
presented above has been combined to build a structured list of services and 
uses of mobile technologies which are currently provided by large 
companies, classified by categories of users. This is presented in the “Result” 
chapter.  

4.4. Methodology specific for RQ2 

The theory section presented why this research question was focused on 
software architecture pattern instead of actual “real-life” implementations or 
market products. The goal is to overcome the high instability in the mobility 
market. 

As shown in the figure 9 below, architecture patterns were built in this study 
by abstractions of technological characteristics of different market products or 
applications observed in the studied company. 

Those architecture patterns have been identified and described using a 3-
step method presented here: 

 

 

Figure 9: link between the product level (physical level) and the architecture patterns (logical level) 

Figure 10: step-by-step methodology for RQ2 
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For the first step, three sources have been used to identify the products that 
will be studied: 

 Colin Eberhardt and Chris Price project “PropertyCross”, which select 
and compare widely used mobile frameworks (19). 

 The information gathered from the interviews described in 4.2. 

 The sample population of enterprises listed on section 4.2. For each of 
these companies, the implemented software solution and associated IS 
architecture transformations has been assessed and the market 
products used (if any) has been added to the list of studied products. 

Finally, 16 products were studied. The complete list is available as an annexe 
to this report. 

The second step consists in studying the inner characteristics of each 
product which will be used to classify them into architecture patterns (third 
step). This study has also been done on iOS and Android to understand how 
those two mobile OS interact with each type of application. Two sources 
have been used for this study: technical literature and physical artefacts. 

 Literature: technical specifications concerning the products (scholar 
sources, architectural and technological files provided by the editor and 
market analysis)  

 Physical artefact: piece of software, either developed by a studied 
company as part of a mobile application, or developed by a 3rd party 
editor (frameworks, SDK, etc.) 

Finally in step 3, the primary goal is to extract from the study in step 2 the 
possible architectures for a mobile application, and to evaluate each 
architecture pattern against a list of criteria in order to give a clear overview 
of strength and weaknesses for every one of them.  

The criteria used are mainly based on the evaluation grid used to study 
mobility RFP (request for proposal) in the companies Groupama, Heineken 
and Savely (the only one where this information was available). The work of 
Brian Fling (20), Chris de Roek have also helped to add some criteria so that 
they covers all possible aspects of a mobile architecture. Finally, 13 criteria 
have been picked up, that applied to each architecture pattern and that are 
independent from each other: 

 Inter-application communication: ability for the application to 
communicate or trigger an action on another one on the same device. 

 Native features access: ability for the application to use native 
device’s feature like GPS, NFC, camera or motion sensor. 

 Personal info access: ability for the application to read/modify 
personal information stored on the device like text messages, contacts, 
etc. 
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 Offline use: ability to use fully or partially the application without a data 
connection. 

 Performances: fluidity and quickness of user experience on the 
application. 

 Bandwidth consumption: For input/output during standard use. 

 Notifications: ability for the application to generate user notification on 
the device at any time. 

 Distribution: how does the user get access to the application? 
Incompatibility with some prerequisite of AppStore and Google Play 
(iOS and Android public application stores) are mentioned here but may 
depend on the market product used to build the application. 

 Compatibility: ability to be executed on most devices on the market. 

 Development complexity: How many programming languages are 
necessary and what proportion of the code can be re-used when 
making an application for several different devices and OS. 

 Modifiability: ease of re-configuration, upgrade or bug fixes. 

 Reporting/analytics: Ability to generate detailed statistics about the 
use of the application. 

 Lasting quality: viability of the application on the long-term. 

Those criteria are evaluated with a grade between 1 and 3. The higher the 
grade, the better the type of application architecture performs for the criteria. 
The evaluation suggested in this report has been performed by the author 
and based on the following three sources. 

 Technical study of each application that has been done in step 2 

 From the sample population of companies described in 4.2, lesson 
learned in each company which implemented the architecture pattern 

 Experience from Solucom consultant, gathered during interviews. It 
provided information on costs and pros and cons for each architecture 
pattern. 
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5. Results 

In this chapter are presented the results of the study, derived from the 
analysis of the empirical data gathered for each research question. The first 
section addresses the classification of user and uses for mobility (RQ1) and 
the second section addresses IT architecture models for mobility 
implementation (RQ2). 

5.1. Categories of users and associated mobile services in 
modern companies (RQ1) 

As stated in the introduction and in the process presented in the previous 
chapter, uses are a key issue when a company wants to go into mobility and 
design its strategy. The goal behind the first research question is to provide a 
classified list of mobile IT uses applied to business concerns. 

The matrices available in annexe 1 and 2 are a condensed presentation of 
empirical data. How and where this data has been collected is explained in 
the Methodology section. Companies that are part of the studied population 
but that do not appear in the matrix has been studied as well, and the 
empirical data has been used to build the results, but they are not displayed 
here for confidentiality issue. 

From the analysis of the data, it appears that the mobility uses are highly 
depends on the targeted category of end-users. The following results will 
then be built around three categories: 

- Business to Customer 

- Business to Office Employees (also often called “white collar”) 

- Business to Field Employees (also often called “blue collar”) 

These three categories of end users are described below. 

5.1.1. Business to Consumers 

The first category is Business to Consumer where the targeted users are the 
general public, or at least all the clients of the company. In this type of 
mobility project, it has been observed (through the empirical data) that the 
stakes are mostly: 

- To extend the customer relation management by offering a new communication 
channel, closer to the customer for it goes through the user’s cell phone ; 

- To improve the brand image among the young and techie population. The goal 
is very often to show that the company uses all available technologies to bring 
better services to the customer ; 

- To reach a wider population, that might prefer mobile, anytime available, but 
maybe limited services to office, time-constrained full services ; 
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- And finally, in some cases, to provide brand new applications, like geolocation, 
context aware information, near-field communication, etc. 

The result of the analysis for this category of user is presented in the table 2 
below. From the previous matrix, data gathered in Thalys, SNCF, Goupama, 
Pôle Emploi, Banque Populaire (i-BP) and RATP was used to build this table. 
It constitutes part of the answer (along with the two next section) for the first 
research question and allows identifying and classifying the mobility services 
developed by today’s companies and addressed to consumers (B2C 
services). 

Table 2: Business to Customer category of mobile services 

Business to Customer 

Target 
General public 

Stakes 
Extend customer relation management 
Improve the brand image 
Reach a new population 
Provide new services 

Mobile uses 

Information services 

Information directly useful to the user 
aimed at improving existing services 
(time-schedule, prices, traffic, etc.) 

Institutional information that the 
company wants to promote to the user 
(promotional offers, job offers, 
company news, etc.) 

“Augmented” information only possible 
through mobile devices (geolocated 
infos, augmented reality, etc.) 

User account 
management 

Access and modification of a personal 
user account 

Access to a history (financial, travel, 
purchases, etc.) 

Loyalty program through the phone 

Pushed personal notifications in real 
time for particular events 

Paperless processes 
Paperless ticket system stored on the 
phone 

Finance 

Mobile payment 

Money transfer 
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5.1.2. Business to Office Employees 

Secondly, the category Business to “Office” Employees (B2E Office) targets 
managers, senior executives or nomadic executives in the company. More 
generally, every employee in the organisation whose work itself is mainly 
sedentary (in an office, meeting space, etc.) but who is required to often 
change workplace. The stakes are: 

- To facilitate the non-static work, that is when office changes are frequent 
and the user needs easy computing tools to go from meetings to 
meetings. Tablets, and within limits, smartphones, are great tools to ease 
this kind of work ; 

-  To enable work while on-the-move (e.g. in transport). In this case, and in 
contrast with the previous one, smartphones are the tool of choice to keep 
critical services like mail or agenda at hand all time ; 

- To bring evolution to the work environment to allow more productivity, 
improve time scheduling and easy access to all type of relevant 
information ; 

- To provide collaborative work tools (tablets) ; 

- In some cases, to benefit from the professional device for personal use. It 
implies strict segregation of the two environments which is possible, as 
described further, in several ways. 

The result of the analysis for this second category of user is presented in the 
table 3 below. Data gathered in Arkema, GRTgaz, L’Oréal, Volvo and RTE 
was used to build this table. As stated in the previous section, it constitutes 
the second part of the answer for the first research question and allows 
identifying and classifying the mobility services developed by today’s 
companies and addressed to their office employees (also called “white collar” 
workers). 

5.1.3. Business to Field Employees 

The last category is Business to “Field” Employees (B2E Field) where the 
targeted users are field workers in a broad meaning: technicians, customer 
relations, sales-force. For those populations of users, the stakes are mostly: 

- To improve the reachability and responsiveness of field workers ; 

- To enable them as much as possible to keep their work environment while on 
the move ; 

- To simplify business processes that involve central data gathering from 
dispatched field workers. Mobile devices in their hands allows end-to-end 
paperless processes and thus a great improvement in performances ; 

- And finally to improve the quality of the customer relation by bringing innovative 
and user-friendly tools. 
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Table 3: Business to Office Employees category of mobile services 

Business to Office Employees 

Target  
Managers 
Senior executives 
Nomadic executives 

Stakes 
Facilitate non-static work 
Enable work on-the-move 
Bring evolution to the work environment 
Provide collaborative work tools 
Enable pro/perso use 

Mobile uses 

PIM and 
document 
sharing 

PIM services : e-mail, agenda and contact 
list 

Rich document (PDF, Microsoft Office files, 
audio, video) viewing anywhere (in meeting 
as well as on-the-move) 

Rich document modification  / sharing 

Meeting tool 

Simple and user-friendly tool to present 
documents in small meetings 

Note taking 

Decisional tool 
Access to decisional applications at all time 
(strategic analysis, performances, etc.) 

Unified 
communications 

Web conferencing  

Visio-conferencing 

Instant messaging 

Mobility tool 
Mobile internet access point for any 
computer 
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The result of the analysis for this last category of user is presented in the 
table 4 below. Data gathered in Edelia, ERDF, GrDF, Savelys, Transilien, Air 
France, Heineken, LVMH and Banque Populaire (i-BP) was used to build this 
table, as well as data from other companies in the energy field that cannot be 
displayed here for confidentiality reasons (but they have been anonymously 
included in the result below). With the two previous sections, it constitutes the 
answer to the first research question and allows identifying and classifying 
the mobility services developed by today’s companies and addressed to their 
field employees (also called “blue collars” workers). 

 
Table 4: Business to Field Employees category of mobile services 

Business to Field Employees 

Target 
Technicians 
Customer relations 
Sales force 

Stakes 
Improve reachability and responsiveness of field workers 
Keep the work environment on-the-move 
Allow end-to-end paperless processes 
Improve customer relations 

Mobile uses 

On-field 
services 

Geolocation of the worker or the client 

Up-to-date (or even real-time) technical 
information (available stock, extensive 
documentation, etc.) 

Field intervention scheduling 

On-site collaboration 

Paperless 
processes 

Easy redaction of estimates, minutes or reporting 

Paperless process from the very beginning of 
the chain 

More extensive data capture 

Training 
medium 

e-learning applications 

Sales 
services  

Dynamic and user-friendly tool for marketing 
presentations (tablets) 
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5.2. IT architecture patterns to implement mobility in the 
information system (RQ2) 

In this section, software architecture patterns for both on-device and backend 
mobility implementation will be presented. The necessary theory behind this 
research question and the method used to build that result are respectively 
explained in the Theory and Methodology chapter. 

From the technical study of 16 market product and when possible, their 
implementation in enterprises, five “on-device” architecture patterns have 
been built: 

 Native application (for Android and iOS) 

 Web application 

 Compiled hybrid application 

 Wrapped hybrid application 

 Virtualized application 
 
Each of them is described in details in the remainder, and evaluated against 
the 13 criteria described in the method. 

5.2.1. Native application (Android) 

The application is developed with Java and uses Android specific APIs. The 
development of the application relies on Android SDK and a Java IDE 
(Integrated Development Environment) like Eclipse. 

 

Figure 11: Typical architecture of a native Android application 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 30/53 

 

 The application’s core is composed of Activities and Services which 
correspond to the core software blocs of the application and provide a 
user interface (for Activities) or not (for Services). For instance, a news 
application might be composed of a content gathering service (running 
in background) and a user presentation activity for this content 
(foreground). 

 User interfaces (HMI) can also be collected in HTML on the network 
and displayed through the application internal browser (provided by 
Android APIs). 

 Application content is collected by the content resolver/provider inside 
the application itself (internal data), in the Android system (contacts, 
text messages, etc.) or on the network. 

 The application also contains Broadcast receiver blocs, in charge of the 
emission and reception of intents (asynchronous internal system 
messages). Those intents enable inter-application communications, 3rd 
party application triggering and user notification. 

5.2.2. Native Application (iOS) 

The application is developed with Objective-C and uses iOS specific APIs. 
The development of the application relies on iOS SDK and necessarily Xcode 
as an IDE. 

 

 The UIApplication software bloc in the iOS system is in charge of the 
event management. Those include user interaction, inter-application 
notifications or system events. This bloc delegates to the application 
controller the management of application specific events. 

 The Document software bloc corresponds to an aggregation of data 
sources for the application whether they are internal (database or files) 
or external (on the network). 

Figure 12: Typical architecture of a native iOS application 
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 Views blocs are the application’s HMI, instantiated in one or several 
windows managed by the UIWindow system bloc. User interfaces can 
also be collected in HTML on the network and displayed through the 
application internal browser (provided by iOS APIs). 

 
Table 5: Evaluation of native application architecture 

Characteristic Evaluation 

Inter-application 
communication 3 

The application is directly linked to the system 
APIs that allow inter-applicative 

communications.  

Native features 
access 3 

Complete access to all native features through 
the system APIs (and user agreement). 

Personal info 
access 3 Providing user allows it. 

Offline use 3 
The core parts of the application are hosted 

locally. 

Performances 3 
Best possible performances as the application 

is written in native language. 

Bandwidth 
consumption 3 

Low in a general case (when HMI and content 
are retrieved locally) but may depend on the 

application. 

Notifications 3 
The application can trigger user notification 

directly on the device. 

Distribution 

3 

On iOS: only through the AppStore or a private 
store. 

On Android: via Google Play, a private store or 
externally acquired setup file (APK file) 

Compatibility 1 
The application must be re-written for each new 

system / device.  

Development 
complexity 1 

The application has to be written several times 
to address multi-device compatibility. Java and 
Objective-C skills are required for Android and 

iOS.  

Modifiability 

1 

Mostly through the application store. The user 
must download and install the new version to 

benefit from the upgrade but is not forced to do 
so. 

Reporting/analytics 2 
Possible but with the application itself reporting 
to the back-end. User has to agree with that. 

Lasting quality 1 
System-specific and sometimes device-specific 

application.  
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5.2.3. Web application 

The application is developed with Web technologies and architecture. It can 
be a simple “mobile-friendly” website or a fully dynamic web application 
highly relying on client-side execution (with HTML5, CSS3, JavaScript and 
associated frameworks). The products jQuery Mobile, Dojo Toolkit, Enyo, 
PhoneJS, Lungo, KendoUI, JQTouch and sencha Touch belong to this 
category. 

 

 No application is installed on the device. All user interactions are with 
the internet browser. 

 The whole internal architecture of the application is hosted on the 
company IT system or at a distribution partner and accessed with 
standard web protocols: HTML over HTTP. 

 Application-system or inter-application communications are very limited 
and done through the browser.  

 User notification can be pushed by the application on the device 
through the external notification services of Google and Apple. 

 

 

 

 

 

 

 

 

Figure 13: On-device architecture of a web application 
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Table 6: Evaluation of web application architecture 

Characteristic Evaluation 

Inter-application 
communication 1 

The internet browser does not allow communication 
with other apps on the device or intent triggering. 

Native features 
access 2 

Limited for the moment. HTML5 tries to standardize 
the access to the most widely spread features (GPS, 

camera, motion sensors, etc.) 

Personal info 
access 1 

Access to device-internal information is not granted for 
a web application. 

Offline use 2 
HTML5 offers local cache features but its use is still 

fairly rare. 

Performances 1 
The application is executed in the internet browser and 

relies heavily on the data network. 

Bandwidth 
consumption 1 

High. All HMI are retrieved through the data 
connection. 

Notifications 2 
On-device notification is possible through Google and 

Apple “push” services. 

Distribution 3 Via URL. 

Compatibility 3 

Browser execution partly eliminates system/device 
compatibility issues. The application still has to adapt 
the different screen-sizes or browsers but this can be 

done with one single development. 

Development 
complexity 3 

One single development for all system/devices. 
Requires mobile-web development skills.  

Modifiability 3 
Upgrades are transparent to the user and imposed to 

all of them (everyone uses the same version). 

Reporting/analytics 3 Through web-analytics tools. Transparent to the user. 

Lasting quality 3 Normalized non-proprietary technologies. 
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5.2.4. Compiled hybrid application 

The application is developed with a different language than the native one 
(JavaScript, Lua, C# or Ruby are the most widespread) and then compiled 
into a native application. Less device-specific features are available. The 
products Appcelerator Titanium (for Javascript), Corona SDK (for Lua) and 
Xamarin (for C# and .NET) belong to this category. 

 

 

 The application is built with a specific SDK that allows the use of a 
different language than the native one and provide a set of shared APIs 
for all systems and devices (native user interface API, file system and 
local database access, GPS, camera, etc.). A typical MVC architecture 
is presented below for the application but it is possible to use any kind 
of architecture for the application itself. 

 The application is then compiled for each system and at this point, it is 
hardly distinguishable from a genuine native application even though 
the performances and stability are usually slightly lower. 

 The compiled binary is installed on the device and is managed like a 
genuine native application. 

 

 

 

 

Figure 14: On-device architecture of a compiled hybrid application 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 35/53 

 

 
Table 7: Evaluation of compiled hybrid application architecture 

Characteristic Evaluation 

Inter-application 
communication 3 

The application is directly linked to the system APIs 
that allow inter-applicative communications.  

Native features 
access 2 

Access to device-specific features is depending on its 
implementation in the proprietary SDK. Most 

widespread features are well implemented though. 

Personal info 
access 3 Providing user allows it. 

Offline use 3 The core parts of the application are hosted locally. 

Performances 3 
The application is compiled for and run natively on the 

device. 

Bandwidth 
consumption 3 

Low in a general case (when HMI and content are 
retrieved locally) but may depend on the application. 

Notifications 3 
The application can trigger user notification directly on 

the device. 

Distribution 3 
On iOS: only through the AppStore or a private store. 

On Android: via Google Play, a private store or 
externally acquired setup file (APK file) 

Compatibility 2 

In the general case, the application must be re-written 
for each new system / device but a large part of the 
code can be re-used as the development is done in 

JavaScript in every case. 

Development 
complexity 2 

The application has to be written several times to 
address multi-device compatibility but large part of the 
code can be re-used every time. JavaScript skills are 

required. 

Modifiability 1 
Mostly through the application store. The user must 
download and install the new version to benefit from 

the upgrade but is not forced to do so. 

Reporting/analytics 2 
Possible but with the application itself reporting to the 

back-end. User has to agree with that. 

Lasting quality 1 
System-specific and sometimes device-specific. The 

3
rd

 party SDK adds an additional proprietary part which 
reduces the lasting quality of the application. 

 

 



 

 
Mobile strategy for large organizations: from uses to technologies  Page 36/53 

 

 

5.2.5. Wrapped hybrid application 

The application is developed with client web languages (HTML, CSS, 
JavaScript and associated frameworks) and is encapsulated in a native 
application with a framework that enable on-the-fly translation to the system 
and access to system specific APIs. The products PhoneGap and RhoMobile 
belong to this category. 

 

 

 The application is built like a web application. A typical MVC 
architecture is presented below but it is possible to use any kind of 
architecture for the application layer. 

 A native container around the web application provides a framework 
which enables on-the-fly translation of the web-application and act as a 
bridge to access system APIs. 

 All communications with the network or the system goes through the 
framework’s APIs 

 The native container is installed on the device and is managed like a 
genuine native application. 

 

 

 

 

Figure 15: On-device architecture of a wrapped hybrid application 
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Table 8: Evaluation of wrapped hybrid application architecture 

Characteristic Evaluation 

Inter-application 
communication 3 

Depending on the APIs provided by the framework, 
but widely implemented. 

Native features 
access 3 

Depending on the APIs provided by the framework, 
but widely implemented. 

Personal info 
access 3 

Depending on the APIs provided by the framework, 
but widely implemented. 

Offline use 3 The core parts of the application can be hosted locally. 

Performances 2 
Average performances because the application is 

executed through the framework. 

Bandwidth 
consumption 3 

Can be low if most HMIs and content are stored 
locally. 

Notifications 3 
Depending on the APIs provided by the framework, 

but widely implemented. 

Distribution 3 
On iOS: only through the AppStore or a private store. 

On Android: via Google Play, a private store or 
externally acquired setup file (APK file) 

Compatibility 3 
Most available frameworks on market provide a wide 

multi-device compatibility 

Development 
complexity 3 

One single development for all system/devices. 
Requires mobile-web development skills. 

Modifiability 1 
Mostly through the application store. The user must 
download and install the new version to benefit from 

the upgrade but is not forced to do so. 

Reporting/analytics 2 
Possible but with the application itself reporting to the 

back-end. User has to agree with that. 

Lasting quality 1 
The application is heavily depending on the framework 

which is a proprietary product. 
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5.2.6. Virtualized application 

The application is made available on the company IT system through a 
virtualization infrastructure. That is the application (virtually any application) is 
executed in the datacenter and remotely displayed on the user’s device 
through a viewer application. The products Citrix Receiver (along with 
XenApp or XenDesktop on the server-side) and VMware View Client (along 
with the VMware View Suite on the server-side) belong to this category. 

 

 

 The viewer application (currently only Citrix Receiver or VMware View 
Client) must be installed on the device from a public application store. 

 The application itself runs on the company’s datacenter and is 
accessed remotely by the viewer application. 

 Proprietary protocols (ICA for Citrix or PCoIP for VMware) transport the 
input and outputs to and from the application. This way, no part of the 
application is ever run on the user’s device but only on the virtualization 
servers, which eliminates all compatibility issues. 

 User notification can be pushed by the application on the device 
through the external notification services of Google and Apple but the 
application running on the servers has to be modified to use those 
services, which is often not the primary goal when using virtualization. 

 This architecture should not be considered as a mobile strategy in itself, 
but rather as a commodity for companies that have already invested in 
the expensive virtualization infrastructure for other purposes. 

 

 

 

Figure 16: On-device architecture of a virtualized application 
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Table 9: Evaluation of virtualized application architecture 

Characteristic Evaluation 

Inter-application 
communication 1 

The viewer application does not allow access to 
system APIs for inter-application communication. 

Native features 
access 1 

The viewer application does not allow access to 
system APIs for device-specific features. 

Personal info 
access 1 

The viewer application does not allow access to data 
stored on the device 

Offline use 1 
Impossible. The application is not stored on the 

device. 

Performances 1 
The application is executed via remote display and 

relies heavily on the data network. 

Bandwidth 
consumption 1 

High. Remote display technologies rely heavily on the 
data connection. 

Notifications 2 
On-device notification is possible through Google and 

Apple “push” services. 

Distribution 2 
The viewer has to be downloaded and installed 

through public application stores. The application is 
then accessed via its URL. 

Compatibility 3 
Remote display completely eliminates system or 

device compatibility issues. Windows applications or 
any x86 applications can also be run. 

Development 
complexity 1 

The application does not have to be re-written if it 
already exists, but the virtualisation infrastructure is an 

expensive investment.  

Modifiability 3 
Upgrades are transparent to the user and imposed to 

all of them (everyone uses the same version). 

Reporting/analytics 3 
Possible on the company side. Transparent to the 

user. 

Lasting quality 1 Heavily relies on proprietary technologies. 
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5.2.7. Back-end architecture 

The previous section drew a classification of the different on-device 
implementations that can be used in a mobile strategy. For various use 
cases, we might want the application on the device to communicate with the 
company IT system (e.g. for retrieving mails, syncing agenda or accessing 
the company’s mobile website), from within the company’s local network or 
from an external, untrusted access point. 

The issue of internal /external access to the company services and how to 
interface the applications so that they can be accessed securely from internet 
is already a well-studied issue that will not be addressed in many details 
here. The following will rather focus on the specific features and necessary 
transformation that comes with mobile access. From the different Solucom’s 
customer cases that have been studied, a typical question is often: “what are 
the differences and what should be done to go from a standard desktop 
oriented website to a mobile optimized application?”. The following tries to 
answer this question in terms of software architecture. 

As presented in figure 17, six cases of mobile access to the company IT have 
been identified: access to HTML user interfaces, access to web services or 
access to a virtualized application via remote display. Each of them can be 
done from within a trusted network (typically the company’s local network) or 
from an untrusted network (typically Internet). 

 

Figure 17: Overview of mobile access to the company IS 
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Access to HTML user interfaces 
(from an untrusted network) 

The application retrieves distant 
HMI on the company’s IT system, 
that is HTML pages to display on an 
internet browser on the device. This 
is the only working mode for web 
applications, however native and 
even more hybrid application may 
need to pull distant HTML pages if 
necessary (for example, for specific 
pages like support or terms of use, 
we may want to only display a web 
page instead of storing that into the 
application. This way we do not 
have to push an update whenever 
contacts or terms of use change, 
we just update the web page). 

The content of the HMI that are sent 
to the user should be adapted to the 
device specifications: screen-size, 
performances, pixel-ratio and data 
connection speed. For that purpose, 
client based web technologies 
(HTML5, CSS3 and JavaScript and 
associated framework like jQuery 
Mobile or Dojo Toolkit) should be 
used as they are web standards 
more and more largely implemented 
in modern browsers. 

Many companies already have an existing web infrastructure addressed to 
desktop computers. Technologies like mobile layout engines, implemented in 
the “Web mobile HMI” bloc in the figure above, offers to transform on-the-fly 
the desktop web pages to a mobile-optimized layout. One should be careful 
in the use of this “middleware” as the difference between an optimized mobile 
website (or web application) and a standard desktop website is not only in 
the layout. Mobile constraints like screen-size or bandwidth limitation imply 
that user path in the website is optimized, to get as fast as possible to the 
desired resource. User path is managed in the controller bloc in the figure 
above (classic MVC architecture), and thus this bloc should not be shared 
with the one in the standard desktop web architecture (but they can of course 
share the same infrastructure, that is the same hardware). 

Figure 18: Back-end architecture for HMI and web-service access 
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For security reasons, and because the request is made from an untrusted 
network, access to the back-end is made through an exposition/replication 
layer where IS services are aggregated, hiding the existing internal 
architecture. In this layer, application can simply be exposed as they run on 
the internal IS (LAN) or they can be completely replicated in the security zone 
(DMZ) for security or performances reasons. 

Access to Web services (from an untrusted network) 

The application calls web services (services presented over HTTP) 
presented by the IS. Those services can be of all type and all origin: 

 Internal IS service exposed or replicated in the security zone (DMZ) 

 Mobile specific service existing only in the “Mobile facade” bloc 

 Partner’s services provided through the company IS 

 Aggregation of multiple services from different sources to provide one 
simple mobile service. 

Two formats currently co-exist in the implementation of web-services (29):  

 SOAP, which is a protocol built over XML and largely used in inter-
application communications in information systems. 

 REST, which is not a protocol but an architecture style which described 
implementation constraints. Communication protocols that respect 
REST recommendations are called RESTful. JSON over HTTP is one 
of them. SOAP, in its specifications is not a RESTful protocol. 

The two of them offers pros and cons when used to build mobile services that 
are presented in further details in (29). Whatever the format used for each 
service, those mobile services should be aggregated in a “mobile facade”, 
accessible by all mobile devices and in charge of managing user 
authentication and SSO (Single Sign On). 

Access through remote display application 

Access through remote display to a server-executed application requires a 
full virtualisation infrastructure, which building and architecture is out of the 
scope of this paper. Furthermore, and because we use a viewer client on the 
device, accessing a virtualized application from a mobile device is done the 
same way than with a classic desktop PC (30). This category of mobile 
access to the back-end is thus not treated in this paper. However extensive 
information about virtualization infrastructure for companies can be found on 
the internet. 
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6. Conclusions 

Designing and implementing a mobile strategy in a large company is a 
complex project. Many aspects are at stake: organizational aspects, IS 
architecture aspects or technical IT aspects. But the value added for the 
company can be important: a renew and improved working environment for 
employees and a new, feature-rich communication channel for customers. 
Whether mobile services are used “only” as a catalyser for business 
processes (mobility tools for employees for instance), or as a business 
extension in itself (new mobile services provided through an application), the 
mobile strategy should be carefully designed from the specifications to the IT 
implementation. Through its two research question, this paper provides 
useful inputs for designing this mobile strategy. 

The result from the first research question provides a classification of 
possible targeted users in a business mobility project. In each of those 
categories, mobile devices uses are specific, and the most widespread ones 
are identified. This represents an important step toward a better 
understanding of how the company can benefit from the “mobile revolution”. 

The second research question addresses both on-device technologies and 
architectural transformation in the IS. Beyond the classical comparisons of 
every product on the market, the study formalizes five mobile application 
architecture patterns and three back-end connection architecture patterns. 
Those architectures are evaluated them against each other and thus 
represents a useful input when trying to understand and evaluate how mobile 
services can be built. 

The methodology used in this study –mainly interviews and documentation 
study from a large sample population of companies- turned out to be time-
consuming but allows improving the reliability (see next chapter). Working 
with Solucom has brought a lot to the report since it provided access to a 
large amount of information and skilled contacts. On the other hand, parallel 
activities done during this master’s thesis delayed or stopped the study 
several times. 

6.1. Validity and reliability 

Validity and reliability study of a research method gives a formalized analysis 
of how trustworthy the results are. In the remainder, both topics are 
discussed in further details. 
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Internal validity 

 Multiple sources for gathering empirical data are one of the main points 
in constructing validity in the study, according to Yin’s work (27). This 
multiple sources principle has been followed in this report in several 
aspects: 

 The studied sample population is composed of 19 large 
companies. Because this study took place in France, most of them 
are French based organizations, which could be a cause of bias in 
the study (ideally, the sample population should have been 
different companies picked around the globe to ensure no bias in 
the empirical analysis). However, most of those organizations are 
large enough to have activities worldwide and thus to be 
considered as international organizations, thus ensuring the 
validity of empirical data collected. 

 For a given case study, in a given company, multiple sources of 
information have been used, as presented in 4.2. 

 Concerning technological aspects (i.e. for RQ2), documentation 
coming from multiple sources has been used: standard technical 
papers from the editors of the 16 studied products, technical 
architecture files (TAF) from the company IS, various technology 
recommendations and trends studies. 

 In Yin’s words, case study documentation should commonly consist of 
two separate collections: on the one hand the data or evidentiary base 
and on the other hand the report of the investigator. This methodology 
has been followed during the study. 

External Validity 

According to Burns and Grove, external validity study “is concerned with the 
degree to which research findings can be applied to the real world, beyond 
the controlled settings of the research”. In this case, the study could be made 
with any representative sample population and should give more or less the 
same results considering that the sample population used in this case is 
considered relevant (see the internal validity point before). 

Reliability 

Considering the reliability of affirmations in this reports, they all relies on 
established references when necessary (see References, chapter 7). On the 
administrative and practical methodology, the following points ensure the 
reliability of the study: 

 Every empirical data has been gathered in digital form and stored in a 
unique location. 

 A strict version history has been kept during the writing of the report. 
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 Intermediate validation of the study has been done throughout the 
writing of the report by Hannes Holm, Ph. D. student in The ICS 
department of KTH. 

Finally, the following described the possible bias that could have been 
introduced during the study and considering the methodology presented in 
the chapter 4.  

 Interviews: This method has been chosen over questionnaires as the 
goal were to gather all possible information about each person 
experience on mobility projects and not to be limited by a rigid list of 
precise questions. However, major drawback with this method is first 
that it is time-consuming (26) and secondly that it might introduce a bias 
in the answers of the interviewee (as no rigid interview guide was 
provided) and in the comprehension of the interviewer. Those two bias 
were mitigate by providing a very basic guide of discussion and by 
checking back with the interviewee the result of the interview to check if 
the comprehension was the right one (this was done directly at the end 
of each interview). 

The sample population for interviews can also be a source of biased 
information. 

 Documentation: The use of documentation and archival data to study 
the sample population of companies expose the study to risks of bias: 
outdated information, bias in the personal comprehension of the writer, 
bias of the objectivity of the writer and lack of information. Those risks 
an inherent to the use of this kind of data sources (27). 

 Technological literature from software editors: the risk is that the 
information contained in those documents is not objective (marketing 
information). This risk has been mitigated by cross-checking the 
information with different sources. 

6.2. Future work 

In the provided guidelines for defining a mobile strategy (see 5.1), the last 
step has been observed to be the choice a technical components to 
implement the technologies and architectures designed in the previous 
phase. This last question is not answered here mainly for time limitation, but 
also because this aspect (market products) is under heavy changes, and new 
actors, devices or software arise or disappear just every month. It was thus 
irrelevant to provide a “snapshot” of the market state at the time of writing. 

A possible future work consists of a more market oriented study where 
products as well as trends in the mobile market may be identified and 
evaluated. 
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Annexe 1 

List of studied projects in a sample population of companies 

Company 
Field of 

business 
Issues and opportunities Mobility solutions 

Thalys Train operator High demand in transportation: 
- Average growth of travellers traffic 
from 2011 to 2015 is expected to be of 
+3.5% per year 
- By 2030, regional rail traffic is 
expected to be 4 times larger than 
today 
- High need of multi-modality in 
transportation: 30% of regional 
travellers have a connection with urban 
transportation 
 
New consumption trends (more online, 
cheapest price first). 
 
Increasing population of mobile-first 
travellers, more and more comfortable 
with the use of the mobile channel 

Real-time information for travellers: 
disruption, push notification in case 
of problem with a booking, change 
of schedule. 
 
User account: history, booking 
management, reservation, loyalty 
program. 
 
Paperless ticket system 
 
Online schedule 
 
Institutional information: sales, 
newsletter, job offering. 

Groupama Insurance Strategic choice to broaden target to: 
- younger customers 
- mobile only customers 
 
Necessity to improve customer relation 
management through the mobile 
channel. 

Generic information: News, stock 
market information, useful 
addresses, opening hours, 
contacts. 
 
Personal banking information: 
agenda, SMS alerts, printouts. 
 
Tools: Loan simulation, to-do-list, 
personal bank account 
management, online subscription or 
declaration. 
 
Geolocation of Groupama’s 
partners and proximity services 
(agencies, mechanics, fuel, etc.) 
 
Mobile payment (the phone 
replaces the credit card) 
 
User specific geolocation 
(geolocate best mechanic around 
depending on user’s car for 
example) 

Pôle Emploi Job provider 
(governmental) 

Facilitate job seeking for each applicant 
by providing Pôle Emploi services on 
mobile devices. 
 
Allow real time information of the 
applicant when necessary.  

Event notification of the user: new 
job offer that corresponds to user’s 
criteria, closeness of a deadline, … 
 
Connection of the application with 
services provided in the information 
system of Pôle Emploi: job 
databases, user account, history. 

Arkema Chemical 
industry 

Choice to provide tablets to senior 
executives in the company. Those 
devices could be bought by Arkema 
and made available to the users or they 
could be personal devices that should 
be supported by the company as part of 
a BYOD (bring your own device) 
service. 

Complete internet access through 3G or 
Arkema’s Wifi. 
 
Push mail 
 
Rich documents sharing and editing 
 
Visio conferencing 
 
Access to Arkema’s intranet and 
Business Intelligence applications 
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GRTgaz Gaz 
transmission 
network 
operator 

Choice to provide mobility services to 
employees through: 
- Device provision 
- Pre-installation of predefined 
professional applications 

Push mail, agenda and contact 
synchronization 
 
3G mobile access point for desktop 
computers 
 
Allow personal use of the 
professional device through a 
pro/perso contract and the provision 
of “general public” devices like 
iPhones and iPads 

Savelys Energy 
equipment 
maintenance 

Savelys maintenance technicians go 
from customer to customer all day and 
need to stay in contact with 
headquarters to send and receive data. 
This used to be done with time-
consuming paper processes. 
 
Choice to equip those field workers with 
connected mobile devices with 4 goals: 
- Less physical travel to headquarters 
- Better operational performances 
(more customers in one day!) 
- Improvement of work conditions for 
technicians through better tools 
- Better customer services: modernity 
and reactivity 

Digital form filing and archiving 
 
Regular data synchronisation 
between headquarters and the 
technician (schedule, time of start 
and end of intervention) 
 
Code bar scanning to identify 
equipment 
 
Complete technical documentation 
 
Photos and Geolocation to improve 
reporting 
 
Geolocation to help the technician 
to find customers location 
 
Customer credit card payment with 
the mobile device 

Heineken Beverage 
industry 

Choice to bring mobile devices packed 
with business application to sales force 
of France Boisson (450 people). 

Push mail, agenda and contact 
synchronization 
 
Rich document reading and editing 
 
Real time data retrieving (stocks, 
brochure, orders) 

Banque 
Populaire 
(i-BP) 

Bank Evolution of the work environment in 
Banque Populaire 2500 branch offices 
 
Choice of tablets to improve customer 
relations in those offices. 

digital signature of documents on 
the tablet 
 
Collaborative tools (for contact with 
an expert for instance) 
 
Allow the customer to use self-
service applications (general 
information, simulations) 
 
Print documents from the tablets 

Air France Plane 
transportation 

The IT tools provided to the aircrew 
have been deployed in 2007 and are 
becoming outdated. 
 
The main goal is to replace it and 
provide up to date mobile devices and 
services to be used anywhere, anytime. 

Easy access to large, reliable and 
up-to-date documentation adapted 
to the context (preflight, simulations 
technical documentation) 
 
E-learning and self-improvement 
applications 
 
Access to back-end services when 
on the ground (agenda, mail, 
company news) 
 
Rich documents reading and editing 
 
Allow personal use of the 
professional device through a 
pro/perso contract 
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Transilien Train 
transportation 

Travellers information, particularly in 
disturbed situations, is one of the 
subjects where customers have high 
requirements. 
 
A technological gap has widened 
between customers who tend to use 
more and more smartphones (and thus 
can connect to real time information 
websites) and Transilien station 
employees that do not have access to 
those devices and information.  
 
Choice to equip in-station staff with up-
to-date mobile devices. 

Travellers information (geolocation, 
real-time information) 
 
Collaboration between fieldworkers 
and with their supervisor (chat, 
mail) 
 
Incident reporting (photos and text) 
 
Allow personal use of the 
professional device through a 
pro/perso contract 
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Annexe 2 

List of studied applications (RQ1) 

Company 
Field of 

business 
Targeted public Mobile services 

LCL Bank Registered customers 
only 

 

Personal account information 

Money transfer from the mobile device 

Orders (cheques, account ID, etc.) 

Contacts 

Loyalty program consultation 

Auchan Retail group All customers, in store 
and out of the store 

Online purchases on a mobile device 

Geolocation of closer store 

Information about stock and discounts 

Push notification for discounts 

- Augmented information in stores 
-  - for each product scanned with a mobile device, 

the total price of the cart is updated 
-  - detailed information about a product can be 

obtained by scanning its barcode. 
 

La Banque 
Postale 

Bank Registered customers 
only 

 

Personal account information 

Geolocation of closer agency 

Contacts 

AXA Investment, 
retirement, and 
insurance 

Registered customers 
only 

Personal account information 

Money transfer from the mobile device 

Contacts 

Loyalty program consultation 

Leroy Merlin Home-
improvement 
retailer 

All customers, in store 
and out of the store 

Geolocation of closer store 

Customer account management 

Barcode scan of products, image recognition 

Push notification newsletter 
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Annexe 3 

List of studied products for Research Question 2:  

 Kendo UI 

 Lungo 

 PhoneJS 

 RhoMobile 

 Sencha Touch 

 Titanium 

 Xamarin 

 Enyo 

 JQTouch 

 jQuery Mobile 

 Citrix Receiver 

 Native development (with iOS and Android SDK) 

 Corona SDK 

 Dojo Toolkit 

 Adobe PhoneGap 

 VMware Horizon View Client 
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Annexe 4 

General discussion guide for the interviewees (see 4.2) 

 Presentation of the interviewee  

 Name 

 Time working as an IT consultant 

 Knowledge in field of mobile IT 

 What are the missions he has worked in (in the field of mobility) 

 General information for each mission 

 Name of the company 

 Goals of the project 

 Scope of work for Solucom teams 

 How long was the mission 

 Who was the client (CEO? CIO? CTO? …)  

 Who were the end-users 

 What are the mobile services specified by the client 

 What were the good choices/blocking points in the project in terms of strategy 

 What were the good choices/blocking points in terms of technologies 




