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reface
In 1989 I completed my Master of Sciences by a thesis on interactive variation techniques
in computer-aided design and manufacturing. The main focus of my master thesis was the
usage of computer graphics and simulation techniques in the design of electric circuits.
Immediately after the completion of the thesis I joined a large research group on
visualisation and simulation at Siemens Laboratories in Munich. I worked for nearly five
years at the Laboratories, investigating and building prototypes in computer visualisations,
simulations, and animations for manufacturing, cartography, circuit design, optical circuit
design, and civil engineering in 2D, 2½D, and 3D. I travelled around the world to learn
from and work with colleagues, customers, and partners to meet new challenges by
applying the basic research findings into problem-solving designs.
Although computer simulations, animations, and graphics were truly interesting, I moved to
Siemens in Belgium in 1994 and shifted my focus towards Information Technology (IT) for
the telecommunications industry. A major time investment was designing and testing the
integration of business applications in a new manner. Instead of building point-to-point
integrations based on program or database interfaces I designed the implementation of a
message-based interfacing according to the principles of the hub-and-spoke topology. The
topologies and developments defined at that time were the first steps of what nowadays is
more common, and called integration using the ‘Service-Oriented Architecture’ (SOA)
approach.
I decided to leave Siemens in 2001 after several projects in the telecommunications
industry and to explore new horizons that were offered to me by IBM. I started a project
with the design of market-wide processes orchestrated by process servers on top of a
service-oriented architecture, which integrated applications across different enterprises.
Later IBM offered me the opportunity to move back to the world of visuals, graphics, and
animations; an offer I could not resist. I started to develop and manage the media and
entertainment industry across Europe, by using my experiences in graphics and in serviceoriented architectures. This combination enabled me to accelerate in putting forward ideas
at customers and partners. Currently, the whole media and entertainment industry is going
through a wave of digitisation and the first adoption of service-oriented architecture starts.
Leading enterprises move slowly to the next step of operational efficiency. System and
application virtualisation using cloud computing might be the future step, moving the
industry forward towards a complete virtualised and integrated business model supporting
new creative business ideas in a flexible manner. In the thesis we study the use and the
contention of cloud computing in the content industry. This brings us to the title of our
work ‘Cloud Content Contention’.
For the accomplishment of the work I received continuous support from many professional
colleagues, customers, partners, and co-competitors from all over the world, besides
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leveraging the know-how and experience gathered during my professional career. Many of
them also became friends, next to being a peer in the industry we are working in.
I want to express my thankfulness to the organisation: Tilburg University, Tilburg School
of Humanities, Tilburg centre for Cognition and Communication (TiCC), and to my
supervisors Professor Jaap van den Herik for his continuous support, and Professor Eric
Postma for his enthusiastic guidance; they made it possible to write this thesis.
Furthermore, my truthful thankfulness goes to my lifetime friend Stefan Vermeulen to help
me out in good and bad times. My life would have been nothing without his infinite
goodness.
Finally I wish to express my sincere gratitude to my beloved daughters and adored partner
for their understanding and encouragements while working, studying, analysing, and
writing this thesis.

Bart Bogaert
Gent, September 2010
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The list below shows the abbreviations used in the thesis together with a brief explanation.
Normal lexical abbreviations, for instance, ‘e.g.’ and ‘cf.’, are not listed. For the quantity of
digital information we use the JEDEC memory standard, these are commonly abbreviation
prefixes and the IEC binary standard (the orders of magnitude are given as powers of two).
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ARPU
ASD
AVC
AWS
B2B
CAGR
CAPEX

CBM
CD
CGI
CRM
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DCT
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DSL
DV
DVCAM
DVCPRO

3G, the third generation of telecommunications standards for
wireless networks
Advanced Audio Coding, lossy compression and encoding scheme
for digital audio
Advanced Authoring Format
Apple Lossless Encoder
Advanced Media Workflow Association
Application Program Interfaces
Average Revenue Per User, total revenue of a telecom operator
divided by the number of subscribers
Abstract Service Definition
Advanced Video Coding
Amazon Web Services
Business-to-Business
Compound Annual Growth Rate, growth rate on an annual basis
CAPital EXpenditure; incurred when a business spends money
either to buy fixed assets or to add to the value of an existing fixed
asset with a useful life that extends beyond the taxable year
Component Business Modelling
Compact Disc
Computer Generated Imagery
Customer Relationship Management
Digital Audio Broadcasting, distribution technology for digital
radio
Discrete Cosine Transform
Descriptive Metadata Scheme-1
Digital Nonlinear eXtensible High Definition, video format
developed by Avid
Digital Subscriber Line, digital data transmission over the wires of
a local telephone network
Name of the DVCAM video format developed by Sony
Digital Video CAMera format used to store essence on digital
video tape using intraframe DCT compression
Name of the DVCAM video format developed by Panasonic

x
DVD
EB
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EDGE
EDL
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FLAC
FM
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FTP
FTTH
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Gbit
GOP
HD
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Abbreviations
Digital Versatile Disc or Digital Video Disc
Exabyte, equals 10246 bytes
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Enhanced Data Rates for GSM Evolution
Edit Decision List
Electronic Program Guide
Free Lossless Audio Codec
Frequency Modulation
Frames per second or frame frequency, refresh rate at which an
imaging device produces unique consecutive images
File Transfer Protocol
Fibre To The Home, use of optical fibre cables to connect the home
Gigabyte, equals 10243 bytes
Gigabit, equals to 10243 bits
Group of Pictures
High-definition, standard with resolution that has a higher
resolution than SD
High Definition CAMera video format
Human Resources
High-Speed Downlink Packet Access, 3G communications protocol
based on UMTS
Hypertext Transfer Protocol
Hertz
Internet Protocol
Intellectual Property Management
Internet Protocol Television, television service delivered using
Internet Protocol over a network
Information Technology
Joint Photographic Experts Group
Single frame in a video selected as important to identify the
beginning of a new sequence
Key Performance Indicators
Middleware as a Service
Media Asset Management
Megabyte, equals 10242 bytes
Megabit, equals 10242 bits
Megabits per second
Motion JPEG 2000
Media Object Server Communication Protocol
MPEG-1 Audio Layer 3, digital audio encoding format (lossy data
compression)
Motion Picture Experts Group
Material eXchange Format
Non-Governmental Organisation
Non-Linear Editing – Editor, is an editing method which can
perform random seek on the source material (audio and video)
NewsRoom Computing System
National Television System Committee

xi
OP-Atom
OPEX
P/Meta
PAL
PB
PC
ProRes
RSS
S2S
SaaS
SD
SDI
SECAM
SLA
SMEF
SMEF-DM
SMPTE
SOA
TB
TV
UMTS
USD
VCR
VoD
VTR
WAV
WEMX
WLAN
WMA
XDCAM
XML
YB
ZB

Operational Pattern Atom
OPerational EXpenditure is an on-going cost for running a product,
business, or system
Program/Metadata exchange format defined by workgroup
organised by the European Broadcast Union
Phase Alternating Line
Petabyte, equals 10245 bytes
Personal Computer
Name of a video format developed by Apple
Really Simple Syndication
System-to-System
Software as a Service, technique where software is centrally hosted
and deployed as a service towards the end user
Standard Definition, standard with resolution that meets standards
Serial Digital Interface
Sequential Colour with Memory
Service Level Agreement
Standard Media Exchange Framework
Standard Media Exchange Framework Data Model
Society of Motion Picture and Television Engineers
Service-Oriented Architecture, integration of applications through
interoperable services
Terabyte, equals 10244 bytes
TeleVision, medium for transmitting and receiving moving images
Universal Mobile Telecommunications System, one of the 3G
technologies
United States Dollar (US $)
Video Cassette Recorder
Video on Demand, allowing users to select and consume video
content on demand
Video Tape Recorder
Waveform Audio Format
WebSphere Enterprise Media Extensions
Wireless Local Area Network
Windows Media Audio
Name of the video format introduced by Sony to store essence
using MPEG-2 long-GOP compression
Extensible Markup Language
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Zettabyte, equals 10247 bytes

igures
Figure 1.1 From proprietary computing to cloud computing ............................................... 4
Figure 1.2 Four phases in the cloud computing wave .......................................................... 5
Figure 1.3 Timeline digitisation of content (photo, radio, broadcast).................................. 9
Figure 1.4 Content lifecycle stages..................................................................................... 10
Figure 1.5 Contention ......................................................................................................... 13
Figure 2.1 Global content consumption per week .............................................................. 28
Figure 2.2 Time spent with content from traditional and alternative content industry ...... 29
Figure 2.3 Global advertising revenues and growth........................................................... 32
Figure 3.1 Worldwide searches for the term cloud computing .......................................... 38
Figure 3.2 Worldwide IT cloud-computing spending ........................................................ 39
Figure 4.1 Simplified tape-based production workflow ..................................................... 52
Figure 4.2 Work-centre production model ......................................................................... 68
Figure 4.3 Managed file-forwarding production model ..................................................... 72
Figure 4.4 Production-islands production model ............................................................... 74
Figure 4.5 Central media-asset-management production model ........................................ 77
Figure 4.6 Obstacles identified in traditional production models ...................................... 84
Figure 5.1 Dimension of virtualisation............................................................................... 92
Figure 5.2 Dimension of collocation .................................................................................. 93
Figure 5.3 Dimension of collocation and dimension of virtualisation ............................... 97
Figure 5.4 Four operational scenarios of cloud computing ................................................ 99
Figure 5.5 Evolution along the dimension of virtualisation ............................................. 104
Figure 5.6 Evolution along the dimension of collocation ................................................ 104
Figure 5.7 Example mPoint web user interface................................................................ 114
Figure 5.8 Example of using public cloud services for content distribution by MIT ...... 115

xiv

Figures

Figure 5.9 Benefits of cloud computing for the content industry..................................... 116
Figure 5.10 Benefits of cloud computing ........................................................................... 124
Figure 6.1 Example of component business model .......................................................... 129
Figure 6.2 Component business model in the content industry........................................ 131
Figure 6.3 Services in a service-oriented architecture...................................................... 133
Figure 6.4 The workflow-automation architecture........................................................... 135
Figure 6.5 The service-oriented-architecture integrated enterprise.................................. 136
Figure 6.6 The service-oriented-architecture orchestrated enterprise .............................. 139
Figure 6.7 Integration of cloud services ........................................................................... 141
Figure 6.8 Support of the shift towards cloud .................................................................. 146
Figure 7.1 US generation walk ......................................................................................... 152
Figure 7.2 Hype cycle for emerging technologies............................................................ 154
Figure 7.3 Inhibitors retaining the contention .................................................................. 159
Figure 8.1 Overview Cloud Content Contention.............................................................. 167
Figure B.1 Content ingest ................................................................................................. 186
Figure B.2 Low-resolution and key-frame extraction ...................................................... 188
Figure B.3 Search, browse, and retrieve content .............................................................. 188
Figure B.4 Desktop editing............................................................................................... 190
Figure B.5 Storage hierarchy ............................................................................................ 193
Figure B.6 Content repurposing ....................................................................................... 195
Figure B.7 Rights management ........................................................................................ 197
Figure B.8 Watermark encoding....................................................................................... 198
Figure B.9 Watermark detection....................................................................................... 198
Figure B.10 Quality monitoring ......................................................................................... 199
Figure B.11 Quality monitoring with reference content..................................................... 199
Figure D.1 Four operational scenarios of cloud computing ............................................. 218

ables
Table 1.1 Research methodology ........................................................................................ 19
Table 4.1 Impact of file-based production in the production steps ..................................... 58
Table 4.2 Bitrate calculation in commonly used sampling standards ................................. 61
Table 4.3 Overview formats ................................................................................................ 64
Table 4.4 Number of concurrent streams for ethernet and fibre channel ............................ 65
Table 4.5 Obstacles related to the content workflow .......................................................... 80
Table 4.6 Relevance of file-based production on the ten driving forces............................. 83
Table 5.1 Virtualisation: characteristics of cloud computing.............................................. 92
Table 5.2 Collocation: comparison from a content perspective .......................................... 94
Table 5.3 Collocation: comparison from a service perspective........................................... 95
Table 5.4 Collocation: comparison from a business perspective ........................................ 96
Table 5.5 Format-related obstacles vs. benefit of cloud computing.................................. 117
Table 5.6 Conclusions on applying cloud computing in the production models .............. 118
Table 5.7 Workflow-related obstacles vs. benefit of cloud computing............................. 119
Table 5.8 Content obstacles vs. benefit of cloud computing............................................. 120
Table 5.9 Relevance of cloud computing on the ten driving forces .................................. 123
Table 6.1 Relevance of the transition path on the ten driving forces ................................ 144
Table 7.1 Work sessions on cloud computing ................................................................... 150
Table 7.2 Human generations ............................................................................................ 151
Table A.1 RQ 1 – Workshops............................................................................................. 181
Table A.2 RQ 1 – Requirements analysis........................................................................... 182
Table A.3 RQ 1 – Implementation documentation............................................................. 183
Table A.4 RQ 1 – Interviews and discussions.................................................................... 183

xvi

Tables

Table C.1 Traditional video formats.................................................................................. 201
Table D.1 The occurrences of the four operational scenarios in the InnovationJamTM .... 215
Table D.2 The content perspective characteristics discussed in the InnovationJamTM ..... 215
Table D.3 The service perspective characteristics discussed in the InnovationJamTM ..... 216
Table D.4 The business perspective characteristics discussed in the InnovationJamTM ... 216

efinitions

Definition 1.1 Cloud Computing .......................................................................................... 3
Definition 1.2 Content .......................................................................................................... 7
Definition 1.3 Essence .......................................................................................................... 7
Definition 1.4 Metadata ........................................................................................................ 7
Definition 1.5 Contention ................................................................................................... 13
Definition 1.6 Production model ........................................................................................ 15
Definition 1.7 Traditional production model...................................................................... 15
Definition 1.8 Alternative production model...................................................................... 15
Definition 1.9 Service model .............................................................................................. 16
Definition 1.10 Business model............................................................................................ 16
Definition 1.11 Traditional business model.......................................................................... 16
Definition 1.12 Alternative business model ......................................................................... 16
Definition 1.13 Convergence................................................................................................ 16
Definition 1.14 Infrastructure services ................................................................................. 16
Definition 1.15 Business services......................................................................................... 17
Definition 1.16 Internal......................................................................................................... 17
Definition 1.17 External ....................................................................................................... 17
Definition 3.1 Cloud-computing infrastructure services .................................................... 38
Definition 3.2 Cloud-computing business services ............................................................ 39
Definition 4.1 Work-centre production model ................................................................... 67
Definition 4.2 Managed file-forwarding production model ............................................... 67
Definition 4.3 Production-islands production model ......................................................... 67
Definition 4.4 Central media-asset-management production model .................................. 67

xviii

Definitions

Definition 5.1 Virtualisation ............................................................................................... 91
Definition 5.2 Collocation .................................................................................................. 91
Definition 5.3 Enterprise cloud (lower left quadrant) ........................................................ 97
Definition 5.4 Public cloud (lower right quadrant) ............................................................ 98
Definition 5.5 Enterprise cloud services (upper left quadrant) .......................................... 98
Definition 5.6 Public cloud services (upper right quadrant) .............................................. 98
Definition 5.7 Business management area........................................................................ 105
Definition 5.8 Content management area ......................................................................... 105

Introduction
Contents

In the past decade, the content industry has been confronted
with revolutionary developments in the information technology
(IT). A telling example is the use of desktop computing for
production. Here, the wishes of the content industry are to be
able (1) to adapt to upcoming formats, (2) to support the shifts
in technology, and (3) to understand the variety of audience
behaviour. Combining the three wishes and using new
technologies may lead to disruptive changes.
The aim of this thesis is to formulate the criteria that have to be
fulfilled for the adoption of new information technologies, in
particular cloud computing, in the content industry.
In this chapter we introduce the key concepts of this thesis as
mentioned in the title, being cloud, content, and contention. We
aim at a common understanding of what is meant by ‘cloud’, by
‘content’, and the current ‘contention’ between them. The key
concept ‘cloud’ refers to the latest evolution in the information
technology, viz. cloud computing. The key concept ‘content’
refers to the content produced by the content industry. The key
concept ‘contention’ refers (1) to the rivalry within the content
industry and (2) to the contention initiated by the latest
information technology entering the content industry. These two
meanings of the key concept ‘contention’ lead us to the thesis’s
ambiguous title ‘Cloud Content Contention’.

Outline

In the first three sections we provide the definitions of the three
key concepts. In section 1.1 we introduce ‘cloud’ and the IT
industry. In section 1.2 we introduce ‘content’ and the content
industry. In section 1.3 we introduce the two different meanings
of ‘contention’.
In section 1.4 we give the other definitions used in this thesis.
The problem statement and five research questions are
formulated in section 1.5. This is followed by a description of
the research methodology in section 1.6.
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Section 1.7 provides the contribution of this thesis and section
1.8 describes the structure of the thesis.

3

1.1

Cloud

In this thesis we use the following definition for ‘cloud computing’.
Definition 1.1 Cloud Computing
Cloud computing is the use of information technology over the Internet. The IT-related
capabilities are provided ‘as a service’, allowing users to access technology-enabled
services from the Internet (‘in the cloud’) without knowledge of, expertise with, or control
over the technology that supports them.
In this section we introduce three waves of computing (subsection 1.1.1). Thereafter four
phases within the third wave are defined (subsection 1.1.2). It allows us to explain the five
driving forces of the IT industry towards any future application (subsection 1.1.3).

1.1.1 Three waves of computing
The use of new technologies in our information society has been evolving rapidly over just
a few decades. It ranges from a world with a few proprietary and large systems managed by
governmental institutions and large enterprises to a new world with millions (and soon
billions) of intelligent ‘cool’ devices for all kind of users communicating through a large
variety of open systems. The entire evolution has gone through three important waves (cf.
Singh, 2008).
(1) Proprietary computing
(2) Personal computing
(3) Cloud computing
In Figure 1.1 we depict the three major waves since the beginning of the IT industry in the
1960s. Each wave has a phase of early adoption, followed by an aggressive growth and
subsequently a stabilisation. Such a wave is also known as an S-curve (see Singh, 2008). In
the aggressive growth phase of the second and the third wave we see that they surpass the
highest performance vs. cost ratio of the previous wave. On the horizontal axis we partition
the timeline from the 1960s to the 2020s by decade. On the vertical axis we show the
increase of the performance vs. cost ratio. This is done as follows. The performance vs. cost
ratio is computed from the ratio CPU hours vs. cost (CPU hrs / USD), e.g., 128 CPU hours
could be bought for 1 USD in 2008. For a precise calculation of this ratio we refer to
Armbrust (2009). Two other ratios of performance vs. cost are possible. They are the
storage capacity vs. cost (GB / USD) and the network bandwidth vs. cost (Mbps / USD). Of
course, a combination of the three ratios with (or without) different weighing factors is also
possible. However, we use the figure as illustration of the emergence of cloud computing.
Therefore, we do not focus on the latter two ratios, and we refer again to Armbrust (2009)
for details on their calculation. For our goal it suffices to focus on the ratio CPU hours vs.
cost. The range used in the figure runs from 0 to 1000 CPU hours per dollar. Below, we
discuss the three waves.
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Figure 1.1 From proprietary computing to cloud computing
(adapted from Singh, 2008)
(1) The wave of proprietary computing. In the early days of computing (around 1960-1970),
the use of text terminals enabled sharing of data among users through a powerful central
mainframe. The large and expensive systems were mostly owned by governments, large
enterprises, and universities. Sharing of information (content) was done in a textual format.
An example of information sharing was a bulletin-board system that allowed users to post
text messages on discussion topics.
(2) The wave of personal computing. In the second wave, the desktop computers were
introduced and new applications for local use were developed. The introduction of open
client-server architecture started the decoupling of (1) the machine-intensive processor
operations and data storage performed on a server and (2) the user presentation and
interaction performed on the user’s desktop, while enabling data sharing among different
users. In the first part of the second wave, the client-server architectures were proprietary
implementations, using fat clients installed on a user’s device. In the second part of the
second wave the internet’s growth accelerated these client-server developments by adopting
the internet browser and by standardising the exchange of information display. This
catalysed the development of a stream of web-browser applications. The applications were
based on a combination of powerful central processing and the decentralised browser’s
availability on client desktops. Powerful servers for intensive processor operations and data
storage were installed in a central place, and connected via the internet to the decentralised
browsers. Sharing of information (thus content) was done in a wide variety of formats
either directly between desktops or by using internet-based content applications. The
growing number of centrally installed applications raised the need for additional server
installations at data centres, each of them serving a specific task at great performance.
(3) The wave of cloud computing. The third wave comes with establishing the rather low
utilisation rate of the available server resources. Cloud computing can be seen as a new
trend in the age of the information-technology industry. The trend is characterised by two
developments: (1) consolidation of server and application, and (2) sharing of resources
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among different applications on the same infrastructure resulting in less infrastructure and
lower operational costs. Cloud computing became possible through the new virtualisation
techniques which enable the creation of virtual machines on an open-architecture platform.
Although entire virtualisation is still not a common practice, alternative business models
(defined in section 1.4) are developed. Two prominent examples are (1) shared applications
providing functionality on an ‘on-demand’ basis, and (2) software applications provided
through the network as a service (SaaS).

1.1.2 Four phases in the wave of cloud computing
Each wave can be decomposed into phases. Below, we take a closer look at the phases of
the third wave to obtain an understanding of the evolution of cloud computing and to see
where the IT industry currently stands. West and Guptill (2008) defined four phases in the
wave of cloud computing.
(1) Cost-effective software
(2) Integrated business solutions
(3) Workflow business transformation
(4) Cloud business processes
The four phases in the third wave are discussed below and depicted in Figure 1.2.
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Figure 1.2 Four phases in the cloud computing wave
(adapted from Singh, 2008 and West and Guptill, 2008)
(1) The first phase is the phase of cost-effective software. It is the early adoption of cloud
computing, and mainly a way of cost-effective delivery of applications and software.
Moreover, it is an efficient way to distribute software at a rather low cost, for small, simple,
and stand-alone applications that require a limited amount of configuration work. The focus
is laid on rapid deployment; cloud computing reduces the total cost of ownership. This
approach is embraced by consumers and small enterprises, adopting the available
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applications in the network rapidly. Common examples of these services with fast adoption
are mail services, calendar services, and photo sharing applications.
(2) The second phase is the phase of integrated business solutions. It is the move to more
complex, sophisticated services, seeking for higher added values to increase operational
efficiency. Complex applications and integrated business solutions are made available as a
service, enabling further business integration. Although not mandatory, this goes along with
the adoption of service-oriented architectures (SOA) where enterprises apply a structured
integration between various components and / or applications.
(3) The third phase is the phase of workflow business transformation. It is the integration of
business solutions through service-oriented architectures. This enables a multi-task
flexibility, such as (a) allowing workflow transformations and (b) supporting flexible
business needs in a responsive and resilient manner. Software and applications become
available in the integration network as a service. All these available services, both behind
and in front of the firewall, are seamlessly integrated into a single process managed and
measured by an abstract service-orchestration engine. They give flexibility and
transparency to the business users.
(4) The fourth phase is the phase of cloud business processes. It is the execution of process
steps entirely virtualised into the cloud computing layer, relying on the on-demand
infrastructure (computing capacity, storage capacity, network bandwidth) and the ondemand software (operating system, middleware, utility, and business applications)
managed dynamically according to the current instance process requirements.
At the beginning of 2010 we reached the end of the second phase. Below, we take a brief
look at the development of the two remaining phases. In particular, we focus on the forces
that drive this evolution of the IT industry towards the future.

1.1.3 From now to the future
At the end of the second phase, functionality is provided as an integrated business service;
the integrated business services can be offered to users who exploit the internet as a
communication medium and who use open standards for the exchange of data.
Five forces have an impact on the IT industries and are drivers for the change towards
cloud computing. We define these five driving forces as we will use them to validate how
the results of our thesis match with the development of these driving forces. The five
driving forces are as follows (cf. Boss et al., 2007; West and Guptill, 2008; Katzank, 2009).
(1) Advanced infrastructure architectures: new technologies allow building massively
scalable computing infrastructures at a continuous increasing performance vs. cost
ratio (see Figure 1.1).
(2) Accessibility of the network: the increased penetration of the internet combined
with (a) new access technologies, (b) increase in bandwidth, and (c) a
continuously growing amount of connected devices push alternative business
models on a global scale.
(3) Device diversification: the increase in device diversification drives the need for
distribution of services, which are tailored to the device capabilities; the
development is abstracted from service functionality and user interface.

7
(4) Provisioning and management of environments: the automation of provisioning
and management of environments is the core functionality behind cloud
computing. In a cloud-computing world this can be done in minutes (or even
faster) through the cloud-computing framework.
(5) Divergence: divergence occurs in content, services, and business models. The
explosion of data on the internet, especially user-created content, such as
publications, photos, music, video, and online information, requires flexible and
scalable infrastructure solutions. The implementation of services is gradually
commoditised. They drive the development and commercialisation of further
specialised niche services at marginal cost with scalable deployment capabilities
on an on-demand basis. The barrier of implementation is lowered and triggers
alternative business models.
Moving to cloud computing might look like a holistic view on the future. However, today
we can already distinguish two major trends. On one hand we see that governmental
institutions and corporate enterprises implement enterprise cloud (defined in subsection
5.2.3), although, we must admit, this is mainly the first phase on infrastructure services. On
the other hand we see a rise of available public cloud services adopted by consumers,
freelancers, and small companies. All in all, business organisations are adopting cloud
computing in their new data centres for further optimisation and cost reduction, whereas
consumers adopt public cloud services for its easiness and flexibility.

1.2

Content

In this thesis we use the following definition for ‘content’.
Definition 1.2 Content
Content is the product created by the content industry for consumption by an audience.
Directly related to content we define ‘essence’ and ‘metadata’.
Definition 1.3 Essence
Essence is the audio, video, graphics, tables, figures, or text itself – the format (or physical
output) is what can be heard or seen by the consumer. The essence of the content is packed
in different formats.
The same essence can be packed in different formats, e.g. weather information can be
packed in graphics, tables, or text.
Definition 1.4 Metadata
Metadata is the information that identifies and describes the essence. Metadata is the
unique way to manage the essence.
In this section we introduce the changes in five branches of the content industry (subsection
1.2.1). We choose the broadcast industry for further research (see arguments in subsection
1.2.1). Thereafter, the five stages of the content lifecycle are defined (subsection 1.2.2). We
choose the third stage (production) as our topic of further research (see arguments in
subsection 1.2.2). Finally, we list the ten driving forces of the content industry towards the
future (subsection 1.2.3).
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1.2.1 Changes in the five branches of the content industry
Many market changes occur in the entire content industry, regardless of the format of the
content (cf. Berman, Duffy, and Shipnuck, 2007). Below, we briefly explain the changes
towards the adoption of digital technologies. This is done in combination with reviewing
the past, current, and future changes in the following five branches of the content industry:
(1) publishing industry, (2) photo industry, (3) radio industry, (4) broadcast industry, and
(5) online information providers. We will show that up to 2000 the use of digital
technologies did not imply the use of IT-based production technologies or IT-based content
distribution.
Ad (1) The traditional publishing industry (newspapers, magazines, books) has been
rigorously challenged in the last decade. New digital production techniques made it (a)
possible to print cost-effective, and (b) feasible to print affordably low volumes that created
alternative business models with quality publications towards niche audiences.
Simultaneously, the upcoming information distribution over the internet created
considerable pressure on income from advertisement. Advertising agencies discovered the
easiness of online advertising, thus shifting advertisement budgets away from traditional
distribution to online distribution.
Ad (2) The photo industry has experienced relatively minor challenges during the last
decades. The serious challenges came during the last years. The upcoming digital
photography narrowed the quality gap between professional photography equipment and
the upper-class amateur photography equipment significantly. Digital photography also
dropped the production costs to levels affordable to every amateur. Replication, correction,
and distribution of photos are now in reach of non professionals. The large adoption of
digital photography resulted in a flooding of the market with still images in high volumes at
a high pace.
Ad (3) The radio industry has adopted new production techniques over the last years. Filebased digital audio production is now commonly used, narrowing the gap between
professional and amateur radio stations. Since the available bandwidth remains limited in
the free-to-air radio distribution, the competition remained limited. Competition in audience
comes from alternative audio distribution techniques. Here we see that the audience shifts
from linear audio to nonlinear consumption, such as pod-casting, digital audio over internet,
and satellite radio. Radio stations are extending their reach with integration of
communication techniques, such as online and SMS. All this happens in parallel with the
radio emissions.
Ad (4) The broadcast industry undergoes currently a huge shift due to digital production,
digital distribution, and upcoming market entrants pushing alternative business models
towards the consumers (cf. Berman et al., 2007). Additional competition in audience also
results from non-linear content distribution channels, such as Video on Demand (VoD),
online TV, and mobile TV. Here, too, the modern technology means are narrowing the
quality gap between professional-produced and amateur-produced content. Traditional
broadcasters shift rapidly to digital content production to lower the entire content cost.
They are pushed by the market to implement better levels of quality, such as High
Definition Television and 5.1 Dolby Audio. Simultaneously, they are a new competitor to
publishers and other information providers by repurposing available content through
alternative distribution channels.
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Ad (5) The online information providers currently face at least two key challenges. Intense
competition comes (a) from the traditional content companies extending their activities
towards online activities and (b) from new ideas launched by start-up companies, such as
user-created content sites, and social networks. New initiatives can be implemented at low
cost and start at low scale. The use of standard information technologies allows fast upscaling when high adoption rates are reached from the users. Shifting towards such services
can happen fast and will create an even more challenging competition.
The development of the technologies over time is shown in Figure 1.3. I compared three of
the five branches of the content industry on a timeline. The traditional publishing industry
and the online information providers are currently converging which makes a clear
comparison difficult. The upper part of Figure 1.3 shows the photo industry with the
evolution from digital cameras entering the market till digital distribution. The middle part
shows the radio industry with the evolution from digital audio in the professional
environment towards digital production and distribution. The lower part shows the
broadcast industry with the evolution of proprietary digital tapes towards digital production
and distribution.
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Figure 1.3 Timeline digitisation of content (photo, radio, broadcast)
Adequate interpretation of Figure 1.3 shows that IT-based production technologies and ITbased content distribution only entered the industry over the last ten years. Through the use
of the IT-based content distribution, the diversification between the five branches within the
traditional content companies is fading away. Here we notice that all traditional content
companies are challenged by their peers. They all experience severe challenges from new
market entrants using affordable digital production techniques and leveraging the power of
social networks.
As we can see in Figure 1.3 most changes happened in the broadcast industry. Therefore,
we will focus in this thesis on the broadcast industry. We now discuss briefly the content
lifecycle to delimit the content lifecycle stage on which we will focus.
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Broadcast as a technique is used in the different branches, it is not reserved to the broadcast
industry. We use the word broadcast to indicate the branch in the content industry as
described under (4), viz. the television / video industry.

1.2.2 Five stages of the content lifecycle
The fight for the consumer is played at two different battlefields, viz. with respect to (a)
technology improvements and (b) contents adaptation. The latter issue is closely related to
the content lifecycle. The content lifecycle is typically divided into five stages: (1) idea
creation, (2) pre-production, (3) production, (4) post-production, and (5) distribution (cf.
Estrada, 2007). The content lifecycle is depicted in Figure 1.4. We explain the meaning of
the figure below by defining the content lifecycle stages.

(2) Pre-production
Idea

(3) Production

(1) Idea creation

(4) Post-production
(5) Distribution

Figure 1.4 Content lifecycle stages
(adapted from Estrada, 2007)
(1) Idea creation: the first stage is where the process starts with a new creative idea, in
most cases quite unstructured; the idea needs to be translated into a production of
the content asset.
(2) Pre-production: during the second stage the planning details, budget details, and
quality criteria such as graphics, audio, and video quality expectations are defined.
(3) Production: the third stage begins with capturing of the essence, and includes the
whole processing from rough editing, transitions, animations, special effects,
graphics, banners, music, sound overlays, and so forth until a marketable product
is created.
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(4) Post-production: during the fourth stage the content is completed as required for
the distribution channel. Depending on the distribution channel and the target
market, items as subtitling, banners, advertisements, watermarks, and the content
access rights, are added. For physical distribution (cinematic tape, DVD, tape) the
required packaging is added.
(5) Distribution: in the fifth stage content companies distribute content via multiple
channels, where the content will be adapted depending on the target market and
distribution channel. Frequently, the distribution over different channels is also
shifted in time. Within the broadcast environment, the linear distribution is called
play-out.
In this thesis, we will focus on the core stage of the content lifecycle. That is the production
stage (stage 3). Below, we take a brief look at the forces that drive the evolution of the
content industry towards the envisaged future.

1.2.3 From now to the future
Ten forces (sometimes implicit, sometimes explicit) have an impact on the changes. They
are the current drivers for the content industry. Also in the future, they will play their part.
We describe these ten driving forces by item as we will use them to validate how the results
of our investigations match with the driving forces of the content industry.
(1) Fragmentation of consumption: new channels and new distribution channels force
further fragmentation of consumption. Content starts to be consumed in smaller
units of consumption, degrading the revenue per channel and imposing cost
reductions on the production (Dawson, 2008).
(2) Increased content consumption: it becomes common to consume multiple formats
simultaneously, although each of them is consumed with partial attention (Berman
et al., 2007).
(3) Alternative business models in the market: business models with a different way to
generate revenues enter the market, especially the advertising market will change
drastically. This imposes a heavy challenge on the traditional channels as the
advertisement spending will shift away towards alternative business models
(Dawson, 2008).
(4) Evolution towards the open community: the content used is created by
professionals and distributed by proprietary business organisations. However, the
closed environments are shifting towards open environments managed by
communities, individuals, and interest groups (Siewicz, 2010). The content
lifecycle, from idea creation up to content distribution, is now far more open for
every individual than three years ago, and enables participation by the individual
(Berman et al., 2007).
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(5) Increase of consumer control: the increase of available choices and available
distribution channels enables the consumer to become selective. Ultimately he1 is
able to consume fully personalised content (Dawson, 2008).
(6) Shift from linear to non-linear consumption: the consumer behaviour changes
from linear consumption towards a non-linear consumption (Berman, Duffy, and
Shipnuck 2007).
(7) Participation through user-created content: youngsters and ‘cool’ kids contribute
actively to the content creation process through alternative means at almost no cost,
shared with peers through different distribution channels. The generational
differences impact the way content is consumed (Donofrio, 2007; Dawson, 2008).
(8) Affordable devices with rich features: new technologies flood the market and are
heavily used by consumers prior to the adoption by professionals. The new
technology allows consumers to create formats and to experiment with alternative
business models. These formats are distributed through open networks where the
volume and quality raise is supported by the continuous increase of available
bandwidth (Berman et al., 2007).
(9) Shifts in advertisements, decline of traditional channels: a shift of advertisement
spending will happen from traditional distribution channels and business models to
alternative distribution channels and business models (Berman et al., 2009).
(10) Convergence: the convergence of the content industry and the telecom industry is
creating alternative business models; new possibilities, offers, risks, and threats are
playing their part in the convergence (Berman, Duffy, and Shipnuck 2007).

All companies in the content industry face these unprecedented forces today. The reading,
viewing, and listening habits of the consumer will keep changing, since he is overwhelmed
by a wide choice of formats, offers, and devices via different distribution channels, all
fragmenting the entire industry. The consumer himself comes into control and shifts from
linear, passive consumption towards non-linear self-controlled consumption.
The idea that the digitisation of publication, photo, radio, broadcast, and online-information
is the major driving force that has changed the content industry is fading away.
Additionally, governments imposed shifting to digital distribution. Two examples are: (1)
the digitised broadcast industry moves to digital distribution, and (2) changes in regulation
of ownership of content distribution facilities will enable a greater competition.
Metaphorically, the entire content industry is a ship going through a rough storm, through
dark clouds … riding on high waves of change.

1.3

Contention

To answer the question on what is meant by contention we start by the definition of the
word ‘contention’ from the Merriam-Webster Dictionary.

1

For brevity we use ‘he’ and ‘his’ wherever ‘he or she’ and ‘his or her’ are meant.
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Definition 1.5 Contention
Contention is:
1: an act or instance of contending;
2: a point advanced or maintained in a debate or argument;
3: rivalry, competition.
In the context of this thesis two meanings of ‘contention’ are applicable. We focus on these
two meanings (2 and 3) below by taking a closer look at the timelines mentioned in Figure
1.1 and Figure 1.3. We zoom in on (a) the timeline from the personal-computing wave to
the cloud-computing wave and (b) the timeline of the digitisation of content. Figure 1.5 is a
detail of Figure 1.1 with emphasis on the ongoing personal-computing wave and the
upcoming cloud-computing wave. As a result of this zoom in as depicted in Figure 1.5 we
come to two meanings of ‘contention’. Below, we explain the two meanings of contention
and the focus we have on them in this thesis.
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Figure 1.5 Contention

1.3.1 First meaning of contention
In the traditional content industry, file-based production started when the curve of the
personal-computing era was in its phase of aggressive growth. The traditional content
industry is driven in this direction by the ten driving forces listed in section 1.2. Along the
curve, solutions are implemented relying on technology of the second wave (arrow 2).
Simultaneously we see the beginning of the new era of cloud computing (arrow 1), driven
by the five driving forces of the IT industry listed in section 1.1. The main point of Figure
1.5 is that the adoption of new technologies by traditional content companies occurs whilst
some of the basics from IT-underpinning technologies are changing (see below).
The traditional content industry adopts advanced technologies from the second wave at a
high pace (arrow 2), expecting levels of quality and support that may equal their dedicated
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solutions based on dedicated technologies (non-IT based solutions). The emerging
difference in pace, quality, and support between dedicated solutions and new solutions
based on the advanced technologies from the second wave creates continuous frustration
and unbelief. This internal contention with the second wave is leading to rejection of the
technology of the third wave. Professionals in the traditional content industry argue, on the
basis of this rejection, that production with such new technology from the third wave
creates inferior products. This meeting point of opinions causes a debate. It is the first
meaning of ‘contention’. It is the stress created in the traditional content industry that
causes clashes among the users of the second-wave systems (traditional content industry)
and users of the new third-wave systems (alternative business models) (see star 3).

1.3.2 Second meaning of contention
As discussed above, the traditional content industry defends as best as possible their current
business positions. However, they are facing two competitions, viz. (1) from other
traditional content companies expanding their business towards additional distribution
channels (e.g., publishing industry entering into video content distribution) and (2) from
market entrants understanding the advantages of the new technology. For instance, market
entrants in the content industry (without a legacy of content) use new advanced third-wave
technologies to explore alternative business models on a small scale. They understand that
standard IT technologies in the cloud-computing wave depicted by arrow 1 enable the
implementation of large-scale systems. The point of departure in this debate is that business
models relying on cloud computing have first to become proven reliable and then to be
proven successful. The alternative business models (defined in section 1.4) grow with the
use of cloud computing. We see that the market entrants accept the according levels of
quality and support from the early adopting technology. The distributed final product is of
high quality in terms of images and sounds. The entire production and distribution process
is unconventional. This rivalry is our second meaning of ‘contention’, it is the stress
between the traditional content industry and the alternative content industry (see again star
3).

1.3.3 Focus of the thesis
In Figure 1.5 we depicted the contention, i.e., the point of discussion in the debate (item 2
of definitions from the Merriam-Webster Dictionary) by star 3. It is also the point of rivalry
or competition (item 3 of definitions from the Merriam-Webster Dictionary).
In this thesis we focus on the contention in the production model of the broadcast industry
(see section 1.2). The broadcast industry is on the forefront of the use of technology in the
form of digitisation (Pratt and Jeffcutt, 2009). This part has recently undergone impressive
changes (see Figure 1.3) and is still acutely challenged in terms of solving both business
problems and technological problems. Analysing and solving these problems is our goal.
The issue is how the content industry in a professional environment can shift towards
technologies from the third wave. The reasons to make the immediate shift (represented by
arrow 4) are investigated in chapters 4 and 5. The way to accomplish the immediate shift is
investigated in chapter 6. However, there are inhibitors preventing an immediate shift
towards the technology from the third wave; these are investigated in chapter 7.
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1.3.4 Two research restrictions
In Figure 1.1 we may identify two other potential points of contention.
The first other potential point of contention is at the transition from proprietary computing
to personal computing (from first wave to second wave). This first point of contention lies
in the past. The analysis of the change from proprietary computing to desktop computing is
an interesting subject of historical analysis. We leave that to the technology historians.
The second other potential point of contention is the contention that will occur at the
transition from the cloud-computing wave to the unknown fourth wave (from third wave to
fourth wave). Analysis of this point of contention might be subject of a future trend analysis.
We leave that to the researchers in the domain of futurology.
All in all, these two other potential points of contention are not included in the scope of this
thesis.

1.4

Definitions

We assume that the notions production, service, and business are well known to the reader.
For adequate reading of the text of this thesis we provide six relevant definitions below.
They deal with production model, service model, business model, convergence,
infrastructure service, and business service. The definitions will hold throughout the thesis,
unless it is explicitly stated not to be the case.
Definition 1.6 Production model
A production model is the entire workflow within the production environment to create
content. The workflow consists of a set of processes to reach the business goal of an
organisation.
Below, we provide two enhanced definitions of production model, for use in the specific
cases: (1) traditional production model and (2) alternative production model.
Definition 1.7 Traditional production model
A traditional production model is a production model applied by the traditional content
industry, viz. the workflow uses proprietary technology or technology from the second wave
of IT.
Definition 1.8 Alternative production model
An alternative production model is a production model applied by the alternative content
industry, viz. the workflow uses technology from the third wave of IT.
In section 4.4 we define four types of traditional production models to determine the
differences between the various file-based production implementations.
For each of the following three kinds of organisations the business goal for which the
production model is used will be different. First, private companies will have the business
goal to capture economical value, to obtain a market share, etc. Second, public companies
will have the business goal to inform citizens, to have reach, etc. Third, non-governmental
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organisations (NGO) will have the business goal for their development-related projects to
create awareness, to attract funding, etc.
Definition 1.9 Service model
A service model is a model in which a business is providing a functionality that is to be
recognised as a service.
Here we see that
(a) the processes within the production model are composed of a set of process steps
and are implemented using technology; each process step performs a function and can
be defined as a ‘service’; and
(b) service based on technology from the cloud-computing wave is called ‘cloud
service’.
Definition 1.10 Business model
A business model is the rationale of how an organisation creates, delivers, and captures
economic value (Miller, Vandome, and McBrewster, 2009).
The content industry is doing so by the creation of content as explained in section 1.2.
Below, we provide two enhanced definitions of business model, for use in the specific
cases: (1) traditional business model and (2) alternative business model.
Definition 1.11 Traditional business model
A traditional business model is the capturing of economic value through delivery of
products created by professionals using a proprietary distribution channel.
These are the business models applied by traditional content providers. Examples have been
given in section 1.2.
Definition 1.12 Alternative business model
An alternative business model is the capturing of economic value through creation of
content with alternative means, and distribution of content through alternative distribution
channels.
These are the business models applied by the alternative content providers (e.g., using
cloud computing).
Definition 1.13 Convergence
Convergence is the coming together and the sharing of separate technologies, business
models, and services thereby synergistically creating new experiences (Ong, 2010).
We will focus on the convergence between the content industry and the telecom industry
(see section 2.11).
Definition 1.14 Infrastructure services
Infrastructure services are services that provides computer infrastructure as a fully
outsourced service, billed on a utility computing basis that reflects the amount of resources
consumed.
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Infrastructure refers to indicate the physical components and the middleware components of
an IT environment. The physical components are servers, storage, etc. The middleware
components are operating systems, databases, etc.
Definition 1.15 Business services
Business services are services that provide business applications as fully outsourced
services, billed on a utility computing basis that reflects the amount of business functions
consumed.
Business applications are provided as business services in a shared cloud-computing
environment.
Definition 1.16 Internal
Internal is within the boundaries of an organisation.
Definition 1.17 External
External is outside the boundaries of an organisation.

1.5

Problem statement and research questions

In section 1.3 we outlined that the traditional content industry struggles with the adoption of
new information technologies. Despite the market situation, it is unclear when and how the
industry will transition into an environment adopting cloud computing. This leads us
straightforward to our problem statement. In this section we formulate our problem
statement (PS) which is inferred from the contention mentioned in section 1.3. Furthermore,
we derive five research questions (RQs) from the problem statement.
Our research encompasses the investigation of the adoption of new information
technologies by the traditional content industry. Our goal is to formulate the criteria that
have to be fulfilled for the adoption of new information technologies in the traditional
content industry. We have read many articles published in this domain and are well aware
of existing problems and challenging topics (see, e.g., Berman, Duffy, and Shipnuck, 2007;
Berman et al., 2007; Estrada, 2007). Although the current research concurs with these
articles, we opine that the publications mentioned (and also many others found on this topic,
see below) mainly focus on the aspect of digitisation and process improvements in
traditional environments. There is a clear shortcoming in investigating how the traditional
content industry could benefit from the leverage of developments such as cloud computing.
This is particularly true in the new business arena where market entrants apply the latest
technologies and take benefit from them. Obviously, we refer again to our goal as
expressed in subsection 1.3.3 and state that our research should perform the necessary steps
to arrive at that goal.
Our main problem statement (PS) thus reads as follows.
PS: To what extent can the traditional content industry benefit from using the power of
cloud computing?
For our investigation we partition the main problem statement into two different parts
leading to PS 1 and PS 2.
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PS 1: Why should the traditional content industry embrace the approach of cloud
computing?
PS 2: Can the traditional production models evolve towards cloud computing?

The research questions for PS 1
Regarding PS 1 we (1) investigate the current obstacles in the traditional content industry,
(2) analyse which of these obstacles can be overcome by cloud computing, and (3)
investigate the additional benefits that cloud computing may bring. This leads to three
separate research questions. In order to answer PS 1 we aim at answering the following
three research questions.
RQ 1: What are the current obstacles in the traditional production models?
We assume that the obstacles in the traditional production models are seriously felt by the
content industry. The obstacles in the evolution are depicted by arrow 2 in Figure 1.5. The
analysis of the types of traditional production models currently used and the technologies
adopted by this industry will lead us to understand the challenges which the traditional
content industry is facing. Different types of traditional production models are applied
today; a clear cataloguing is required to understand the evolution, the associated problems,
and the benefits.
After the enumeration of the current obstacles in the traditional production models, we
would like to identify which obstacles can be overcome when applying cloud computing
towards the traditional production models.
RQ 2: Is cloud computing able to overcome the current obstacles in the traditional
production models?
A comprehensive overview from a process view derived from a literature study and a field
inventory will be the basis for answering RQ 2.
The benefits of cloud computing are those in the evolution depicted by arrow 1 in Figure
1.5. Assuming that cloud computing is not able to overcome all obstacles identified in RQ 1
we might find particular benefits that make it worth to adopt cloud computing. To identify
the particular benefits of cloud computing for the traditional content industry we start our
analysis with (2a) how cloud computing is used today in the IT industry. It is followed by
the use of (2b) cloud computing in the alternative content industry and the application
towards the traditional content industry.
The analysis concerning PS 1 will be completed by listing the particular benefits from
embracing the approach of cloud computing.
RQ 3: What are the particular benefits of cloud computing for the traditional content
industry?
The immediate shift towards cloud computing is depicted by arrow 4 in Figure 1.5.
Knowing the benefits of cloud computing already embraced by consumers and many small
companies gives an indication of the potential benefits for the traditional content industry.
Moreover, it gives an insight into the way market entrants work. Adoption of cloud
computing might have a demonstrated beneficial impact, accepting and making the real
move towards it is another challenge.
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The research questions for PS 2
Regarding PS 2 we observe that assumed tangible benefits from embracing cloud
computing require investigation of the transition of the traditional content industry from the
second wave to the third wave. This includes refining the roadblocks that need to be
eliminated. To answer PS 2 we, therefore, make a split up into two research questions.
RQ 4: What is a feasible transition path towards adoption of cloud computing in the
traditional production models?
Adoption of new technologies and new approaches into existing processes is often an uphill
battle for established companies. As the current business remains the highest priority and
cannot be interrupted, a smooth transition path becomes mandatory. This transition path is a
way to move from arrow 2 towards arrow 4 in Figure 1.5. The design of the transition
leading to the adoption of cloud computing into the traditional production models gives us
insight into the tangible next steps for the traditional content industry.
RQ 5: Which are the inhibitors preventing an immediate shift towards the application
of cloud computing into the traditional production model?
Assuming that (a) the adoption of cloud computing has a beneficial impact and that (b) the
industry is willing to move into that direction, then it is important to obtain a good
understanding of the known inhibitors. From a business perspective these inhibitors prevent
a drastic and immediate shift (arrow 4 in Figure 1.5). Identifying and resolving them step
by step in line with the transition path will bring the traditional content industry closer to
the latest technologies available from the IT industry. Based on our research we are then
able to formulate the criteria for the adoption of new information technologies by the
traditional content industry.

1.6

Research methodology

In order to answer the research questions mentioned in section 1.5 five research
methodologies will be applied. The research will be based on (1) literature studies, (2)
surveys, (3) interviews, (4) field work, and (5) analysis (see Table 1.1). The result of the
analysis will be considered as the outcome, i.e., the answer to the research questions and
problem statement. Below, we briefly discuss the adopted methodologies for each research
question. The details of the research methodology applied for each research question is
described at the beginning of the chapter answering the research question.
Methodology

RQ 1

RQ 2

RQ 3

RQ 4

RQ 5

PS 1

PS 2

PS

(1) Literature study

√

√

√

√

√

√

√

√

√

(2) Surveys

√
√

(3) Interviews
(4) Field work

√

(5) Analysis

√

√

√
√

√

√

√

√

√

√

√

√

√

√

√

√

√

Table 1.1 Research methodology
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To answer RQ 1, we will identify four types of traditional production models already used
today and those under implementation through literature study and industry insights
obtained during the fieldwork. Then we analyse the findings by distinguishing the four
types of traditional production models, categorise them, and make a short overview of
benefits and drawbacks for each type of traditional production model. The methods used for
answering RQ 1 correspond to the second column in Table 1.1.
RQ 2 and RQ 3 will be handled together. To answer RQ 2 we use the large variety of
information that is available. This information will be studied and analysed to obtain a
deeper understanding enabling identification of mutual benefits that can be derived from
embracing the technology into the traditional content industry. Results from surveys and
discussion forums on the use of new technologies will be used and will lead to a deeper
understanding of the evolution in the content industry. The methods used for answering RQ
3 correspond to the third column in Table 1.1. To answer RQ 3 I leverage the contentindustry insights gathered during the fieldwork. The methods used for answering RQ 3
correspond to the fourth column in Table 1.1.
Answering RQ 4 goes along with the fieldwork and gathered expertise in the IT-industry.
Available literature in combination with selected documents of gathered expertise will
bring forward potential tracks to answer this question. Here I will also leverage the industry
insights gathered during the fieldwork. The methods used for answering RQ 4 correspond
to the fifth column in Table 1.1.
For RQ 5 a literature study will be performed as a first step succeeded by a limited set of
interviews. The analysis is further based on the industry insights gathered during the
fieldwork. The interviews will be executed with key persons of the content industry. The
major focus is to identify and to catalogue the relevant items. The approach will give an
insight into future research topics and their development to help the evolution in the
industry. The methods used for answering RQ 5 correspond to the sixth column in Table
1.1.
Finally, the answer to PS 1 is based on the answers to RQ 1, RQ 2, and RQ 3. The answer
to PS 2 is based on the answers to RQ 4 and RQ 5. Combining the answers to PS 1 and PS
2 provides the answer to our PS.

1.7

Research contributions

The main contributions of the thesis are as follows.
(1) Four types of production models
We extend the ideas as voiced by Berman et al. (2008, 2009), Megler and Estrada
(2008), and Footen and Faust (2008) by investigating the change in the content
industry due to the evolution of the underpinning IT technology towards cloud
computing.
As a result we define four types of production models to determine the differences
regarding benefits and drawbacks between the full range of file-based production
implementations. We define two thematic lists of obstacles of file-based
production for these four types of production models. The definition of the types
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of production models can be used to determine how advanced an implementation
is towards the adoption of cloud computing (shown in Figure 1.1).
(2) Four operational scenarios for cloud computing
Although we agree with the research by Armbrust et al. (2009), Hilley (2009), and
Patel, Ranabahu, and Sheth (2009), there is a clear differentiation to be made
between the internal and the external approach towards cloud computing.
Therefore, we abstract the hierarchy of cloud computing for analytical purpose,
and add a second dimension. So, we use in this thesis a two-dimensional approach
and define four operational scenarios for cloud computing. The four operational
scenarios are mapped to the use within the content business to determine the
tangible benefits of using cloud computing.
(3) How CBM and SOA help to adopt cloud computing
Component business modelling (CBM) is used as technique to map a business into
a model and to benchmark the individual components. Service-oriented
architectures (SOA) are used in the IT industry as techniques to integrate business
processes. Footen and Faust (2008) describe the use of SOA in the professional
production environment. Their investigation did not include the use of cloud
computing. Our contribution is that we show how cloud computing can be adopted.
We validate the use of CBM and SOA as a transition path to the adoption of
technologies from the third wave in the content business.
(4) Identification of inhibitors within the content industry
Adoption of technologies has been a major hurdle during generations. The subject
of adoption of IT technologies by generational differences is intensively studied.
Our contribution is (a) to identify the inhibitors specific to the content industry that
prevent the adoption of technologies from the third wave, and (b) suggest potential
solutions.

1.8

Structure of the thesis

The thesis is structured as follows. In chapter 1 we provide background information on the
terms ‘cloud’, ‘content’, and ‘contention’ and we formulate the problem statement.
Actually, the problem statement consists of two parts. They are covered by five research
questions. We then give our research methodology and the four research contributions.
In chapter 2 we describe background information on the content industry, in particular on
the current market situation, the trends, the changes, and the threats. In chapter 3 we
describe cloud computing.
After setting this scene, we investigate in the next four chapters the research questions. In
chapter 4, we focus on the obstacles in the traditional content industry and answer RQ 1. In
chapter 5, we focus on (1) whether cloud computing is able to overcome the obstacles and
(2) the benefits of cloud computing for the traditional content industry. We answer RQ 2
and RQ 3. In chapter 6, we focus on the transition path towards cloud computing for the
traditional content industry and answer RQ 4. In chapter 7, we focus on the inhibitors
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preventing the adoption of cloud computing in the traditional content industry, suggest
potential solutions, and answer RQ 5.
Finally, chapter 8 consolidates all the results and findings of our research into conclusions.
Moreover, we give four directions of future research.
Six appendices are included.
(1) Appendix A is the list of solicited sources during the fieldwork to answer RQ 1.
(2) Appendix B gives details on the individual production steps as used in the process
designs to answer RQ 1.
(3) Appendix C gives details on the commercial video formats as used to answer RQ 1.
(4) Appendix D is the list of postings used to answer RQ 3.
(5) Appendix E is the questionnaire used during the interviews to answer RQ 5.
(6) Appendix F summarises two of the interviews used to answer RQ 5.
Also the list of literature read and analysed is attached in the appendices.

Contention in the content industry: selected background
Contents

In the past years the content industry has shifted towards the
information-technology industry.
In this chapter we discuss a selected background to understand
the changes in the content industry and we elaborate on the ten
driving forces behind the changes.

Outline

The chapter outlines the changes by describing the content
industry landscape in section 2.1.
The ten driving forces behind the changes in the content
industry are elaborated upon in the sections 2.2 till 2.11.
The chapter is summarised in section 2.12.
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2.1

The content industry landscape

The timeline of the introduction of digital publication, photo, radio, broadcast, and online
information (given in section 1.2) form the basis of our discussion in this section. We
elaborate upon the adoption of digital technology within the professional environment.
For our starting point we use two major observations: (1) the entire content lifecycle from
idea creation to distribution (see Figure 1.4) was end-to-end proprietary, and (2) the
technology used from design to full deployment had a lifetime that lasted at least 10 to 15
years. During the first years of this decennium new ways to create, produce, and distribute
content became available based on using standard information technology. The use of IT
components and solutions was no longer reserved to the professionals in the production
environment. The production models used in the traditional content industry have changed
with the possibility to complete the content lifecycle end-to-end on IT platforms (Berman et
al., 2008). Below, we provide examples of the development for three of the five branches of
the content industry.
A first example is the development in the photo industry. The capabilities of digital reflex
cameras used by amateurs are approaching the quality of the ones used by professionals. It
resulted in a narrow budget gap between both types of equipment, making it accessible to a
large number of amateurs. Together with the easy digital post-processing and distribution
through the internet, the development gave amateurs the opportunity to produce and
distribute additional content. Though the professional photographer received most probably
a better training, he is seriously challenged by all those lucky shots of a growing number of
digital images made by amateurs and consumers. Of course, the development as outlined
above creates pressure on the profession of photographer as the volume and quality offered
by non-professionals remain to increase.
A second example is the development in the radio industry of the Digital Audio
Broadcasting (DAB) technology to distribute content digitally. After nearly two decades of
design, development, and testing, the digital broadcasting of radio is now deployed. Despite
the improvement in quality the added value has not been recognised by the consumer. The
arguments of noise suppression and interruption avoidance are not enough to convince the
consumer to upgrade from FM radio to DAB radio (EBU, 2009; Warner, 2009).
Nevertheless DAB radio is not declared dead today; consumer adoption will largely depend
on (1) the possibility to buy affordable DAB radios and (2) the extended supply of channels.
DAB is challenged by alternative low-cost listening equipment (e.g., portable audio players,
satellite-radio) that has a more successful adoption rate. These devices (1) enable the
distribution of multiple music channels each with a specific style, and (2) allow the
consumer to listen to his favourite type of music whenever and wherever he is in a wide
geographical area, not limited by borders from regions or countries. Adoption of DAB is
thus surpassed by alternative offers. This shows that the consumer prefers an alternative
listening experience with a lower audio-quality above the pure audio quality from DAB
(Mets, 2008).
A third example is the development in the broadcast industry. The entire content lifecycle
from idea creation to distribution towards the consumer device (e.g., TV set) was managed
by professionals in the broadcast industry. The distribution bandwidth obtained was a
medium to manage the content lifecycle. The process employed was the same as during the
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previous decades: the process from idea creation to distribution was based on the delivery
of content on a physical medium. The business model using tape is well known. After the
introduction of the digital tape an important improvement in audio and video quality was
reached. The evolution towards digital was highly appreciated by the consumer and resulted
in a fast take up by the market. Yet, it took years from the first developments to a full
product commercialisation. The long period gave the broadcast industry the opportunity to
migrate slowly from the old medium towards the new one, without major changes to the
entire production model. Here we see that the long lifetime of digital tape technology
justified the vast investments required in technology upgrades within the production model.
Then the technology investments were easily employed for a decade. This behaviour has
changed today, in particular by the fast evolution towards IT-based components (Megler
and Estrada, 2005; Berman et al., 2007).
Industry trends
Where professional content creation and production was reserved for professionals with
access to expensive proprietary, we see now an important increase of consumer-produced
content. The quality gap between professional equipment and consumer equipment narrows.
The quality of new digital consumer equipment has risen to a level approaching the one
used by professionals. Most of the post-processing of content can be done by consumers on
ordinary Personal Computer (PC) equipment and allows the creation of new content by the
consumer at a low cost. A digital production facility as used by professionals allows a fast
and cost-effective way to produce new content. At the same time digital capturing, editing,
and consumption technologies are being adopted by consumers. The quality increase of
content offered from the consumer side disturbs the business models used during the
previous decades. Here we may distinguish two trends. Both trends in the content industry
aim to differentiate and to improve the competitive position.
(1) The first trend is increasing the quality of content offered. This holds in particular
for the audio and image quality. We provide two examples. (a) The audio industry
upgrades audio productions towards Dolby 5.1 and Dolby 7.1. (b) The broadcast
industry is increasing the image resolution from Standard Definition (SD) to High
Definition (HD) and from low refresh-rates (25 fps) to high refresh-rates (50 fps).
(2) The second trend is the investment in non-linear content distribution channels. So,
the distribution aims to meet the expectations of the consumers. The high-quality
production equipment used is based on digital technology using standard IT
components and open standards. The alternative distribution technologies cost a
fraction of the previously used distribution means that were frequently based on
custom components and proprietary standards.
We remark that quality is not a high priority demand anymore. The gross part of consumers
is satisfied with the levels of quality offered, such as compressed audio. So, the importance
of the first trend fades away. An example is the high quality audio distribution via Compact
Discs (CDs) that is surpassed by a continuous growing distribution of compressed audio
using technologies such as MP3, Advanced Audio Coding (AAC). New criteria are
becoming more important, such as the ability (1) to consume fragmented items, (2) to
control the content, (3) to consume in a non-linear way, and (4) to participate in the creation.
Here we mention just four new criteria out of the ten identified. These criteria are all drivers
influencing the content consumption. The ten driving forces have changed the content
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industry. They have been listed briefly in section 1.2 and are now discussed one by one in
the sections 2.2 to 2.11.

2.2

Fragmentation of consumption

The traditional content industry mainly focused on dedicated distribution channels.
However, the extension of the business by diversification of the content offered through
alternative distribution channels brought them into competition with other market players
with whom they did not compete in the past. Publishers brought their content online
available on the internet. Radio stations and broadcasters followed and used the same
distribution channels, all competing for the online media consumer. The content was
fractioned, thus made available in smaller units of consumption (Dawson, 2008). For
example, news and sport programs were cut and made available by topics.
The new market entrants provide content directly through alternative and open distribution
channels, forcing further fragmentation of the market. The consumer is able to consume
through the channel of his preference and in smaller units of consumption. The demand for
content is smoothly going towards consumption from niche offers, providing specialised
targeted content.
Figure 2.1 illustrates the average hours of content consumption per individual per week
over the last 120 years. In the figure we distinguish three different evolutions.
(1) Continuous increase in consumption: the total number of hours of content
consumption is gradually increasing.
(2) Fragmentation of consumption: new channels to consume content are added over
time. A first example is the deployment of analogue TV that started in 1940 as a
new distribution channel and triggered the shift away from the printed content. A
second example of a new channel is the increased use of the internet since 2000
for the consumption of content.
(3) Increase of digital distribution: a decline in analogue channels and print, a growth
for digital distribution channels.
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Figure 2.1 Global content consumption per week
(source: Carat, World Association of Newspapers 2007-2008)
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Historically the vast majority of the consumption of content was through analogue TV and
print. The evolution depicted illustrates the changes towards multiple distribution channels
and new consumption patterns. This evolution is further degrading the revenue per channel
and imposing cost reductions on the traditional production model.

2.3

Increase in consumption, decrease in attention

The total consumption of content is increasing due to the easiness to access content through
new devices and multiple networks, see Figure 2.1. This development leads to a common
consumption of multiple formats simultaneously. Where in the past content consumption
was an activity during the day with given attention, such as reading the newspaper or
watching the evening news, it is nowadays common that a large fraction of the consumption
is with partial attention (Berman et al., 2007). Content is now consumed in parallel with
another primary activity. Mobile media, digital TV recording, in-car entertainment systems,
etc. allow non-linear consumption, while not being the primary activity.
The result is that, speaking in totals, more content is consumed during the day. In
conclusion, today more content is consumed as a secondary activity and less content is
consumed as a primary activity compared to a few years ago (Berman et al., 2007).

2.4

Alternative business models in the market

Alternative business models are tried out by small companies that enter the market using
standard IT and open technology. These business models put more emphasis on
advertisement income and exploit the relation between users and platform providers. The
observations below are self-explanatory. In the last years the market has been flooded by a
large number of content aggregation platforms (photo, video), social networking tools,
messaging applications, blogs, wikis, live casting platforms, etc. (Dawson, 2008). Each of
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them provides specific content, shifting attention from traditional content industry to the
alternative content industry.
This share of time spent with content (1) from the traditional content industry and (2) from
the alternative content industry is depicted in Figure 2.2. The upper line is the percentage of
average time spent with content from the traditional content industry. The lower line is the
percentage of average time spent with content from the alternative content industry. There
is a continuous decline of consumption from the traditional content industry in favour of the
content from the alternative content industry (Quinn, 2009).
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Traditional Content: Books, Broadcast TV, Film, Magazines, Newspapers, Radio
Alternative Content: Cable TV, Home Video, Internet, Mobile, Videogames

Figure 2.2 Time spent with content from traditional and alternative content industry
(adapted from Quinn, 2009)
In most cases the business models belonging to the alternative content industry rely also on
advertisement income, creating a drastic change in the advertising market and thus
imposing a serious challenge for the traditional content industry as the budget for
advertising shifts partially away from their channels to the alternative business models.

2.5

Evolution towards the open community

The shift from controlled access to an open platform is a real change of paradigm with
many repercussions, not in the least place for the business models. Below, we look at two
sides of the media spectrum.
On one side, traditional business models rely on branded content: it is created by
professionals and distributed through a network of dedicated devices with conditional
access control. The content lifecycle is controlled end-to-end, from idea creation to
distribution. However, what we see now is the following. The total content market growth
is estimated at 25% Compound Annual Growth Rate (CAGR), but the market of traditional
content only grows with a CAGR of approximately 5%.
On the other side, the alternative business models occur on the market in a rather disruptive
mode where content is created by end-users (consumers, amateurs) and distributed through
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open platforms. The content lifecycle from content creation to content distribution is now
far more open for every individual, enabling worldwide participation. In these business
models the traditional content industry is surpassed and has no influence at all on that part
of the content lifecycle (Dawson, 2008). Alternative business models are gaining market
shares. Although their absolute market share remains quite small for the moment, the
CAGR of approximately 16% may not be underestimated.
The traditional content industry therefore aims to explore the opportunities of the open
community. Two different ways can be distinguished beside of radically migrating to the
open community (Siewicz, 2010). A first way is followed by companies that explore the
possibility to integrate content from end-users into the content lifecycle of the traditional
content industry. Content is acquired and integrated into the products that go through the
traditional distribution channels. A second way is followed by companies that explore
additional ways to distribute the content produced by professionals, using open distribution
channels. The content is repurposed without using dedicated consumer devices for the
distribution.

2.6

Increase of consumer control

One of the ways the consumer gains control over his own consumption pattern is by using
new generation devices and alternative distribution channels, allowing him consumption at
the time and place he prefers. The possibility to make his own selection of content increases
personalisation and improves the user experience (Dawson, 2008).
The use of digital recording techniques allows additional control by the consumer, and
supports (1) selective consumption and (2) time-shifting of consumption (see section 2.7).

2.7

Shift from linear to non-linear consumption

In the traditional content industry the distribution of content was dictated by professionals.
This resulted in a controlled market offer for the consumer who could only select among
the different programmed channels by using the appropriate device at the time scheduled by
the content provider. This is known as linear consumption. The use of new technology
increases the flexibility in consumption: content can be made available on-demand, and it
can be fractioned to enable personal selection. For instance, content recording with digital
home recorders enables time-shifting in consumption. Thus, the consumer controls what
content he consumes and when he consumes the content (Berman, Duffy, and Shipnuck
2007; Plunkett, 2009). This is known as non-linear consumption.
The change in behaviour from a linear consumption pattern towards a non-linear
consumption pattern reduces the importance of content selection and programming as this
is done by the consumer himself. The result is that the quality part of the production, the
branding, the advertising, and the packaging has increased, while the distribution part of the
content lifecycle has become less important.
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2.8

Participation through user-created content

The creativity of the individual consumer combined with the low barrier to produce and
distribute content has given the consumer the ability to participate in the content lifecycle.
Many youngsters and ‘cool’ kids contribute actively to the content lifecycle through
alternative means at almost no cost, sharing content with peers through different
distribution channels (Berman et al., 2007). However, the participation is not reserved to
young people only, adults and elderly people can also contribute. The knowledge
(expertise) and ability to produce and distribute content, once the privilege of a few experts
and professionals, has developed by the activities of a larger population. The ‘wisdom of
crowds’ becomes more important than the one of the expert in consumer-related knowledge
(cf. Surowiecki, 2004).
The entire leisure (e.g., restaurants, theme parks), travel (e.g., hotels, museums) and
transport (e.g., aviation, trains) industry has been changed through the impact of usercreated content. Where quality evaluations and recommendations were given in the past by
travel guides compiled by a few professionals, it is now common for consumers to consult
online reviews and recommendations made by dozens of different people (Solis, 2008).
Other parts of the content industry feel the impact of these approaches as well; e.g., the
online news channels are nowadays based on citizen journalism. An early player was
OhmyNews that started around 2000 having the motto ‘Every Citizen is a Reporter’. The
bulk of the information of OhmyNews was published by citizens.
The rich content industry is following the same path; a well known and recent successful
initiative is YouTube, which is online since the end of 2005.
The content lifecycle from content creation up to content distribution is now far more open
to every individual, thus enabling participation of almost everyone.

2.9

Affordable devices with rich features

Device manufacturers historically created devices first for the industry and for business
users. Then in a later phase, these products were prepared for the consumer market.
Consumer centric devices are now first designed and produced for the consumer market. By
combining different technologies and rich features in different combinations and by
producing in large volumes, prices are kept low. So, they are affordable to consumers.
Examples are mobile phones, portable audio, and video players in various types. This
development supports alternative content distribution. The improvement in user control
combined with full mobility created a new user experience, especially among the heavy
commuters and the content addicts. Being able to experience content in all places and at
any time through these devices has changed the consumption patterns. A well known
example is the success of Apple’s iPod, which is widely taken up for its easiness to use for
the consumption of audio and video content. Also mobile phones with extended features,
such as an embedded audio and video player, a digital camera, and a web-browser, has
become a commodity supporting content consumption and creation. The connectivity
improvement through different communication protocols of new devices facilitates the
access to online content (Berman et al., 2007).
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The push of devices by the manufacturers towards young consumers shows also its impacts
on the business world. New employees are often acquainted to use modern information and
communication tools hardly known by the employer - an example of the generation gap
created between young professionals and the industry due to new technology.

2.10

Shift in advertisements, decline of traditional channels

We mentioned in sections 2.2 and 2.4 the increase of total consumption and the shift from
traditional distribution channels to alternative distribution channels. Advertising means
income for the content industry. Figure 2.3 depicts the global advertising spending for
thirteen different distribution channels from 2002 till 2006, and further forecasts the
outcomes till 2010 (rather accurately as we roughly checked it). The forecasted CAGR is
listed for each distribution channel on the right hand side. We see that (1) the spending in
advertising is still growing (just below a 6% CAGR) and (2) the spending has a different
pace between the traditional content industry (e.g., magazines, press, linear TV) and the
alternative distribution channels (e.g., online, mobile, Internet Protocol Television (IPTV)).
Advertising spending in alternative distribution channels grows aggressively. Although in
absolute figures it remains small, it nevertheless poses already a serious challenge to the
traditional content industry. The primary role of advertising on linear TV and press is
fading away (Berman et al., 2007).
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Figure 2.3 Global advertising revenues and growth
(source: Berman et al., 2007)
On the one hand advertisers shift towards the new formats (see Figure 2.3) because the
formats allow targeted marketing. The advertisers use the distribution channels where the
customer is known and / or can be profiled.
On the other hand the current digital recording techniques allow an alternative consumption
pattern. The value of prime-time advertising in the linear distribution channel is reduced
(Plunkett, 2009).
Alternative business models frequently rely on the distribution of content with embedded
advertisement that cannot be removed. Examples are content that is distributed for free
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while the revenue comes from advertising. Some examples are content aggregation
platforms, social networking tools, mobile content packages, and VoD casting packages,
where low cost (or no cost) content is gathered and re-distributed.

2.11

Convergence

At this moment, a clear convergence is to be seen within the content industry. There are
two observations. First, the traditional content industry extends their activities by content
distribution through alternative distribution channels. Second, content providers merge with
complementary content providers to extend their distribution channels. We expect this
convergence to continue for the next four years (2010-2014). We reiterate that this is
convergence within the content industry.
Additionally, convergence is also seen between the content industry and the telecom
industry (Berman, Duffy, and Shipnuck 2007; SAP, 2008). Below, we take a look at the
convergence between the content industry and the telecom industry from (1) a content
perspective, (2) a service perspective, and (3) a business-model perspective.
(1) The content perspective: the increased penetration of broadband internet in
households has created additional opportunities for the telecom industry. The
content distribution by telecom operators is facing an increasing demand in
bandwidth. Here the weakest part in the connection is the local loop. The last mile
of the connection in copper has serious limitations in terms of bandwidth. The
distribution of multiple HD channels over the same connections also poses serious
problems. Upgrading the network towards the concept of Fibre To The Home
(FTTH) is the next phase. Given the cost to place the physical cables, we see the
first deployments are starting in dense urban areas. The content convergence
stresses a further deployment of the telecom network.
(2) The service perspective: supply of basic television services over the Digital
Subscriber Line (DSL) is a way to improve the Average Revenue Per User
(ARPU). Offering basic television services is not sufficient to compete with cable
providers, satellite providers, and terrestrial broadcasters. Indeed, the telecom
operator’s role was traditionally the distribution of content and management of the
network up to the devices in the households. The telecom industry is now shifting
upwards into the stages of the content lifecycle. A first step is the creation of a
content distribution platform that aggregates and packages content towards their
customers. A second step is the creation of own content production facilities or the
licensing of third party content. Some telecom operators even acquire aggressively
the exclusivity of the content rights; a safe way to increase their penetration in the
market.
An example is the acquisition of the soccer league rights that are distributed
exclusively using the telecom network, forcing soccer-fans to shift to the service
which the telecom operators provide. The convergence of services models
provides the consumer with value added services.
(3) The business-model perspective: telecom companies know their customer base;
they have a direct relationship with the customer and have an insight into their
buying patterns. Customer relationship management, billing systems, and
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customer contact centres are available and well known in the telecom business. On
this point telecom companies are quite advanced compared to the traditional
content industry that has not managed to establish an adequate relationship with
their customers. Knowledge of a customer’s consumption allows the creation of
bundled services according to different profiles and allows proposing a bundled
offer that meets the customer demands. Triple plays and quadruple plays are
created to enhance the everywhere - anytime availability to content experience.
The knowledge of the customer’s profile also enables effective target advertising,
a high value service now available for the advertising market. The convergence
enables alternative business models.

An example of convergence between the content industry and the telecom industry is the
BBC. The BBC started to experiment with content distribution over internet at the end of
2005. After several trials the first beta version of the BBC iPlayer was released at the end of
2007 (Thompson, 2007). Direct content distribution from the BBC towards the consumer
had a clear impact on the network load of the telecom operators. The BBC iPlayer
generates a five per cent of all UK internet traffic, approximately five million page views
per day were measured (25 June 2008), and over 180 million programmes have been
watched on iPlayer since its release (9 December 2008) (Morris, 2008). The importance of
the role of the telecom operators in content distribution lowers as the feasibility to distribute
content directly to the consumer using an open IP network has been demonstrated. Other
countries followed the example of the BBC; e.g., in the Netherlands the service
‘uitzendinggemist’ was started.

2.12

Chapter summary

The entire content industry is going through a change. Alternative business models to fulfil
the content lifecycle have become available based on using standard information
technology. From 1990 till 2008 the industry aimed to differentiate and to improve the
competitive position by (1) increasing the quality of the content, and (2) investing in nonlinear distribution channels. Since 2009, quality is not a high priority demand anymore, the
gross part of consumers is satisfied with the current levels of quality such as from
compressed content. New drivers are becoming more important, these are (1) the ability to
consume fragmented content (see section 2.2), (2) the increase of consumption and
decrease in attention (see section 2.3), (3) the alternative business models in the market (see
section 2.4), (4) the evolution towards the open community (see section 2.5), (5) the
increase of consumer control (see section 2.6), (6) the shift from linear to non-linear
consumption (see section 2.7), (7) the participation through user-created content (see
section 2.8), (8) the affordable devices with rich features (see section 2.9), (9) the shift in
advertisements, decline of traditional channels (see section 2.10), and (10) convergence
(see section 2.11). We discussed these ten driving forces in full. They have a serious impact
on the changes. In summary, they are the drivers for the content industry.
The publishing and the broadcast industry are heavily impacted as their traditional business
models are challenged. The latest drastic change happened in the broadcast industry as seen
in Figure 1.3. We will focus in particular on the broadcast industry (see chapter 4) when
answering our research question for the content industry.

Cloud computing in the IT industry: selected background
Contents

Currently, the information technology evolves towards cloud
computing.
In this chapter we present carefully selected background to
understand the evolution of the information technology. The
emphasis is on the five driving forces behind the changes in the
IT industry. The development is illustrated by examples of
cloud-computing implementations.

Outline

The changes in the IT industry towards cloud computing are
described in section 3.1.
The five driving forces behind the changes are elaborated upon
in the sections 3.2 till 3.6. The changes are illustrated by several
examples. Section 3.7 identifies the benefits of shifting towards
cloud computing.
The chapter is summarised in section 3.8.

3.1

The IT-industry evolution towards cloud computing

The cloud-computing wave is on its way to succeed the era ruled by desktop computing
(see Figure 1.1). In this section we clarify the confusion that is around when using the term
‘cloud’ in the IT industry. Frequently it is mixed up with terms as ‘virtualisation’,
‘distributed computing’, ‘grid computing’, ‘utility computing’, or ‘autonomic computing’
(Buyya et al., 2009). We explain the differences below.
Virtualisation is a technique that allows separation of the operating system from the
underlying physical platform. Virtualisation can be done at different levels, from
infrastructure services up to business services. The key of virtualisation is the ability to run
different virtualised servers on a physical platform. The technique is a way to reduce costs
and to increase flexibility (Meier, 2008).
Distributed computing is a technique to spread compute capacity over a large number of
computers, sometimes including voluntary computing capacity from personal computers
(Ferreira et al., 2005). This technique is frequently used to solve academic, scientific, or
mathematical problems, and it also exploited in simulation techniques such as in nuclear
science, meteorology, and astrophysics.
Grid computing is a technique to solve a single problem by dividing it into smaller pieces,
the application program is executed on several computers at the same time, and the results
are consolidated as the answer to the single problem. The spreading of the compute and
storage capacity can be done over a very large base. This technique is frequently used to
solve analytical problems. A big grid is created through interconnecting multiple grid
computing infrastructures from different locations with high-speed links. These big grids
are used in life sciences and particle physics, e.g., in CERN (Hämmerle and Crémel, 2006;
Kobie, 2008).
Utility computing is the packaging of computing capacity in a renting formula. Capacity is
procured from a larger pool lowering the initial investment and installation costs. Utility
computing is also used to obtain computing capacity for a limited period of time, for
example, on project basis (Perry, 2008).
Autonomic computing is a technique of self management of the different internal
components; it includes self configuration (automatic configuration of components), self
healing (automatic correction of faults), self optimisation (automatic monitoring and
balancing of resources), and self protection (automatic protection from arbitrary attacks)
(IBM, 2005).
Cloud computing integrates components of these (and other) technologies. It is one of the
reasons why the terminology mentioned above is often mixed up with cloud computing.
The term is used to describe the current computing paradigm to deliver shared computing
resources, virtualised and accessed as a service from the network, handled by an
appropriate business model. Cloud computing includes the entire stack from the platform
application to the business (or consumer) application. Cloud computing is sometimes called
‘internet scale computing’, as in many cases the services from a cloud-computing
environment are accessed via the internet. The cloud-computing infrastructure dynamically
provisions and de-configures servers as needed. Software applications for use in a cloudcomputing architecture use extendable architectures, such as web applications and web
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services, to scale accordingly to the underlying platforms. The entire cloud-computing
environment is monitored, and resources are balanced and allocated in real-time when
needed (Vaquero et al., 2009).
Cloud computing gains a worldwide interest. We used Google Trends to analyse the
interest of cloud computing. We used the search for ‘cloud computing’ over a period of 12
months, starting February 2008 till January 2009. The result of the analysis is depicted in
Figure 3.1, where we see that cloud computing has become of interest since mid 2008.
Scale is based on the average worldwide traffic of cloud computing in the last 12 months
cloud computing
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Figure 3.1 Worldwide searches for the term cloud computing
(results of using Google Trends tools)
The adoption of cloud computing occurs at different levels of virtualisation. The number of
levels defined in literature varies depending on the level of detail considered. For example,
Hilley (2009) defines four levels of virtualisation, and Henneberger and Luhn (2009) define
three levels of virtualisation. We follow another approach. We distinguish the two extremes.
On one hand we have (1) infrastructure services and on the other hand (2) business services.
We define them below, in close relation to the definitions given in section 1.4.
Definition 3.1 Cloud-computing infrastructure services
Cloud-computing infrastructure services are services to satisfy internal needs from the IT
departments in the industry, more in particular corporate, large enterprises, and
governments. They do so to meet business flexibility, growth, and cost requirements.
Enhanced infrastructure virtualisation combined with automatic provisioning and
management is used for a wide range of applications.
Examples are larger ERP systems, entire development environments, and test environments
down to smaller business tools, such as desktop widgets. The approach of using services
towards the end-user makes it possible to enhance the virtualisation by integration of
internal and external services, completely transparent to the end-user.
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Definition 3.2 Cloud-computing business services
Cloud-computing business services are services that are made available through the
network in a shared mode, mainly for small companies, start-up companies, and consumers.
Niche-service providers with a high degree of specialisation, frequently fulfilling a single
business need, offer their service through the network. Variability in demand and
potentially fast growth rates lead to the use of cloud computing as an underlying
infrastructure to meet the needs from increased flexibility of high service volumes
provisioned in a short timeframe.
In Figure 3.2 the worldwide cloud-computing spendings are given by service type in 2008.
We see a fair balance between infrastructure services (left side of the graphics, represented
by storage, server, application development & deployment, and infrastructure software) and
business services (right side of the graphics, represented by business applications). We do
neither focus on the figures, nor on an update of the figures. Here, it suffices to state that
there is a faire balance between both service types and that we will use both service types in
our further research.
Storage
5%
Server
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Business
Applications
57%

App. Dev &
Deployment
11%

Infrastructure
Software
18%
2008
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Figure 3.2 Worldwide IT cloud-computing spending
(source: Gens, 2008b)
The evolution as shown above brings us to the following five driving forces that have
changed the IT industry towards adopting cloud computing: (1) advanced infrastructure
architectures, (2) accessibility of the network, (3) device diversification, (4) provisioning
and management, and (5) divergence. They have been briefly mentioned in section 1.1 and
are here discussed one by one in the sections 3.2 to 3.6.

3.2

Advanced infrastructure architectures

Advanced techniques clearly improve the infrastructure architectures. They allow building
massively scalable computing infrastructures at a continuously increasing performance vs.
cost ratio. Cloud computing provides a straightforward way to provision and manage the
growing complexity of the environments.
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Over the last years, large server-farms owned by governmental institutions, corporate
enterprises, and internet service providers, adopted virtualisation techniques. It reduced
their cost, and increased flexibility and responsiveness to the IT needs. Some of them made
the next step towards cloud computing, and the first enterprise cloud environments were
deployed recently. Four examples of the use of advanced infrastructure architectures are as
follows.
(1) Large research institutions have demands for temporary configurations (a) to run
specific analytical research software, and (b) to possess a hosting environment to
support student needs.
(2) Academic institutions jointly provide cloud computing to train students with nextgeneration computing skills.
(3) Governmental-led initiatives aim (a) to accelerate the evolution to a service-led
economy and (b) to accelerate the development of next-generation skills.
(4) Large internet hosting environments use the fast deployment, the management
capabilities, and the flexibility for website hosting.

3.3

Accessibility of the network

Alternative business models are implemented on a global scale. This becomes possible by
(1) the increased penetration of the internet, (2) the increase in bandwidth, (3) the new
access technologies, and (4) the growing amount of connected devices (Berman et al.,
2007; Dawson, 2008).
Internet access has moved from an expensive connection to a commodity becoming widely
available. The internet access through wireless networks, such as WiFi, GPRS, and HSDPA,
will further increase the possibility to remain always connected.

3.4

Device diversification

Consumers adopt a wide variety of devices with different capabilities. A compelling user
experience of content consumption on an individual device requires a specific service
aligned with the device capabilities. The device capabilities can be split into (1) service
functionality capabilities and (2) presentation capabilities. Abstracting these two
capabilities provides the ability to create distribution services optimised to the device
capabilities (Berman et al., 2007).
The affordance of the feature-rich devices was also discussed in section 2.9.

3.5

Provisioning and management

The core functionality behind cloud computing is the automated provisioning and
management of environments (Boss et al., 2007; Zhen, 2008). Traditional server
provisioning is time consuming, it takes several weeks. The reason is that several timeconsuming steps have to be performed, from identification of the needs to the completed
configuration of the environment. In a cloud-computing environment this can be done in
minutes.
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Provisioning of an environment is done through the cloud-computing framework, given the
capacity is available in the cloud-computing environment. The requirements are captured in
detail, such as platform, operating system, applications, and access rights. All are entered in
the provisioning environment. Upon approval the provisioning of the virtual environment
starts a process that is fully automated and lasts typically between minutes and one hour.
The two important factors are (1) the automated provisioning and (2) the monitoring and
management. We explain both factors below.
(1) Automated provisioning means that the environment corresponds to the practices
in place and will include measures for security, access policies, and backup.
Automatic provisioning, configuration, and de-provisioning (also called lifecycle
management) allow pro-active working and further optimisation. Requirements
can be reserved and scheduled; resource requirements might need additional
balancing or physical extensions.
(2) Monitoring and management of the entire environment means monitoring of
different layers and the different components within each layer. Monitoring
becomes a quite critical function, given the number of resources available in a
cloud-computing environment. Issues, problems, concerns, and usage reports are
consolidated to the cloud-computing monitoring environment, giving an overview
of the health condition. In case of alerts, decisions can either be taken by the
administrator or be automated to perform corrective actions using intelligent rulebased decision schemes. So, management is the final key issue. The future will
show whether this can be fully automated, too.

3.6

Divergence

The use of cloud computing leads to divergence of the entire landscape using IT
technologies. We can look at the divergence from (1) a content perspective, (2) a service
perspective, and (3) a business-model perspective.
(1) Explosion of content: the explosion of data on the internet, especially user-created
content such as music, photos, and video requires flexible and scalable
infrastructure solutions. The amount of information made available on the internet
was estimated in 2001 around 1 petabyte (PB), in 2006 around 1 exabyte (EB) and
is forecasted in 2011 to exceed 1 zettabyte (ZB). A flood of data in the magnitude
of zettabytes is predicted for 2015. Therefore, researchers are working on the
implementation of the yottabyte (YB) file system (IBM, 2009).
(2) Explosion of services: implementations of services are gradually commoditised.
They stimulate development and commercialisation of further specialised niche
services. They do so at marginal cost and with scalable deployment capabilities on
an on-demand basis (Berman et al., 2007).
The evolution of providing business functionality as a service has been an ongoing
matter for several years now. There are benefits from a technological as well as
from a business point of view. A demand to increase efficiency within IT
organisations, combined with an increasing demand for flexibility and
responsiveness coming from changing business needs, drives the adoption of
service-oriented architectures. Below, we discuss four relevant items with respect
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to this evolution, viz. (a) integration of business functionality, (b) standardisation,
(c) business functions, and (d) public cloud services.
Ad (a) The integration of business functionality available as a service can be done
in a flexible way using, for example, a process orchestration layer. This creates a
loose, flexible, and measurable integration among the services into a seamless
single business process. The integration of small or niche applications to fulfil
specific needs becomes possible. Large monolithical applications have the
tendency to do internal integration between the different components for technical
and commercial reasons. Externalising the integration between the different
components creates independency and flexibility. Continuously changing business
demands drive the unbundling of monolithical applications and stimulate a new
integration through an enterprise-wide process orchestration engine.
Ad (b) Standardisation is a major driver for service integration as it is the basis for
interoperability and it avoids conversions through adapters or gateways. Marketaccepted standards stimulate an additional development of new innovative
functionality and consolidate deployments of the basic services. Business
functions implemented as a service can be benchmarked with alternative offers.
Changes in the orchestration layer can balance the function from an internal
service to an external service which is fully transparent for the end-user.
Ad (c) Business functions implemented as a service are also available on internet
using standardised interfaces. Service providers focus on a set of business
functions implemented on a shared platform. The functions are run as a business.
This kind of services is called public cloud services, or also open cloud services.
These public cloud services are commonly adopted by consumers and by small
companies. Larger enterprises and institutions adopt and integrate these services
for non-core or uncritical business functions.
Ad (d) Public cloud services are available with different levels of complexity.
Most examples are to be found in the services with a basic functionality. The
higher the complexity, the fewer examples can be found. We have catalogued
examples of public cloud services into four different categories: basic,
straightforward, specialised, and complex. Below are several examples for each
category.
•

Basic: public cloud services that provide basic functionality are widely
available and commonly adopted by consumers. The functionality is
mainly limited to storing, indexing, search, and retrieval of information.
Examples are e-mail (Google mail, Yahoo mail, MSN), instant messaging
(MSN, Yahoo, ICQ, Skype), photo sharing (Flickr, AOL pictures, Kodak
easyshare), video sharing (YouTube, Yahoo Video), document sharing
(4shared), presentation sharing (Slideshare), and maps (Yahoo Maps,
Google Maps).

•

Straightforward: public cloud services with straightforward business
functionality are widely used nowadays. The functionality also includes
the creation and manipulation of data, meanwhile they resolve the need to
install these applications on the client devices. Examples are calendar
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functions (Google Calendar), document creation (Google Documents),
and photo manipulation (Adobe online Photoshop).
•

Specialised: public cloud services that provide a specialised business
function. The functionality includes the management of an entire business
function and automates the associated business processes. Examples well
known to most business organisations are customer relationship
management (SalesForce.com), online accounting, and online sales outlet
(Ebay).

•

Complex: public cloud services with complex business functions are
currently made available. The functionality covers multiple business
functions and includes the support of the business processes between
these different business functions. Examples are entire enterprise resource
planning systems (Microsoft Dynamics) and workgroup applications
(Lotus Connections).

(3) Explosion of business models: the barrier of implementation of a new business
model is lowered. Services provided as a public cloud service lead to new business
models, as described in point (2), including the examples listed. A cloudcomputing infrastructure can be implemented as independent business model
(applications). The use of a cloud-computing infrastructure leads automatically to
new business models. Below, we give four examples of a cloud-computing
infrastructure in different environments.
•

North Carolina State University started in 2004 with a first virtualisation
project (Schaffer et al., 2009). Meanwhile, at the Virtual Computing
Laboratories the infrastructure has evolved to a cloud-computing
infrastructure, serving more than 30,000 students and also supporting the
faculty that is distributed over twelve campuses.

•

iTricity (Amsterdam, the Netherlands) has been running a traditional data
centre with hosting capacity for its customers. iTricity opened at the end
of 2008 a brand-new highly advanced cloud-computing centre for the
BeNeLux area. The emerging approach gives users access to their
applications from anywhere through their internet-connected devices.
iTricity customers will access the shared information-technology
resources on the cloud-computing centre much faster and easier than
previously. As a result of the improved resource utilisation, iTricity
expects to achieve both operational efficiency and power savings
(Sharma, 2008).

•

Google (Mountain View, California, USA) runs data centres all over the
world using cloud computing for its own proper use. Thousands of small
servers are virtualised into a cloud-computing environment, running
search engines, consumer applications, and business applications.

•

IBM opened eight cloud-computing centres over the world: San Jose (CA,
USA), Dublin (Ireland), Beijing (China), Tokyo (Japan), Johannesburg
(South Africa), Bangalore (India), Hanoi (Vietnam), and Seoul (S Korea).
These cloud-computing centres will give large enterprise customers,
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universities, and governments immediate access to the resources they
need to pilot cloud-computing infrastructures and applications. They also
will deliver new and innovative services to their customers (Guan and
Smigala, 2008).

3.7

Cloud-computing benefits

By examining the shift from client-server and desktop computing to cloud computing we
were able to identify seven benefits.
(1) A direct benefit is the possibility to reduce costs. Sharing capabilities increases the
utilisation of hardware (e.g., storage, network, computing capacity) and software
(e.g., middleware, applications). The dynamic assignment of resources improves
efficiency of the individual components, reducing idle time, and using spare
capacity. This results in less capital expenditures (e.g., hardware, software
licenses)
(2) Automated provisioning and management simplifies the installation of a new
virtualised environment for whatever reason. A new virtual system can be made
available rapidly; there is no need for procurement, physical installation, wiring,
etc.
(3) The combination of automation, virtualisation, and monitoring increases the
flexibility, adaptive to the changing business priorities and needs.
(4) Dedicated server environments are known for low average utilisation ratios with
physical space, considerable power requirements, and cooling requirements.
Cloud-computing infrastructures are known for high utilisation ratios (see (1)) and
have a significant reduced need for space, power, and cooling. This results in less
operational expenditures and lower carbon emissions.
(5) The dynamism available in the cloud-computing environment and the
virtualisation layer used guarantees business continuity.
(6) Centralised cloud computing simplifies the implementation of a unified backup
and recovery strategy, using a high-performance environment instead of using a
diversified landscape of solutions.
(7) Cloud computing exploits the network characteristics. Providing business
functionality over the network as a service improves business flexibility and
improves information sharing among services. Services can be combined to
provide new functionalities; for example, the creation of new information meshups provided through a portal.
The benefits of cloud computing will be further elaborated on in chapter 5.

3.8

Chapter summary

Currently, the information technology evolves towards cloud computing. Cloud computing
delivers shared computing resources, virtualised and accessed as a service from the network,
handled by an appropriate business model. The adoption of cloud computing occurs from
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infrastructure services up to business services. In chapter 5 they are discussed extensively;
there, their impact is analysed, and examples of their use are given.
In this chapter we saw how five driving forces have an impact on the changes. In fact they
are the drivers within the IT industry. Earlier we saw how ten driving forces of the content
industry caused an evolution towards file-based production models. We are now almost
ready to see how cloud computing can help the content industry to respond to the ten
driving forces. This will be done in chapter 5, after we have identified the precise obstacles
in chapter 4.

Obstacles in traditional production models
Contents

The traditional content industry is used to produce content with
proprietary equipment. It is evolving towards production of
content with equipment based on standard information
technology of the second wave of IT. Moreover, it is expected
that cloud computing will play a major part in the future.
In this chapter we investigate RQ 1, viz. “What are the current
obstacles in the traditional production models?”
For this RQ we will focus on the production models used in the
broadcast industry. Our point of departure is the recent changes
occurring in this part of the content industry as summarised in
section 2.12. We investigate the obstacles along the adoption of
technologies of the second wave of IT; these are the obstacles
along arrow 2 in Figure 1.5. We distinguish between (1)
obstacles related to the content format used in the production
model and (2) obstacles related to the workflow used in the
production model.
Once the obstacles are identified, we can investigate whether
cloud computing is able to overcome these obstacles (RQ 2).

Outline

In section 4.1 we introduce our research approach of RQ 1.
In section 4.2 we start with the evolution from tape-based
production models to the traditional file-based production
models. Thereafter, we analyse how the data is handled in the
digital content formats in the production models to identify the
obstacles related to the content format in section 4.3.
We define four types of production models as a classification of
four different implementations of the production workflow in
section 4.4. Thereafter, we use the four types of production
models to identify the obstacles related to content workflow in
section 4.5.
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In section 4.6 we investigate to what extent the transition
towards file-based production using technology from the second
wave of IT is related to the ten driving forces of the content
industry.
Finally, section 4.7 provides the answers to RQ 1. The result of
our investigation will be two thematic lists of obstacles (one for
the content formats, and one for the workflows in use)
inherently connected to the standard information technology of
the second wave.
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4.1

Research approach of RQ 1

In this chapter we investigate RQ 1. For the analysis of RQ 1 we use three sources as inputs
(see Table 1.1). These are (1) the published literature, such as studies by (1a) Engström
(2004), Oliver (2007), Bröning (2008), Milano (2008), Pfingsten (2008), Puppi (2008),
Brown (2010), (1b) requirements released by companies from the broadcast industry for
new production environments, (1c) implementation documentation or vendor information
of new production environments, (2) the outcome of workshops with companies from the
broadcast industry, and (3) analyses based on the results from (1) and (2). These inputs
have been collected over the period 2006 till 2009; an overview of the sources solicited is
listed in Appendix A.
Our contribution
Since other authors have investigated related questions and topics, it may be a good idea to
start placing our research question in a general discussion. Berman et al. (2008, 2009)
investigated the changes in the content industry from a business perspective driven by the
changes in audience behaviour. Complementarily, Megler and Estrada (2008) investigated
the changes in the content-production environment from digital tape-based systems to
digital file-based systems. Footen and Faust (2008) took this investigation one step further
into the direction of using SOA in content-production environments. Here we remark that
today the underpinning IT technology being implemented in the content industry is
evolving towards cloud computing. So, a shortcoming in Megler and Estrada (2008) and
Footen and Faust (2008) is that they do not address the question on how the content
industry should evolve towards the most recent innovation in the IT industry, cloud
computing. We accept the ideas as voiced by Berman et al. (2008, 2009), Megler and
Estrada (2008), and Footen and Faust (2008) as a basis for our examination. Our aim with
respect to RQ 1 is to identify the current and future obstacles in the traditional production
models under the umbrella of the second wave of IT.
Continuous change is happening in the content industry as outlined in section 1.1. During a
change process, it is a common human attitude to refer to the existing working habits and
known environments. This also occurred during the transition from tape-based production
models to file-based production models. Below, we provide a description of the situation by
six observations.
On the one hand (1) people are reluctant to change and (2) users search for drawbacks of
the new technology, in our case the file-based production model. On the other hand, we see
that (3) consultants push the change, (4) they emphasise the drawbacks of the tape-based
production, and (5) neglect the benefits of the tape-based production. We therefore will do
an in-depth analysis to (6) make observable the benefits of tape-based production models
and the benefits of file-based production models. By doing so, we can compare benefits
(point 5 and 6) and drawbacks (point 4) of the tape-based production with the benefits
(point 6) and drawbacks (point 2) of the file-based production. Then we attempt to identify
the obstacles of the transition from tape-based production models to file-based production
models. This is our working program for the current chapter (see below).

50

Obstacles in traditional production models

Our working approach
As stated above, we distinguish the encountered obstacles into (1) obstacles related to the
content format used in the production model and (2) obstacles related to the workflow used
in the production model. Below, we show the consequence of this distinction for the
chapter.
(1) Obstacles related to the content format. In section 4.2 we briefly analyse the
evolution from tape-based production models to file-based production models.
This will lead us to the identification of the obstacles related to the choice of
commercial formats for the production model, in section 4.3.
(2) Obstacles related to the content workflow. In section 4.4 we distinguish four types
of production models. Subsequently, we identify which models are close to the
potential of adopting cloud computing. Detailed results of file-based production
models are given in section 4.4. They are compared to the results from the analysis
of tape-based production models in section 4.2. From this comparison we aim to
identify the obstacles related to the content workflow of file-based production
models in the broadcast industry in section 4.5.
In section 4.6 we investigate to what extent the transition towards file-based production
models, based on technology from the second wave of IT, is related to the ten driving
forces of the content industry.
We provide our answer to RQ 1 in section 4.7 by two thematic lists of obstacles (one for the
content formats, and one for the workflows in use) inherently connected to the standard
information technology of the second wave.
The result will help us to answer our problem statement as we study in the next chapter how
some of these problems might be solved by using technology from the third wave of IT, the
cloud-computing wave.

4.2

From tape-based to file-based

In this section we briefly analyse the evolution from tape-based production models to filebased production models. We do so in three steps.
In the first step (subsection 4.2.1) we analyse the traditional tape-based production model to
understand the benefits and drawbacks.
In the second step (subsection 4.2.2) we analyse the transition from tape-based production
models to file-based production models and determine the generic benefits and drawbacks
of the file-based production models, regardless of the workflow details.
Step 1 and step 2 will help us to understand which benefits have been lost, and thus are
potential points of improvement when evolving towards cloud computing.
In the third step (subsection 4.2.3) we define the critical production steps in the file-based
production model, these critical production steps will be used during the analysis of the
obstacles in the production workflow.
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4.2.1 Tape-based production
Digital production based on non-standard IT technology has been seen in all five branches
of the content industry (see section 1.2). For our investigations we restrict ourselves to the
content production stage within the broadcast industry.
We start with an overview of tape-based video standards along its history. Thereafter we
provide a brief overview of the tape-based video standards used and then analyse the tapebased workflow (for later comparison with the file-based workflow, see section 4.4).
Thereafter we define the benefits and drawbacks of tape-based production in order to
compare these to those of file-based production models.
Video standards history
In 1969 the first video cassettes (U-matic tape) were introduced by Sony. The introduction
of the successor Betacam in 1975 and its competitor JVC’s VHS in 1976 changed the
industry landscape, including the way of working. After some years, VHS became the
Video Cassette Recorder (VCR) format for the consumer, and Betacam the Video Cassette
Recorder (VCR) format for the professional. These VCRs were used massively and in 1996
two digital standards were introduced by professional organisations, Sony’s DVCAM and
Panasonic’s DVCPRO. Both formats store content on tape digitally and were used for
content acquisition, for editing, and for play-out (Magoun, 2007).
In a tape-based production model, the workflow is based on forwarding the content as
stored on a tape which is the physical carrier. The tape is an intermediate medium that is
used and manipulated in each production step of the workflow. This is done until the final
product is created. After distribution of the content the tape medium is moved to an archive
for preservation purpose. The major characteristic of the tape-based production model is
that a limited number of standards is used. The standards used are listed in Appendix C.1.
Description of tape-based production
The workflow based on tape as an intermediate medium is depicted in Figure 4.1. The tape
(left upper corner) is used to integrate the different production steps in the production of
content. The integration is depicted by a tape between the different production steps (see
Feed and Field NLE). Tapes from different inputs are used to create the necessary content
sequences for the distribution channel. Both the input and the result of editing are stored on
tape, giving the program maker the flexibility to design his own workflow as he is not tied
to a predefined sequence of production steps. He can search forward and search backward,
and integrate content available on his own desk or from the archive, until the desired result
is produced. The finished content is then forwarded to the VTR robot (Video Tape
Recorder robot) for play-out and finally handed over to the archivist for archival.
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VTR
robot

Archive

Tape

Play-out Automation
VTR
Subtitling
Feed
Graphics
Editing
Video Grid

Field NLE

Live Feed

Quality Monitoring
Feed

Figure 4.1 Simplified tape-based production workflow
(source: inspired by Megler and Estrada, 2005)
The play-out automation (under the right upper corner) manages the rundown for
distribution by controlling the Video Tape Recorders (VTR), the subtitling engine, the
graphics engines, and the video grid. Integration of the entire workflow is done on a Serial
Digital Interface (SDI) signal (dotted lines towards the Video Grid). Interoperability of the
different components is assured by support of the same video signals. As all major vendors
do so, the flexibility to replace components is high. Upgrading an environment is quite easy.
Production step by production step, the different components can be replaced.
Benefits of tape-based production
Below, we aggregate the benefits of tape-based production models as identified by Megler
and Estrada (2005) and Richter (2006) into the following six benefits.
(1) Long lasting standards: the formats and standards used for storage of content on
video cassettes lasts for a long time, even the digital standards are used for more
than a decade (see also Figure 1.3). These long lasting standards are used by a
wide variety of proprietary and expensive equipments with a high degree of
interoperability.
(2) High degree of flexibility: flexibility stimulates and supports the creativity.
Content can be easily transferred from one production step in the workflow to the
next production step by moving the video cassette physically. If some editing or
effects are not possible in one production step than it is easy to perform them on
another workstation. Also the sequence of the production steps can be inverted in
several cases, or additional production steps can be performed on other equipment
as needed.
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(3) Assurance of compatibility: the integration of the content lifecycle by physical
forwarding of video cassettes creates the assurance of compatibility between
different production steps, as long as the vendors use the same intermediate, well
defined storage format on video cassette.
(4) High redundancy of material: as video cassettes are copied across the workflow,
much redundancy is created. Each manipulation is stored on a new tape to ensure
the original material is not lost.
(5) Private collections: the journalist / program maker can collect and manage his own
‘private’ collection of tapes in his office.
(6) Interoperability of equipment: interoperability has a positive influence on the
excessive flexibility of using different components. Workflows are manually
carried out and can be adapted and required without technical design changes.
Drawbacks of tape-based production
Below, we aggregate the drawbacks of tape-based production models identified by Megler
and Estrada (2005) and Richter (2006). We arrive at the following eleven drawbacks.
(1) Linear-processing: reading from and writing to video cassettes is a linearprocessing production step. Even if some equipments allow reading and writing
faster than real-time it remains time consuming due to the linear storage format.
(2) Specific tools and skills: manipulation of the tape requires specific tools and skills.
As these tools are expensive, they are not available to a large audience and they
are heavily solicited.
(3) Start upon completion of the previous production step: each production step can
only start upon completion of the previous production step, as the result has to be
written to tape and physical media needs to be moved.
(4) Manual handling: moving the media from one production step to the next requires
manual handling, with risk of errors and low efficiency.
(5) Mistakes: although tapes are carefully labelled and indexed, mistakes occur
frequently, especially in handling the different intermediate versions of the same
content.
(6) Cost: storing content on video cassettes is a non-neglectable cost, especially
because in each intermediate production step another video cassette is used.
(7) Retrieval of content is time consuming: in most cases the metadata associated with
the video cassette is related to the overall content; so a description of scenes or
even single frames is non-existing.
(8) Human intervention: retrieval of content stored in an archive room requires human
intervention, including risks of errors.
(9) Deterioration: tape is known for the deterioration of the material (aging) and
requires thus adequate environmental storage conditions as well as making an
exact duplicate of the original after a few years to ensure quality. Management of
the deterioration is time consuming; each tape needs individually to be loaded and
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analysed. Content will be of inferior quality and even frequently lost due to the
lack of careful management.
(10) Lead time: the elapsed time between ingest and play-out is long for a tape and realtime live feed. In the best case, the tape is manually forwarded for direct play-out,
something that takes a long handling time. Commonly, the content is verified,
edited, and forwarded before play-out, a linear operation that takes at least tens of
minutes for a small piece of content.
(11) Procurement cost: the procurement cost of the environment is high due to the use
of a dedicated infrastructure. The operational costs are also high given the use of
expensive tapes and all the manual handling of tapes.

When moving from a tape-based production model to a file-based production model the
aim is to reduce the drawbacks without losing the benefits. A similar analysis of file-based
production models (see section 4.4) will bring forward the associated benefits and
drawbacks. We will then make a comparison of benefits and drawbacks of both (see Table
4.5).

4.2.2 Transition from tape-based to file-based
Since 2005 the traditional content industry has been under pressure to shift towards filebased production models. The entrance of IT technology into the content lifecycle has
pushed the industry from tape-based production models to file-based production models.
This means that (1) the physical tape is virtualised and (2) content is stored as a file. It also
means that the different production steps of the workflow are performed file-based, fully
digital (Megler and Estrada, 2005). Below, we determine the generic benefits and
drawbacks of the file-based production models, regardless of the workflow details.
Benefits of file-based production
Digitisation of content and storing content as files brings benefits. These benefits are
generic, independent on how the file-based workflow is implemented. Below, we mention
eight benefits.
(1) Non-linear characteristics: reading from and writing to files is a non-linear
production step, saving time for partial content access.
(2) Use of standard platforms: manipulation of the files can be done on standard
platforms, using affordable user-friendly tools that are available for a large
audience.
(3) Start before completion: under certain conditions each production step can start
before completion of the previous production step, accelerating the entire process.
(4) No physical handling: moving the content from one production step to the next
one requires no physical handling, reducing the risks of errors and increasing the
efficiency.
(5) Low cost: storing content on file has a significantly lower cost compared to storing
on tape.
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(6) Retrieval: the retrieval of content is extremely fast when the associated metadata is
available. Metadata can be related to the overall content, describe scenes or even
single frames.
(7) Archive automation: retrieval of content from an automated file-based archive
requires no human intervention, reducing risks of errors.
(8) Less vulnerable for deterioration: file-based content is stored for long-time
archiving on data-tape. Video tape is known for the deterioration of the material
(aging); one of the reasons is the physical contact between the tape and the reading
head. Data-tapes are far less vulnerable for deterioration as there is no physical
contact between tape and reading unit.
Drawbacks of file-based production
The common drawback of digitisation is the lack of standardisation of the file-format that is
used in the workflow. We will outline in subsection 4.3.5 the numerous formats used in
file-based production models.

4.2.3 Critical production steps in file-based production models
The workflow of a file-based production model consists of different production steps. In
this subsection we attempt to identify the critical steps, i.e., steps which have a critical
impact on the design of the workflow. The file-based workflow can be divided into sixteen
production steps. We analyse these sixteen production steps to determine the impact of each
production step on the workflow design, in particular on the requirements each production
step has on the underlying IT technology. Therefore, we examine how essence and
metadata are handled in each of the production steps. This helps (1) to identify the critical
production steps and (2) to understand the impact when moving towards cloud computing.
Each production step is analysed in detail in Appendix B (cf. Engström, 2004; Oliver 2007;
Bröning 2008; Milano, 2008; Pfingsten, 2008; Puppi, 2008; Brown 2010). Below, we
mention them and give a brief description.
(1) Ingest: ingest is the first step of acquisition of existing material from different kind
of sources in digital format. As browsing and cataloguing of high-resolution
material is quite time-consuming and resource-consuming, it is common to
generate a frame-accurate low-resolution version of the content from the highresolution content automatically and to derive key-frames based on either time
changes or scene changes.
(2) Cataloguing: cataloguing is the step of adding metadata to the content. It is a quite
important part of the workflow as it is crucial to enable retrieval of the available
content in all other stages of the content lifecycle. The cataloguing used to be
performed on tape level for the entire piece of content. Now, it is common to do
this on a detailed level, such as in a sequence or on a single frame.
(3) Search, browse, and retrieve: retrieval of content can be done easily, regardless of
the type of content or its state (ongoing ingested material, edited material for
distribution, archived material, etc.). A range of operations is performed typically
to search, browse, and retrieve the content.
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(4) Low-resolution editing: low-resolution editing enables the possibility of fast story
creation. The user (journalist) can use a simple editor for clip generation (and plain
logging) and trimming of material, or an extended editor for story assembly,
voice-overs, and relatively straightforward video manipulations.
(5) Non-linear editing (NLE): the functionality of the desktop tools is rather limited to
standard / simple operations and to a limited numbers of video / audio tracks that
can be handled simultaneously. Non-linear editors allow (a) the creation of
complex transitions between video tracks, (b) adding special effects to the video,
(c) complex quality corrections, and (d) handling a multitude of video / audio
tracks.
(6) Transcoding: transcoding converts high-resolution to low-resolution video and
does the key-frame extraction. Ingested content sometimes has another format than
the one used internally. This requires a transformation from one format into
another. The transcoding server-farm can be used to perform this operation.
Content for distribution regularly requires a transformation to another format.
(7) Storage hierarchy: a storage hierarchy allows automatic and transparent
hierarchical space management; it has unlimited scalability across systems,
possibilities for easy operational backup and for integration of a disaster backup.
(8) Subtitling: subtitling is adding the appropriate subtitle according to the timeline of
the content. For linear distribution the traditional way of working is to transpose
the subtitles during distribution on the video content. An alternative for linear
distribution is to burn the subtitles into the video stream prior to distribution by an
encoding engine. The result is a new content file with embedded subtitles.
(9) Graphics: in the range of graphics we find banners, logos (e.g., brands, symbols,
and flags), and explanatory elements (e.g., figures and statistics) transposed on the
video stream. They are handled quite similarly as subtitles; either they are
transposed on the video signal or burned into the digital video file.
(10) Audio: audio follows the same workflow as the video content, going from ingest to
distribution. Depending on the formats used, audio tracks can be embedded into
the video file. Sometimes audio tracks are stored separately; this enables bundling
of video and audio content depending on the target distribution.
(11) Play-out automation: this is the management and automation of playing the right
sequences. To do so the rundown is defined in detail, and for each slot in the
rundown the correct video files are associated, if needed together with the
subtitling and / or graphics files.
(12) Repurposing: the re-use of content has become crucial in the content industry to
remain profitable. Repackaging and redistribution of content through new
channels has become common practice.
(13) Newsroom computing system (NRCS): journalists use a newsroom computing
system for the production of news. It consolidates the scripts, content, and
graphics of the stories for the final rundown; it is the core working environment
for news journalists covering various functions from planning to finishing the
story.
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(14) Rights management: rights management is a set of solutions designed to streamline
the process of acquiring, researching, clearing, granting, selling, and accounting
for rights across the content lifecycle and to allow the business to manage this
information on enterprise level.
(15) Watermarking: watermarking is a technique for protecting content against piracy
by embedding a still image watermark or a motion vector watermark into the
content images.
(16) Quality monitoring: quality monitoring has been done during decades by human
eye and ear using a reference monitor (colour calibrated) and a quality headset.
Quality monitoring is done for ingest content (arrival inspection), sometimes
during the production process and at the distribution. Nowadays systems are
developed to automate this monitoring process.
For each of the sixteen production steps we determine the impact on the requirements of the
underlying IT infrastructure from the essence and from the metadata. Moving to IT-based
production models requires in particular two attention points; these are related to (1) the
storage requirements and (2) the bandwidth requirements. The points for analysis are as
follows.
(1) Analysis of the impact on storage requirements, as content is stored as files in the
format of vast amounts of data.
(2) Analysis of the bandwidth between components as vast amounts of data are moved
around. Moving data should not create latency or frame drops.
A condensed overview of the analysis of the impact on storage requirements and bandwidth
requirements for each of the 16 productions steps is given in Table 4.1. In the first column
we list the sixteen production steps. We list for each production step the reading and
writing of essence in the second column. We list the reading and writing of metadata in the
third column. For some production steps is the reading or writing of data not applicable and
these are marked with ‘N/A’. The fourth column numbers the critical steps. A step is
defined as critical if (a) the elimination of the step in the production workflow leads to a
result that cannot be qualified as a file-based production model and (b) the implementation
of the step put constraints (storage or bandwidth) on the design of the underlying IT
infrastructure.
As stated above an extensive description of the 16 productions steps is given in Appendix B.
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Production step

Essence

Metadata

Ingest

write (important streams
for ingested content)

either write or attached to
pre-created metadata

Cataloguing

N/A

read / write / update

Search, browse, and
retrieve

N/A (unless read for
preview high resolution)

read

Low-resolution editing

read / write, when
conforming an Edit
Decision List (EDL) after
low-resolution editing

read

C2

Non-linear editing

read / write, during edit
and conforming an EDL

read

C3

Transcoding

read / write, read only
when creation of browse
proxy, write also when
transcoding or conforming

N/A

C4

Storage hierarchy

read (when archived) /
write (when retrieved)

read

C5

Subtitling

N/A (as this is an overlay
at distribution)

N/A

Graphics

N/A (as this is an overlay
at distribution)

N/A

Audio

read / write (attention with
multiple audio channels)

read / write

Play-out automation

read (to distribution)

Read

Repurposing

read / write, similar to
transcoding

Read

Newsroom computing
system

N/A

Read

Rights management

N/A

read / update

Watermarking

N/A

N/A

Quality monitoring

read, unless comparison
with reference material

N/A

Table 4.1 Impact of file-based production in the production steps

C1

C6
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Out of the sixteen production steps we distinguish six production steps that have a critical
impact on the workflow design, especially on the storage requirements and bandwidth
requirements. Therefore these requirements may have a severe impact on the potential use
of cloud computing in the workflows involved. The six critical productions steps are
shaded in grey in Table 4.1 and are numbered in the last column from C1 to C6.
Critical step C1 – Ingest: essence that arrives in the process leads to writing of data as
files. All concurrent ingested streams must be written without delay to avoid missing
frames. Video essence written on files slower than real-time results in dropped frames
during the writing process.
Critical step C2 – Low-resolution editing: low-resolution editing requires reading of
essence. Additionally will the conformation of the low-resolution editing requires
reading of input essence and creation of new essence.
Critical step C3 – Non-linear editing: high-resolution editing requires reading of
essence during editing; the result will lead to creation / rendering of new essence.
Critical step C4 – Transcoding: reading and writing of essence each time that the
transcoded essence is created.
Critical step C5 – Storage hierarchy: each time that the essence is moved within the
hierarchy, it requires reading and writing of essence.
Critical step C6 – Play-out automation: play-out requires reading of essence for
sending towards the play-out / distribution channels. This must be done in real-time or
even faster to avoid missing frames during play-out.
These six productions steps will further be used in the analysis of the different types of
production models in section 4.4.

4.3

Obstacles related to the content format

The critical production steps have an impact on the storage requirements and the bandwidth
requirements. For all six critical production steps it holds that the content is stored as data
in a file-format (file-based production). However, the way content has been stored has an
impact on how content can be handled within these critical production steps. Therefore, we
analyse the impact of the choice for one of the available commercial file-formats on the
storage requirements and on the bandwidth requirement. To understand the commercial
file-formats we have to examine the details of the formats.
In this section we will identify the obstacles related to the content format. The file format
used bundles essence and metadata by means of a file wrapper. We start our examination
by analysing (1) the essence formats, it is followed by analysing (2) the metadata formats,
and finally (3) the bundling formats of essence and metadata, called wrapping.
(1) The analysis of the essence formats concerns the digital storage of (a) video
essence (subsection 4.3.1) and (b) audio essence (subsection 4.3.2).
(2) The analysis of metadata format concerns the different metadata (subsection 4.3.3)
used for content.
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(3) The analysis of the wrapping formats concerns the bundling of the previous two
formats, essence and metadata, into a single file (subsection 4.3.4).

Analysing the data formats helps to understand the differences in the common commercial
formats used in the industry. In subsection 4.3.5 we compile the formats used for
production, archival, and distribution. We then aim at conclusions on how the choice of
commercial formats impacts the file-based production models.
The conclusions of this section can be found in subsection 4.3.6.

4.3.1 Video formats
In this subsection we discuss the video sampling formats. In particular, we determine the
bitrate associated with the sampling formats. We also introduce the video compression
formats. We will use the video sampling formats and the bitrate calculation for our analysis
of the impact on the choice of the commercial formats in the production workflow.
Video sampling formats
Digitising of a video stream is performed by sampling of the video images one by one.
Every image is scanned pixel by pixel, for each pixel the colour is determined. Several
parameters determine the quality of the digital video stream and the data volume. Five
factors influence the digital format. The combination of these five factors influences the
amount of data in the production and distribution environments in terms of storage
requirements and bandwidth requirements. The five factors are listed below.
(1) Aspect ratio: is the width of the image divided by its height. Common aspect ratios
in broadcast video are 4:3 and 16:9 (cinema common projection ratios are 1.85:1
and 2.40:1).
(2) Frame rate: is the frequency at which the image device produces unique
consecutive images, called frames per second (fps). Common rates are 25, 30, 50,
and 60 fps.
(3) Interlaced (I) and progressive (P) scan: an interlaced scan (I) is carried out on
alternating even and uneven lines of each image, in order to fill each time the gaps
from the previous image. A progressive scan (P) is carried out on the entire image.
(4) Resolution: is the number of pixels per line. Traditional Standard Resolution (SD)
formats such as the American standard NRSC in 4:3 has a resolution of 640 pixels
width x 480 pixels height; whereas the European standard PAL / SECAM has 768
pixels width x 576 pixels height. High Definition (HD) formats have 720 lines
(1280 x 720 pixels) and 1080 lines (1920 x 1080 pixels).
(5) Pixel colour information: is encoded using Chroma subsampling. Common
sampling is at 4:4:2; 4:2:2, and 4:2:0 depths (high end cinema uses 8:4:4).
These five factors are used to calculate the bitrate of the video material.
Bitrate calculation
Based on these five factors we are able to calculate the data volume of the raw video
material for the SD formats and for the popular HD formats. The formula to calculate the
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bitrate is depending on the scan method used. This leads us to the following two formulas,
(1) for interlaced video sampling formats and (2) for progressive video sampling formats.
(1) Bitrate for interlaced format = Hpix × Vpix × fps × colour coding bits
(2) Bitrate for progressive format = 2 × Hpix × Vpix × fps × colour coding bits
The results of the calculation are listed in Table 4.2. The first column lists the sampling
format for SD and HD. The last two columns are the bitrate as a result of the calculation.
We use the IEC binary standard to calculate from bit/s to Gbit/s (divide by 10243).
Sampling
format

Resolution

Frame
rate

Colour
coding

I/P

Bitrate

H pix

V pix

Fps

bit/s

Gbit/s

SD

768

576

50

I

4:2:2 (10 bit)

222,184,000

0.206

HD 720p50

1280

720

50

P

4:2:2 (10 bit)

921,600,000

0.858

HD 1080i50

1920

1080

50

I

4:2:2 (10 bit)

1,036,800,000

0.966

HD 1080p25

1920

1080

25

P

4:2:2 (10 bit)

1,036,800,000

0.966

HD 1080p50

1920

1080

50

P

4:2:2 (10 bit)

2,073,600,000

1.931

Table 4.2 Bitrate calculation in commonly used sampling standards
(source: inspired by EBU, 2004)
In Table 4.2 we see in the column ‘bitrate’ the number of bits created per second when
digitising a video stream. The bitrate determines the amount of data that will have to be
transported over networks and have to be stored. Upgrading from SD to HD implies that the
amount of raw information increases by a factor 5 for the first three HD formats and up to a
factor 10 for the 1080p50 format.
Video compression formats
Compression techniques are used to reduce the bitrate. Video data is compressed using
different techniques to reduce the amount of data in such a way that all data is removed
which is not necessary for a good visual perception.
Five video compression techniques are commonly used. Moreover, license cost, available
support, and available applications also have their impact on the choice for one or the other
format. The impact may vary depending on the design of the production model.
Understanding the five compression formats will help with analysing the commercial
formats. The five video compression formats used are listed below.
(1) MPEG (see Adobe, 2004; Watkinson, 2004)
(2) H264 (see Diepold and Moeritz, 2005; Hershey, 2010)
(3) JPEG (see Marcellin et al., 2000)
(4) Dirac (see Borer and Davis, 2007)
(5) MPEG-IMX (derived from MPEG)

62

Obstacles in traditional production models

The details of these five compression formats are listed in Appendix C.2.
The MPEG and MPEG-IMX formats are commonly used and supported. The chosen
compression format should be used through the entire workflow. When changing from one
format to another, the differences in the compression techniques require de-compression
and compression. This would be a resource intensive step that can be avoided when using a
single format.

4.3.2 Audio formats
Audio goes along with the video essence and we mention the audio formats briefly for
completeness. The audio is stored as data. It can be stored in raw format or can be
compressed. Similar to the image compression, both lossless and lossy compression
techniques are used. The three common audio standard formats are (1) uncompressed
formats, (2) lossless compressed formats, and (3) lossy compressed formats.
Audio is commonly stored in a compressed format. Fewer resources are required to manage
audio compared to video essence. In the design of the types of production models we will
focus on the video essence only.

4.3.3 Metadata formats
The quality of video and audio essence is important for the consumer. This poses several
requirements on the production infrastructure. However, the entire production process relies
on the metadata associated with the digitised content. Metadata identifies and describes the
essence and is a unique way to manage and control the workflow. Retrieval of essence
without metadata would be a monkish work, often resulting in useless and worthless
essence.
Description of the metadata contains typically the identification of the essence, descriptive
information about the content, the rights of usage, and the chosen format. Proper metadata
makes essence accessible, useable, and valuable. The exchange of essence is accomplished
with the use of metadata (Hopper, 2000; Bailer and Schallauer, 2008). The exchange of
content with other organisations or between systems leads to two types of transactions.
These two types are (1) Business-to-Business transactions and (2) System-to-System
transactions.
(1) Business-to-Business transactions: occur when content is exchanged between two
organisations. For example, content is delivered to a translation agency when
content needs translation or subtitling, finished content is provided to the
distributor, etc.
(2) System-to-System transactions: occur when content is exchanged between two
systems. For example, ingested content is forwarded to the archive, content is
moved to an NLE, content is received from the NRCS, etc.
Metadata can be transported either attached to the essence (see later) or separately. The
metadata is described in a scheme to facilitate the exchange of information between
systems. The scheme suggests a series of attributes and definitions, while the attributes are
independent from each other, e.g., ‘Title’, and the definitions are a logical group of
attributes, e.g., ‘Contract’.
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Different initiatives were started and resulted in the development of different standard
schemes that are now used in the broadcast industry. The four frequently used metadata
formats are listed below.
(1) P/Meta Metadata Exchange Standard, called P/META (Hopper, 2000)
(2) SMPTE Metadata Dictionary Structure (Cox, Tadic, and Mulder, 2006)
(3) Descriptive Metadata Scheme-1, called DMS-1 (Cox, Tadic, and Mulder, 2006)
(4) Standard Media Exchange Framework, called SMEF
(http://www.bbc.co.uk/guidelines/smef.shtml)
The details of these four formats are listed in Appendix C.3.
Many broadcasters create their own metadata model as a subset derived from the formats
mentioned (cf. Bailer and Schallauer, 2008).

4.3.4 Wrapping formats
To understand the commercial formats, discussed in the next section, we mention briefly
the different ways to bundle essence and metadata.
Essence (subsections 4.3.1 and 4.3.2), and metadata (subsection 4.3.3) can be exchanged
between systems / companies separately. In this case naming conventions are frequently
used; for example, video content is stored in a MPEG-2 file and the metadata in an
eXtensible Markup Language (XML) file with the same filename but with a different
extension.
Bundling ensures consistency. To support the exchange, essence and metadata are bundled
into a ‘content wrapper’. The three wrapping formats used are listed below.
(1) Advanced Authoring Format, called AAF (MacCarn, 2007)
(2) Media Exchange Format, called MXF (Devlin, 2002)
(3) Operational Pattern Atom format, called OP-Atom (Santos, 2007)
The details of these three formats are listed in Appendix C.4.

4.3.5 Common commercial formats
The above-listed overview of video formats (subsections 4.3.1), audio formats (subsection
4.3.2), metadata formats (subsection 4.3.3), and wrapper formats (subsection 4.3.4) can be
combined in numerous different ways. We will depart from the combinations used in the
commercial formats to analyse what impact the choice of a format will have on the content
production models.
In this subsection we (1) make an inventory of the bitrate for each commercial format and
(2) validate which commercial formats can be used with today’s available standard IT
network technologies.
The details of common formats used are discussed in Appendix C.5. Table 4.3 provides an
inventory of the commercial formats by increasing bitrate. The first column lists the
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commercial formats, the second column the bitrate, the third column the sampling method,
and the fourth column the colour depth.
Bitrate
Mbit/s

Colour
sampling

Colour depth
# bits

DV25 – DVCAM

25

4:2:0 or 4:1:1

8

XDCAM – HD420

35

4:2:0

8

DNxHD36

36

4:2:2

8

DV50 – DVCPRO50

50

4:2:2

8

XDCAM – HD442

50

4:2:2

8

MJ2-50

50

4:2:2

10

AVC-Intra 50

50

4:2:0

10

MJ2-75

75

4:2:2

10

AVC-Intra 100

100

4:2:2

10

MJ2-100

100

4:2:2

10

DNxHD145

145

4:2:2

8

ProRes 442-145

145

4:2:2

10

DNxHD220

220

4:2:2

8 or 10

ProRes 442-220

220

4:2:2

10

HDCAM SR

440

4:2:2 or 4:4:4

10

Commercial format

Table 4.3 Overview formats
To validate which commercial formats can be used with today’s available standard IT
network technologies we determine the number of essence streams that can be handled
simultaneously.
Our analysis is an update of the approach by Megler and Estrada (2005). We have added
the new formats and took into account that maximum 80% of the available networkbandwidth can be used effectively for content.
We use the bandwidth required for the different commercial formats as listed in Table 4.3
and extend this with the bandwidth required for uncompressed formats from Table 4.2. So,
we can compare the bandwidth required with the bandwidth available for the different
network technologies. We then calculate the maximum number of concurrent streams for
each commercial format for two network technologies, (1) Fibre Cannel (2 Gbit and 4 Gbit)
and (2) Ethernet (1 Gbit and 10 Gbit). The results are listed by increasing bitrates in Table
4.4. The first column lists the formats, the second column the bitrate of a single stream, the
third till sixth column the number of concurrent streams for the network technologies used.
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Format

Bitrate
Mbit/s

Fibre Channel

Ethernet

2 Gbit

4 Gbit

1 Gbit

10 Gbit

DV25 – DVCAM

25

64

128

32

320

XDCAM – HD420

35

45

91

22

228

DNxHD36

36

44

88

22

222

DV50 – DVCPRO50

50

32

64

16

160

XDCAM – HD442

50

32

64

16

160

MJ2-50

50

32

64

16

160

AVC-Intra 50

50

32

64

16

160

MJ2-75

75

21

42

10

106

AVC-Intra 100

100

16

32

8

80

MJ2-100

100

16

32

8

80

DNxHD145

145

11

22

5

55

ProRes 442-145

145

11

22

5

55

DNxHD220

220

7

14

3

36

ProRes 442-220

220

7

14

3

36

HDCAM SR

440

3

7

1

18

uncompressed SD

222

7

14

3

36

uncompressed HD 720p50

921

1

3

0

8

uncompressed HD 1080i50

1,036

1

3

0

7

uncompressed HD 1080p25

1,036

1

3

0

7

uncompressed HD 1080p50

2,073

0

1

0

3

Table 4.4 Number of concurrent streams for ethernet and fibre channel
(source: inspired by Megler and Estrada, 2005; Avid, 2008)
In Table 4.4 we see that the number of concurrent streams reduces by increasing bitrate. We
coloured in grey the cases where less than 5 concurrent streams are possible. We state that
the use of the network technology is not appropriate in these cases. From Table 4.4 we may
conclude that the number of concurrent streams is limited (grey coloured in the table) when
using an uncompressed format. The use of compressed formats is a necessity as the number
of concurrent streams is an important factor in the workflow.
We note from Table 4.4 for the DNxHD145, the ProRes 442-145, the DNxHD220, and the
ProRes 442-220 formats that more than 10 concurrent streams are possible when using
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Fibre Channel 4 Gbit and Ethernet 10 Gbit connectivity. Hence, we may conclude that
working with compressed HD material is in reach for the compressed 720p50, compressed
1080i50, and compressed 1080p25 formats using Fibre Channel 4 Gbit and Ethernet 10
Gbit connectivity.
The use of uncompressed formats remains critical, even problematic when editing multiple
streams simultaneously.

4.3.6 Section conclusion
A traditional tape-based production environment only offers a limited number of tape
standards. They have been used for more than a decade. A file-based production model is
based on a balanced choice of a combination of different standards. Numerous
combinations of video essence, audio essence, metadata, and wrapping formats are possible.
Several of these combinations are used in commercial formats. In this section we
investigated the details of these commercial formats by analysing the handling of video
essence, audio essence, metadata, and wrapping of essence and metadata. The choice for
one or another format is determined by four issues related to the content format (F1 to F4)
as we see below. In the context of our research we see these issues as obstacles, since, for
instance, a high storage volume can be seen as an obstacle for a dynamic video news stream.
Obstacle F1 – Content application choice: content applications support a limited
number of commercial formats, thus the choice of formats limits the number of content
applications that can be used in a workflow without the need of transcoding.
Obstacle F2 – Transcoding quality: acquisition from or distribution to other
commercial formats requires transcoding capacity. Transcoding requires processing
and network resources and causes latency in the workflow. The major concern of
transcoding is to maintain the video quality (cf. Brown, 2010).
Obstacle F3 – Bandwidth requirements: several commercial formats have highbandwidth requirements. We mention two of them. (1) Using such a commercial
format within the boundaries of the organisation puts high requirements on the internal
network capacity. (2) Using such a commercial format for the exchange of content with
an external service, such as a public cloud service, puts high requirements on the
bandwidth of the connection with the public network.
Obstacle F4 – Storage requirements: several commercial formats have high storage
volume requirements. We mention two of them. (1) Using such a commercial format
within the boundaries of the organisation creates the need for large internal storage
capacity. (2) Using such a commercial format for the exchange of content with an
external service, such as a public cloud service, puts high requirements on the volume
of data transferred via the connection with the public network.
As shown above, the choice for a commercial format has a drastic impact on storage
requirements and bandwidth requirements. The costs of the bandwidth towards the public
network limit the choice of the format. So, we aim to conclude that using uncompressed
HD content cannot be used as a standard for exchange of content with public cloud services.
This limitation has to be taken into account when integrating infrastructure services and
business services in the production model.
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4.4

Four types of production models

The production steps can be implemented in different combinations. Rather than looking at
the benefits of the migration from tape-based content production to file-based content
production we go a step further and examine the existing architectures of the
implementations of file-based production model. The workflow that handles the essence is
implemented differently for each content producer. To produce content the workflows
combine the production steps from ingest, storage, editing, archiving, and distribution. We
investigate the characteristics of the different implementations of the workflow rather
deeply in order to group them by a prevailing characteristic. We arrive at a cataloguing of
the workflows into four types of production models. The next four subsections 4.4.1 till
4.4.4 discuss the workflows we distinguished. Below, we start with providing four
definitions.
Definition 4.1 Work-centre production model
A work-centre production model is a production model characterised by an unmanaged
environment. Content management is performed manually using enhanced file-manager
functionalities of the video server.
Definition 4.2 Managed file-forwarding production model
A managed file-forwarding production model is a production model characterised by an
environment where the content is forwarded; the content is managed by a workflow
controlling the production flow.
Definition 4.3 Production-islands production model
A production-islands production model is a production model characterised by a
combination of different production environments in parallel.
Definition 4.4 Central media-asset-management production model
A central media-asset-management production model is a production model that combines
the previous three types of production models into a single environment.
For each of the four types of production models, we (1) provide a description of the
production model, (2) determine the benefits, (3) determine the drawbacks, (4) analyse the
impact, (5) provide some typical implementations, and (6) provide (provisional)
conclusions.
The detailed results of file-based production models are compared to the results from the
analysis of tape-based production models (subsection 4.2.1). From this comparison we aim
to identify the obstacles related to the workflow of the four types of file-based production
models in the broadcast industry.
Our diligent analysis of the production-model implementations leads to the identification of
the obstacles related to the workflow. By differentiating the results according to the four
types of production models we may identify which models have the highest potential of
adopting cloud computing.
The conclusions of this section can be found in subsection 4.4.5.
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4.4.1 Work-centre production model
The first type of production model is called work-centre production model. Below, we
describe the six topics mentioned above.
Description of the work-centre production model
The work-centre production model is depicted in Figure 4.2. Comparing to the tape-based
workflow in Figure 4.1 we see that now the incoming tapes are digitised using a VTR
connected to a video server, which still is a linear production step, resulting in files stored
on the video server (middle left side). These files can be previewed and manipulated in a
non-linear way of working. A straightforward way to do this is to connect the NLE-editing
stations to the storage of the video server (middle upper). Thus, the editor can create
content and store it on the video server. The finished content is immediately available for
play-out. Notice that the entire workflow is nearly identical compared to the tape-based
working, except that tapes are virtualised to files. So, a high degree of flexibility remains.
Management of the content is commonly performed manually using the enhanced filemanager functionalities of the video server. A common practice is the use of naming
conventions with characters and timestamps to indicate the difference between raw
materials and finished content.

Archive

Editing

Editing

Tape
VTR

Play-out Automation
Subtitling

Feed

Graphics

Video
Server
Field NLE

Live Feed

Video Grid

Quality Monitoring
Feed

Figure 4.2 Work-centre production model
(source: inspired by Estrada, 2007)
The play-out automation controls (middle right side) the video server instead of the VTRs;
the integration of the other component remains unchanged.
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Benefits of the work-centre production model
Seven benefits of a work-centre production model are listed below.
(1) Flexibility: within a single environment a single standard is used to store the
content. Given the loose integration with the editing environment, the high degree
of flexibility in the workflow remains; steps in the production process can be
inverted or intermediate work can be transferred to other equipment as needed.
(2) Creativity: the degree of flexibility ensures support of the creativity; if some
editing or effects are not possible on one editing station than they can be easily
performed on another workstation, as long as both are connected and compatible.
(3) Integration: the integration of the content lifecycle is high, neither physical
forwarding of video cassettes nor physical forwarding of files between systems is
required as content is stored and managed in a single environment.
(4) Simple EDL: the EDL as supported by the video server can be created to trim the
content, thus to determine the in- and out-points.
(5) Single vendor: the kind of entire setup as shown in Figure 4.2 is commonly
provided by the same vendor; this assures compatibility between different steps as
long as the content formats remain unchanged.
(6) Manual management: as content is managed manually on the storage, a degree of
redundancy is created; each manipulation is stored in a new file to ensure the
original material is not lost. This working habit creates some degree of
redundancy; going backwards or restarting a task is possible as long as the original
input files are available.
(7) ‘Private’ collections: the journalist / program maker can still manage his own
‘private’ collection of files as long as storage space is available.
Drawbacks of the work-centre production model
Four drawbacks of a work-centre production model are listed below.
(1) High-resolution editing: the editing of the content is performed in high resolution:
this requires sufficient infrastructure capacity.
(2) Manual integration: each step starts upon completion of the previous step as the
integration is performed manually on file level.
(3) Mistakes: although files are carefully labelled and indexed, mistakes occur
frequently, especially in handling the different intermediate versions of the same
content.
(4) Manual management: management of the content is performed manually; this
requires discipline otherwise the storage space will be flooded by content, creating
a continuous demand for extending the storage capacity of the system.
The work-centre production model has no archive functionality. In many cases the content
is not produced and the ingested content is not owned, and thus can be removed after the
rights of distribution are expired. If necessary this model can be extended with a disk or
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tape archive. Archiving has no impact on the bandwidth requirements when transfers are
performed outside the off-peak period.
Impact of the work-centre production model
The storage requirements and bandwidth requirements are low for the following three
reasons. (1) Content is not moved between ingest and play-out, (2) there is no transcoding
to create low-resolution browse content, (3) simple NLEs are used to determine the in- and
out-points. The major bandwidth requirement is imposed by the transfer of content to the
NLE. As content is mainly read on the NLE for the creation of an EDL that is returned to
the video server, the bandwidth required is for transfer of content to the NLE.
The lead time can be short as ingested content is available for play-out after the first block
of data has been written, typically a few frames. This means that content can be transmitted
after a few seconds. Live feeds are typically forwarded directly to play-out. If the content
needs to be edited, the lead time remains short; the content is only copied once towards the
NLE when the EDL is returned.
The procurement cost of the environment is low, less than 100K USD. The need for manual
management creates important operational costs, unless used for those channels where need
for manual operations and management is limited.
Typical implementations of the work-centre production model
The work-centre production model is typically provided by a single vendor, limiting
flexibility of component choices and design changes. The workflow is managed manually
and allows flexibility in the operations.
We give four typical implementations.
A local TV channel with a limited amount of air-time that creates a few programs weekly.
A movie channel. The content is delivered, needs only to be ingested and trimmed. The
amount of content is limited due to recurring programming.
A home shopping channel, content is delivered and loaded. The volume of content is
limited due to recurring programming.
Theme channels also use existing content in a recurring program and have limited editing
requirements.
Conclusion of the work-centre production model
We may conclude that this type of production model is suitable for either small-scale
operations or for applications where limited editing functionality is required and
housekeeping can be done manually. We find this type of production model at the majority
of the current implementations. To improve the housekeeping and to be able to cope with a
larger implementation it becomes necessary to add automation to have a system-managed
environment. This brings us to the second type of production model.
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4.4.2 Managed file-forwarding production model
The second type of production model is adopted by large companies. We call this type of
production model managed file-forwarding production model. Below, we describe the six
topics mentioned above.
Description of the managed file-forwarding production model
The managed file-forwarding production model is depicted in Figure 4.3. The difference to
the work-centre production model is the workflow automation (upper side). This production
model is a managed environment, where content is managed actively by a workflowautomation layer. Different workflows are defined, in most cases depending on the format
being produced. The overall automation layer takes care of moving the content within the
environment. Ingested content is replicated in a central repository or moved directly to the
play-out environment. The workflow automation also handles the creation of low-resolution
browse content and key-frames. Content and key-frames are stored into a content store for
browsing and retrieval with the associated metadata. A tight integration with the editing
facilities enables swift manipulations and easy content creation. Content is offloaded
toward a content archive after distribution (cf. Megler and Estrada, 2005; Estrada, 2007).
Two different flavours of this type of production model can be distinguished. Efficiency
can be reached (1) by a tight integration of components or (2) by automation with a
workflow engine.
(1) A first implementation of this type of production model has its focus on tight
integration of components, providing a high efficiency in moving content through
the entire workflow. This is commonly achieved by a set of components from a
single vendor (video server, local content store, NLE, encoders, automation),
tightly integrated through proprietary interfaces. Several vendors provide tightly
integrated environments focused on and optimised for production of a single
program format, for example, live sports.
(2) A second implementation of this type of production model has its focus on
efficiency through workflow automation, integrating components from different
vendors.
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Figure 4.3 Managed file-forwarding production model
(source: inspired by Estrada, 2007)
Benefits of the managed file-forwarding production model
Six benefits of a managed file-forwarding production model are listed below.
(1) Highly efficient workflow: the workflow is fully automated by format type, moves
the content duly on time back and forward between the different components
(video server, local content store, NLE, encoders) in a multi-vendor environment.
(2) Single-content repository: in a single-vendor environment the single-content
repository avoids moving content and reduces the need for local storage in each
component (video server, local content store, NLE, encoders). Several solution
designs allow the start of a step before the previous step is completed; for example,
streaming play-out while ingest is running with a small latency.
(3) Key-frames and metadata: content is available in low-resolution browse format
with key-frames and metadata, enabling efficient search and retrieval.
(4) Integration: the integration of the content lifecycle is high, neither physical
forwarding of video cassettes nor physical forwarding of files between systems is
required.
(5) Single vendor: the managed file-forwarding production model is commonly
provided by the same vendor; this assures compatibility between different steps as
long as the content formats remain unchanged.
(6) Housekeeping: automation enables proper housekeeping of content.
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Drawbacks of the managed file-forwarding production model
Five drawbacks of a managed file-forwarding production model are listed below.
(1) Reduced degree of flexibility: the flexibility is reduced due to predefined
workflows; reduction of the creativity as alternative flows to perform additional
steps can only be done if foreseen during the design of the workflow.
(2) Local storage: in a multi-vendor environment the content is moved between the
different components and this requires local storage capacity at the different
components.
(3) Proprietary storage solution: in case of a single vendor environment.
(4) Low flexibility: there is a low flexibility in choosing the components; compatibility
is in most cases only ensured when procured from a single vendor.
(5) Mixing of program formats: frequently mixing of different program formats is
difficult.
Impact of the managed file-forwarding production model
The content is moved forward by the workflow and this mechanism causes significant lead
times even when the content is moved during ingest. Each copy in the workflow takes a few
seconds and this cumulates to a total lead time of at least tens of seconds.
The procurement cost of the environment averages between 500K and 1Mio USD. The
operational costs can be limited upon the condition that the implemented workflow takes
control of repetitive work.
Typical implementations of the managed file-forwarding production model
The managed file-forwarding production model integrates typically a given number of
workflows; changes in the workflow require design changes, and changes in components
also require design changes.
This type of production model can be found frequently, and the workflow is typically
implemented for a well defined format and purpose. Three examples are given below.
Sports channel production environments, with high efficient live workflow between ingest
and play-out, and special functions such as highlights creation or slow-motion.
News channel production environments, with tight integration between produced and live
content and dedicated workflow.
A film production environment with a set of high performance, feature-rich NLEs.
Conclusion of the managed file-forwarding production model
We may conclude that the storage requirements and bandwidth requirements are demanding
in the implementations mentioned, though not to the extreme as the environment serves a
single or a limited amount of channels. To cope with different workflow requirements and
with large-scale implementations several environments can be used in parallel. This brings
us to the next type of production model, the production-islands production model.
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4.4.3 Production-islands production model
A third type of production model is a grouping of different isolated environments. We call
this type of production model production-islands production model. Below, we describe the
six topics mentioned above.
Description of the production-islands production model

Production
Environment
2

Production
Environment
3

Content Output
Content Output

Production
Environment
1

Content Output

Content Input

Content Input

Content Input

The production-islands production model is depicted in Figure 4.4. The difference to the
work-centre production model and the managed file-forwarding production model is that
smaller environments are implemented in parallel (three environments in the middle).
These multiple environments are sometimes implemented either to meet the different
requirements of program formats or due to historical reasons as different systems have been
procured over time. Each production island has its individual workflow and individual
program formats. This type of production model is also applied in decentralised production
environments or co-located production environments. Exchange of content is limited and
probably not desired given the different program formats handled in each island. A loose
integration is realised at distribution (right side).

Live Feed

Figure 4.4 Production-islands production model
Benefits of the production-islands production model
Four benefits of a production-islands production model are listed below.
(1) Optimised configuration: the process flow within each environment can be
properly configured, adjusted, and optimised to the production needs of the format
handled.
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(2) Independent configuration: content formats can be configured and optimised
independently between the different environments.
(3) Loose coupling: the loose integration creates independent operability.
(4) Redundancy: parallel islands create a degree of redundancy, as far as the other
system is able to handle the formats and the workflow.
Drawbacks of the production-islands production model
Five drawbacks of a production-islands production model are listed below.
(1) Reduced degree of flexibility: due to predefined workflows the degree of flexibility
is reduced, and thus reduces the creativity. Alternative flows to perform additional
steps can only be done if predefined into the workflow and if components are
available in the production environment.
(2) Duplication of functionality: increases the total cost.
(3) Utilisation is low: no optimisation of resources between the environments, for
example for encoders, graphics engines, etc.
(4) Inflexible storage capacity: spare capacity cannot be assigned temporarily or
shifted between environments. High cost of managing the different capacities.
(5) Low rate of exchange: exchange of content between the different environments is
low, especially when these are provided by different vendors or when other
formats are used. Content can only be exchanged after transcoding towards the
destination format, this implies an additional production step.
Impact of the production-islands production model
The storage requirements and bandwidth requirements are spread over the different
production islands; each island has its own storage requirement and bandwidth requirement
and operates fairly independent from the neighbour islands.
The lead time, the costs, and the flexibility of each individual island is comparable to the
previous production model.
Typical implementations of the production-islands production model
This type of production model is typically used for companies handling different program
formats simultaneously; they typically create environments dedicated for each program
format. Two examples are given below.
Broadcasters with a mixed rundown, having a production environment for news, and also
one for sports production, and one for drama and series, etc.
Theme channels with different program formats, each program format is created in another
production environment.
Conclusion of the production-islands production model
We may conclude that the production-islands production model covers the technical
requirements. To resolve the scattering of content over different environments and the low
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utilisation, we come to the fourth type of production model, the central media-assetmanagement production model.

4.4.4

Central media-asset-management production model

The fourth type of file-based workflow combines the benefits of the previous three types of
production models into a single environment. We call this type of production model central
media-asset-management workflow. Below, we describe the six topics mentioned above.
Description of the central media-asset-management production model
One of the major challenges is the definition of the central Media Asset Management
(central MAM) in the production model; it is one of the most advanced production models
available nowadays. The difference to the three previous production models is that this
production model (1) combines technology from different vendors and different formats
and (2) provides transparent access between the content store and the content archive (cf.
Estrada, 2007; Schelkens, Skodras, and Ebrahimi, 2009).
The central media-asset-management workflow is depicted in Figure 4.5. The five major
characteristics of such environments are listed below.
Integration of technology of multiple vendors.
All content is stored centrally in an independent neutral format (if content is ingested in
another format it will be first transcoded to the format stored) or in multiple formats.
The storage space is reduced in the different components to an absolute minimum. All
content is immediately forwarded to the central storage platform. If possible the content is
even streamed to and from the central storage platform directly.
Loose coupling of components is an interesting characteristic when looking forward to
integration of business services.
Bundling of content and associated data is done into a single repository.
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Figure 4.5 Central media-asset-management production model
Benefits of the central media-asset-management production model
Seven benefits of a workflow with central media-asset-management production model are
listed below.
(1) High exchange of content: exchange of content between all users, as search and
retrieve are done on a single repository covering the entire content catalogue.
(2) Single hierarchical storage management: this reduces spare capacity between
user-groups and application; single policy can be used.
(3) Standard IT components: the storage architecture can be implemented with
standard IT components, although special attention must be given to the design.
(4) Efficient repurposing: content can be grouped together; for example, a web site
can be fed with different kinds of content, such as news and sports. Users with
skills in repurposing content to a specific medium can now browse the entire
catalogue and start repurposing right away.
(5) Increase the support of creativity: NLEs connected from different vendors
increase the support of creativity; users can joggle around to perform their
preferred operations until completion of the product.
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(6) Single view: a single view on the availability of finished content that is available
for distribution and play-out.
(7) Increased flexibility: flexibility in the exchange of components or in adding
components, although attention must be given to the integration and compatibility.

Drawbacks of the central media-asset-management production model
Three drawbacks of a workflow with central media-asset-management production model
are listed below.
(1) Additional transcoding: different ingest technologies might provide different input
formats, requiring additional transcoding right after ingest to the target storage
format.
(2) Reduced efficiency: integration of components from different vendors might
reduce efficiency in case of live ingest – play-out through the entire environment.
(3) Critical: the centralised system can be heavily solicited and becomes critical in the
operations, requiring attention to availability and redundancy in the design.
Impact of the central media-asset-management production model
The storage requirements and bandwidth requirements are high; a careful design of storage
and network topology is required.
The content is forwarded to the central media asset manager by the workflow and this
mechanism causes lead times of at least tens of seconds; however once ingested the content
becomes available to all users. A major benefit comes from the possibility to perform
straightforward editing on low-resolution material; content can be selected rapidly, and an
EDL conformation can be performed on a server.
The procurement costs of this environment are high. The operational costs can be low upon
use of the benefits, such as the wide availability of content upon ingest, and the possibility
easily to re-use content.
Design and workflow changes are limited, although these can be implemented once
centrally. Flexibility of component choice will largely depend on the available interfaces
from the central media-asset-management system supplier.
The centralised design consolidates the applications and tools used in all the production
steps. It is a logical next step to try and determine which of these production steps can be
consolidated when using cloud computing.
Typical implementations of the central media-asset-management production model
The central media-asset-management production model is not widely used in large-scale
operations today, although it is a promising architecture, in particular given the potential to
integrate easily with business services.
Conclusion of the central media-asset-management production model
We may conclude that the severe constraints on storage requirements and bandwidth
requirements have an impact on the project budget and the potential risks. An intermediate
practice is to integrate this type of production model into the type of production model from
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subsection 4.4.3 where independent production islands are integrated to exchange assets
between islands and to archive assets centrally using the central media-asset-management
system. This combination has the benefits from both types of production models and
reduces constraints on storage requirements and bandwidth requirements. Storage
requirements can be optimised on the central media-asset-management system by using a
transparent storage-hierarchy management policy as described in Appendix B.7.

4.4.5 Section conclusion
As a result of the fieldwork performed we catalogued the production models into four types
of production models. They are as follows.
(1) Work-centre production model
(2) Managed file-forwarding production model
(3) Production-islands production model
(4) Central media-asset-management production model
We determined for each of the four production models the benefits, the drawbacks, and the
impact on the IT requirements.
The central media-asset-management production model is assumed to be the most
promising architecture for the evolution towards cloud computing. Prior to the evaluation of
this assumption, we will identify the obstacles related to the content workflow.

4.5

Obstacles related to the content workflow

In the section 4.4 we defined four types of production models. The classification helps to
understand to which level a production environment has evolved in the range of file-based
production models. In subsection 4.2.1 we introduced the tape-based production model. In
this section we determine which drawbacks have been reduced and which benefits have
been lost with the move from a tape-based production model to a file-based production
model.
In fact, the full analysis is a concatenation of the partial analyses as given in the subsections
4.4.1 till 4.4.4 in combination with the subsection 4.2.1. We summarise the resultant
comparisons in Table 4.5.
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Managed
file-forwarding

Production
Islands

Central media
asset management

Number of standards
used

Low

High

High

High

High

Flexibility supports
creativity

High

High

Low

Low

Low

W1

Compatibility between
different vendors

High

Low

Low

Low

Low

W2

Average

Low

High

High

High

‘private’ collections

Yes

Yes

No

No

No

Non-linear editing

No

Yes

Yes

Yes

Yes

Browse proxy editing

No

No

Yes

Yes

Yes

Expensive tools

Yes

No

No

No

No

Parallel processing

No

Yes

Yes

Yes

Yes

Physical moving of
assets

Yes

No

No

No

No

Cost of tape

High

Low

Low

Low

Low

Retrieval of content

Slow

Average

Fast

Fast

Fast

Retrieval of content
from archive

Slow

Slow

Fast

Fast

Fast

Deterioration of tape

Yes

No

No

No

No

Lead time

High

Low

Medium

Medium

High

Cost – CAPEX

High

Low

Medium

Medium

High

Cost – OPEX

High

High

Medium

Medium

Low

Workflow flexibility

High

High

Medium

Medium

Medium

W3

Component choice
flexibility

High

High

Medium

Medium

Medium

W4

By characteristic

Data redundancy

Table 4.5 Obstacles related to the content workflow

Obstacles

work-centre

File

Traditional
workflow

Tape
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File-based production models improve quality, efficiency (productivity) and cost compared
to the traditional tape-based production models using workflow automation with underlying
integration of components. With the introduction of the workflow automation some of the
characteristics deteriorate when moving to file-based production models, these rows are
grey coloured in the Table 4.5 and are numbered in the right column. With respect to our
investigations we call these four deteriorating characteristics workflow obstacles (W1 to
W4). The four deteriorating characteristics are: (W1) flexibility supports creativity, (W2)
compatibility between different vendors, (W3) workflow flexibility, and (W4) component
choice flexibility. They are the obstacles related to the workflow in use when moving from
a tape-based production model to a file-based production models. We describe them briefly
below.
Obstacle W1 – Reduced flexibility causes limitations of the creativity: file-based
production models, with the exception of the work-centre workflow, exploit the
workflow automation to obtain efficiency. The automation reduces flexibility and thus
it can be considered as a repression of the creativity.
Obstacle W2 – Less compatibility between different vendors: the differences in
implementations to store essence and metadata avoid seamless exchange between
components from different vendors.
Obstacle W3 – Lower flexibility of the workflows: the automation of workflows reduces
the flexibility, with the exception of the work-centre workflow.
Obstacle W4 – Less flexibility in the choice of components: the choice for a format
reduces the choice of components to those that support the chosen format.
Especially in creative program making where different formats are continuously created,
these four obstacles can be of decisive importance.
We will analyse in chapter 5 whether and how cloud computing can help to overcome these
obstacles.

4.6

File-based production models and the ten driving forces of the
content industry

In the course of our examination we came to the conclusion that file-based production
models have impressive benefits. They are as listed in Table 4.5. File-based production
models use technology from the second wave of IT. The cause of the evolution towards
file-based production models lies in the ten driving forces of the content industry as listed
in sections 2.2 to 2.11. The relation between the evolution towards file-based production
models and the ten driving forces is two-sided: (1) the driving forces are incorporated as
consequence of the evolution, and (2) the driving forces are exploited by the evolution.
We are able to analyse each driver and determine to what extent each driver is related to the
evolution towards file-based production models. We aim to define the relevance of the
relation between the driver and the evolution towards file-based production models. We
express the relevance using a five-point Likert scale (Likert, 1932). This scale is normally
used in questionnaires, but we employ it to assign relevance levels to the driving forces. We
use the following five levels.
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A. Strongly not relevant
B. Not relevant
C. Neither relevant, nor not relevant
D. Relevant
E. Strongly relevant
Based on the results of our research (as expressed in the tables 4.1 to 4.5) and on the drivers
(to be read in the sections 2.2 till 2.11) we may conclude the following for each driving
force.
(1) The fragmentation of consumption occurs via alternative distribution channels.
The required content in the specific format of the alternative distribution channel
can be easily created through transcoding of available file-based content. However,
transcoding only will not please the consumer. Alternative distribution channels
have other characteristics beside the content format, such as typical length of a
piece of content or the surrounding information provided to the consumer. The
success of the consumption depends on the additional effort realised to address the
specifics of the channel. The evolution to file-based production models as such
enables the creation of formats required for the alternative distribution channels.
As additional effort is required for success, as based on our investigations, we may
conclude that the file-based production model exploits the first driving force (level
D).
(2) The driving factor increase in consumption and decrease in attention is enabled by
the fragmentation of consumption and determinated by the behaviour of the
consumer. Fragmented file-based content can be made available through
alternative distribution channels; as described in the previous point (1) with
additional effort. In parallel with the previous point (1), we may conclude that the
file-based production model exploits the second driving force (level D).
(3) The driving factor alternative business models in the market relies on an
alternative content lifecycle. Changing from a tape-based production model to a
file-based production model as such, does not change the traditional business
model. Without a drastic change in the business model remains the traditional
business model exposed to the alternative business models. However, the filebased production model enables the evolution towards alternative business models.
Therefore, based on our investigations, we may conclude that the file-based
production model slightly exploits the third driving force (level C).
(4) The evolution towards the open community is partially possible by distribution of
content through these communities. However, the isolation of the file-based
production models implies that the potential benefits of using open communities
through the entire production models are not considered. Assuming that this
requires a drastic change in the business model of the traditional content industry,
we may conclude that this is not relevant (level B).
(5) The increase of consumer control can be supported through easier repurposing of
content; as described in point (1) this requires additional effort. Therefore, based
on our investigations, we may conclude that this is relevant (level D).

83
(6) The shift from linear to non-linear consumption can be supported as file-based
content can be repurposed; as described in point (1) this requires additional effort.
Therefore, based on our investigations, we may conclude that this is relevant (level
D).
(7) The participation through user-created content as used in alternative business
models is not considered given the isolation of the production models. In the best
case consumers can provide content voluntarily without influence on use or
whatsoever. Assuming that this requires a drastic change in the way the traditional
content industry is organised, we may conclude that his is not relevant (level B).
(8) The affordable devices with rich features can be supported as file-based content
and can be repurposed; as described in point (1) it requires additional effort.
Therefore, based on our investigations, we may conclude that this is relevant (level
D).
(9) The shift in advertisements and decline in tradition channels can be partially
compensated by content repurposing through the alternative distribution channels,
as described in point (1). So, based on our investigations, we may conclude with a
neutral relevance (level C).
(10) The convergence with the telecom industry is improved as file-based content can
be distributed in various formats by the telecom operators. File-based produced
content can be transcoded easily to the formats required by the telecom industry.
The transcoded contents can be used for non-linear content consumption or timeshifting consumption through IPTV applications. Given the low effort, based on
our investigations, we may conclude that this is strongly relevant (level E).
In Table 4.6 we summarize the relevance levels determined above. We see now to what
extent the transition towards file-based production using technology from the second wave
of IT is related to the ten driving forces of the content industry.
Driving force

Relevance

1

Fragmentation of consumption

D

2

Increase in consumption, decrease in attention

D

3

Alternative business models in the market

C

4

Evolution towards the open community

B

5

Increase of consumer control

D

6

Shift from linear to non-linear consumption

D

7

Participation through user-created content

B

8

Affordable devices with rich features

D

9

Shift in advertisements, decline in tradition channels

C

10

Convergence

E

Table 4.6 Relevance of file-based production on the ten driving forces
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In conclusion, the evolution towards file-based production models with technology of the
second wave of IT partially improved the ability to incorporate and exploit the ten driving
forces of the content industry.

4.7

Answers to RQ 1

In this chapter we investigated RQ 1, viz. “What are the current obstacles in the traditional
production models?”
To answer the research question we extended the ideas as voiced by Berman et al. (2008,
2009), Megler and Estrada (2008), and Footen and Faust (2008) and investigated the
obstacles in the traditional production models based on the second wave of IT. We depicted
traditional production models based on the second wave of IT by arrow 2 in Figure 1.5.
We performed an examination by (1) reading the literature and additional writings, (2)
using the outcome of workshops with companies from the broadcast industry, and (3)
analyses based on the results from (1) and (2). By reading the literature and additional
writings we mean (1a) Engström (2004), Oliver (2007), Bröning (2008), Milano (2008),
Pfingsten (2008), Puppi (2008), and Brown (2010), (1b) requirements released by
companies from the broadcast industry for new production environments, (1c)
implementation documentation or vendor information of new production environments.
We have identified (1) four obstacles related to the format and (2) four obstacles related to
the workflow. The result is that we identified eight obstacles in the traditional production
models.
We now recapitulate Figure 1.5 and add along the line representing the second wave of IT
(1) the four obstacles related to the format with a star labelled ‘F’ and (2) the four obstacles
related to the workflow with a star labelled ‘W’. This is depicted in Figure 4.6.
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The four obstacles related to the format originate from the multitude of available format
standards (see section 4.3). They are (F1) the format limits the content application choice,
(F2) transcoding between formats impacts quality, (F3) the format impacts bandwidth
requirements, and (F4) the format impacts storage requirements. They cause limitations in
the flexibility of the choice of applications and tools. Some of the format standards are
highly demanding with respect to storage requirements and bandwidth requirements.
The four obstacles related to the workflow originate from the tight implementations of the
file-based product models (see section 4.4). They are (W1) reduced flexibility causes
limitations of the creativity, (W2) less compatibility between different vendors, (W3) lower
flexibility of the workflows, and (W4) less flexibility in the choice of components. This
causes a lack of flexibility in file-based production models.
File-based production models based on technologies from the second wave of IT improved
the support of alternative distribution channels. Despite the benefits of file-based
production models as listed in Table 4.5, the content industry missed the opportunity to
integrate alternative open approaches with the change from tape-based production models
to file-based production models.
The contention remains. Alternative production models relying on technologies from the
third wave of IT are promising candidates. Therefore, we will examine whether and how
cloud computing from the third wave of IT can improve this situation. To do so we
investigate in chapter 5 whether cloud computing is able to overcome the eight obstacles
(RQ 2) and to what extent the benefits of cloud computing in the production models (RQ 3)
are substantial. Thereafter, we investigate in chapter 6 how we can integrate cloud
computing into file-based production models (RQ 4).

Benefits of using cloud computing for the content industry
Contents

Cloud computing is implemented in the third wave of the IT
evolution. It is used in different ways.
In this chapter we investigate two research questions: RQ 2, viz.
“Is cloud computing able to overcome the current obstacles in
the traditional production models?” and RQ 3, viz. “What are
the particular benefits of cloud computing for the traditional
content industry?”
For RQ 2 we investigate the use of cloud computing in two
dimensions. These are (1) the dimension of virtualisation and
(2) the dimension of collocation. By these two dimensions we
define four operational scenarios on how cloud computing can
be used and is used. We investigate each operational scenario
from an IT point of view, regardless of any industrial specific
deployment of the technology. The result will help us to identify
the benefits when applying cloud computing in the production
models of the content industry. Through this investigation we
aim to conclude which obstacles in the production models can
be overcome in the traditional production models when using
cloud computing.
For RQ 3 we use the results from these investigations and from
the previous ones, and aim to conclude what are the tangible
benefits from embracing cloud computing in the traditional
production models.

Outline

Section 5.1 describes the research approach of RQ 2 and RQ 3.
In section 5.2 we discuss the two levels in the dimension of
virtualisation and the two levels in the dimension of collocation.
This results in the definition of four operational scenarios.
In section 5.3 we look at the use of the four operational
scenarios in the IT industry and investigate the evolution of
cloud computing.
In section 5.4 we examine the application of the four operational
scenarios in the production models of the content industry.
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In section 5.5, as an answer to RQ 2 we define the obstacles that
can be overcome in the traditional production models when
using cloud computing. In section 5.6 we investigate the generic
benefits of applying cloud computing in the traditional
production models as an answer to RQ 3.
In section 5.7 we investigate to what extent the transition
towards cloud computing is related to the ten driving forces of
the content industry.
Finally, section 5.8 consolidates the answers to RQ 2 and RQ 3.
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5.1

Research approach of RQ 2 and RQ 3

In this chapter we investigate RQ 2 and RQ 3.
For the analysis of RQ 2 we use three sources as inputs (see Table 1.1). These are (1) the
published literature, such as studies by Boss et al. (2007), Cheesbrough (2008), Armbrust et
al. (2009), Wolf, Van de Velde, and Sonnabend (2009), Groebbens (2009), Hilley (2009),
Mather, Kumaraswamy, and Latif (2009), Patel, Ranabahu, and Sheth (2009), (2) the
postings submitted during the October 2008 InnovationJamTM, and (3) analyses based on
the results from (1) and (2).
The InnovationJamTM 2008 event taps into the idea behind ‘The Wisdom of Crowds’
(Surowiecki, 2004) and the more recent ‘Crowdsourcing’ (Howe, 2008). The
InnovationJamTM started in 2001, subscribing to the belief that public discussion of research
ideas could solve problems faster than IBM’s own researchers solving them secretly. In
2006, the company invested more than $100 million in ideas, and created ten new divisions
spawned during the proceedings. The 2008 InnovationJamTM had nearly 55,000 participants
from IBM registered and another 5,200 outsiders. The Jam took place over 72 hours, and
was floored by the sheer bulk of information. There were 29,499 posts from more than
84,000 login sessions divided into 2,750 themes and 2,310 threads. Out of the 29,499
postings we selected 120 postings that in our opinion (postings directly related to cloud
computing expressing a thought) represent the reflection of the people’s opinions and
expressed concerns on the subject. We used text analysis on the selected postings to
determine the relevance of each characteristic of cloud computing among these reflections.
A description of the InnovationJamTM 2008, the postings selected, and the results of the
analyses are listed in Appendix D.
For the analysis of RQ 3 we use three sources as inputs (see Table 1.1). These are (1) the
published literature, see the corresponding list mentioned in the sources used to answer RQ
2, (2) workshops with companies from the traditional content industry, and (3) analyses
based on the results from (1) and (2).
Our contribution
Since other authors have investigated related questions and topics, it may be a good idea to
start placing our research question in a general discussion. For cloud computing we refer to
three research-related papers with a different perspective. First, Armbrust et al. (2009)
provides a view on cloud computing, defines classes of utility computing, and identifies ten
obstacles and opportunities from an IT perspective. Second, Hilley (2009) defines a similar
but different hierarchy of cloud-computing classes and, based on this hierarchy, gives many
examples on how cloud computing is used. Third, Patel, Ranabahu, and Sheth (2009) come
to the important observation that there is a lack of standardisation in cloud computing.
Although we agree with the three research approaches, we believe that there is a
differentiation to be made between the internal and external cloud computing approach.
Cloud computing can be implemented (1) within the boundaries of the organisation (we
refer to this approach as internal, as mentioned in Definition 1.16 on internal), and (2)
outside the boundaries of the organisation (we refer to this approach as external, as
mentioned in Definition 1.17 on external). Additionally, the three publications mentioned
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have no focus on the specific use of cloud computing for the content industry. For our
analysis we abstract from any hierarchy of cloud-computing classes for analytical purposes.
So, we introduce a new structure which is based on two dimensions. These are: (1) the
dimension of virtualisation and (2) the dimension of collocation. Using the two dimensions
results in four operational scenarios (see section 5.2). For these four operational scenarios
we determine benefits and drawbacks.
Our working approach
We will use a three-step approach to answer RQ 2 and RQ 3. Our working approach is as
follows. We (1) define the four operational scenarios of cloud computing, (2) illustrate the
generic use of cloud computing in the IT industry, and (3) define the benefits of using cloud
computing in the traditional production models.
Ad (1) The four operational scenarios are defined in four steps. (a) We first define the
dimension of virtualisation and distinguish two extreme levels; these are infrastructure
services level vs. business services level. (b) We then define the dimension of collocation
and distinguish the two extreme levels; these are internal cloud computing level vs. external
cloud computing level. (c) We combine both dimensions and define the four operational
scenarios. (d) We conclude with a summarising description of each operational scenario.
The consequences of the definitions are analysed in section 5.2.
Ad (2) For the generic use of cloud computing we look at how the four operational
scenarios are applied within the IT industry. We provide for the application of each
operational scenario (a) a brief description, (b) the evolution towards an operational
scenario, and (c) some typical implementations. The consequences are analysed in section
5.3.
Ad (3) For the cloud computing in the traditional production models we examine how the
four scenarios can be applied in the traditional production models. We provide for the
application of each operational scenario (a) a brief description, (b) investigate the benefits
for the content industry, and (c) give some typical implementations. The consequences are
analysed in section 5.4.
From the analyses we aim to answer RQ 2 and RQ 3. First, we provide an answer to RQ 2
in section 5.5. We determine the obstacles in the production models that can be overcome
in the traditional production models when using cloud computing. Second, we provide an
answer to RQ 3 in section 5.6. There we determine the tangible benefits from embracing
cloud computing in the traditional production models.
In section 5.7 we investigate to what extent the transition towards cloud-based production
models, based on technology from the third wave of IT, is related to the ten driving forces
of the content industry.
We consolidate our answers to RQ 2 and RQ 3 in section 5.8.

5.2

Four operational scenarios of using cloud computing

Cloud computing is interpreted in many ways. Below, we extend the ideas as voiced by
Armbrust et al. (2009), Hilley (2009), and Patel, Ranabahu, and Sheth (2009). For this
purpose we analyse the different usages of cloud computing to come to a structure that
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enables further analysis. We restate that our new structure is based on two dimensions;
these are (1) the dimension of virtualisation and (2) the dimension of collocation. Below,
we provide two definitions.
Definition 5.1 Virtualisation
Virtualisation is a technique that separates processing from the underlying physical
platform.
It started with the separation of the operating system from the underlying physical platform.
Nowadays virtualisation occurs at different levels and enables the establishment of services.
In this chapter we cover the level where the virtualisation towards cloud computing starts.
Currently, virtualisation starts at the lowest infrastructure level (infrastructure services), up
to the virtualisation of complete business systems (business services). The levels of
virtualisation are defined in subsection 5.2.1. We use for analytical purpose the two
extreme levels of virtualisation, these are (1) infrastructure services level vs. (2) business
services level.
Multiple levels of virtualisation exist between the two extreme levels, such as middleware
as a service (MaaS) or software as a service (SaaS).
Definition 5.2 Collocation
Collocation is placing things together. We use collocation to indicate the precise ‘places’
(locations) where the cloud computing is implemented.
Collocation starts from the internal level up to the external level. The levels of collocation
are defined in subsection 5.2.2. For analytical purposes we use the two extreme levels of
collocation, these are (1) internal level vs. (2) external level.
Multiple levels of collocation exist between the two extreme levels, such as hosted
environment or hosted services.
The combination of the two dimensions (virtualisation and collocation) leads to the
definition of four operational scenarios in its purest form. We use the combination of
virtualisation and of collocation to describe the four operational scenarios. They are defined
in subsection 5.2.3.

5.2.1 Virtualisation
Below, we investigate the dimension of virtualisation. We represent in Figure 5.1 the
virtualisation dimension along the vertical axis and depict the two extreme levels of
virtualisation, (1) infrastructure services level vs. (2) business services level.
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Dimension of
virtualisation

Business
services
level

Infrastructure
services
level

Figure 5.1 Dimension of virtualisation
In section 3.1 we already defined these two different levels of virtualisation in cloud
computing (also cf. West and Guptill, 2008; Armbrust et al., 2009). In Definition 1.14 we
defined cloud-computing infrastructure services and in Definition 1.15 cloud-computing
business services.
Here we remark that from the total spending of cloud computing 43% goes to the
infrastructure services (including infrastructure software) and 57% to business services (cf.
Gens, 2008b).
Below, we determine the characteristics for the dimension of virtualisation, as we will use
them in the analysis on the use of cloud computing in the traditional content industry. Boss
et al. (2007) discusses the dimension of virtualisation and we summarize this discussion
into three characteristics for virtualisation (VC1 to VC3). They are listed in Table 5.1.
These are (VC1) resource utilisation, (VC2) flexibility, and (VC3) responsiveness.
Characteristics

Virtualisation: cloud computing

VC1

Resource
utilisation

A better resource utilisation of the cloud-computing
environment compared to traditional environments results in
(a) lower costs, (b) a better energy efficiency, and (c) less
maintenance work.

VC2

Flexibility

Flexibility for new demands. The demand for an
environment, even for temporary use, such as required for
testing or data migration, can be fulfilled when spare
capacity is available. Provisioning of an environment
becomes independent of the physical infrastructure.

VC3

Responsiveness

The responsiveness is supported by the flexibility in
capacity (computing performance or storage capacity)
according to business needs. A peak in business transactions
or a temporary business need is supported through
appropriate resource scheduling and capacity monitoring.

Table 5.1 Virtualisation: characteristics of cloud computing
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5.2.2 Collocation

External
level

Internal
level

Below, we investigate the dimension of collocation. We represent in Figure 5.2 the
collocation dimension along the horizontal axis and depict the two extreme levels of
collocation, (1) internal level vs. (2) external level.

Dimension of
Collocation

Figure 5.2 Dimension of collocation
Cloud computing can be implemented (1) at an internal level (see Definition 1.16), and (2)
at an external level (see Definition 1.17). An internal cloud-computing environment is a
cloud-computing environment implemented within the boundaries of an organisation. An
external cloud-computing environment is a cloud-computing environment implemented
outside the boundaries of an organisation (also cf. Groebbens, 2009; Graham, 2010).
We compare the use of internal vs. external cloud computing from three perspectives.
These are from a (1) content perspective, (2) service perspective, and (3) business
perspective. Below, we describe the three perspectives.
(1) Content perspective: looks in particular at the network aspects that provide access
to cloud computing in the collocation dimension. In Table 5.2 we perform a
content comparison of internal vs. external cloud computing by the following four
characteristics related to the content perspective (CP1 to CP4), (CP1) network
management, (CP2) bandwidth, (CP3) access, and (CP4) vulnerability.
(2) Service perspective: looks in particular at the security and maintenance aspects of
cloud computing in the collocation dimension. In Table 5.3 we perform a service
comparison of internal vs. external cloud computing by the following four
characteristics related to the service perspective (SP1 to SP4), (SP1) security
policy, (SP2) security operations, (SP3) maintenance, and (SP4) privacy.
(3) Business perspective: looks in particular at the skills, privacy, accessibility, and
dependency aspects of cloud computing in the collocation dimension. In Table 5.4
we perform a business comparison of internal vs. external cloud computing by the
following five characteristics related to the business perspective (BP1 to BP5),
(BP1) skills, (BP2) education, (BP3) privacy, (BP4) accessibility to data, and
(BP5) dependency.
The characteristics of these perspectives are intensively commented upon during the
InnovationJamTM. The postings of the InnovationJamTM (part is published in Appendix D.2)
are analysed to determine the relevance of the characteristics for each of the three
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perspectives (the results of the analyses are published in Appendix D.3 and D.4). Below,
we explain and summarise the results of the analyses in the Table 5.2, Table 5.3, and Table
5.4. We conclude for each perspective below the corresponding table.
Characteristics

Internal cloud computing

External cloud computing

CP1

Network
management

The network bandwidth used
between the cloudcomputing environment and
internal users is managed
internally and can be
optimised.

The use of the external
cloud-computing
environment by internal
users becomes dependent on
network capacity and
availability. The external
network is not managed
internally.

CP2

Bandwidth

The network bandwidth used
between the cloudcomputing environment and
internal users is managed
internally and can be
optimised. High-bandwidth
requirements can be
accomplished by a dedicated
internal network.

Realisation of highbandwidth requirements
might imply excessive costs.

CP3

Access

Access from a user via a
public network requires
external connectivity.

The external cloudcomputing environment can
be easily accessed through
public networks, this enables
user mobility.

CP4

Vulnerability

Information exchanged
between the cloudcomputing environment and
the internal users goes over
the internal network and is
thus less vulnerable to
sniffing.

Information exchanged
between the cloudcomputing environment and
the internal users goes over
the public network and is
thus vulnerable to sniffing.
This can be improved by
using encryption techniques.

Table 5.2 Collocation: comparison from a content perspective
Examination of Table 5.2 reveals that the bandwidth of the network is an important
criterion in the choice between internal and external cloud computing. The bandwidth
criterion is primary expressed during workshops with companies from the traditional
content industry (see also Andries, 2010). The bandwidth criterion is expressed during
InnovationJamTM 2008, almost 12% of all postings discussed this criterion, see Table D.2.
We state that new network infrastructure will change the importance of this criterion over
time (e.g., by GigaPort).

95

Characteristics

Internal cloud computing

External cloud computing

SP1

Security
policy

Security is implemented
according to the internal
policies to avoid
unauthorised access to
information.

Security is implemented by
the service provider of the
cloud-computing
environment according to a
policy that might be
different from an internal
policy.

SP2

Security
operations

Security has to be
implemented, operated, and
maintained.

Implementation of security
measures can be shared
among multiple
organisations. Special
attention is required as also
the security between
environments within the
same cloud-computing
environment is important.

SP3

Maintenance

All maintenance tasks must
be fulfilled internally, such
as system upgrades, backup, restores, capacity
planning, system migration,
etc.

Maintenance is shared and
transparent for those using
the cloud-computing
environment.

SP4

Privacy

Privacy is guaranteed as the
sensitive information itself
remains within the
boundaries of the
organisation.

Privacy of information is an
issue, unless specific
encryption of information is
used.

Table 5.3 Collocation: comparison from a service perspective
Examination of Table 5.3 reveals that security is an important criterion in the choice
between internal and external cloud computing (cf. McDonald, 2010; Krutz, Brunette, and
Vines, 2010). The security criterion is primary expressed during InnovationJamTM 2008,
25% of all postings discussed this criterion, see Table D.3 (also primary criterion in
Henneberger and Luhn (2009)).
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Characteristics

Internal cloud computing

External cloud computing

BP1

Skills

All required skills to operate
and maintain the cloudcomputing environment are
required internally.

Skills that operate and
support a cloud-computing
environment are shared
among multiple
organisations.

BP2

Education

The rapid evolution of the
technology requires a
continuous education.
Maintaining specialist skills
might become difficult in
case of lack of critical mass
of work.

It is easier in a shared
environment to obtain a
critical mass of work for a
specialist, leading to the
possibility of better
education and utilisation.

BP3

Privacy

Privacy is guaranteed as the
sensitive information itself
remains within the
boundaries of the
organisation.

Privacy of information is an
issue, unless specific
encryption of information is
used.

BP4

Accessibility
to data

Business critical data is
available internally. This is
an important guarantee and
avoids threatening situations
that could occur when data
becomes inaccessible due to
problems of any kind with
partners.

Data is stored externally and
may lead to threatening
situations in case of
accessibility problems for
whatever reason. An internal
back-up of the critical
information might solve this
risk partially, as it will take
time to rebuild the
application environment as
well.

BP5

Dependency

An internal cloud-computing
environment has less
dependency to partners
compared to an external
cloud-computing
environment, this on the
infrastructure level as well
as on the network level.

Using an external partner for
a cloud-computing
environment implies the
creation of partnership.
Selection of the supplier and
thrust in the organisation are
important business
decisions.

Table 5.4 Collocation: comparison from a business perspective
Three criteria are recurring point of discussion through the entire posting on cloud
computing during InnovationJamTM 2008, these are privacy (9.2%), accessibility to date
(10.0%), and dependency (9.2%), see results of the analyses in Table D.4.
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Examination of Table 5.4 reveals that privacy is a key criterion in the choice between
internal and external cloud computing (cf. Mather, Kumaraswamy, and Latif 2009;
McDonald, 2010).
For external cloud-computing environment are privacy, data accessibility, and dependency
three important criteria.

5.2.3 Definition of four operational scenarios of cloud computing
We have defined the dimension of virtualisation in subsection 5.2.1 and the dimension of
collocation in subsection 5.2.2. The dimension of virtualisation and the dimension of
collocation are used as axes in a two dimensional graph. We show the idea in Figure 5.1.
Business
services
level

Dimension of
Virtualisation

Infrastructure
services
level
Internal
level

Dimension of
Collocation

External
level

Figure 5.3 Dimension of collocation and dimension of virtualisation
We depict the extreme levels for each dimension, resulting in four quadrants. When we
examine the industry along these two dimensions, we are able to define four operational
scenarios in cloud computing according to the four quadrants (as plotted in Figure 5.3). We
define the four quadrants below.
Definition 5.3 Enterprise cloud (lower left quadrant)
Enterprise cloud is providing infrastructure services within the boundaries of the enterprise
or organisation.
(a) Enterprise cloud aims to reduce capital expenditures (CAPEX) and operational
expenditures (OPEX). These are the main drivers for infrastructure consolidation and
virtualisation. (b) The need for flexibility to support business responsiveness is a trigger for
enterprises to implement enterprise cloud within their own facilities. It is a logical next step
for enterprises and large organisations with a considerable infrastructure to adopt enterprise
cloud. The implementation has no drastic impact on working procedures, existing
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applications, security implementation, capacity planning, and capacity management
(Hinchcliffe, 2008). Enterprise cloud is sometimes called private cloud.
Definition 5.4 Public cloud (lower right quadrant)
Public cloud is providing infrastructure services and makes them accessible through the
public internet.
(a) Public cloud provides capacity on demand through a totally virtualised infrastructure.
(b) On demand capacity for computing, storage, and network infrastructure provides a low
barrier because hard- and software does not have to be acquired. Small environments can be
used with enterprise class quality and service. Beside the capacity many vendors offer a
wide choice of middleware that can be made available in the cloud-computing environment.
Examples are databases, web servers, application servers, video encoding, and video
streaming. Cost models of public cloud usage are based on a combination of fixed and
variable costs. Low entry use is possible as some providers start with no fixed cost charge.
Small and mid-sized operations can lower the costs and gain the flexibility when using the
public cloud capacity instead of a dedicated infrastructure.
Definition 5.5 Enterprise cloud services (upper left quadrant)
Enterprise cloud services are applications implemented within the environment of the
enterprise or organisation and provided as business services.
The (a) business applications, (b) business software, and (c) business services are provided
as a service through a network. Providing technology to the end user using the enterprise
cloud service approach improves flexibility, manageability, and responsiveness. Large
enterprises and organisations deploy already automation tools to provision applications to
users; an enterprise cloud service goes a step further. The application needs no provisioning,
access rights need to be managed to enable access by the user. Regular business services,
such as e-mail or calendar, are the first enterprise cloud services that are adopted. Business
applications or business software is slowly evolving, as in many cases this requires changes
in the architecture of the existing software.
Definition 5.6 Public cloud services (upper right quadrant)
Public cloud services provide access to business services through the internet.
The (a) business applications, (b) business software, and (c) business services are provided
as a shared service through the public internet. Public cloud services give small-sized and
medium-sized organisations the opportunity to use enterprise class services at an affordable
budget. The software industry has also a major interest as they address the market of smallsized organisations with a central managed environment. In addition, the cost model is
flexible, as mentioned in Definition 5.4 on public cloud.
This completes our definition of the four quadrants. Each quadrant corresponds to an
operational scenarios of using cloud computing. We depict the result in Figure 5.4,
including a summary of the characteristics.
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level

Dimension of
Virtualisation

Infrastructure
services
level

(3) Enterprise Cloud Services

(4) Public Cloud Services

(a) Business applications, (b)
business software, and (c)
business services as a service
through a network to the end
user within the organisation

(a) Shared business
applications, (b) business
software, and (c) business
services as a service through
the public internet to the end
user

(1) Enterprise Cloud

(2) Public Cloud

(a) Reducing capital and
operational expenditure within
the boundaries of the
enterprise. (b) Improvement of
flexibility and responsiveness

(a) An on-demand model
through the internet to provide
(b) shared computing, storage,
network capacity, and
middleware

Internal
level

Dimension of
Collocation

External
level

Figure 5.4 Four operational scenarios of cloud computing
These four operational scenarios will be used during the analysis of the benefits of using
cloud computing in the traditional production models.

5.2.4 Section summary and outlook
We come to a twofold summary; in each part we provide an outlook to the future.
First, from our analysis we may summarise that the division into four operational scenarios
in its purest form is quite appropriate for comparative purposes. The reality is that the
marketplace will be full of combinations. Some organisations will have a tendency for one
of these operational scenarios; others will operate in a more mixed scenario whereby they
blend the internal vs. external level and the infrastructure services vs. business services
level. For example, organisations may choose an enterprise cloud for critical or sensitive
applications and public cloud services for commodity services. We expect that the four
operational scenarios of cloud computing to coexist for the next years.
Second, from our analysis we may summarise that the choice for cloud computing is based
on criteria as privacy, data accessibility, and dependency of the business. Critical data and
applications that are part of the core operations of an organisation and that are handed over
to a third party might become a risk. Within existing organisations it requires a real mindshift to start collaboration with external partners and to change the internal organisation to
support this way of working. We expect that the mind-shift will change slowly over the
next years.
This leads us to a view on each of these four operational scenarios of cloud computing for
the IT industry that is given in section 5.3. Thereafter, we use the four operational scenarios
of cloud computing to determine the benefits of using cloud computing in the content
industry in section 5.4.
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Four operational scenarios applied to the IT industry

For a better insight into each of the four operational scenarios we discuss the application in
the IT industry separately in the next four subsections 5.3.1 till 5.3.4. We will use these
insights as a starting point for the investigation on how the four operational scenarios can
be applied in the production models of the content industry. For each operational scenario
we (1) provide a description, (2) give the evolution towards the operational scenario, and
(3) give some typical implementations of the operational scenario.
In subsection 5.3.5 we conclude to what extent cloud computing is related to the five
driving forces of the IT industry.

5.3.1

Enterprise cloud

The first cloud-computing scenario we discuss is the enterprise cloud. Below, we describe
the three topics mentioned above.
Description of enterprise cloud
An enterprise cloud provides infrastructure services implemented within the boundaries of
the organisation. The enterprise cloud hosts a variety of different workloads, including
batch-style back-end jobs and interactive, user-facing applications. It allows workloads to
be deployed and scaled-out quickly through the rapid provisioning of virtual machines or
physical machines (Boss et al., 2007).
A cloud-computing environment provides a mechanism to manage those resources.
Management includes provisioning, change requests, re-imaging, workload rebalancing, deprovisioning, and monitoring.
Although a cloud-computing environment provides flexibility, it is still limited to the scale
implemented. Capacity planning, implementation of changes, migrations, and other
resource activities remain important, to ensure security, accessibility, and dependency
(Zhen, 2008).
Evolution towards enterprise cloud
The shift from an existing diversified computing environment to an enterprise cloud is
triggered when seeking for resource optimisation and cost reduction. The large institutions
and enterprises started already to adopt enterprise cloud, as the implementation can be done
smoothly. Images of existing environments can be made and transferred to an enterprise
cloud. The result will be transparent for all users and thus create no change in the
organisation of the work or the support.
The information managed by an enterprise cloud remains within the organisation. The
major concerns related to public cloud such as privacy and accessibility to data are
applicable for every organisation, however in case of an enterprise cloud not specifically
related as such to the implementation of an enterprise cloud. Avoiding the major concerns
is a major reason to implement an enterprise cloud.
Typical implementations of enterprise cloud
An example of an enterprise cloud is at Bechtel Corporation. Several years ago, the IT staff
needed at least 60 days to respond to requests for new or changed application workloads.
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Today, the IT staff can implement most changes overnight, a vast improvement that
illustrates how IT agility can support business agility. By adopting the best practices of
cloud service providers for its internal IT infrastructure, Bechtel transformed its systems
and processes (Horowitz, 2009).

5.3.2

Public cloud

The second cloud-computing scenario we discuss is the public cloud. Below, we describe
the three topics mentioned above.
Description of public cloud
A public cloud provides infrastructure services through the internet. Within the quadrant of
public cloud we find a large variety in implementations. The simplest form starts from
providing raw computing, storage, and network capacity. It is a web service that provides
resizable compute capacity in the cloud-computing environment and is designed to make
web-scale computing easier. An enhanced form is a pre-configured environment that
includes operating systems (Linux, Windows, etc.) and middleware (databases, application
servers, content management servers, etc.).
Evolution towards public cloud
The shift from an existing diversified computing environment to a public cloud is also
driven by the need of resource optimisation and cost reduction. Compared to an enterprise
cloud implementation it goes a step further with the externalisation of some of the internal
operations. The major difference due to externalisation is the concern of privacy,
accessibility to data, and dependency on a third party.
Start-up companies and small companies have a flexible way to build and run business
applications with a public cloud. They can focus on the business functionality and are
relieved from the implementation and operation of the underlying technologies (computing
and storage infrastructure, networking, backups, monitoring, etc.). The cost is linear and
allows implementations of small environments that in a later stage can follow the business
growth.
A special implementation within a public cloud is a virtual enterprise cloud. A virtual
enterprise cloud is a secure and seamless bridge between an existing infrastructure and a
public cloud. It enables organisations to connect their existing infrastructure to a set of
isolated resources in the public cloud via a virtual private network connection.
It is important to pay attention to the points of security, privacy, and accessibility of data in
a public cloud as listed in Table 5.2, since these three points are essential for an adequate
functioning of the technology in our society.
Typical implementations of public cloud
Public cloud implementations are Amazon Elastic Compute Cloud (Amazon EC2) and IBM
Blue Cloud (Hilley, 2009). Amazon Web Services (AWS) has provided to companies of all
sizes since early 2006 an infrastructure web-services platform that is nowadays a cloud
computing implementation. In 2007 IBM unveiled the plans for ‘Blue Cloud’, a series of
cloud computing proposals that will allow corporate data centres to operate more like the
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internet by enabling computing across a distributed, globally accessible fabric of resources,
rather than on local machines or remote server-farms (Sims, 2007).
We provide two examples. The first example of using a public cloud is the implementation
at Eli Lilly, where cloud computing is used to provide high-performance computing as
needed to hundreds of their scientists (Fooley, 2009). The second example is at Indigo
BioSystems, where cloud computing is used to provide clients with a highly secure,
scalable, and compliant environment for data exchange (Sims, 2009).

5.3.3

Enterprise cloud services

The third cloud-computing scenario we discuss is the enterprise cloud services. Below, we
describe the three topics mentioned above.
Description of enterprise cloud services
Enterprise cloud services provide business services implemented within the boundaries of
the organisation. The use of business services within an organisation goes along with the
deployment of applications and tools that support deployment as a business service. The
growing number of applications from software vendors that have a built-in web-enabled
interface allows organisations to provide these applications as a business service to their
users.
Evolution towards enterprise cloud services
The shift to business services is typically realised upon renewal or upon upgrade of an
business application. Using business services in an organisation provides flexibility and
cost reduction in deployment, as no specific client software needs to be deployed and
maintained. The extensive use of common standards, such as HTTP, XLM, Java Applets,
and Java Beans by software developers, the availability of network connectivity, and the
increase in network bandwidth accelerate the adoption of cloud services within an
organisation.
Typical implementations of enterprise cloud services
Enterprise cloud services are used by a variety of organisations, mainly for commodity
business services. Examples are internet-based e-mail, directories, accounting, logistics, etc.

5.3.4

Public cloud services

The fourth cloud-computing scenario we discuss is the public cloud services. Below, we
describe the three topics mentioned above.
Description of public cloud services
Public cloud services provide business services through the internet. Public cloud services
provide a different way to run an organisation. Instead of running the business services
within the organisation, they run shared in the public cloud. When using any application
that runs in the cloud-computing environment as a business service it is a matter of loggingin, customise it, and start working.
Nowadays, all kinds of applications are available as a public cloud service. Examples are
mail, accounting, human resource management applications.
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Evolution towards public cloud services
Start-up, independent professionals and small companies are the first among the adopters of
public cloud services. It allows a smooth start of the operation without losing focus on the
core of their business. Also larger organisations use public cloud services, especially for
non critical business functions. Phasing out older applications, or implementation of new
business functions are main triggers to make an evaluation between the traditional internal
approach and this new approach.
Public cloud services are widely adopted by consumers. Youngsters and students have the
attitude to select the business services they need (mail, calendar, photo management, etc.), a
trend that will have impact on the future decision makers.
Typical implementations of public cloud services
We provide three examples.
The first example is the use of public cloud services in the human resource administration.
The continuous changes in legislation had a continuous impact on the payroll applications,
triggering continuous changes in the software. Intensive maintenance became a nightmare,
the outsourcing of these activities to HR service providers were a relief. The use of such an
HR service provider has become an obvious option.
The second example is in CRM applications that are used within a commercial business to
support the relationship between the customer and the internal organisation.
SalesForce.com implemented a CRM application that is provided as a public cloud service
(see Hilley, 2009).
The third example is GMail, the Google approach to email; a business service is used by
consumer and business. The GMail service is used by millions of users and criticised for
the concern of privacy, technical limitations, and outages (cf. Buley, 2009).

5.3.5

Cloud computing and the five driving forces of the IT industry

In the course of our examination we investigated the evolution towards each of the four
operational scenarios. The cause of the evolution, towards cloud computing, lies in the five
driving forces of the IT industry. Here, we may come to a conclusion for today’s evolution
and provide an outlook on the future evolution.
Today’s evolution
The evolution towards enterprise cloud is a first step towards cloud computing. The first
step (towards enterprise cloud) does not impact the business model used.
By closer inspection, we may distinguish two trends on today’s evolution. The first trend is
the evolution along the dimension of virtualisation, viz. from the infrastructure level
towards the business services level. The second trend is the evolution along the dimension
of collocation, viz. from the internal level towards the external level.
For the first trend, the four operational scenarios defined can be positioned between (1) the
supporting physical infrastructure services level and (2) the supported business services
level. We have depicted the evolution in Figure 5.5, by two grey arrows, from the
infrastructure services level towards the business services level.
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Business services level

Enterprise Cloud Services

Public Cloud Services

Enterprise Cloud

Public Cloud

Infrastructure services level

Figure 5.5 Evolution along the dimension of virtualisation
For the second trend, the four operational scenarios defined can be positioned between (1)
the internal level and (2) the external level. We have depicted the evolution in Figure 5.6,
by two grey arrows, from the internal level towards the external level.

Public Cloud Services

Enterprise Cloud

Public Cloud

Internal level

External level

Enterprise Cloud Services

Figure 5.6 Evolution along the dimension of collocation
Outlook on the evolution
We expect that combining both trends will lead to the future adoption of public cloud
services. An organisation might evolve from an enterprise cloud towards public cloud
services in two ways, either (1) via enterprise cloud services or (2) via public cloud. Below,
we explain both ways.
(1) Via enterprise cloud services: the adoption starts with the first trend and is
followed by the second trend, thus from enterprise cloud via enterprise cloud
services towards public cloud services.
(2) Via public cloud: the adoption starts with the second trend and is followed by the
first trend, thus from enterprise cloud via public cloud towards public cloud
services.
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From the analysis above, we may conclude that the evolution towards business services and
in particular the evolution towards public cloud services drives the growth of public cloud
services.

5.4

Four operational scenarios applied to the content industry

For a proper understanding we recall the line of our reasoning. In section 5.2 we defined
four operational scenarios of using cloud computing. In section 5.3 we analysed how they
are used in the IT industry. In this section we investigate how the four operational scenarios
can be applied in the production models of the content industry. We aim to determine
which of the obstacles can be overcome by cloud computing. To do so, we will elaborate
the characteristics listed in chapter 4, in particular as listed in Table 4.5, when adopting
cloud computing. We determine which characteristics improve by applying cloud
computing, and call these the benefits that bring cloud computing in the production models.
We compare these benefits with the answer to RQ 1, viz. the list of obstacles in the
production models from the adoption of the second wave of IT.
Below, in the subsections 5.4.1 to 5.4.4, for each operational scenario we (1) provide a brief
description, (2) determine the benefits for the production models in the content industry,
and (3) give some typical early implementations (cf. Henneberger and Luhn, 2010). To
determine these benefits we analyse which of the nineteen characteristics of the production
models improve for each operational scenario. We called these improvements the benefits
that bring cloud computing in the production models. In subsection 5.4.5 we summarise the
outcome of our findings.
Notice that the use of information technology can be distinguished within the content
industry into two different areas. The areas are (1) the business management area and (2)
the content management area. Below, we define both areas.
Definition 5.7 Business management area
The business management area is the area where the use of IT is related to the operations
that supports the content lifecycle and that does not work with the content itself.
Definition 5.8 Content management area
The content management area is the area where the use of IT is related to the operations
that handle the content within the content lifecycle (see Figure 1.4); this area covers the
production model.
In chapter 4 we focused on the content management area since the contention deals with
that area. Here we remark that the use of infrastructure services and business services has a
different impact on both areas. For our research we focus again on the content management
area, in particular for the production models within this area.

5.4.1

Enterprise cloud

The first cloud-computing scenario is enterprise cloud. We investigate how enterprise cloud
can be applied in the production models of the content industry. Below, we describe the
three topics mentioned above.
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Description of enterprise cloud in the content industry
The content industry consists mainly of small-sized to medium-sized companies compared
to other industries. Although it is a capital-intensive industry with intensive manual labour
in the production process, companies have ‘only’ up to thousands of employees. Examples
with more than tens of thousands are rare in the content industry. On the one hand this
creates the challenge to reach critical mass and to maintain efficiency for an own
environment. Consolidation of applications and tools into an enterprise cloud is a first step
in the optimisation of resource usage. Additionally, flexibility in deployment in a cloudcomputing environment supports the demand for business responsiveness, e.g., in case of
large media events where specific applications are heavily solicited during a known
timeframe. On the other hand the file-based production models heavily solicit infrastructure,
especially for streaming video content. Consolidation of the content tools into an enterprise
cloud improves infrastructure utilisation and provides a better response to business
responsiveness. License cost of those content tools remains an important cost; moreover,
usage flexibility remains limited to the number of licenses available for deployment within
the enterprise cloud.
Benefits of enterprise cloud in the content industry
Below, we analyse which characteristics out of the nineteen characteristics of the
production models (as listed in Table 4.5) will improve by the use of enterprise cloud. For
this purpose we use the results of our previous analyses (section 5.2 and section 5.3). From
the nineteen characteristics of the production models we identified five characteristics that
will improve by the use of enterprise cloud. We list them below and describe the
improvement by the use of enterprise cloud.
(1) Flexibility supports creativity: in a traditional content production model is the
deployment of new applications and tools a slow process. The process starts from
the acquisition of new infrastructure and software licenses until the completion of
the installation. The automatic provisioning within an enterprise-cloud
environment allows fast and flexible deployment of new applications and tools
without acquisition of new infrastructure and software licenses. For example, new
tools can be tried out temporarily, or specific tools required for the creation of a
new product can be deployed for a given timeframe, etc. The improvement in
flexibility of deployment of applications and tools supports the creativity. We call
this improvement the first benefit of using an enterprise cloud in the content
industry.
(2) Parallel processing: in a traditional content production model is the available
processing capacity limited to the installed environment dedicated to each
application. The enterprise cloud environment can deploy additional parallel
capacity when required, as long as infrastructure and software licenses are
available. For example, the capacity of rendering or transcoding can scale
according to the demand. The improvement is the ability to scale the parallel
processing capacity and meanwhile increase the resource utilisation. We call this
improvement the second benefit of using an enterprise cloud in the content
industry.
(3) Cost - CAPEX: the deployment of tools or new applications in a traditional content
production model implies capital expenditures for the individual infrastructure that
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is required for every new tools or new application. In an enterprise cloud
environment are the capital expenditures still required, although the sharing of
infrastructure results in lower infrastructure costs compared to individual
platforms (as mentioned in section 5.2). The reduced capital expenditure is an
improvement. We call this improvement the third benefit of using an enterprise
cloud in the content industry.
(4) Cost - OPEX: the lower operational expenses as mentioned in Definition 5.3 are
applicable in the content industry. We mentioned under previous characteristic (1)
the automatic provisioning and under previous characteristic (2) the improved
resource utilisation, both are examples of lowered operational expenses. The lower
operational expenses are an improvement. We call this improvement the fourth
benefit of using an enterprise cloud in the content industry.
(5) Component choice flexibility: the flexibility of component choice is in a traditional
content production model limited to the installed environment, thus to the installed
applications and tools on their dedicated platforms. In an enterprise-cloud
environment, balancing of infrastructure between different software components
becomes possible, and new tools and software can be deployed rapidly as
mentioned under previous characteristic (1). The improvement is the flexibility in
component choice. We call this improvement the fifth benefit of using an
enterprise cloud in the content industry.
These are the five benefits of enterprise cloud in the content industry.
Typical implementations of enterprise cloud in the content industry
A typical example of an enterprise cloud implementation in the content industry is Kantana
Animation Studios Co., Ltd, which is one of the leading entertainment companies in
Thailand. The animation processes are putting increasingly heavy demands on its data
storage infrastructure. The ambition to achieve greatly reduced operational costs and to
have better business flexibility and productivity are stimulators in a competitive and
growing industry. Through the implementation of an on-site cloud-computing-based
storage solution, animators are now able to gain access to team projects faster and easier
than before (for further details, see Fortin, 2009).

5.4.2

Public cloud

The second cloud-computing scenario is public cloud. We investigate how public cloud can
be applied in the production models of the content industry. Below, we describe the three
topics mentioned above.
Description of public cloud in the content industry
The use of public cloud in the content industry is currently limited, especially for the
production models. The main reasons are the requirements of storage and bandwidth, both
requirements lead to high expenses when using the current proposals of public cloud. The
use of public cloud for applications and tools related to the business management area are
comparable to other industries and are described in subsection 5.3.2.
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Benefits of public cloud in the content industry
Compared to enterprise cloud, we identified no additional characteristics that will improve
by the use of public cloud. This brings use to the same five benefits as identified for the
use of enterprise cloud in subsection 5.4.1.
A difference compared to a lowered CAPEX costs for enterprise cloud is that there are no
CAPEX costs at all, as typical for the use of a public cloud.
Typical implementations of public cloud in the content industry
Two examples are given below.
The first example of public cloud usage is LiVE Ltd. This is a production company in Japan
that specialises in producing software that manipulates computer-generated imagery (CGI)
for films, interactive systems, and scientific uses. They needed to process extremely large
files at high volume in order to produce a 43-minute, CG-based film called Hayabusa (Back
to the Earth, chronicling the journey of Japan's 2003 Hayabusa satellite launch). The
company did not have the resources to expand their existing server infrastructure within the
project timeframe (for further details, see Shimoyamada, 2009). LiVE Ltd. turned to IBM
Japan's cloud-computing centre to achieve the necessary server infrastructure and
processing capabilities.
The second example of public cloud usage is AF83. This company helped Vodafone to
deliver a live concert of Madonna via the web and mobile devices. An own platform was in
production at AF83 for a limited number of simultaneous users. A larger platform was
required for the duration of the concert and AF83 quickly tested the possibility of using the
Amazon cloud. AF83 integrated the own staging environment into the public cloud to meet
this challenge. Without the use of a public cloud the deployment would have been
unaffordable (for further details, see Pekelman, 2009).

5.4.3

Enterprise cloud services

The third cloud-computing scenario is enterprise cloud services. We investigate how
enterprise cloud services can be applied in the production models of the content industry.
Below, we describe the three topics mentioned above.
Description of enterprise cloud services in the content industry
Deployment of applications and tools by the content industry, related to the business
management area and to the content management area, goes along with the support given
by the software vendors. We refer to subsection 5.3.3.
It is common for the content industry to work at remote locations and to use free-lancers for
specific tasks. Supporting these collaborators in a flexible manner can be achieved with
applications and tools deployed as enterprise cloud services. Examples are production
planning tools, reporting, etc. Access can be managed centrally and the use requires no
specific installation at the client side.
Benefits of enterprise cloud services in the content industry
We analyse which characteristics out of the nineteen characteristics of the production
models (as listed in Table 4.5) improve by the use of enterprise cloud services. We use the
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results of our previous analyses (section 5.2 and section 5.3). From the nineteen
characteristics of the production models we identified nine characteristics that will improve
by the use of enterprise cloud services. Below, we list these nine characteristics and
describe the improvement by the use of enterprise cloud services.
(1) Number of standards used: the traditional content production model uses a single
content format, as an internal standard, within the production model and uses tools
that support the single content format. Conversion tools are used when content is
received in a different content format from the one used within the production
model. The deployment of enterprise cloud services, in particular for conversion
tools (transcoders), helps to resolve the incompatibility between tools when using
different content formats. So, deployment of tools as enterprise cloud services is
an improvement of the flexibility in the use of content formats. We call this
improvement the first benefit of using enterprise cloud services in the content
industry.
(2) Flexibility supports creativity: the available processing capacity in the traditional
content production model is limited to the installed environment. The deployment
of applications and tools as enterprise cloud services provides the ability to
provision additional applications and tools when required. The improvement is the
ability to deploy flexibly new applications and tools, and meanwhile increase the
resource utilisation. We call this improvement the second benefit of using
enterprise cloud services in the content industry.
(3) Compatibility between different vendors: we mentioned under previous
characteristic (1) how different content formats create incompatibilities between
components by different vendors. The use of conversion tools as enterprise cloud
services can solve partially these incompatibilities. The growing use and support
of open standards by vendors improve the compatibility, and thus the need for
conversion will reduce. The ability to solve the current incompatibilities is an
improvement. We call this improvement the third benefit of using enterprise cloud
services in the content industry.
(4) Parallel processing: the available processing capacity in the traditional content
production model is limited to the installed environment. The deployment of tools
as enterprise cloud services provides the ability to provision additional parallel
capacity when required, as long as infrastructure and software licenses are
available. For example, the capacity of rendering or transcoding can scale
according to the demand. The improvement is the ability to scale the parallel
processing capacity dynamically and meanwhile increase the resource utilisation.
We call this improvement the fourth benefit of using enterprise cloud services in
the content industry.
(5) Expensive tools: the traditional content production model uses expensive
applications and tools. The deployment of these tools as enterprise cloud services
allow sharing among different users and different departments. The use of
expensive tools can be measured to determine the real business benefit. The
improvement is the ability to share expensive tools. We call this improvement the
fifth benefit of using enterprise cloud services in the content industry.
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(6) Cost - CAPEX: the deployment of tools or new applications in the traditional
content production model requires capital expenditures for dedicated infrastructure
that is required for every new tools or new application. In an enterprise cloud
services environment are the capital expenditures still required, although the
sharing of infrastructure results in lower infrastructure costs and lower licenses
costs compared to individual platforms (as mentioned in section 5.2). The reduced
capital expenditure is an improvement. We call this improvement the sixth benefit
of using enterprise cloud services in the content industry.
(7) Cost - OPEX: the lower operational expenses as mentioned in Definition 5.5 are
applicable in the content industry. We mentioned under previous characteristic (1)
the automatic provisioning and under previous characteristic (2) the improved
resource utilisation. The lower operational expenses are an improvement. We call
this improvement the seventh benefit of using enterprise cloud services in the
content industry.
(8) Workflow flexibility: applications and tools are typically point-to-point integrated
in the traditional content production model. A change in the workflow within the
production models becomes intrusive. A change in the production model becomes
less intrusive when using business service integration. Business services available
as enterprise cloud services can be matched and combined in a flexible manner in
a production model. The improvement is the flexible ability to integrate enterprise
cloud services. We call this improvement the eighth benefit of using enterprise
cloud services in the content industry.
(9) Component choice flexibility: the flexibility of component choice in the traditional
content production model is limited to the installed environment. In an
environment which integrates enterprise cloud services is it possible to balance
between business services. Tools can be exchanged transparently as long as the
business service remains the same. The improvement is the flexibility of choice of
enterprise cloud services. We call this improvement the ninth benefit of using
enterprise cloud services in the content industry.

These are the nine benefits of enterprise cloud services in the content industry.
Typical implementations of enterprise cloud services in the content industry
Two examples of content related tools that can be optimised into an enterprise cloud service
are encoding tools and EDL conformation tools. Different tools are required for the
different pieces of content; however, as content workload varies over time, the balancing of
the available resources leads to an improvement of the performance.

5.4.4

Public cloud services

The fourth cloud-computing scenario is public cloud services. We investigate how public
cloud services can be applied in the production models of the content industry. Below, we
describe the three topics mentioned above.
Description of public cloud services in the content industry
Start-up companies and the traditional content industry use public cloud services as a means
to distribute content directly to the consumer, replacing the traditional distribution channels.
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For example CNN used the YouTube service for distribution of the presidential debates
(Seelye, 2007).
Public cloud services are used in different production steps of the production model. These
new public cloud services are business services in the third wave of IT. As this is an
important evolution we mention for each of the six critical production steps as identified in
subsection 4.2.2 the public cloud service that are becoming available.
(1) Ingest: ingest of content into a public cloud service is the first step when moving
the content into the cloud-computing environment (e.g., Vmix services). The
techniques as described in Appendix B.1 are used; in particular web interfaces for
manual upload of content and FTP services for bulk ingest.
(2) Cataloguing: cataloguing is a mandatory step going along with ingest of content,
this is also the case when ingesting in the cloud-computing environment. The
metadata structure is provided by public cloud services, resulting in limited
flexibility of adding an own metadata structure. The use of web interfaces and FTP
uploads of XML data are also a common practice (e.g., Vmix services).
(3) Search, browse, and retrieve: the tools provided as public cloud services allow
retrieval of stored content (e.g., Vmix services).
(4) Non-linear editing: editing tools become available as public cloud services (e.g.,
Adobe services, Market7 services). The available business services provide editing
of single images or low-resolution video. The high-resolution and rich-feature
tools are not available for bandwidth and performance reasons.
(5) Transcoding: format conversion tools provided as a public cloud service provides
endless flexibility (e.g., mPoint services). Conversion from and to niche formats
can be accomplished at reasonable cost.
(6) Storage: storage of content is part of the above mentioned (1), (2), and (3) public
cloud services (e.g., Alfresco services).
Benefits of public cloud services in the content industry
The use of public cloud services gives extreme flexibility compared to enterprise cloud
services and public cloud together. We analyse which characteristics out of the nineteen
characteristics of the production models (as listed in Table 4.5) will improve by the use of
public cloud services. We use the results of our previous analyses (section 5.2 and section
5.3). From the nineteen characteristics of the production models we identified nine
characteristics that will improve by the use of public cloud services. Below, we list these
nine characteristics and describe the improvement by the use of public cloud services.
(1) Number of standards used: the traditional content production model uses a single
content format, as an internal standard, within the production model and uses tools
that support the single content format. Conversion tools are used when content is
received in a different format than the one within the used the production model.
The deployment of public cloud services, in particular for conversion tools
(transcoders), helps to resolve the incompatibility between tools when using
different content formats. So, deployment of tools as public cloud services is an
improvement of the flexibility in the use of content formats. The use of public
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cloud services is compared to enterprise cloud services, not limited to the internal
available infrastructure and licenses. We call this improvement the first benefit of
using public cloud services in the content industry.
(2) Flexibility supports creativity: the available processing capacity in the traditional
content production model is limited to the installed environment. The deployment
of tools as public cloud services provides the ability to use additional applications
and tools when required. The use of public cloud services is compared to
enterprise cloud services, not limited to the internal available infrastructure and
licenses. The improvement is the ability to use flexibly new applications and tools.
We call this improvement the second benefit of using public cloud services in the
content industry.
(3) Compatibility between different vendors: we mentioned under previous
characteristic (1) how different content formats create incompatibilities between
components by different vendors. The use of conversion tools as public cloud
services can solve partially the incompatibilities. The growing use and support of
open standards by vendors will improve the compatibility, and thus the need for
conversion will reduce. The ability to solve partially the incompatibilities is an
improvement. We call this improvement the third benefit of using public cloud
services in the content industry.
(4) Parallel processing: the available processing capacity in a traditional content
production model is limited to the installed environment. The use of tools as
public cloud services provides additional parallel capacity when required. For
example the capacity of rendering or transcoding can scale according to the
demand. The use of public cloud services is compared to enterprise cloud services,
not limited to the internal available infrastructure and licenses. The improvement
is the ability to scale the parallel processing capacity. We call this improvement
the fourth benefit of using an enterprise cloud services in the content industry.
(5) Expensive tools: expensive applications and tools are used in the traditional
content production model. The use of tools as public cloud services is paid on a
usage basis. The limited usage of specific public business services brings financial
benefits compared to enterprise cloud services. The improvement is the ability to
avoid procurement of expensive tools. We call this improvement the fifth benefit
of using enterprise cloud services in the content industry.
(6) Cost - CAPEX: the deployment of tools or new applications in the traditional
content production model requires capital expenditures for a dedicated
infrastructure that is required for every new tool or new application. No
expenditures are required for those applications and tools that are used as public
cloud services. The improvement is that the investment in these applications and
tools becomes obsolete. We call this improvement the sixth benefit of using public
cloud services in the content industry.
(7) Cost - OPEX: public cloud services are paid usage based. The use of these services
results in operational expenditures. The operational costs of internal operational
support of those applications and tools, where no critical mass is available within
the own organisation, will be reduced with the use of public cloud services. The
improvement is that operational expenses can be allocated to the content
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production itself, thus increasing the transparency of the content production related
costs. We call this improvement the seventh benefit of using public cloud services
in the content industry.
(8) Workflow flexibility: applications and tools are typically point-to-point integrated
in the traditional content production model. A change in the workflow within the
production models becomes intrusive. A change in the production model becomes
less intrusive when using business service integration. Business services available
as public cloud services can be matched and combined in a flexible manner in a
production model. The use of public cloud services is compared to enterprise
cloud services, not limited to the internal available infrastructure and licenses. The
improvement is the flexibility of integrating public cloud services. We call this
improvement the eighth benefit of using enterprise cloud public in the content
industry.
(9) Component choice flexibility: the flexibility of component choice in the traditional
content production model is limited to the installed environment. In an
environment which integrates public cloud services, it is possible to balance
between business services. Tools can be exchanged transparently as long as the
business service remains the same. The use of public cloud services is compared to
enterprise cloud services, not limited to the internal available infrastructure and
licenses. The improvement is the flexibility of choice of public cloud services. We
call this improvement the ninth benefit of using public cloud services in the
content industry.
These are the nine benefits of public cloud services in the content industry.
The flexibility of public cloud services supports the need of temporary use of applications
and tools: for example, for events (e.g., sports events, concerts, elections) and the
occasional production of content (e.g., rendering for small animation studios, production
tools for content facilities).
Typical implementations of public cloud services in the content industry
The first implementations are for the use of public cloud services in the production model.
Below, we give five examples.
The first example is the company mPoint that provides its product TranSend as truly public
cloud service. The video syndication utility for professional content was developed to
resolve key customer pain points, such as flexibility and costs. The business services
include quality transcoding, processing, packaging, scheduling, delivery, and metadata
management (for further details, see Heise, 2009). An example of the web user interface is
depicted in Figure 5.7.
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Figure 5.7 Example mPoint web user interface
(source: www.mpoint.net)
The second example is DreamWorks Animation SKG that is working with a New Mexico
company to develop infrastructure to deliver computer-generated film rendering as a cloud
service. DreamWorks has signed an agreement with Cerelink Digital Media Group to
develop a rendering cloud-computing environment that could eventually provide dedicated
capacity to supplement DreamWorks’ own render server-farm (for further details, see
Miller, 2009).
The third example is VMIX that provides a cloud-computing-based video & digital media
solution. It is an end-to-end platform and supports transcoding, management, distribution,
and monetisation of digital media online. Through a combination of scalable web services,
customisable widgets, and dedicated business support, VMIX clients can quickly integrate
branded players, community uploads, targeted advertising, and syndicated distribution to all
their web properties serving desktop and mobile audiences (source: www.vmix.com).
The fourth example is public cloud services used at academic institutions. The
Massachusetts Institute of Technology (MIT) uses YouTube services for distribution of
courses in video format. The service improves the communication to new-generation
students and helps MIT to meet its own mission to advance knowledge and educate
students in science, technology, and other areas of scholarship. MIT created an own content
portal using YouTube, an example is depicted in Figure 5.8.
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Figure 5.8 Example of using public cloud services for content distribution by MIT
(source: MIT content portal on www.youtube.com)
The fifth example is the content group Warner Music Group Corporation. Warner reached
an agreement with YouTube that will return the music company's video clips to the cloud
service of video-sharing in the near future. The agreement is a breakthrough on the revenue
coming from these services. Warner Music Group will retain the right to sell
advertisements that run next to its videos and keep the bulk of the revenue (for further
details, see Smith and Vascellaro, 2009).

5.4.5

Concluding ideas for the future content industry

From the description above we summarise our concluding ideas on how the four
operational scenarios can be applied in the future in the production models of the content
industry. We determined the characteristics that will improve by applying cloud computing.
We called them the benefits that bring cloud computing in the production models. We
summarise the benefits for each operational scenario in Figure 5.9.
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(3) Enterprise Cloud Services
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Figure 5.9 Benefits of cloud computing for the content industry
Remark that we list the same benefits for the internal level and the external level. We refer
to the content of this section for the precise difference between both levels.
We will use the benefits in section 5.5 to determine which of the obstacles in the production
models can be overcome by the adoption of cloud computing.

5.5

Answer to RQ 2 - obstacles overcome by cloud computing

In section 5.2 we defined four operational scenarios of using cloud computing. The analysis
in section 5.3 is used to obtain insight into the use of cloud computing in the IT industry.
We investigated the use of the four operational scenarios in the content industry in section
5.4, and are now able to determine which obstacles can be overcome by the move from the
second wave of IT technology to cloud computing in the production models. This brings us
to the answer to RQ 2.
In chapter 4 we identified (1) four obstacles related to the format and (2) four obstacles
related to the workflow. Below, we investigate both lists of obstacles and examine which
can be overcome by cloud computing.
The four obstacles related to the format are (F1) the format limits the content application
choice, (F2) transcoding between formats impacts quality, (F3) the format impacts
bandwidth requirements, and (F4) the format impacts storage requirements. Based on the
conclusions, listed in 4.3.6, in combination with the analysis in section 5.4 we observe only
for the first obstacles related to the format (F1) an improvement by changing to cloud
computing in the production models. The three other obstacles related to the format (F2 to
F4) do not improve by changing to cloud computing in the production models. This change
leads to a single benefit related to the format.
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Benefit A1 – Content application choice: content applications provided as a public
cloud service may support a limited number of commercial formats. The increasing
number of public cloud services available and the easiness to change between public
cloud services increase the choices that can be made to perform the production steps of
the production model.
We summarize in Table 5.5 the obstacles related to the content format side-by-side with the
benefits of the evolution towards cloud computing in the production models.
Obstacle in file-based production
F1

Content application choice

F2

Transcoding quality

F3

Bandwidth requirements

F4

Storage requirements

Benefit of cloud computing in the
production models
A1

Content application choice

Table 5.5 Format-related obstacles vs. benefit of cloud computing
The four obstacles related to the workflow are (W1) reduced flexibility causes limitations
of the creativity, (W2) less compatibility between different vendors, (W3) lower flexibility
of the workflows, and (W4) less flexibility in the choice of components.
Based on the conclusion, listed in Figure 5.9, we observe for each characteristic the change
when applying cloud computing in the production model. The comparisons are summarised
below in Table 5.6. In the first column we list the characteristics from Table 4.5. In the
second column consolidates the findings of chapter 4, viz. the evolution from tape-based to
file-based production models.
In the third till sixth column we aggregate the findings for the evolution towards cloud
computing. Some of the characteristics are not applicable and are marked with ‘N/A’.
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Public cloud

Enterprise cloud
services

Public cloud
services

Number of standards
used

High

N/A

N/A

High

High

Flexibility supports
creativity

Low

Improves

Improves

Medium

High

B1

Compatibility between
different vendors

Low

Improves

Improves

Improves

Improves

B2

Data redundancy

High

High

High

High

High

‘private’ collections

No

No

No

No

No

Non-linear editing

Yes

N/A

N/A

Yes

Yes

Browse proxy editing

Yes

N/A

N/A

Yes

Yes

Expensive tools

No

N/A

N/A

Lowers

Lowers

Parallel processing

Yes

Improves

Improves

Improves

Improves

Physical moving of
assets

No

No

No

No

No

Cost of tape

Low

N/A

N/A

N/A

N/A

Retrieval of content

Fast

Fast

Fast

Fast

Fast

Retrieval of content
from archive

Fast

Fast

Fast

Fast

Fast

Deterioration of tape

No

No

No

No

No

Medium

N/A

N/A

Medium

Medium

High

Lowers

Lowers

Low

Low

Fix

Lowers

Lowers

Variable

Variable

Workflow flexibility

Medium

Improves

Improves

High

High

B3

Component choice
flexibility

Medium

Improves

Improves

High

High

B4

By characteristic

Lead time
Cost – CAPEX
Cost – OPEX

Table 5.6 Conclusions on applying cloud computing in the production models

Benefits

Enterprise cloud

Cloud computing

2nd wave
technologies in
workflow

Non
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In Table 4.5 we highlighted in grey colour the four deteriorating characteristics. These were
(1) flexibility supports creativity, (2) compatibility between different vendors, (3) workflow
flexibility, and (4) component choice flexibility. These four deteriorating characteristics led
to the four obstacles related to the workflow.
Using cloud computing in the production model improves these four characteristics, and
thus provides four benefits related to the workflow. We highlighted the four benefits related
to the workflow in grey in Table 4.5 and numbered them B1 till B4 in the last column.
These are listed below.
Benefit B1 – Increased flexibility supports the creativity: the use of business services
provides flexible access to a wide variety of available tools. A business service thus
supports the creativity. Public cloud services can be used in a flexible manner without
a prior investment.
Benefit B2 – Improved compatibility between different vendors: the use of business
services allow transcoding when incompatibilities arise between different production
steps. The use of business services improves the compatibility between components
from different vendors.
Benefit B3 – Higher flexibility of the workflows: the use of infrastructure services
integrated into a production model improves flexibility of the infrastructure capacity.
The use of business services integrated in the production model increases the flexibility
in choice when business services are available in the production model.
Benefit B4 – Higher flexibility in the choice of components: cloud computing increases
the choice of components as niche business services are available, and as public cloud
services can be used without prior investment. New formats supported by used public
cloud services are available upon upgrade.
We summarize in Table 5.7 the obstacles related to the workflow side-by-side with the
benefits of the evolution towards cloud computing in the production models.
Obstacle

Benefit

W1

Reduced flexibility causes
limitations of the creativity

B1

Increased flexibility supports
the creativity

W2

Less compatibility between
different vendors

B2

Improved compatibility between
different vendors

W3

Lower flexibility of the
workflows

B3

Higher flexibility of the
workflows

W4

Less flexibility in the choice of
components

B4

Higher flexibility in the choice
of components

Table 5.7 Workflow-related obstacles vs. benefit of cloud computing
Cloud computing, in particular business services, helps creative program making.
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We aim to conclude that cloud computing helps to resolve in total five of the eight
obstacles identified in RQ 1. Below, we consolidate side-by-side the five obstacles and the
corresponding five benefits in the Table 5.8.
Obstacle

Benefit

F1

Content application choice

A1

Content application choice

W1

Reduced flexibility causes
limitations of the creativity

B1

Increased flexibility supports
the creativity

W2

Less compatibility between
different vendors

B2

Improved compatibility between
different vendors

W3

Lower flexibility of the
workflows

B3

Higher flexibility of the
workflows

W4

Less flexibility in the choice of
components

B4

Higher flexibility in the choice
of components

Table 5.8 Content obstacles vs. benefit of cloud computing

5.6

Answer to RQ 3 - benefits of cloud computing

Based on our analysis in section 5.4 we summarise the generic benefits of using cloud
computing, regardless of the operational scenario, in the traditional production models. This
leads us to the answer to RQ 3. We number the generic benefits G1 till G5. They are listed
below.
Benefit G1 – Flexibility: increase in flexible deployment of new applications and tools.
Benefit G2 – Parallel processing: additional capacity can be deployed when required.
Benefit G3 – Capital expenditures: lower costs reduce the capital expenditures.
Benefit G4 – Operational expenditures: lower operational expenses.
Benefit G5 – Component choice: balancing between different components is possible.
Cloud computing brings five additional benefits for the traditional production model. These
benefits correspond to the benefits of cloud computing for the IT industry. Hence, we may
conclude that the benefits of cloud computing for the IT industry apply to the traditional
content industry.

5.7

Cloud computing and the ten driving forces of the content
industry

We determined in subsection 5.3.5 the benefits of adopting cloud computing in the
traditional production model. The cause of the evolution lies in the ten driving forces of the
content industry as listed in sections 2.2 to 2.11. The relation between this evolution and the
ten driving forces is two-sided: (1) the driving forces are incorporated as consequence of
the evolution, and (2) the driving forces are exploited by the evolution.
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We are able to analyse each driver and determine to what extent the driver is related to the
evolution towards cloud computing. We aim to define the relevance of the relation between
the driver and the evolution towards cloud computing. We express the relevance using a
five-point Likert scale (Likert, 1932). This scale is normally used in questionnaires, but we
employ it to assign relevance levels to the driving forces. We use the following five levels.
A. Strongly not relevant
B. Not relevant
C. Neither relevant, nor not relevant
D. Relevant
E. Strongly relevant
From the description of the ten driving forces of the content industry (sections 2.2 till 2.11),
in combination with the benefits of cloud-computing (section 3.7), and in combination the
description of cloud computing and the five driving forces of the IT industry (subsection
5.3.5), we may conclude the following for each of the ten driving forces.
(1) The fragmentation of consumption through alternative distribution channels can be
addressed using public cloud services to repurpose content in fragments through
new media. Public cloud services can be used to transcode (e.g., mPoint) and to
distribute content (e.g., YouTube, FaceBook). Subsequently the integration with
alternative distribution channels can attract new audiences towards the traditional
distribution channels (e.g., BBCEarth on YouTube, The New York Times on
FaceBook). So, based on our investigations we may conclude that the evolution
towards cloud computing in the production model, in particular towards public
cloud services, exploits the first driving force (level D).
(2) The increase in consumption and decrease in attention driving factor is influenced
directly by the choice of public cloud service. File-based content can be made
available through the alternative distribution channels as described in the previous
point (1) and attract consumption to the traditional distribution channels. In
parallel with the previous point (1), based on our investigations we may conclude
that the evolution towards cloud computing in the production model exploits the
second driving force (level D).
(3) The alternative business models in the market rely on a different way to fulfil the
content lifecycle. The creation of public cloud services as a mean to create and
distribute content becomes a separate business model, e.g., thematic content
portals or community platforms for distribution. These alternative business models
are applied by market entrants. The traditional content industry will use the
alternative business models as a mean to attract audiences to the traditional
business distribution channels and to extend their business. Therefore, based on
our investigations we may conclude that this is strongly relevant (level E).
(4) The evolution towards the open community becomes possible in every stage of the
content lifecycle. Open community platforms available as public cloud services
can be used during the content lifecycle for the effective content manipulation and
storage, and content distribution platform services can be used to distribute the
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content towards the consumer. Therefore, based on our investigations we may
conclude that this is strongly relevant (level E).
(5) The increase of consumer control is triggered through the variety of available
public cloud services, e.g., specific content available through thematic portals. The
content industry can use consumer profiling to improve content positioning using
recommendation. Therefore, based on our investigations we may conclude that
this is strongly relevant (level E).
(6) The shift from linear to non-linear consumption is triggered on the consumer
device level and on the ability of selective consumption from public cloud services.
Repurposed digital content is available for non-linear consumption as described in
the previous points (1) and (5). Therefore, based on our investigations we may
conclude that this is relevant (level D).
(7) The participation through content creation as used in alternative business models
by relying on public cloud service available to the consumer. For the traditional
content industry this provides the ability of low cost content acquisition and the
ability to create new formats based on the user-created content, still using the
professionalism and experience to create an attractive piece of content. Market
entrants use the participative mode to attract content and build an alternative
business model around the use of communities. Therefore, based on our
investigations we may conclude that this is strongly relevant (level E).
(8) The affordable devices with rich features can be better supported using integration
with public cloud services, content can be repurposed as described in the previous
point (1). Therefore, based on our investigations we may conclude that this is
relevant (level D).
(9) The shift in advertisements and decline in tradition channels can be partially
compensated on one side by integrating advertising public cloud services into own
traditional distribution channels, and on the other side by content repurposing
through alternative distribution channels to attract new audiences towards the
traditional distribution channels. Therefore, based on our investigations we may
conclude that this is strongly relevant (level E).
(10) The convergence with the telecom industry remains a challenging issue for the
traditional content industry. The use of public cloud services helps to integrate
content distribution into the service of the telecom operators, e.g., support of nonlinear content consumption or time-shifting consumption through IPTV
applications. The current IPTV implementations are still proprietary end-to-end
solutions, not using cloud technology. Therefore, based on our investigations we
may conclude that this is not relevant (level B).

In Table 5.9 we summarize the relevance levels determined above. We see now to what
extent the transition towards cloud computing is related to the ten driving forces of the
content industry.
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Driving force

Relevance

1

Fragmentation of consumption

D

2

Increase in consumption, decrease in attention

D

3

Alternative business models in the market

E

4

Evolution towards the open community

E

5

Increase of consumer control

E

6

Shift from linear to non-linear consumption

D

7

Participation through user-created content

E

8

Affordable devices with rich features

D

9

Shift in advertisements, decline in tradition channels

E

10

Convergence

B

Table 5.9 Relevance of cloud computing on the ten driving forces
In conclusion, the evolution towards cloud computing in the production model improves the
ability to incorporate and exploit the ten driving forces of the content industry.

5.8

Answers to RQ 2 and RQ 3

In this chapter we investigated RQ 2, viz. “Is cloud computing able to overcome the current
obstacles in the traditional production models?” and RQ 3, viz. “What are the particular
benefits of cloud computing for the traditional content industry?”
We extended the ideas as voiced by Armbrust et al. (2009), Hilley (2009), and Patel,
Ranabahu, and Sheth (2009) by defining four operational scenarios, investigating each of
them in its purest form. We derived the particular benefits of cloud computing for the
traditional content industry. We depicted cloud computing as the third wave of IT by arrow
3 in Figure 1.5.
To answer RQ 2 and RQ 3 we used in this chapter (1) studies in the published literature,
(2a) workshops with companies from the traditional content industry, (2b) the postings
submitted during the October 2008 InnovationJamTM, and (3) analyses based on the results
from (1) and (2).
The result of these analyses is that we identified the benefits of cloud computing in the
traditional production industry, in particular for those characteristics where we identified
the obstacles in the file-based production models.
We now recapitulate Figure 1.5 and add along the line representing the third wave of IT (1)
the benefit that overcomes one of the four obstacles related to the format with a star
labelled ‘A’, (2) the four benefits that overcome the four obstacles related to the workflow
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with a star labelled ‘B’, and (3) the five benefits of cloud computing for the content
industry with a star labelled ‘G’. This is depicted in Figure 5.10.
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Figure 5.10 Benefits of cloud computing
As an answer to RQ 2 we demonstrated (1) that cloud computing resolves one out of four
obstacles related to the format (star A in Figure 5.10), and (2) that cloud computing
resolves four out of four obstacles related to the workflow (star B in Figure 5.10).
The single obstacle related to the format that can be overcome by the evolution towards
cloud computing is (F1) the format limits the content application choice. The four obstacles
related to the workflow that can be overcome by the evolution towards cloud computing are
(W1) reduced flexibility causes limitations of the creativity, (W2) less compatibility
between different vendors, (W3) lower flexibility of the workflows, and (W4) less
flexibility in the choice of components.
Hence, we may conclude as an answer to our RQ 2 that the major benefit of using cloud
computing is the improvement in flexibility of production, services, and business models.
Where the use of file-based production models as such missed the step of integration with
alternative open approaches, the use of business services (internal and extern) becomes a
way to improve the flexibility in the traditional production models.
The benefits identified in the IT industry are also applicable for the traditional content
industry. Cloud computing brings five additional benefits for the traditional production
model (star G in Figure 5.10). They are (G1) flexibility, (G2) parallel processing, (G3)
capital expenditures, (G4) operational expenditures, and (G5) component choice. These
benefits correspond to the benefits of cloud computing for the IT industry.
Hence, as an answer to RQ 3 we aim to conclude that the benefits of cloud computing for
the IT industry apply to the traditional content industry. We need to know how to reap these
benefits in the content industry. Therefore, we investigate in chapter 6 how cloud
computing can be integrated into the production models of the content industry (RQ 4).

The transition path towards the adoption of cloud computing
Contents

The traditional content industry adopted technologies from the
second wave of IT.
In this chapter we investigate RQ 4, viz. “What is a feasible
transition path towards adoption of cloud computing in the
traditional production models?”
The adoption of new technologies and new approaches is often
an uphill battle for the traditional content industry. The
continuity of the current business remains the highest priority.
The adoption of technologies from the third wave will only be
acceptable when the business is not interrupted. This means that
a smooth transition path towards the third wave of IT is
required. Our goal is the validation of a feasible transition path
for the adoption of cloud computing in the traditional
production models.

Outline

Section 6.1 describes the research approach of RQ 4.
We investigate to what extent we are able to formulate a
feasible transition path of using cloud computing into the
traditional production models.
Component business modelling (CBM) is a technique used to
identify business processes and process performances. In
section 6.2 we validate how the component business modelling
technique can be applied to the content industry to support the
evolution towards cloud computing.
Service-oriented architecture (SOA) is a technique used to
integrate services. In section 6.3 we analyse how to unbundle
existing traditional production models using a service-oriented
architecture as a step to integrate cloud computing.
In section 6.4 we give an outlook on how the benefits of using
these techniques in the traditional content industry will lead to
future enterprises.
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In section 6.5 we demonstrate by examples the use of cloud
computing in the traditional content industry.
In section 6.6 we examine to what extent the proposed transition
path towards cloud computing is related to the ten driving forces
of the content industry.
Finally, section 6.7 provides the answers to RQ 4.
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6.1

Research approach of RQ 4

In this chapter we investigate RQ 4. For the analysis of RQ 4 we use three sources as inputs
(see Table 1.1). These are (1) the published literature, such as studies by (1a) Footen (2008),
Oberhofer and Dreibelbis (2008), Groebbens (2009), (1b) the outcome of workshops with
the broadcast industry, (1c) requirements released by the broadcast industry for new
production environments, (1d) implementation documentation or vendor information of
new production environments, (2) results of the IBM lab research on MediaHub, and (3)
analyses based on the results from (1) and (2). These inputs have been collected during our
field work over the period 2006 till 2008.
Our contribution
Since other authors have investigated related questions and topics, it may be a good idea to
start placing our research question in a general discussion. The use of cloud computing in
the content industry, especially in the production models, is new. Henneberger and Luhn
(2010) describe an example for the review and approval production process, which is part
of the production model. Footen and Faust (2008) describe the use of SOA in traditional
content industry. Their investigation did not include the use of cloud computing. Our
contribution is that we show how cloud computing can be adopted. We do this by defining
a transition path towards cloud computing, as a step towards the adoption of cloud
computing. We validate the transition path by investigating the work performed in
laboratories and the evolution as observed in the field.
Our working approach
To determine a feasible transition path two steps have been identified to arrive at the
integration of cloud computing into the traditional production models.
(1) In section 6.2 we determine how to identify the business steps that are candidates
for the use of cloud computing. To do so, the component business modelling
technique is introduced. We validate how this generic technique can be applied in
the traditional content industry. We focus on the broadcast industry as we did in
chapter 4.
(2) In section 6.3 we determine how existing production models can be unbundled,
and we use a service-oriented architecture as an integration technique to prepare
for the integration of cloud computing. We validate how this generic integration
technique can be used in the traditional production models and how it can support
the evolution towards technology from the third wave of the IT industry.
For the analysis of section 6.2 and section 6.3 we continue with the types of production
models analysed in section 4.4. This research identifies the transition path on how cloud
computing can be used in traditional production models.
In section 6.4 we provide a future outlook on the integration of cloud computing into the
traditional production models.
In section 6.5 we provide by the means of three examples the early adoption of SOA in the
content industry.
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We investigate in section 6.6 to what extent the proposed transition path towards the
adoption of cloud computing is related to the ten driving forces of the content industry.
We provide our answer to RQ 4 in section 6.7.

6.2

Cloud computing usage identification with component business
modelling

The decision to adopt cloud computing in an existing business model must be based on
measurable criteria. A generic technique is to use component business modelling to
breakdown an organisation in business processes and to determine the maturity of the
individual business processes. In this section we (1) provide a brief introduction to the
generic CBM technique in subsection 6.2.1, (2) validate how CBM can be applied in the
content industry in subsection 6.2.2, and (3) conclude in subsection 0.

6.2.1 Component business modelling technique
A business model is the rationale of how an organisation creates, delivers, and captures
economic value (Miller, Vandome, and McBrewster, 2009).
Component business models offer a proven approach to drive a specialised focus on the
capabilities of each component within the business model, both internally and externally.
Internally, components help organisations rethink the leverage they can achieve by the
assets and capabilities they own. Externally, components help organisations source
specialised capabilities that they cannot feasibly create themselves. Organisations can use
the concept of the component business model (CBM) to make the transformation to internal
and external specialisation a practical reality. CBM allows organisations to evaluate the
goals and the strategy of the entire enterprise to take simultaneous advantage of internal and
external specialisation (Pohle, Korsten, and Ramamurthy, 2006).
Business components are individual business modules that play a specifically designed role
within the enterprise ecosystem and are catalogued along two axes (Carter, 2007).
(1) The horizontal axis: the horizontal axis aligns the business components according
to six business competencies; these are a high-level description of the activities
grouped. They are: (1) business administration, (2) new business development, (3)
relationship management, (4) servicing & sales, (5) product fulfilment, and (6)
financial control and accounting.
(2) The vertical axis: the vertical axis aligns the business components according to the
accountability level by three categories: (1) strategic decisions (i.e., direct), (2)
management checks (i.e., control), and (3) business actions (i.e., execute). A
category may contain more then one business component.
We have depicted the two axes in Figure 6.1 and illustrated as a sample diagram typical
business components. For each of the 28 business components we define the business
purpose, the activities performed, the resources used, the governance, and the business
service. We refrain from a full description of the 28 business components of the sample
diagram.
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Figure 6.1 Example of component business model
(redrawn after Carter, 2007)
A component business model can be created on an enterprise level or on a department level.
The technique of business component modelling has been applied in different industries
over the last four years (see Pohle et al., 2006). To be able to compete in a business
environment each business component is evaluated and benchmarked, all in comparison
with industry peers and with available external services. Non-critical internal business
processes, or even elementary steps within a business process, not meeting the required
business standard due to, for example, a low level of maturity, a low level of efficiency, or
high costs, are candidates for externalisation. Externalisation means the change of
collocation (see Definition 5.2) from internal (see Definition 1.16) to external (see
Definition 1.17). So, in this chapter with the help of new technologies we will focus on
virtualisation (see Definition 5.1) and externalisation. The result of the component business
model is a map as depicted in Figure 6.1. The entire map is the sum of all business
processes and sub-processes in place, including the collaboration with partners for the
defined perimeter.

6.2.2 Component business modelling in the content industry
The component business model technique has been successfully used across a wide range
of industries, including petroleum, pharmaceuticals, telecommunications, manufacturing,
retail, and aerospace (see Pohle et al., 2006). The traditional content industry is challenged
as sketched in section 2.12 due to technological and economic pressures. They struggle
among others with complex organisations, a complex mix of technologies, and costly
redundancies. Many traditional content companies are still organised along the traditional
way, where an increasing shortcoming of technology and flexibility leads to dissatisfaction
of consumers, shareholders, and employees.
The use of the component business modelling technique in the traditional content industry
can help with the impact of changes in technology and business to identify the components
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that are eligible for virtualisation or externalisation. This brings us to the use of cloud
computing, where virtualisation can be optimised by public cloud and enterprise cloud, and
externalisation of services can be optimised by integration with public cloud services.
The top down analysis must be based on a series of measurable criteria. When considering
the evolution towards cloud computing, the elements listed in Table 5.1, Table 5.2, Table
5.3, and Table 5.4 will be part of the questions to be answered. However, the ideal template
on how a content company must be organised does not exist. Each company has its own
strategy, vision, and profile resulting in an own identity and organisation delivering the
unique experience to the consumer. The creation of an individual component-businessmodel map is a technique to differentiate between core and non-core business components.
Underperforming business components as compared to peers and non-core business
components are to be externalised. So, they are candidates for public cloud.
CBM exercise for the content industry
Based on Figure 6.1 we created a CBM map that applies to the traditional content industry.
We performed this exercise for the validation of the ability to apply the CBM map to the
content industry. The exercise departs from (1) the content lifecycle stages (see section 1.2
and Figure 1.4) and (2) the details of the content production steps (see subsection 4.2.3 and
Appendix B). We have catalogued all the process steps encountered in the production
models during the fieldwork into the CBM map. We extended the fieldwork with the
process steps encountered in the other stages of the content lifecycle to have a complete
overview. The result of the exercise is depicted in Figure 6.2. The horizontal axis is based
on the content lifecycle stages as defined in Figure 1.4. They are preceded by consumer
marketing and sales.
On the bottom the business related processes are listed that support the content related
processes. The business related processes are not considered in the business component
model as they are not detailed into the vertical axis, viz. the accountability level.
The CBM exercise consists of the analysis of each component and determines the business
performance according to a series of criteria. The analysis is not described in this thesis.
The outcome of the analysis is a list of tangible business components that are a candidate
for internal consolidation (potential for enterprise cloud) or externalisation (potential for
public cloud).
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Figure 6.2 Component business model in the content industry
(source: inspired by IBM media analysis, 2008)
Benefits of CBM
The eligible business components that are identified result in a list of related tools and
functions that are candidates for an evolution towards cloud computing. A business
decision takes into account risks, strategic alliance, operational dependencies, and financial
implications. The components can be implemented within the enterprise or integrated with
a public environment.
The result can vary from high-level business components to elementary business
components that are eligible. Examples of high-level business components are the
production stage, the post-production stage, and content stage. Examples of elementary
business components are the process steps of the production model (e.g., transcoding,
subtitling, advertisement sales, and content archive).
For each of those functions the level of the required service remains to be translated into a
business-service definition that includes measurable Key Performance Indicators (KPI).
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6.2.3 Section conclusion
Component business modelling is a technique to identify business components that are
eligible for transition towards a cloud computing. This generic technique can also be
applied on the traditional content business.
In section 6.3 we discuss how the evolution towards service-oriented architecture facilitates
the adoption of cloud computing.

6.3

Cloud computing integration with service-oriented architecture

In this section we determine how existing production models can be unbundled, and we use
a service-oriented architecture as an integration technique to prepare for the integration of
cloud computing. We provide an introduction to service-oriented architecture in subsection
6.3.1. The result of the fieldwork is the starting point of our own work, i.e., our own
contribution. We define how the current production models can be integrated with serviceoriented architecture in subsection 6.3.2. We use the same approach as in section 4.4. We
(1) perform the analysis, (2) identify the benefits, (3) identify the drawbacks, (4) determine
the impact, and (5) conclude. How the future production model might integrate with
service-oriented architecture is investigated in subsection 6.3.3. We conclude this section in
subsection 6.3.4.

6.3.1 Service-oriented architecture
Service-oriented architecture is the result of an evolution by the IT industry regarding
computer architectures. It is not a specific technology, it is an architectural technique
(Footen and Faust, 2008). Service-oriented architecture is a business driven IT architectural
approach that supports integrating business as linked, repeatable business services (Carter,
2007). Meanwhile SOA is widely adopted in different industries, with the exception of a
few industries such as the traditional content industry. The traditional content industry still
relies on proprietary systems and solutions, tightly integrated to bring efficiency and to
undercut the flexibility, as outlined in chapter 4.
Service-oriented architecture is defined as architecture of independent, wrapped business
services communicating via published interfaces over a common middleware layer (Footen
and Faust, 2008). Service-oriented architectures are introduced to have a less tight
integration between IT-systems through the use of a process layer and an interface
abstraction towards the applications. The interface abstraction is achieved through shielding
of the application with the use of wrappers or adapters. Wrappers expose applications as a
business service; the wrapper is considered as part of the service. Adapters are components
in the middleware that transform different methods of communication standards. As the
wrapper shields the application from the environment it is a unique mean to measure the
quality of the service, being a KPI as identified in section 6.2. Wrappers and adapters can
also help to resolve incompatibilities between services through appropriate use of
versioning, and up- and down-conversions. We will further use an adapter to indicate the
interfacing between the application and the middleware layer. In Figure 6.3 we depict the
integration of services through the middleware layer. The services integrated are: (1)
applications, (2) human interactions, (3) system of applications, and (4) other enterprise
architectures.
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Figure 6.3 Services in a service-oriented architecture
(source: inspired by Footen and Faust, 2008)
The loose coupling of applications through a middleware layer is accomplished through an
ensemble of IT components, where the technical backbone is the middleware layer that
enables flexibility of process design. It is the basis for a process orchestration service that
can manage the business processes. The business processes identified in the component
business modelling as described in section 6.2 can be implemented using a process
orchestration engine for coordination of the workflow. The process orchestration engine is
able to manage all the individual instances of the business processes simultaneously,
resulting in the continuous orchestration of the entire business.
The process orchestration should not be mixed up with the workflow automation as
described in subsection 4.4.2 and depicted in Figure 4.3. Workflow automation configures
and controls directly the content operations and equipment; a process orchestration would
not be a good substitute for this kind of operations.
Laboratory experiments confirm that service-oriented architecture implementations within
production models require two specific differentiators compared to implementations of
service-oriented technologies between common business systems in other industries. The
two differentiators identified are (1) volume handling and (2) format management.
(1) Volume handling: in subsection 4.3.6 we arrived at the conclusion that moving
content has a drastic impact on bandwidth consumption when moving content
between different systems. In the design of using service-oriented architectures in
a production model, this conclusion is a critical design point. IT vendors have
implemented media awareness in the middleware layer that encapsulates
intelligence to avoid unnecessary movement of content in that layer. We call this
the first media awareness. The optimisation avoids the data transfer in the
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middleware layer with additional intelligence in the middleware layer. Content is
stored in a generic place and references are used in the middleware layer to
optimise bandwidth usage.
(2) Format management: in the same subsection 4.3.6 we also concluded that far more
combinations are possible and used for file-based content formats compared to the
traditional tape-based content formats. The content format used might be different
in two distinct services that are connected through the middleware layer. To
facilitate the workflow regardless of the content format (this means to make it
independent from the content format used by the individual applications and tools),
intelligence is put on the level of the middleware layer. This is the second media
awareness that is implemented within the middleware layer. The media awareness
within the middleware layer detects incompatibilities during the exchange of
content between two connected services. It triggers an appropriate intermediate
transcoding service to convert the content from the originating format to the
required destination format. So it aims to resolve the incompatibility.

Example of SOA
A media aware implementation of SOA is Media Hub. The Media Hub solution framework
is designed to manage the increasing complexity of running a content-focused business
from the point of creation to the distribution of digital content (Monson et al., 2009).
Benefits of SOA
SOA enables a loose coupling of the business components, still using the orchestration to
manage and control the business processes. The use of service-oriented architecture in a
production model has two major benefits compared to traditional integration (Footen and
Faust, 2008).
(1) Process design flexibility: the flexibility in business process design comes through
the use of a process orchestration engine combined with the use of the adapters.
Process orchestration facilitates drafting of new business processes, removal of
unnecessary process steps, and supports the co-existence of different versions of a
business process. This happens all in a managed way.
(2) Visibility: the visibility on business processes status and performance is an
additional benefit that comes with the use of process orchestration. The process
orchestration engine can capture what is currently done and how the individual
services perform. This helps to identify bottlenecks and inefficient usage of
available services, and to determine business process durations. The input can be
used to take appropriate business decisions and work out appropriate KPIs.
Conclusion on SOA in the content industry
In section 4.6 we concluded that the evolution to file-based production models created a
lack of flexibility in the workflows. Here, we see that service-oriented architectures may
bring design flexibility. Below, we analyse how to integrate SOA into a production model.
In the first step we will examine the integration in subsection 6.3.2, in the second step we
will examine how to unbundle the applications further to a lower level in subsection 6.3.3.
Once the service approach is used, the same services as then in use in the organisation
across different departments are a candidate to be grouped into an enterprise cloud service.

135
Available public cloud service can be integrated instead of an enterprise cloud service. This
is an improvement of the flexibility as mentioned in subsection 5.3.4. It is outlined in
section 6.4.

6.3.2 Service-oriented architecture in the production model
Below, we (1) provide our description of using SOA in the production model, (2) determine
the benefits, (3) determine the drawbacks, (4) analyse the impact, (5) provide some typical
implementations, and (6) conclude.
Description of SOA in the production model
Regardless of the production model (described in section 4.4), there is always a tight
integration of content linked to a production step. So, the workflow requires additional
integration with the business systems. In Figure 6.4 I depict a schematic sample diagram
where the numerous amounts of links are visualised. In our sample diagram contains the
main traditional framework nine business model elements (discussed in chapter 4). We
explain the figure below.
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The entire environment is embraced by a workflow engine to facilitate the workflow and to
enable a better monitoring. The workflow engine is depicted by the grey box (traditional
framework) surrounding the production steps. The workflow itself is an efficient
implementation where interfacing lacks flexibility. In the sample diagram, the interfacing
between the traditional framework and the rest of the environment is given by four different
tasks, viz. (1) human interaction, (2) enterprise resource planning, (3) rights management,
and (4) business automation. Changes in the workflow within the traditional framework
might require changes in the interfaces. Changing components remains critical and is only
possible when compatibility is assured or when all interfaces are reviewed and tested. The
need for flexibility and responsiveness is the major driver to change towards a new
architecture.
Production models still remain tight islands; integration and workflow automation with
business applications become possible in a service-oriented architecture.
Using a service-oriented architecture as described in the introduction of this subsection
results in systems that are not tightly connected to each other. An intermediate adapter takes
care of the interfacing between the system-specific interface and the middleware layer. We
created an illustration of the middleware layer connecting the applications that are linked
through adapters to the middleware layer. This illustration is displayed in Figure 6.5.
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Figure 6.5 The service-oriented-architecture integrated enterprise
In Figure 6.5 we see that the content production islands (the blocks 2, 3, and 4 on the upperleft side in the figure, called production environment 1 to 3) remain independent operations
with internal workflow automation. The content production islands are integrated using an
adapter via the middleware layer with shared content services (e.g., encoding), shared
content systems (e.g., content distribution), and business services (e.g., rights management).
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Benefits of SOA in the production model
Five benefits of the service-oriented architecture integrated in the production model are
listed below.
(1) Reduced interfacing: each system has a single interface to the middleware layer
for the integration towards all other systems. It reduces the number of interfaces to
develop and to maintain. So, only one single point of maintenance exists.
(2) Monitoring: progress of business processes can be monitored on the level of the
middleware layer; monitoring increases the transparency of performance of the
business process and the performance of each individual service attached to the
bus.
(3) Flexibility in replacement: the single interface to the middleware layer increases
the flexibility in replacing the subsystems, as the interface specifications are
known and transparent for the other services using the service through the
middleware layer. The subsystems can be replaced as long as the interface
specifications can be maintained.
(4) Orchestration: the business process orchestration is implemented on the level of
the middleware layer using the process orchestration engine. Business processes
can be modified or extended without impact on the subsystems.
(5) Responsiveness: the increase in the responsiveness to change the business process
design supports better business management and control, thus supporting the
business decision making process.
Drawbacks of SOA in the production model
Two drawbacks of the service-oriented architecture integrated workflow are listed below.
(1) Adapter dependency: integration of subsystems using an adapter to integrate them
in the middleware layer is dependent of the subsystem’s interface capabilities.
(2) Vendor support: the support by vendors of subsystems to support the adapter
technology is lacking, mainly due to missing standardisation in content formats
and messaging formats. Moving to standards-based interfaces such as Web
services is a major step forward in realising the goal of loose coupled
heterogeneous distributed applications, although the content formats and the
messaging formats are not standardised.
Impact of SOA in the production model
The storage requirements and bandwidth requirements are spread over the different
production islands; each island has its own storage requirement and bandwidth requirement
and operates fairly independent from the neighbour islands.
The content is moved forward by the workflow, and this mechanism causes significant lead
times.
The procurement cost of the environment is high due to the additional costs of the
investment in a middleware layer and the business orchestration tools. The major benefit
comes from (1) the flexibility in business process changes, (2) lowering the cost of
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maintenance of interfaces, and (3) the possibility to measure and manage the use of each
connected subsystem. The operational costs of the workflow can be calculated and the cost
of each subsystem can be benchmarked.
Conclusion on SOA in the production model
The service-oriented architecture environment supports business-process changes and
design changes in a flexible manner. Flexibility of component choice will largely depend
on available interfaces from the component supplier to integrate with the middleware layer.
Versions of service-oriented architecture environments are currently under development
and investigation; first steps of deployments have started, mainly at companies that handle
different content formats simultaneously and that are seeking for (1) integration of their
business operations, (2) improved collaboration, and (3) maximising their asset valorisation.

6.3.3 A future enterprise – business orchestration
Production models evolve over time and will be influenced by the trends in the IT industry.
Below, we discuss two potential trends that influence the production models. First, the
trend of using service-oriented architectures will gradually sneak into the core production
model. Second, the IT industry evolution towards cloud computing will also influence the
design of the production model. Both potential trends (of SOA and cloud computing) are
briefly described. The combination of both trends may lead to the future enterprise,
therefore we look to the benefits and drawbacks of the combined trends.
The use of service-oriented architectures (first potential trend)
Today’s first approaches of service-oriented architecture integration as described in
subsection 6.3.2 are integrating the business systems with production models. The
integration of the production environment remains in most cases an integration using
proprietary standards.
A future enterprise implementation might unbundle the production islands into smaller
components integrated through the use of service-oriented architectures. In Figure 6.6 a
new design is given: the unbundling of the production model linked to the middleware layer
(upper part) into four individual production steps linked to the middleware layer (lower
part). The unbundling enables the transition towards a loose, flexible, and measurable
integration among the elementary services into a seamless business process.
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The evolution towards cloud computing (second potential trend)
Integration of small or niche applications to fulfil specific needs will become feasible.
Today, large monolithical production islands have the tendency to do internal integration of
the different components for technical and commercial reasons. Moreover, externalising the
integration of the different components will create independency and flexibility. The
externalisation brings us to the use of cloud computing, in particular to public cloud
services.
Standardisation is the major enabler for service integration as it is the basis for
interoperability and as it avoids difficult conversions through adapters. Market accepted
standards will stimulate additional developments of new innovative functionality and
consolidated deployments of the basic services.
Benefits of the future enterprise
Four benefits of using service-oriented architecture integration at a lower level of the
production model may be expected. They are listed below.
(1) Resource utilisation: the different production models can share resources across
the entire organisation through the middleware layer. The sharing results in a
better utilisation of the available resources.
(2) Flexibility: changes in the business process can be realised with the process
orchestration engine, and components can be exchanged when maintaining the
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interface with the adapter. Thus, the flexibility increases with the choice of
components and in the design and execution of the business process.
(3) Responsiveness: the fast adaptation to change the business process can be
implemented on the level of the process orchestration engine. The ability to do so
increase in business responsiveness.
(4) Benchmarking: the business functions implemented as a service can be
benchmarked with alternative proposals. A change in the orchestration layer can
balance the function from an internal service to an external service transparent for
the end-user.

Drawbacks of the future enterprise
Three drawbacks of using service-oriented architecture integration at a lower level in the
production model may be expected. They are listed below.
(1) Additional technical resources: the use of a service-oriented architecture will
require additional technical resources on the level of the middleware layer
compared to the tight integration used today.
(2) Latency: an additional latency might be introduced by the middleware components
and by the process orchestration engine. The additional latency might be
unacceptable for live productions.
(3) Standardisation: the main concern today is that the lack of standardisation
prevents vendor-neutral deployment of this architecture.

6.3.4 Section conclusion
Service-oriented architecture is a technique that can be applied to unbundle the production
model and to manage the integration with cloud services. The use of service-oriented
architecture is a valid technique in the transition path that facilitates the adoption of cloud
computing.

6.4

A future outlook: from integrated to connected

The future enterprise as described in subsection 6.3.3 can extend the usage of business
orchestration across its own organisation by integration of services provided by partners.
Below, we describe a trend which is characterised by the idea that integration will be
superseded by connection.
Service oriented architecture
The ability to integrate third-party business services within the own business process in a
controlled and managed manner enables an easy integration of cloud computing. In Figure
6.7 we created an illustration on how both can be integrated.
(1) The services available in a cloud-computing environment will scale according to
the business needs. The flexibility in scaling will be beneficial to the traditional
content industry in several cases. Large events such as sports, shows, elections, etc.
will require temporary additional resources during the events; today these
requirements can only be met with the use of expensive spare capacities. A cloud-
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computing environment would enable a planned provisioning of capacity for the
duration required. This is displayed on the left side in Figure 6.7.
(2) Business services are and will increase to be available on internet through
interfaces. Service providers will focus on a set of business services implemented
on a shared platform and will run them as an individual business. This kind of
business services are called public cloud services, as explained in subsections
5.3.4 and 5.4.4. Integration of public cloud services in the production model is a
first trend that can be expected. For example, in the near future, transcoding
services, content storage services, and indexing services will be offered as a public
cloud service by a third party and will be integrated into the existing production
model. This future trend is displayed on the right side in Figure 6.7.
Middleware Layer
Adapter

Adapter

Internet
Enterprise
Cloud
Service

Public
Cloud
Service

Figure 6.7 Integration of cloud services
Cloud computing
Integration with cloud computing increases the business flexibility. The ability to use a
wide variety of business services rapidly and with easiness responds to the creative needs.
Specific public cloud services can be integrated, even for the production of a single piece of
content.
In traditional production models Serial Digital Interfaces (SDI) are used to integrate the
production steps into a workflow. The SDI standard is commonly used by all vendors and
supports interoperability. In the new IT-based technologies there is no longer a common
standard. The blocking point that avoids an acceleration of adoption is the lack of interface
standardisation. In many instances the existing applications implement web service
interfaces that are not sufficiently coarse-grained and offer little advantages compared to
traditional Application Program Interfaces (API) (Monson et al., 2009). The initiative to
respond to this gap is the definition of an architected service interface called Abstract
Service Definition (ASD). ASD defines categories of services; e.g., transcoders, data
movers, watermarkers, repositories, and media analytics. The basic concept is that an ASD
interface should be focused on function and provide a common terminology (ontology) to
enable ease-of-use and to reduce the system-integration skill required to implement a
media-enabled service-oriented architecture (Hunt and Spencer, 2009; Monson et al., 2009).
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The use of a common standard will increase interoperability between different service
providers and different middleware layers.
The future connected world
On the longer term we may expect that the integrated enterprise will evolve to the
connected enterprise. Today’s evolution of implementing and maintaining specific
integrations will evolve to further standardisation, allowing effortless connection to
business services.

6.5

Three examples of early adopters

Below, three examples will illustrate the early adoption of service-oriented architecture in
the traditional content industry.
The first example is the IBM Media-Hub framework. By allowing content companies to
automate and streamline core business processes, the IBM Media-Hub framework enables
them to adjust quickly to changes in business priorities, the marketplace, and resource
availabilities. As a case in practice, working with IBM, the BBC is capturing the benefits of
the end-to-end digital workflow using systems-based SOA approaches (Hunt and Spencer,
2009).
A second example is at The Walt Disney Studios. Jeff Mirich, senior vice president and
chief information officer of The Walt Disney Studios announced that The Walt Disney
Company has embarked on a series of transformation initiatives. He stated: “We have
already begun to implement workflows like digital dailies using these sorts of new
approaches.” (Hunt and Spencer, 2009).
A third example is on transcoding. The integration of cloud services within a production
model using service-oriented architecture is becoming adopted. With the support of
adapters by application vendors such as mPoint (transcoding), Inlet Technologies
(transcoding with ADS support), ScheduALL (scheduling), integration of these tools as a
service within the production model will become a reality (Hunt and Spencer, 2009).
For business applications, BBC laid the foundations for moving to a service-oriented
architecture in the end of 2006 (Kelly, 2006) and is nowadays at the point that they are able
to use cloud services in the production models. Also, the VRT (Van Assche et al., 2007)
made the first steps towards the adoption of a service-oriented architecture.

6.6

The transition path and the ten driving forces of the content
industry

In section 6.2 we determined that component business modelling is an applicable technique
in the content industry to determine business components that are eligible for the transition
towards cloud computing. In section 6.3 we confirmed that service-oriented architectures
can be used in the content industry as a path to implement the transition. The cause of the
evolution lies in the ten driving forces of the content industry as listed in sections 2.2 to
2.11. The relation between this evolution and the ten driving forces is two-sided: (1) the
driving forces are incorporated as consequence of the evolution, and (2) the driving forces
are exploited by the evolution.
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We are now able to analyse each driver and determine to what extent the driver is related to
the proposed transition path using CBM and SOA. We aim to define the relevance of the
relation between the driver and the defined transition path. We express the relevance using
a five-point Likert scale (Likert, 1932). We reiterate our comment that this scale is
normally used in questionnaires, but we employ it to assign relevance levels to the driving
forces. We use the following five levels.
A. Strongly not relevant
B. Not relevant
C. Neither relevant, nor not relevant
D. Relevant
E. Strongly relevant
Based on our previously given analysis (on the drivers to be read in the sections 2.2 till
2.11; on the transition path to be read in section 6.2, 6.3, and 6.4) we may conclude the
following for each driving force.
(1) The fragmentation of consumption through alternative distribution channels can be
addressed using cloud services as stipulated in subsection 5.7. Where component
business modelling is a technique to determine which alternative distribution
channels should be developed, is service-oriented architecture a technique to
integrate the alternative distribution channels. The defined transition path using
CBM and SOA is a technique to exploit the first driving force. CBM and SOA are
not the only techniques to facilitate thus driving force. Alternative techniques can
lead to the same result. Therefore, based on our investigations we may conclude
with a neutral relevance (level C).
(2) The increase in consumption and decrease in attention was concluded in
subsection 5.7 and remains unchanged. Therefore, based on our investigations we
may conclude that his is not relevant at all (level A).
(3) The driving factor alternative business models in the market relies on a totally
different way to create and distribute content. The traditional content industry is
using service-oriented architecture as an approach to integrate with existing
alternative distribution channels at affordable costs. However, it is an enabler for
the development of alternative business models. So, based on our investigations
we may conclude with a neutral relevance (level C).
(4) The evolution towards the open community becomes possible in every stage of the
content lifecycle. Service-oriented architectures enable a flexible integration of
available business services from an open community throughout the entire content
lifecycle. Therefore, based on our investigations we may conclude with a neutral
relevance (level C).
(5) The increase of consumer control was concluded in subsection 5.7 and remains
unchanged. The transition path used has no direct influence. Hence, based on our
investigations we may conclude that his is not relevant at all (level A).
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(6) The shift from linear to non-linear consumption was concluded in subsection 5.7
and remains unchanged. The transition path used has no direct influence. Hence,
based on our investigations we may conclude that his is not relevant at all (level
A).
(7) The participation through content creation as used in alternative business models
relies on business services available to the consumer. Using service-oriented
architecture is a flexible manner to integrate with a wide variety of available
services. The flexibility enables integration of future platforms. Therefore, based
on our investigations we may conclude with a neutral relevance (level C).
(8) The affordable devices with rich features were concluded in subsection 5.7 and
remain unchanged. The transition path used has no direct influence. Hence, based
on our investigations we may conclude that his is not relevant at all (level A).
(9) The convergence with the telecom industry was concluded in subsection 5.7 and
remains unchanged. The transition path used has no direct influence. Hence, based
on our investigations we may conclude that his is not relevant at all (level A).
(10) The shift in advertisements and decline in tradition channels can be partially
compensated. On one side by integration of advertising business services using a
service-oriented architecture into own traditional distribution channels. On the
other side by content repurposing through alternative distribution channels
integrated with a service-oriented architecture to attract new audiences towards the
traditional distribution channels. Therefore, based on our investigations we may
conclude with a neutral relevance (level C).

In Table 6.1 we summarize the relevance levels determined above. We see now to what
extent the transition path to cloud computing in the traditional content industry is related to
the ten driving forces of the content industry.
Driving force

Relevance

1

Fragmentation of consumption

C

2

Increase in consumption, decrease in attention

A

3

Alternative business models in the market

C

4

Evolution towards the open community

C

5

Increase of consumer control

A

6

Shift from linear to non-linear consumption

A

7

Participation through user-created content

C

8

Affordable devices with rich features

A

9

Shift in advertisements, decline in tradition channels

A

10

Convergence

C

Table 6.1 Relevance of the transition path on the ten driving forces
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In conclusion, the transition path using CBM and SOA towards cloud computing in the
production model improves the ability to incorporate and exploit five of the ten driving
forces of the content industry. The use of CBM and SOA creates a foundation that helps to
cope with evolution.

6.7

Answers to RQ 4

In this chapter we investigated RQ 4, viz. “What is a feasible transition path towards
adoption of cloud computing in the traditional production models?”
We extended the ideas as voiced by Footen and Faust (2008) who describe the use of SOA
in professional production environments. Their investigation did not include the use of
cloud computing. Our contribution is that we demonstrate how cloud computing can be
adopted by answering RQ 4. We depict this adoption towards the third wave of IT by a shift,
represented by arrow 4 in Figure 1.5.
To answer RQ 4 we used in this chapter (1) the published literature, such as studies by (1a)
Footen (2008), Oberhofer and Dreibelbis (2008), Groebbens (2009), (1b) the outcome of
workshops with the broadcast industry, (1c) requirements released by the broadcast
industry for new production environments, (1d) implementation documentation or vendor
information of new production environments, (2) results of IBM lab research on MediaHub,
and (3) analyses based on the results from (1) and (2).
The result of this analysis is that we identified a feasible transition path towards adoption of
cloud computing in the traditional production models. First, we demonstrated that
component business modelling is an appropriate technique to identify business components
that are a candidate for cloud computing. Second, we demonstrated how the introduction of
a service-oriented architecture within an existing production model can help to unbundle
the production model. The processes orchestrated through the use of the SOA middleware
layer become easy to evolve towards cloud computing.
We now recapitulate Figure 1.5 and add the two techniques supporting the shift towards the
third wave of IT: (1) component business modelling with a rectangle labelled ‘CBM’ and
(2) service-oriented architecture with a rectangle labelled ‘SOA’. This is depicted in Figure
6.8.
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Figure 6.8 Support of the shift towards cloud
The adoption of service-oriented architecture improves the flexibility to implement
production models. Therefore, the adoption of service-oriented architecture helps to support
to the ten driving factors of the content industry.
Hence, we may conclude as an answer to our RQ 4 that (1) component business modelling
and (2) service-oriented architecture are two techniques that can be used as a means to
enable the evolution of cloud computing in the traditional content industry.
Although this is a feasible transition path forward we notice that there is no drastic and
immediate shift. There must be some remaining inhibitors that prevent such a shift. In
chapter 7 we investigate the remaining inhibitors.

Identified inhibitors preventing an immediate shift
Contents

Assuming that the adoption of cloud computing has a beneficial
impact and that the traditional content industry is willing to
move into the cloud-computing direction, it is important to
understand the inhibitors that prevent an immediate shift.
In this chapter we investigate RQ 5, viz. “Which are the
inhibitors preventing an immediate shift towards the application
of cloud computing into the traditional production models?”
The IT industry is driven by five driving forces, this is
represented by arrow 1 in Figure 1.5. The content industry is
driven by ten driving forces. The use of technology from the
second wave of IT is represented by arrow 2 in Figure 1.5.
In this chapter we investigate the inhibitors that prevent the
immediate shift of the content industry towards the third wave
of IT, as represented by arrow 4 in Figure 1.5. Thus, we
investigate the inhibitors that prevent reaping the benefits of
cloud computing by the traditional content industry.
The identification of the inhibitors is the first step, resolving
them is the second step. The implementation of the feasible
transition path (answer to RQ 4) combined with the resolution
of identified inhibitors (answer to RQ 5) might bring the
traditional content industry closer to the use of technologies
from the third wave of IT.

Outline

Section 7.1 describes the research approach of RQ 5.
Then we investigate the inhibitors that prevent the adoption of
the feasible transition path as described in chapter 6.
We identify four types of inhibitors. We identify (1) the human
inhibitors in section 7.2, (2) the technical inhibitors in section
7.3, (3) the business inhibitors in section 7.4, and (4) the market
inhibitors in section 7.5.
In section 7.6 we provide the answer to RQ 5.
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Finally, section 7.7 suggests potential solutions to overcome the
identified inhibitors.
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7.1

Research approach of RQ 5

In this chapter we investigate RQ 5. For the analysis of RQ 5 we use four sources as inputs
(see Table 1.1). These are (1) the published literature, such as studies by Murdoch (2004),
Eisner (2008), Fenn et al. (2009), Plunkett (2009), Smith et al. (2009), Brown (2010), (2)
five interviews conducted with key industry players, (3) observations during the field work
over the period January 2009 till January 2010, and (4) analyses based on the results from
(1), (2), and (3).
Our contribution
The adoption of new technologies requires a change, and this creates reluctance in many
cases. Our modest contribution is to identify the inhibitors of the adoption of cloud
computing in the traditional production models. The ideas on identification are derived
from the known inhibitors related to the adoption of new IT technologies in other industries.
At the one side we see that the first deployments on cloud computing start. At the other side
we observe that a lack of willingness prevents the change to adopt cloud computing within
the traditional content industry. We believe that the encouragement to overcome these
inhibitors combined with the implementation of a transition path can lead to the adoption of
cloud computing.
During our analysis of the input sources we encountered several inhibitors. We focus on
inhibitors that prevent the adoption of cloud computing by the traditional content industry
(represented by the move from arrow 2 towards arrow 4 in Figure 1.5). We categorise the
range of inhibitors into four different types of inhibitors. These are (1) the human inhibitors,
(2) the technical inhibitors, (3) the business inhibitors, and (4) the market inhibitors.
Our working approach
To identify the inhibitors which are as diverse as possible, we analysed the results of five
interviews with experts, each of them in a different area of the content industry. The five
interviews are with (1) a chief technical officer of a traditional content company, (2) a chief
executive officer of a content technology provider, (3) an executive consultant in the
content industry, (4) a head of academic research in media, and (5) a vice president
technology of government.
The interviewees were asked (1) to what extent they use cloud computing in their personal
environment, (2) to what extent they use (or have a view on the use of) cloud computing in
their industry, and (3) their vision on the evolution towards cloud computing. The answers
on (1) and (2) are correlated and used to validate the influence of the personal experience
on the professional environment and vice versa. The outline used during the interviews is
published in Appendix E.
We analysed the observations of 17 worksessions with different types of organisations. An
overview of the number of participants to the worksessions is listed by organisation type in
Table 7.1.
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Organisation type

Number

Broadcast industry

3

Publishing industry

7

Press agency

1

Facility provider

2

Vendor

2

Industry Association

1

Other

1
Total

17

Table 7.1 Work sessions on cloud computing
Below, we explain the four different types of inhibitors identified, and refer to the sections
where they are defined.
(1) The human inhibitors are originating from the human within the traditional content
industry. They are precisely defined in section 7.2.
(2) The technical inhibitors are originating from the technical implementation of IT in
the traditional production models. They are precisely defined in section 7.3.
(3) The business inhibitors are originating from the traditional business models. They
are precisely defined in section 7.4.
(4) The market inhibitors are originating from the market situation of the traditional
content industry. They are precisely defined in section 7.5.
Based on the results of the analyses we aim to identify the four types of inhibitors that
prevent an immediate shift towards cloud computing into the traditional production models.
The identification of the four types of inhibitors is our answers to RQ 5 in section 7.6.
In section 7.7 we suggest potential approaches to overcome the inhibitors by following a
transition path towards cloud computing.

7.2

Human inhibitors

The human inhibitors are the first type of inhibitors. We analyse the impact of the human
behaviour in adopting cloud computing. We identify three causes. They are: (1) the
generation differences (see subsection 7.2.1), (2) the reluctance to change (see subsection
7.2.2), and (3) the perception on cloud computing (see subsection 7.2.3).

7.2.1 Generation differences
Below, we identify and briefly describe the generation difference between decision makers
within the traditional content industry, decision makers within the alternative content
industry, and the content consumer.

151
We use for our investigations the definition of human generations as listed in Table 7.2 (see
seekingalpha.com). The first column lists the name of the generation, the second column
the abbreviation used in Figure 7.1, and the third column refers to the period when the
people are born.
Generation

Abbreviation

Years born

Lost Generation

LG

Before 1905

G.I. Generation2

GI

1905-1924

Silent Generation

SG

1925-1944

Baby Boomers

BB

1945-1964

Generation X

GX

1965-1984

Generation Y

GY

1985-2004

Generation Z

GZ

after 2004

Table 7.2 Human generations
For decades the traditional content industry has relied on proven business models and
proven production models. Decisions are made by people belonging to the baby boomers
generation or sometimes by generation X. These generations are unfamiliar with cloud
computing.
The alternative content industry applies a business model that is disruptive to the traditional
business model. Decisions are made by decision makers from generation Y and younger
generations. Alternative business models are founded by the younger generations who are
familiar with cloud computing and with leverage of the full potential of cloud computing.
The alternative business models confirm the digital divide. Leadership in the traditional
content industry is performed by baby boomers, and sometimes even by the previous
generation. A fraction of some 10% of the leadership comes from the generation X and
younger generations (see thegenxfiles.com). This division is in contradiction to the
population consuming content. Figure 7.1 depicts the consumption by generational shift in
the US. We see that in 2005 19% of the consumption is by baby boomers (red block on the
right bar) and the majority of consumption is by the younger generations (see
seekingalpha.com). The abbreviations used in Figure 7.1 are referring to 7 generations.

2

The ‘G.I. Generation’ is a term coined by authors William Strauss and Neil Howe (who are known
for their generational theory) to describe the generation who grew up in the United States during the
deprivation of the Great Depression, and then went on to fight in World War II, as well as those
whose productivity within the war's home front made a decisive material contribution to the war
effort. The G.I. Generation is sometimes called ‘The Greatest Generation’.
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Figure 7.1 US generation walk
(source: seekingalpha.com)
Decision makers within the traditional content industry are (1) reluctant to change, as they
prefer to rely on proven business models and proven production models, and (2) they have
a negative perception of cloud computing (for reasons see our analyses in chapter 5; here
we mention criteria as security and privacy) are personally unfamiliar with the use of
content from the alternative content industry.

7.2.2 Reluctance
Below, we identify and briefly describe the reluctance to adopt cloud computing. This
reluctance is driven by the fact that in many industries IT is just a supporting infrastructure.
For the traditional content industry IT is becoming the key for the production model. The
production of content is the core activity that generates their revenue. Investments are now
shifted from tape-based production models towards file-based production models, using
technologies from the second wave of IT. Integration with public cloud and public cloud
services requires a different way of thinking. Auxiliary processes, such as payroll or
accounting would be easier to be adopted.
The reluctance was well summarised by Luis E. Estrada during our interview on 22 January
2010 with the following phrase: “Keep in mind that media companies tend to be laggards
concerning IT developments. Typically, last adopters. Or adopters when there is no
alternative”.
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7.2.3 Perception
Below, we identify and briefly describe the perception about cloud computing. Cloud
computing is perceived as a buzzword or a temporary hype that will fade away (hype cycle
by Smith et al., 2009).
A similar perception existed and still exists around service-oriented architectures. SOA is a
common technology accepted within the traditional IT. Recently, the first signs of an
adoption in the traditional content industry appeared (Hunt and Spencer, 2009).
A technique to assess the maturity, impact, and adoption speed is based on defining a hype
cycle. A hype cycle follows five stages. These are (1) technology trigger, (2) peak of
inflated expectations, (3) trough of disillusionment, (4) slope of enlightenment, and (5)
plateau of productivity (cf. Smith et al., 2009). We explain the stages below.
(1) Technology trigger: is the breakthrough, product launch or other event that
generates significant press and interest.
(2) Peak of inflated expectations: a frenzy of publicity typically generates overenthusiasm and unrealistic expectations. There may be some successful
applications of a technology, but there are typically more failures.
(3) Trough of disillusionment: the technology fails to meet the expectations and
quickly becomes unfashionable. Consequently, the press usually abandons the
topic and the technology.
(4) Slope of enlightenment: although the interest might have stopped, some companies
continue through the ‘slope of enlightenment’; they experiment to understand the
benefits and practical application of the technology.
(5) Plateau of productivity: the benefits of the technology become widely
demonstrated and accepted. The technology becomes increasingly stable.
Figure 7.2 depicts the hype cycle of emerging technologies. We draw the position of SOA
and cloud computing as of July 2009 for the IT industry (based on Smith et al., 2009). We
also position SOA as used in the traditional production model, based on the results of our
analysis (see chapter 6). On the right side of the curve we see that service-oriented
architectures become adopted successfully in other industries (slope of enlightenment). On
the left side of the curve we see that cloud computing is at the peak of inflated expectations
in other industries. Adoption started on the business related functions, functions as outlined
in subsection 5.3.5.
In the traditional content industry the adoption of SOA in the production models is rather an
exception, far away from common practice. Based on the results of our analysis we may
conclude that SOA is moving towards the peak of inflated expectations. In the traditional
content industry the perception is that cloud computing is a far away hype. Hence, we may
conclude that it is positioned on the far left side of the diagram.
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Figure 7.2 Hype cycle for emerging technologies
(redrawn after Smith et al., 2009)

7.2.4 Section conclusion
From the identification and analyses of the three human inhibitors (the generation
differences, the reluctance to change, and the perception on cloud computing) we may
conclude that the reluctance to change is the major inhibitor in the decision to adopt cloud
computing in the traditional production models.
To underline the section conclusion I would like to complete the section with a second
quote by Luis E. Estrada from our interview on 22 January 2010: “Creativity is the core,
but production is the enablement process that allows it. Without full control over the
process of creativity, these companies feel uncomfortable. That is why it is so difficult for
them to see the cloud computing as a viable means for the core of what they do. It is ok for
ancillary processes and functions”.

7.3

Technical inhibitors

The technical inhibitors that prevent the adoption of cloud computing are the second type
of inhibitors. Below, we identify two technical inhibitors, they are (1) the lack of
standardisation (see subsection 7.3.1), and (2) the evolution of the standardisation (see
subsection 7.3.2).
We start by identifying the impact of available standards in the two different layers of the
IT stack. Examinations of the lower part of the IT stack shows that the choices of different
infrastructures, operating systems, and middleware are narrowed over the last decade to a
few choices. Examinations of the upper part of the IT stack show a standardisation of the
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way to exchange information, such as SOAP, and XML. These topics return in the two
subsections below.

7.3.1 Standards
In section 4.3 we analysed the different formats used in the content industry, and
investigated the importance of the choice for the production model. The lack of a unified
standardisation of essence and metadata prevents a fluent exchange between business
services. However, we remark that incompatibilities can be solved by transcoding services,
although these are network resource and compute resource consuming. The use of
transcoding services implies additional costs, impacts the quality, and creates latency (cf.
Brown, 2010).
In section 6.4 we mentioned the first efforts of standardisation for the exchange of content
in a service-oriented architecture. Beside the standardisation of essence and metadata, it
becomes a necessity to standardise the action description of a business service.
Standardisation of content and action would enable interoperability of services, leading to
an easy way to exchange business services (cf. Hunt and Spencer, 2009; Monson et al.,
2009). Standardisation would enable monitoring across cloud computing and thus facilitate
the harmonisation of service level agreements (SLA) (cf. Patel, Ranabahu, and Sheth, 2009).
Currently, we see that standardisation is essential for interoperability. However, it has not
reached its goals yet. The lack of interoperability inhibits the fast adoption of a new
technology, this includes cloud computing.

7.3.2 Evolution
Standardisation may accelerate the development of business services that could be
integrated with a service-oriented architecture. It is technically possible to integrate through
service-oriented architecture without any standardisation, with reasonable effort by skilled
professionals. The question whether this is wise (no standardisation) deserves a discussion.
The reluctance to do so comes from the habit of nearly effortless integration by the
traditional content industry, such as integration of the workflow through a physical media
or SDI.
In the consumer market, the type of technical inhibitors is fading away. In section 2.9 we
mentioned the consumer adoption of affordable devices with rich features. The device
manufacturers avoid complex integration and customisation. They offer connectivity
towards proprietary implemented public cloud services through installation of small easyto-use applications. The end-to-end management provides a seamless end-user experience.
An example of such an approach is the launch of the Apple iPhone / iPad. Users can
increment the device functionality through the purchase of additional applications from
Apple’s application store. The user’s attitude towards these applications is changing, where
in the past he would undertake effort to configure the application, it becomes now a try and
buy attitude. Applications that meet the users expectations are used, the others are thrown
away.
The current evolution in the content production models is slower than the evolution in the
consumer market. We may expect that on the longer term we evolve to a connected
enterprise, as concluded in section 6.4. The technical inhibitor is that the evolution today
does not enable the expected effortless end-to-end integration.
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7.3.3 Section conclusion
From the identification and analyses of the two technical inhibitors (standardisation and
evolution) we may conclude that the lack of standardisation of content formats and business
services in the content industry inhibits the interoperability.
Additionally, device manufacturers provide a seamless end-user experience by connecting
the device to proprietary public cloud services. The entire approach in the consumer market
is still based on a proprietary implementation.
Connectivity with easiness to use and flexibility to adapt will become that standard
approach. We aim to add that open standards will dominate in this approach in the future.
To underline the section conclusion I would like to complete the section with a quote from
our interviews (see section F.1): “The traditional integration is too heavy, too difficult to
make it smooth, too complex to implement, too intensive to maintain. A small change
impacts the integration, this becomes unsupportable over time. Connectivity means that at a
certain moment in time you share information without integration”.

7.4

Business inhibitors

The business inhibitors are the third type of inhibitors. We identify the inhibitors related to
the business models.
We identify business imperatives that are inhibitors for the adoption of cloud computing.
Below, we identify two business imperatives, they are: (1) a single important imperative,
also called the primary imperative (2) and three other imperatives, the secondary
imperatives.

7.4.1 Primary imperative
Already a first glance analysis learns us that the adoption of cloud computing in the
traditional business models becomes disruptive for the traditional business models. Starting
alternative business models requires an investment and results in low volumes at the
beginning, where the majority of the business remains with the traditional business models.
Moreover, alternative distribution channels will bring less revenue with other margin as (1)
users are not willing to pay (or will pay less) for content and (2) advertising revenue is
lower.
The unbalance between the traditional business models and the alternative business models
inhibits the adoption of cloud computing by traditional business models. This business
imperative is the primary business inhibitor.

7.4.2 Secondary imperatives
Beside the primary imperative business, we identify three secondary business imperatives
related to the adoption of cloud computing. These are (1) dependency, (2) privacy or rights
management, and (3) network connectivity.
(1) Dependency: the integration of public cloud and public cloud services creates a
dependency to the supplier of the services. The traditional content industry prefers
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to have control over the production model, especially as this is the core process
that produces the result of creativity. The dependency was also discussed in
subsection 5.2.2. Stock-exchange-listed content companies need to remain
compliant with the Sarbanes-Oxley regulation. This includes transparency towards
dependent major suppliers, such as a public cloud provider. The lack of
transparency of an important supplier (e.g., a public cloud provider) prevents the
procurement of services from such supplier. The lack of supplier transparency is
common by cloud providers, thus this is the first secondary business inhibitor.
(2) Privacy or rights management: rights management (intellectual property) is a key
activity for the content industry. Exchange of content with public cloud and public
cloud service providers requires a legal framework to ensure protection of the
rights and the intellectual property (Mowbray, 2009). The traditional content
industry is unfamiliar with the rights management in such an environment. The
lack of standardisation in rights exchange does not help the current evolution. The
lack of standardisation of rights management is the second secondary business
inhibitor.
(3) Network connectivity: accessibility of business services through the internet
requires network and infrastructure availability. The associated cost of network
connectivity is high when moving content over the internet compared to the
benefits. The impact for the exchange of professional content was concluded in
subsection 4.3.6. The availability and cost of network connectivity is the third
secondary business inhibitor.
The traditional content industry is unfamiliar with resolving these three secondary
imperatives. Therefore, the business imperatives are used as an argument not to consider
the immediate shift. This is so, in spite of the fact that each of the business imperatives can
be resolved with reasonable effort.

7.4.3 Section conclusion
From the identification and analyses of the two business inhibitors (primary imperative and
secondary imperatives) we may conclude that (1) the primary business imperative brings us
to the major inhibitor to adopt cloud computing by the traditional content industry
(especially the use of cloud computing in the distribution of content has a drastic impact on
revenue and margins for the traditional content industry), and (2) the secondary business
imperatives (dependency, privacy or rights management, and network connectivity) create
inhibitors that can be resolved with reasonable efforts.

7.5

Market inhibitors

The market inhibitors are the fourth type of inhibitors. We identify the inhibitors related to
the market.
We analyse the market evolution that creates inhibitors for the adoption of cloud computing.
Below, we identify two market inhibitor, they are (1) the convergence of the telecom
industry and the content industry (2) and the potential divergence of the telecom industry.
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7.5.1 Convergence
During the period 2005-2010 we saw a convergence of business models, especially between
the content industry and the telecom industry. We analysed the convergence in section 2.11.
The traditional content industry is challenged by convergence. Telecom operators distribute
content over their network and provide bundled supply towards the consumer. The telecom
operator receives a fair margin of the revenue, leaving pressure on the income of the
traditional content industry. Some content companies intend to move their focus to
activities in the area of content distribution.
The fact that content is distributed via different distribution channels and that the
importance of graphical quality reduces, demonstrates the importance of creativity. Known
examples are creative clips posted by individuals on YouTube that attracts millions of users.
The content industry understood the importance of creativity. Creativity is for the content
industry the differentiator to the telecom industry.
On the one side own the telecom operators the relationships with the consumers and can
obtain insight in the content consumption. Their wish is to increase the revenue from
network services, and not to pay for the content. On the other side has the content industry
the creative capabilities to produce compelling content. Their wish is to increase the
revenue from the content, and not to pay for network services. The contraposition between
the telecom industry and the content industry is the inhibitor to convergence.

7.5.2 Divergence
The vision that telecom companies might dominate the entire content lifecycle seems
currently not to be a thread from a government point of view. The European Union watches
the market trends. It is expected that they will use their power to break monopolisation of
the market if this occurs.
Upcoming discussions started on the current market position of telecom companies.
Divergence of business models might change through regularisation of the telecom industry,
a change that might start during the next decade.
The inhibitor is the potential impact of future regularisation of the telecom industry.

7.5.3 Section conclusion
From the identification and analyses of the two market inhibitors (convergence and
divergence) we may conclude that the divide between the content industry and the telecom
industry comes from the difference in the profession.
The content industry knows how to create compelling content (creativity results in quality
content), and the telecom industry knows how to bring content to the consumer
(distribution results in quality of transport). We may expect that the telecom industry makes
professional public cloud services available to the content industry. Regulatory authorities
monitor the evolution and might force a divergence of the telecom industry.
To underline the section conclusion I would like to complete the section with a quote by
Jan Deprest from our interview on 26 February 2010 (see section F.2): “Telecom
companies will have a crucial role, cloud computing is all about connectivity. We will not
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be in a pole position in the evolution towards cloud computing with our country. The role
of the telecom companies is important, and I have no fear. Government will finally be able
to demonstrate his added value for our society”.

7.6

Answers to RQ 5

In this chapter we investigated RQ 5, viz. “Which are the inhibitors preventing an
immediate shift towards the application of cloud computing into the traditional production
models?”
We identified four types of inhibitors preventing an immediate shift towards cloud
computing into the traditional production models. To answer RQ 5 we used in this chapter
(1) study of published literature, (2) interviews conducted with key industry players, (3)
observations during the field work over the period January 2009 till January 2010, and (4)
analyses based on the results from (1), (2), and (3).
We explained that four types of inhibitors prevent the immediate shift towards the
application of cloud computing into the traditional business models. The four different
types of inhibitors are related to (1) the human being, (2) the technology, (3) the business
model, and (4) the market situation.
We now recapitulate Figure 1.5 and add next to the contention the inhibitors related to (1)
the human being with a diamond labelled ‘H’, (2) the technology with a diamond labelled
‘T’, (3) the business model with a diamond labelled ‘B’, and (4) the market situation with a
diamond labelled ‘M’. This is depicted in Figure 7.3.
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Figure 7.3 Inhibitors retaining the contention
So, our conclusion as an answer to RQ 5 is that two important inhibitors prevent the shift
towards cloud computing. The first important inhibitor is a business related inhibitor, viz.
that the adoption of cloud computing is disruptive for the traditional business model. The
second important inhibitor is a human related inhibitor based on the reluctance of the
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human being to change. These inhibitors hold the traditional content industry in their own
comfort position.

7.7

Potential solutions

We refrained from further investigating these inhibitors to avoid speculation. Our analyses
of inhibitors provided us with considerable insights which allow us to offer the following
potential solutions to the three types of inhibitor.
(1) The human being: a potential solution to overcome the inhibitors related to the
human being is an appropriate change program. The change program goes along
with the technical implementation and takes into account the impact on nontechnical changes, e.g., the change in organisation and the change skills.
(2) The technology: a potential solution to overcome the inhibitors related to the
technology is the use of (a) open standards and (b) service-oriented architectures.
Although standards will evolve in the future, the use of service-oriented
architectures is a mean to create a manageable environment. Future research on
standardisation is required, in particular, on the specific standards for the media
industry, such as the abstract service definition standards.
(3) The business model: a potential solution to overcome the inhibitors related to the
business model is the development of new methodology to measure the robustness
of new business initiatives. The challenge is to know upfront which business
models will be successful. Further investigations are required on how the
robustness of a business model can be measured, prior to implementation.
(4) The market situation: a potential solution to overcome the inhibitors related to
market situation is to maintain focus on core competencies. Thus, further investing
in the creation of compelling content (creativity results in quality content) to
maintain the market identity.
Three of the four potential solutions offered will translate in chapter 8 into the directions for
future research.

Conclusions and future research
Contents

In this thesis, we studied to what extent the traditional content
industry can benefit from using the power of cloud computing.
We started to determine the current obstacles in the traditional
production models, identified which obstacles can be overcome
by cloud computing, and identified the generic benefits of cloud
computing for the traditional content industry. We proceeded to
define a feasible transition path towards adoption of cloud
computing. Finally, we investigated the inhibitors that prevent
an immediate shift towards cloud computing.

Outline

In section 8.1 we present our answers to the research questions.
Thereafter, in section 8.2, we give our conclusion to the
problem statement.
In section 8.3 we indicate directions for future research.
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8.1

Answers to research questions

In section 1.5 our problem statement was formulated and five research questions were
presented to investigate the problem statement. Here, we answer the five research questions
by referring to the results obtained. The section consolidates the answers to the five
research questions, based on the conclusions of the chapters 4 till 7.
RQ 1: What are the current obstacles in the traditional production models?
In chapter 4 we extended the ideas as voiced by Berman et al. (2008, 2009), Megler and
Estrada (2008), and Footen and Faust (2008) by investigating the obstacles in the traditional
production models. To answer RQ 1 we used (1) published literature, such as studies by
(1a) Engström (2004), Oliver (2007), Bröning (2008), Milano (2008), Pfingsten (2008),
Puppi (2008), Brown (2010), (1b) requirements released by companies from the broadcast
industry for new production environments, (1c) implementation documentation or vendor
information of new production environments, (2) the outcome of workshops with
companies from the broadcast industry, and (3) analyses based on the results from (1) and
(2). The analysis focused (a) on the content formats used in the traditional production
model and (b) on the different types of production models. We identified eight obstacles in
the traditional production models, of which four obstacles are related to the content format
and four obstacles are related to the workflow.
We demonstrated that the four obstacles related to the format originate from the multitude
of available file-based content standards (see section 4.3). The four obstacles are as follows.
Obstacle F1 – Content application choice: content applications support a limited
number of commercial formats, thus the choice of formats limits the number of content
applications that can be used in a workflow without the need of transcoding.
Obstacle F2 – Transcoding quality: acquisition from or distribution to other
commercial formats requires transcoding capacity. Transcoding requires processing
and network resources and causes latency in the workflow. The major concern of
transcoding is to maintain the video quality.
Obstacle F3 – Bandwidth requirements: several commercial formats have highbandwidth requirements. We mention two of them. (1) Using such a commercial
format within the boundaries of the organisation puts high requirements on the internal
network capacity. (2) Using such a commercial format for the exchange of content with
an external service, such as a public cloud service, puts high requirements on the
bandwidth of the connection with the public network.
Obstacle F4 – Storage requirements: several commercial formats have high storage
requirements. We mention two of them. (1) Using such a commercial format within the
boundaries of the organisation creates the need for large internal storage capacity. (2)
Using such a commercial format for the exchange of content with an external service,
such as a public cloud service, puts high requirements on the volume of data
transferred via the connection with the public network.
Moreover, we defined four types of production models and demonstrated which
characteristics deteriorate when moving from tape-based production models to file-based
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production models (see section 4.5). This leads us to the identification of four obstacles
related to the workflow. The four obstacles related to the workflow are as follows.
Obstacle W1 – Reduced flexibility causes limitations of the creativity: file-based
production models, with the exception of the work-centre workflow, automate the
workflow automation to obtain efficiency. The automation reduces flexibility and thus
it can be considered as a repression of the creativity.
Obstacle W2 – Less compatibility between different vendors: the differences in
implementations to store essence and metadata avoid seamless exchange between
components from different vendors.
Obstacle W3 – Lower flexibility of the workflows: the automation of workflows reduces
the flexibility, with the exception of the work-centre workflow.
Obstacle W4 – Less flexibility in the choice of components: the choice for a format
reduces the choice of components to those that support the chosen format.
So, file-based workflows in traditional production models create a lack of flexibility. This is
a frustrating factor for people who on the one hand have to adapt working habits and on the
other hand are reluctant to change.
File-based production models based on technologies from the second wave of IT improved
the support of alternative distribution channels. Despite the benefits of file-based
production models as listed in Table 4.5, the content industry missed the opportunity to
integrate alternative open approaches with the change from tape-based production models
to file-based production models. The contention remains with alternative models that rely
on technologies from the third wave of IT.
The resolution of these eight obstacles (F1 to F4 and W1 to W4) can be taken as a
measurement (our first criterion) towards the adoption of cloud computing in traditional
production models.
RQ 2: Is cloud computing able to overcome the current obstacles in the traditional
production models?
In chapter 5 we extended the ideas as voiced by Armbrust et al. (2009), Hilley (2009), and
Patel, Ranabahu, and Sheth (2009) by defining four operational scenarios, investigating
each of them in its purest form. To answer RQ 2 we used (1) published literature, such as
studies by Boss et al. (2007), Cheesbrough (2008), Armbrust et al. (2009), Wolf, Van de
Velde, and Sonnabend (2009), Groebbens (2009), Hilley (2009), Mather, Kumaraswamy,
and Latif (2009), Patel, Ranabahu, and Sheth (2009), (2) the postings submitted during the
October 2008 InnovationJamTM, and (3) analyses based on the results from (1) and (2).
We identified the benefits of cloud computing in the traditional production industry, in
particular in the areas where we identified the obstacles in the file-based production models.
We explained that the benefits of cloud computing (1) resolves one out of four obstacles
related to the format, and (2) resolves four out of four obstacles related to the workflow.
The single benefit related to the format when applying cloud computing in the production
model is as follows (see section 5.5).
Benefit A1 – Content application choice: content applications provided as a public
cloud service may support a limited number of commercial formats. The increasing
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number of public cloud services available and the easiness to change between public
cloud services increase the choices that can be made to perform the production steps of
the production model.
Four benefits related to the workflow when applying cloud computing in the production
model are as follows (see section 5.5).
Benefit B1 – Increased flexibility supports the creativity: the use of business services
provides flexible access to a wide variety of available tools. A business service thus
supports the creativity. Public cloud services can be used in a flexible manner without
a prior investment.
Benefit B2 – Improved compatibility between different vendors: the use of business
services allow transcoding when incompatibilities arise between different production
steps. The use of business services improves the compatibility between components
from different vendors.
Benefit B3 – Higher flexibility of the workflows: the use of infrastructure services
integrated into a production model improves flexibility of the infrastructure capacity.
The use of business services integrated in the production model increases the flexibility
in choice when business services are available in the production model.
Benefit B4 – Higher flexibility in the choice of components: cloud computing increases
the choice of components as niche business services are available, and as public cloud
services can be used without prior investment. New formats supported by used public
cloud services are available upon upgrade.
Hence, we may conclude as an answer to our RQ 2 that cloud computing helps to resolve
five of the eight obstacles identified in RQ 1.
RQ 3: What are the particular benefits of cloud computing for the traditional content
industry?
We derived from the four operational scenarios the particular benefits of cloud computing
for the traditional content industry. To answer RQ 3 we used (1) published literature list
mentioned in the sources used to answer RQ 2, (2) workshops with companies from the
traditional content industry, and (3) analyses based on the results from (1) and (2).
The five generic benefits of using cloud computing, regardless of the operational scenario,
in the traditional production models are as follows (see section 5.6).
Benefit G1 – Flexibility: increase in flexible deployment of new applications and tools.
Benefit G2 – Parallel processing: additional capacity can be deployed when required.
Benefit G3 – Capital expenditures: lower costs reduce the capital expenditures.
Benefit G4 – Operational expenditures: lower operational expenses.
Benefit G5 – Component choice: balancing between different components is possible.
The major benefit of using cloud computing is the improvement in flexibility of production
models, services models, and business models. Where the use of file-based production
models as such missed the step of integration with alternative open approaches, becomes
the use of business services (internal and extern) a way to improve the flexibility in the
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traditional production models. Hence, we may conclude as an answer to our RQ 3 that the
benefits identified in the IT industry are also applicable for the traditional content industry.
RQ 4: What is a feasible transition path towards adoption of cloud computing in the
traditional production models?
Chapter 6 addressed the fourth research question by defining a feasible transition path
towards adoption of cloud computing in the traditional production models. To answer RQ 4
we used (1) published literature, such as studies by (1a) Footen (2008), Oberhofer and
Dreibelbis (2008), Groebbens (2009), (1b) the outcome of workshops with the broadcast
industry, (1c) requirements released by the broadcast industry for new production
environments, (1d) implementation documentation or vendor information of new
production environments, (2) results of IBM lab research on MediaHub, and (3) analyses
based on the results from (1) and (2).
The result of this analysis is that we extended the research by Footen and Faust (2008) on
service-oriented architectures in the content industry by identifying a feasible transition
path towards the adoption of cloud computing for the traditional content industry.
First, we demonstrated that component business modelling is an appropriate technique to
identify business components that are a candidate for cloud computing. Second, we
demonstrated how the introduction of service-oriented architecture within an existing
production model can help to unbundle the production model. The use of processes
orchestration through the SOA middleware layer leads to an easier way to evolve towards
cloud computing. The adoption of service-oriented architecture improves the flexibility to
implement production models.
Hence, we may conclude as an answer to our RQ 4 that (1) component business modelling
and (2) service-oriented architecture are two techniques that can be used as a mean to
enable the evolution towards cloud computing in the traditional content industry.
The implementation of a feasible transition path towards cloud computing can be taken as a
measurement (our second criterion) towards the adoption of cloud computing in traditional
production models.
RQ 5: Which are the inhibitors preventing an immediate shift towards the application
of cloud computing into the traditional production models?
In chapter 7 we addressed the fifth research question by analysis of the inhibitors
preventing the immediate shift of the traditional content industry. To answer RQ 5 we used
(1) published literature, such as studies by Murdoch (2004), Eisner (2008), Fenn et al.
(2009), Plunkett (2009), Smith et al. (2009), Brown (2010), (2) interviews conducted with
key industry players, (3) observations during the field work over the period January 2009
till January 2010, and (4) analyses based on the results from (1), (2), and (3).
We identified inhibitors preventing the immediate shift towards the application of cloud
computing in the traditional business models. We identified four different types of
inhibitors. These inhibitors are related to (1) the human being, (2) the business model, (3)
the technology, and (4) the market situation.
Based on analyses we may conclude as an answer to RQ 5 that two important inhibitors
prevent the shift towards cloud computing. The first important inhibitor is a business
related inhibitor, viz. that the adoption of cloud computing is disruptive for the traditional
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business model. The second important inhibitor is a human related inhibitor, viz. the
reluctance to a change by the human being. These inhibitors hold the traditional content
industry in their current comfort position.
We summarise the answers to our research questions in Figure 8.1. We restart from Figure
1.1 and depicted the evolution towards cloud computing (arrow 1), the evolution of the
content industry (arrow 2), the contention (star 3), and the shift towards cloud computing
(arrow 4). We add the answers to our research questions as follows.
(1) We visualise the answer to RQ 1 along the line representing the second wave of IT.
We add (1) the four obstacles related to the format with a star labelled ‘F’ and (2)
the four obstacles related to the workflow with a star labelled ‘W’.
(2) We visualise the answer to RQ 2 along the line representing the third wave of IT.
We add (1) the benefit that overcomes one of the four obstacles related to the
format with a star labelled ‘A’, (2) the four benefits that overcome the four
obstacles related to the workflow with a star labelled ‘B’.
(3) We visualise the answer to RQ 3 along the line representing the third wave of IT.
We add the five benefits of cloud computing for the content industry with a star
labelled ‘G’.
(4) We visualise the answer to RQ 4 along the shift. We add the two techniques
supporting the shift towards the third wave of IT (1) component business
modelling with a rectangle labelled ‘CBM’ and (2) service-oriented architecture
with a rectangle labelled ‘SOA’.
(5) We visualise the answer to RQ 5 next to the contention. We add the inhibitors
related to (1) the human being with a diamond labelled ‘H’, (2) the technology
with a diamond labelled ‘T’, (3) the business model with a diamond labelled ‘B’,
and (4) the market situation with a diamond labelled ‘M’.
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8.2

Conclusions and future research

Conclusions on the problem statement

In chapter 1 we partitioned the problem statement into two parts. Below, we provide an
answer for both parts. Thereafter, we formulate a final conclusion.
PS 1: Why should the content industry embrace the approach of cloud computing?
The identified obstacles in the traditional production models, combined with the identified
benefits of cloud computing, provide an answer explicit to the problem statement. The (1)
internal and (2) external demand by the traditional content industry might be fulfilled with
the embracement of cloud computing.
(1) The internal demands (1a) for flexibility to support the creative element and (1b) for
responsiveness to meet the business needs can be improved through the use of cloud
computing.
(2) The external demand is imposed by the ten driving forces of the content industry. The
adoption of cloud computing helps to exploit the ten driving forces of the content industry.
PS 2: Can the production models evolve towards cloud computing?
The identified transition path towards cloud computing provides an answer to this problem
statement. The use of component business modelling and service-oriented architecture is a
first step to unbundle the traditional business model. The implementation of an enterprise
cloud computing might be a first step, prior to the adoption of public cloud services. We
demonstrated that inhibitors prevent an immediate shift towards cloud computing, the
major inhibitors are (1) related to the disruptive character of the cloud computing to the
current business and (2) related to the reluctance of the human being to change. These
inhibitors can be resolved provided that people are prepared to do so.
Below, we repeat the complete problem statement and formulate our final conclusion.
PS: To what extent can the content industry benefit from using the power of cloud
computing?
Conclusion: Our goal was to formulate the criteria that have to be fulfilled for the adoption
of new information technologies in the content industry. We demonstrated that two criteria
can be taken as a measurement of the adoption of cloud computing in the content industry.
The first criterion is the resolution of the inhibitors defined. The second criterion is the
implementation of a transition path towards cloud computing. From our analysis, we aim to
conclude that the adoption of cloud computing is beneficial and feasible for the content
industry, and thus reduces the future contention.

8.3

Future research

With respect to our research we suggest four directions of future research. These are the (1)
points of contention, (2) the acceptance by the human being, (3) standardisation of
technology, and (4) the business model robustness.
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Points of contention
The first direction of future research is related to the points of contention. We identified in
subsection 1.3.4 two other points of contention that we excluded from the scope of this
thesis. Both points of contention may be subject to future research.
The first other point of contention is at the transition from proprietary computing to
personal computing (from first wave to second wave). This first point of contention lies in
the past. The analysis of the change from proprietary computing to desktop computing is an
interesting subject of historical analysis. We leave that to the technology historians.
The second other point of contention is the contention that will occur from cloud-computing
wave to the unknown fourth wave (from third wave to fourth wave). Analysis of this point
of contention would be subject of a future trend analysis. We leave that to the researchers in
the domain of futurology.
Acceptance by the human being
The second direction of future research is related to the acceptance by the human being.
The human being remains reluctant to change, as it was the case for the previous waves in
the information technology. This attitude is not different for the decision makers in the
traditional content industry and causes reluctance to adopt the new technologies in business.
Technologies such as the use of mobile phones have been adopted by all generations in a
decade, the reluctance to adapt faded away. Future research is recommended to focus on the
design aspects of cloud-computing services that will lower the resistance to adopt,
regardless of the generation that uses cloud-computing services.
Standardisation of technology
The third direction of future research is related to the standardisation of technology, in
particular to the standardisation of interfacing in service-oriented architecture. In section
6.4 we introduced the abstract service definition (ASD) as a first step to define an interface.
We identified the lack of standardisation as an inhibitor to be resolved in section 7.3. Future
research should focus on the definition of a common terminology (ontology aspects) to
enable easy-of-use and reduce the system integration skills required to implement serviceoriented architecture in the production models. Standardisation will enable interoperability
between services and will lead to uniform SLAs.
Business model robustness
The fourth direction of future research is related to the business models of public cloud and
public cloud services. The new business models lack robustness, the over-enthusiasm and
unrealistic expectations cause business failures. The design of new business models should
be validated, prior to implementation. Future research could focus on measurement criteria
of the robustness of business models based on cloud computing.
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Appendix

Solicited sources
In this appendix we list the sources used for the analysis of RQ 1 and discussed in chapter 4.
The input sources can be divided into four categories.
(1) The results of workshops with broadcast production companies. an overview is
given in section A.1
(2) Requirements for new production environments. an overview is given in section
A.2
(3) Implementation documentation of a new production environment. an overview is
given in section A.3
(4) Interviews with broadcast production managers. an overview is given in section
A.4
The names of the companies are not published for confidentiality reasons.

A.1 Workshops

Name

Country

Project

Broadcast company

Portugal

New digital production
facilities

Broadcast company

France

News & Sports

Broadcast company

Spain

Digital news production

Broadcast company

Spain

Digital production
project

Table A.1 RQ 1 – Workshops
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A.2 Requirement analysis

Name

Country

Project

Broadcast company

Belgium

Digital production
facilities

Broadcast company

Belgium

Digital production
facilities

Film channel

Belgium

Digital Film channels

Broadcast company

United
Kingdom

Digital Production
Reference Architecture

Broadcast company 1

Germany

Digitales
Produktionssystem

Broadcast company 2

Germany

Digitales
Produktionssystem

Broadcast company 1

United
States

News

Broadcast company 2

United
States

News

Broadcast company

United
States

Sports production and
archiving

Broadcast company

France

Digital production
facilities

Table A.2 RQ 1 – Requirements analysis
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A.3 Implementation documentation

Name

Country

Project

Broadcast company

Sweden

Production and Archive
application

Broadcast company

Norway

Sports Channel

Entertainment company

Egypt

Film channel

Broadcast company

Turkey

Digital production
facilities

Table A.3 RQ 1 – Implementation documentation

A.4 Interviews and discussions

Name

Country

Project

Broadcast company

Portugal

Director of Technology

Broadcast company

France

Directeur Technique
Edition

Film channel

Belgium

Director

Broadcast company

Spain

Director Técnico

Table A.4 RQ 1 – Interviews and discussions

Appendix

Details of content production steps
In this appendix we discuss the details of the different production steps used in the filebased production workflow. The file-based production workflow can be divided into the
following 16 production steps (Engström, 2004; Oliver 2007; Bröning 2008; Milano, 2008;
Pfingsten, 2008).

B.1 Ingest
The first production step is the ingesting of existing material from different kind of sources.
For each acquisition workflow the operator has to control the video content and the
associated metadata. In most cases an ingest application is used that controls the VTRs, grid,
and video servers, and has also a basic metadata entry screen. Once the content is selected
based on time codes and the metadata has entered, the life cycle of the digital assets starts
for production and archiving. The operator can perform further cataloguing once ingested
by entering additional metadata associated with sequences, shots or single frames. These
kinds of operations are typically performed on a low-resolution version, also known as
browse video with available key-frames.
The Figure B.1 shows how tape and manual ingest are typically performed.
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1

2

3

Video Router
Feed
IngestApplication

VTR

Video Server

Tape
Digitised Content

Figure B.1 Content ingest
The following eleven acquisition workflows are used (Engström, 2004).
(1) Manual ingest from existing video material from a VTR (analogue).
(2) The operator selects a video tape, the VTR, and optionally transfers the timecodes
to the ingest application manually. The ingest application controls the VTR, the
video router, the video server, and the files on the video server. In addition it
allows visual feedback and entering associated metadata to the video tape.
(3) Batch ingest from existing video material using VTR-robots like the Sony
Flexicart.
(4) Similar to the manual workflow, the ingest applications also manages the robot in
the Flexicart, enabling ingesting of a larger amount of video tapes in an automated
manner.
(5) Scheduled ingest from a live feed, e.g., from event location, and newsfeed.
(6) Instead of digitising from a tape medium it is also common to ingest live feeds or
news feeds. Ingest planning is created from the feed planning and entered into the
ingest application together with the associated metadata for each feed. The ingest
application controls the grid and ensures the feed is directed to the videoserver
where ingest is started. This includes scheduling, monitoring and administration of
a large number of channels. Typically, also a calendar view schedule display with
file status and full recording history is available.
(7) Ingest from digital video material.
(8) Ingest of video material stored on digital video tape is identical to manual ingest
from analogue video tapes.
(9) Ingest from other assets (audio files, graphics, and text files).
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(10) Together with the video data the audio (e.g., second language), still graphics (e.g.,
covers, highlight pictures), and text tiles (e.g., subtitles, dope sheets from press
agencies) are ingested. This is typically done in the ingest application where these
files are associated with the video content.
(11) A specific way of ingest is the immediate ingest from an incoming live feed, in
this case the operator uses a button and the ingest application immediately routes
the feed to an available ingest server and initiates live capturing. This is done for
unexpected occurrences (e.g., incoming newsfeed) and called ‘hot ingest’.
The VTRs and VTR-robots are typically controlled by a RS422 serial interface.
Beside adding metadata of the entire piece of content, it is frequently useful to extend the
metadata by adding descriptive metadata to individual sequences, or to single frames.

B.2 Cataloguing
Adding metadata is a quite important part of the workflow as it is crucial to enable retrieval
of the available content in all other stages of the content lifecycle. Historically the
cataloguing was done on tape level for the entire piece of content. Now it is common to do
this on a detailed level such as sequence or single frame.
Most of the cataloguing is done during ingest of content, it adds metadata in the following
three cases
•

to available content on clip level (e.g., a soccer game);

•

on a sequence in a clip (e.g., name of football player who made a goal during
a soccer match);

•

a specific frame in a clip (e.g., a specific event).

There are a number of ways of entering metadata, for both mandatory and non-mandatory
fields. We mention four ways.
(1) Metadata can be pre-registered; this is frequently done when content is expected to
arrive, e.g., from an incoming live feed, or when available content is ingested
manually. Metadata is stored, and a placeholder for the content is created. The
archivist / librarian receives a notification upon arrival of the content and he can
validate the correct assignment of the metadata to the content. If required he can
add adjustments.
(2) Metadata can be created and adjusted after ingest. This is typically done by an
archivist / librarian; he will be notified upon arrival of new content and then
manually enters the metadata by watching the content.
(3) Metadata can be created through an interface, commonly through an XML
template provided together with file-based content. This is used for ingesting of
content delivered in a digital format.
(4) Metadata can be adjusted by authorised users of the system.
As browsing and cataloguing of high-resolution material is quite time- and resourceconsuming, it is common to generate a frame-accurate low-resolution version of the content
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from the high-resolution content automatically and to derive key-frames based on either
scene changes or time based.

Metadata
Metadata
High Resolution Content

Encoder

Low Resolution Content
Content

Digitised Content

Key-Frame Extract

Key-frames

Figure B.2 Low-resolution and key-frame extraction
The bundled content enables now manual content cataloguing to modify and update the
catalogue metadata for assets that are being ingested or already present in the archive. This
production step takes place after the content has been ingested and the automatically
created metadata is filed.
The archivist / librarian retrieves a particular video segment and he can use the thumbnail
image and browse tools with the low-resolution proxy content to display the video and
move quickly through it using VTR emulation functions of the browse tools. At the same
time the operator can type annotation data into defined fields in the application for the
entire content, also by scene or by frame. Mostly also free-format text metadata can be
added.

B.3 Search, browse, and retrieve
One of the major benefits of storing content digitally is the easiness to search, browse, and
retrieve content, regardless of the type of content or its state (ongoing ingested material,
edited material for distribution, archived material, etc). A range of operations is performed
typically to search, browse, and retrieve the content.
Search Criteria
Search Results
Request Low Res
Low Res content
Request High Res
User

Content
Repository

High Res content

Figure B.3 Search, browse, and retrieve content

Conform High Res
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The first step of each search is the definition of the search criteria; this can be either a
relatively non-complicated task by a structured search on certain metadata fields or an
unstructured search throughout the entire metadata structure. Typical search functions
provided are as follows.
•

Free text search– ability to search all fields using a single operation.

•

Sectioned free-text search – limit free text search to a specific metadata field
such as ‘creator’.

•

Indexed field search on key database fields, such as title, and creation date.

•

Masking, left and right truncation options.

•

Boolean operators, proximity operators, and interval searching is available.

•

Support for thesaurus.

•

Restricted input and search of keyword fields using a controlled vocabulary.

•

Search individual fields.

•

Combine free text search and field search.

•

Run combined searches on several individual fields.

•

Display search history and combine and edit previous searches.

•

Search templates with guidance / help functions set up for different user
groups.

•

Updating of metadata quickly reflected in the search engine.

•

Advanced search interface enables the user to build search a statement
interactively (expression by expression).

The result of the search operation is a series of search results, most frequently presented to
the user with important metadata fields (status, date, duration, quality, etc.) and a sequence
of key-frames.
The user can select in a next step a result and request the low-resolution content for a
browse preview. The low-resolution content is returned to the user, and with tools on his
desktop he can emulate key VTR functions.
One of the major functions used during a browse is the selection of content. In the last step
the ‘In’ and ‘Out’ points are defined on the low-resolution material and the user then
requests the material to the content repository. The conformation is done in the background
and the high-resolution content is returned to the user.

B.4 Low-resolution editing
Another major production step of file-based content production is the possibility of story
creation and editing based on the low-resolution content. The user (journalist) can use a
simple editor for clip generation (and simple logging) and trimming of material, or an
extended editor for story assembly, voice-overs, and relatively simple video manipulations.
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Search Content

Play-out

NLE

Low Res content

EDL

Conform EDL

Conform High Res

Low Res version

Encoder

User

Content
Repository

Key-Frame Extract

Figure B.4 Desktop editing
Content is retrieved by the user and based on the preview of the low-resolution content the
different materials are selected and integrated in the newly assembled clip. In its simplest
form the material is selected and posed on a new timeline, also called rough-cut assembly.
Multiple browse clips can be loaded and trimmed. The result is always an Edit Decision
List (EDL) describing how the assembly is created. In a more advanced mode the user can
use a number of basic editing features such as a timeline with multiple video tracks, voiceover and audio mixing enhancements. Sometimes this includes the following
functionalities:
•

Browsing of raw, edited, rendered or EDL material.

•

Searching for whole clips or parts of by metadata.

•

VTR emulation: Play, stop, fast forward, go to start, go to end, jog, shuttle, inmark, and out-mark.

•

Time line-based and split-track editing.

•

Voice-over recording, voice-over importing and basic audio mixing (serverside).

•

Split video / audio edit in own timelines.

•

Shift of timeline for voice-over.

•

Audio level adjustment on audio timeline.

•

Frame-accurate video editing.

•

Multiple audio tracks on timeline.

In addition, the user has metadata entry / update facilities similar as described in previous
sections.
Once the editing is finished the EDL is returned to the back-end for conformation. In this
process the decisions / operations described in the EDL are performed on the highresolution content. Three different operations are possible and are as follows.
The EDL is conformed and a new item is created and posted into the repository. This
invokes the creation of a low-resolution version and the key-frame extraction.

191
The EDL is copied together with the associated original high-resolution material to a Non
Linear Editor (NLE) for further post-processing.
The EDL is conformed and the content is copied to a play-out server.

B.5 Non-linear editing
Desktop editing on low-resolution content with server-based high-resolution conformation
is a powerful and fast way to create a clip. It is frequently used for news production where
time is crucial and for fast trimming of films or drama series (called rough-cut). The
functionality of the desktop tools is rather limited to standard / simple operations and to
limited numbers of video / audio tracks that can be handled simultaneously. The creation of
complex transitions between video tracks, adding special effects to the video, complex
quality corrections, handling a multitude of video / audio tracks, and so forth requires the
use of a NLE. The content is used as input for this process in its original high-resolution
format, and the result is also a high-resolution format. This requires sufficient processing
capacity and bandwidth. Therefore, this kind of operations are performed on a graphical
workstation.
NLE’s can also import EDL’s, this facilitates the NLE user browsing through the highresolution material as he can start directly with the prepared NLE and the appropriate highresolution content.
Examples of functions are the following.
•

Working directly with the high-resolution images.

•

Support of multiple formats, resolutions, encoders.

•

Special effects, special transitions.

•

Video correction (e.g., colours, light).

•

Multiple video and audio tracks.

•

Direct conformation.

B.6 Transcoding
Ingested material should be available in low-res and in key-frame format for browsing
purposes. The transcoding workflow converts high-resolution to low-resolution video and
does the key-frame extraction. The encoding of low-resolution is a conversion from highresolution content file and done on a server-farm. Immediately after the start of ingest or
file transfer session, the system should invoke the transcoder to create low-resolution video
and key-frames. In the case of available transcoding resources, transcoding can start as soon
as the first high-res GOP / frame has reached the transcoder or has been made available to
the transcoder on a shared storage pool. The transcoder provides the following benefits.
•

Creation of a frame-accurate copy.

•

The browse processing is done independently of file origin – a content file
exported from a NLE or transferred from a production system is processed
exactly the same way as ingested video.
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•

Support for transcoding of video being ingested can be faster than real time
(depends on the codecs used and processor speeds of the processors deployed
in the encoders / transcoders).

•

In the event of browse encoder shortage, available resources can be grouped
into pools, and lower priority content is automatically queued for later
processing – less transcoding units are required.

•

Generation of thumbnail images for the key-frames based on shot detection,
scene changes or maximum duration during transcoding operations.

Ingested contents sometimes have another format than the one used internally. This requires
a transformation from one format into another. The transcoding server-farm can be used to
perform this operation.
Content for distribution regularly requires a transformation to another format. Five
examples where transcoding is required are as follows.
•

High-resolution content that needs to be distributed to an internet platform or
a mobile-TV platform requires rescaling to a lower resolution, lowering the
bitrate, and commonly transcoding to a H264 format. In most cases ‘cropping’
of the content is also required due to the resizing of the presentation surface.

•

High-resolution content where the audio tracks are stored in separate files
needs a wrapping prior to distribution to the target video server.

•

Downscaling from a high-resolution format to a lower resolution.

•

Upscaling from a low-resolution format to higher resolution.

•

Transcoding from one bit-rate to another bit-rate.

B.7 Storage hierarchy
High-resolution content stored digitally needs adequate management; otherwise systems
will be flooded with data comparable to desks flooded with video cassettes / tapes in the
past. However, digitised content can be managed actively with systems, and force users to
accept policies and rules. Once the content is digitised it can be managed as files, like any
other file, by storage management solutions.
In the content industry a wide variety of abbreviations are used when talking about storage
of content; following classes can be distinguished as depicted in Figure B.5. We explain
them below.
•

Online storage is dedicated to contain the materials, those being produced
(working materials) or are ready for distribution or play-out (finished
materials). Typical characteristics of this kind of storage are the high
performance and high availability. The simultaneous read / write access of
this storage enables for example ingest (write) and browse or play-out (read)
simultaneously. Given these requirements, the storage is frequently limited in
storage capacity due to budgetary constraints.
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•

Near-line storage is dedicated to materials that were used in the near past and
may be further needed for other productions (after distribution or play-out), or
to materials that will be used in the near future, not immediately (ingested for
later use). Typical characteristics of this kind of storage are a good
performance and a large capacity.

•

Offline storage is dedicated to those materials that will be kept for long-term
storage for potential re-use in the future. Typical characteristics are the
extreme high storage capacity and a slower retrieval time.

•

Disaster Backup is dedicated to store all materials for long-term preservation.
This storage environment is physically separated from the other environments
to ensure that the content can be retrieved in case of a major disaster on the
primary site. The disaster backup also holds backups of metadata repositories
and browse proxy files.

moving

Online

Nearline

Disaster
Backup

Offline

Figure B.5 Storage hierarchy
Users intend to leave their content on the online storage, as this is not complicated and
makes their live easy. Key factors limiting the breakthrough enhancements to the
production workflow are the serial movements (often physical) of materials between these
storage layers. To realise these movements a storage hierarchy is defined and managed by a
hierarchical storage manager. Based on policies and rules the content is moved between the
different storage layers back-and-forward transparently for the end-user. Materials required
in short term (as known from the rundown programming for news or from the play-out
automation that controls the playlist) are moved upwards and those not needed moved
downwards.
The browse content in low resolution is always kept online, enabling the user to search and
retrieve content. Content requested that is kept on the near-line or on the off-line storage
will be moved automatically upwards by the hierarchical storage manager. Depending on
the detailed storage architecture this might take between tens of seconds to a few minutes.
No manual interaction is required.
Building a hierarchical storage environment has multiple advantages. Beside the automatic
and transparent hierarchical space management, it has unlimited scalability across systems,
possibility for easy operational backup and integration of a disaster backup.
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A particular way of retrieval is partial retrieval: content is partially retrieved from the
offline or the backup environment. This is commonly done by defining the in- and outpoints of the required content. The system retrieves only the required sequences.

B.8 Subtitling
Subtitling has always been a worry in the content production workflow. Even in a filebased workflow it remains a major concern. The subtitling text is stored in a text file, for
each string with the associated timecodes. The approaches commonly used are as follows.
For linear distribution the traditional way of working is to transpose the subtitles during
distribution on the video content. This can be done after the video server by mixing the
signals from the video server with the signal from the subtitling engine.
An alternative for linear distribution is to burn the subtitles into the video stream prior to
distribution by an encoding engine. The result is a new content file with embedded subtitles.
This way of working is also frequently used for distribution towards those media without
subtitling support, for example content repurposed via mobile TV or via internet.
If digital distribution is possible than the subtitling texts go along with the content, for
example used in DVD distribution of content

B.9 Graphics
Graphics are banners, logos (e.g., brands, symbols, flags) and explanatory elements (e.g.,
figures, statistics) transposed on the video stream are handled quite similar as subtitles;
either they are transposed on the video signal or burned into the digital video file. In case of
digital distribution the graphics are also burned into the digital video file due to the lack of
standardisation.

B.10 Audio
Audio follows the same workflow as the video content, going from ingest to the distribution.
Depending on the formats used audio tracks can be embedded into the video file.
Sometimes audio tracks are stored separately; this enables bundling of video and audio
content depending on the target distribution. Content can have, for example, different audio
tracks depending on the geographical area where the content is transmitted to, or different
audio tracks can be burned on DVD dependent on the target market.

B.11 Play-out automation
In linear distribution play-out automation is the management and automation of playing the
right sequences. To do so the rundown is defined in detail and for each slot in the rundown
the correct video files are associated, if needed together with the subtitling and / or graphics
files. Play-out-automation typically interconnects with the video servers and the broadcast
management systems (e;g., handling advertisements, Electronic Program Guide (EPG)). It
also automates different scenarios in case of problems and for important operations it has
control over secondary video servers. Also, alternative programming is defined in the playout-automation. The content repository typically monitors the rundown available in the
play-out automation to determine the files needed for play-out. If content is missing the
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automation has to ensure the movement from the content repository to the play-out video
server in due time.
For non-linear content distribution the content placed on the distribution platform has also a
separate management environment. From this environment the required content has to be
managed and communicated to enable the content repository to prepare and provide the
content in due time.

B.12 Content repurposing
Reuse of content has become crucial in the content industry to remain profitable.
Repackaging and redistribution of content through new channels became a common
practice, according to Rupert Murdoch, that content is king, distribution is the crown jewel
(Murdoch, 2004; Karbasfrooshan, 2007; Eisner, 2008).
Disney continuously redistributed his cartoon catalogue to generate additional income. As
production costs increased for large productions it became a necessity, the primary
distribution channel targeted for production was money loosing business. The production of
‘The Lion King’ in 1994 had a production cost of $55 million, with a release weekend gross
of $40,9 million. The film alone made $763 million, becoming one of the top-grossing
animated films ever. By repurposing the film Disney was able to add initially an additional
$500 million to the return on this initial story. This was just the beginning; additional $3
billion was generated through repurposing and merchandising (Plunkett. 2002).
Repurposing content efficiently gains importance and becomes tightly integrated within the
production environment. As each distribution channels has its own specific format the
production workflow must take this into account.

Encoder

Linear TV

Encoder

Web / Internet

Encoder

VOD casting

Content
Store

Clip
Creation
Encoder

Mobile TV

Encoder

DVD

DVD
Creation

Figure B.6 Content repurposing
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Examples of repurposing of content are depicted in Figure B.6. The content prepared for
linear TV is repurposed to four other formats. We briefly discuss them below.
•

Web / Internet distribution requires creation of smaller clips and transcoding
into a lower resolution, lower bitrate, and a new format. Subtitles are
commonly burned into the image and multiple language support requires the
creation of multiple versions with different audio tracks. Also cropping of the
content is done to fit the targeted presentation surface.

•

VOD-casting has similar requirements as Mobile TV.

•

Mobile TV distribution has the specific requirement of cropping the content to
increase visibility / readability. Additionally the content is repurposed into
smaller clips, then transcoded to a lower resolution, lower bitrate, and a new
format.

•

DVD distribution requires transcoding to the appropriate format, creation of
the subtitle files, and audio tracks. Additional menu and navigation
information is created. Content can also be bundled, for example a sequence
of drama series.

B.13 Newsroom computing system
For the production of news a journalist uses a NewsRoom Computing System (NRCS). It
consolidates the scripts, content and graphics of the stories to the final rundown; it is the
core working environment for news journalists covering various functions from planning to
finishing the story.
Information is traditionally available from agency wires, now extended with information
from web sites, blogs and Really Simple Syndication (RSS) feeds. The NRCS aggregates
content sources, has an embedded sophisticated cross-media searches and a flexible
notification engine. Journalists can create new stories by combining own information and
information available from the sources. New digital NRCS include exchange of picture and
video information and allow creation of entire stories with rich content.
NRCS integrates with different other components to have an end-to-end workflow, some
examples: archive information must be made available, story subtitling information must be
provided to the subtitling engine, content must be delivered to the distribution environment,
and so forth.
The market is dominated by two major NRCS solutions, Avid's iNEWS (formerly named
AVStar until this company was acquired by Avid) and the Associated Press' (AP) ENPS
(developed by AP together with BBC), both supporting the Media Object Server
Communication Protocol (MOS) to exchange information. According to the technical
specification; MOS is an XML-based protocol for communication between newsroom
computer systems and media object servers. The protocol covers the exchange descriptive
data for media objects, exchange of playlists and exchange of status (Austerberry, 2007).

B.14 Rights management
Digital Rights Management (sometimes called Intellectual Property Management (IPM)) is
a set of solutions designed to streamline the process of acquiring, researching, clearing,
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granting, selling, and accounting for rights across the content lifecycle and to allow the
business to manage this information on enterprise level (Rayburn and Hoch, 2005).
Managing rights is a separate solution, tackling the increasing transaction volumes and
growing complexity of managing intellectual property in the new digital world. Beside the
element of management the tight integration of the content handling must provide visibility
to the end user on the rights prior to further usage of the content partially or fully.
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C1

C2

C

C3

C2

C

Rights ok

C3
T

T+x

Rights not ok

Figure B.7 Rights management
The example in Figure B.7 is a clip C composed from the clips C1, C2, and C3. Where C2
is a purchased clip with associated rights. At the time T of distribution the rights are cleared
and the content can be used. At a later stage T+x the rights on the purchase content C2 is
expired and when clip C is retrieved by the user from the archive. It is crucial to retrieve the
rights of usage of Clip C from the rights management system and draw the user’s attention
to the fact that no rights are available to repurpose the entire clip due to the lack of rights on
the part coming from clip C2. If the content repository knows how clip C was created it can
show the user the available rights for re-use for each sequence.
A tight integration streamlines a complex process and allows a better management and
exploitation of Intellectual Property.

B.15 Watermarking
Watermarking is a technique for protecting content against piracy by embedding a still
image watermark or a motion vector watermark into the content images. One of the primary
requirements of watermarking schemes is the robustness to unintentional attacks while
avoiding the introduction of disturbing artefacts (Lochon, 2008). The most important
unintentional attack on video is ‘lossy’ compression. In the content production chain,
compression is usually applied before broadcasting or before transferring the video to other
devices. This process is depicted in Figure B.8.

198

Appendix B – Details of content production steps

Watermark

Individual
Frames

Watermark
Embedding

bitrate

Individual
Frames

Encoding

Bitstream

Figure B.8 Watermark encoding
(source: adapted from Lochon, 2008)
To recover the embedded watermark, the content is first decompressed and then each
individual frame is passed through the watermark detection system. If the detection is
perfect all the bits of the retrieved signature are correct and the same signature is found in
each frame. This also means that only one single frame is required to recover the embedded
information. However, practice has shown that in order to keep the watermark invisible,
only slight modifications of the frames are acceptable. This process is depicted in Figure
B.9.
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Figure B.9 Watermark detection
(source: adapted from Lochon, 2008)

B.16 Quality monitoring
Quality has been monitored during decades by human eye and ear using a reference
monitor (colour calibrated) and a quality headset. Quality monitoring is done for ingest
content (arrival inspection), sometimes during the production process and at the distribution
(Tektronics, 2001).
Nowadays new systems are developed to automate this monitoring process. The transmitted
content is returned to a quality monitor process, decomposing the signal back into
individual frames and audio. Quality analysis is done on a series of criteria, e.g., black
frames, dropped audio signal, contrast analysis, and colour variation analysis. At the current
state of development major improvements are still required before deployment on larger
scale, as frequently to many anomalies are detected that are either invisible to the human
eye or the results of special effects introduced in the scenes. This process is depicted in
Figure B.10.
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Figure B.10 Quality monitoring
(source: adapted from Tektronics, 2001)
A second technique to monitor the quality of transcoding is quality monitoring that also
uses the reference material as input. In this case the content is compared to the original
quality and deviations are reported. This technique is more frequently applied and delivers
good working results. This process is depicted in Figure B.10.
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Figure B.11 Quality monitoring with reference content
(source: adapted from Tektronics, 2001)

B.17 Remaining content information
Beside storing the content as described in the sections above it is common to extend the
repository with additional information associated to the content, such as still images
(pictures), text documents (scripts, reports), and graphical documents (flyers, brochures).
The benefit of storing content digitally is that all these pieces can be associated to each
other, enabling the user to retrieve the entire bundle swiftly.

Appendix

Video formats
C.1 Tape-based video standards
The major characteristic of the tape-based workflow is that a limited number of standards
are used, as these are directly related to the used physical medium. The traditional video
standards used in most countries around the world were one of the following three main
standards: PAL, SECAM, and NTSC (Goff, 2003). Each region used a single standard. An
overview of the three standards with the major characteristics is given in Table C.1.
Characteristic

PAL (°)

SECAM

NTSC

Lines / Field

625 / 50

625 / 50

525 / 60

Horizontal Frequency

15.625 kHz

15.625 kHz

15.734

Vertical Frequency

50 Hz

50 Hz

60 Hz

Video Bandwidth

5.0 Mhz

5.0 MHz

4.2 MHz

Territory

Europe, Latin
America (°),
Africa

France, Middle
East

Northern
America, Japan

(°) 2 additional variants PAL-N and PAL-M are used in Latin America
Table C.1 Traditional video formats
(source: adapted from Goff, 2003)
The majority of the exchanges of content between content companies were in the same
geographical region. The use of the same format within a region supported easy exchange
without the need of conversions. The standards were not compatible with each other and
require conversion from one standard to the other. In the case content was exchanged
between different regions content conversion tools were used.
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C.2 Video compression formats
Video data is compressed using different techniques to reduce the amount of data in such a
way that data is removed which is not necessary for a good visual perception. Compressing
video is always a trade-off between quality (low compression factor) and data reduction
(high compression factor). Some compression formats do not remove any information,
called lossless compression. They are rarely used in video as high compression ratios can
be achieved without reducing the visual quality of the images.
An important difference between two techniques needs to be understood, several
compression techniques use intraframe compression, others interframe compression. In an
intraframe compression the image of the frame is compressed, using only that current frame.
In an interframe compression the image of the frame is compressed using one or more
earlier frames, frames are grouped in a Group of Pictures (GOP), and interframe
compression is done within the GOP. Interframe compression requires the reconstruction of
each image and therefore uses the previous frames. A major difference comes when editing
both formats, in intraframe compression the video can be cut at any point in time as easy as
in uncompressed video. Editing an interframe compressed video requires reconstruction of
the frames at the cutting point (Adobe, 2004).
Compression has a positive impact on the requirements for bandwidth and storage.
Attention has to be given to editing of interframe compression techniques especially when
using long GOP formats.
Five video compression techniques are commonly used. The choice for one or the other
format has an impact on license cost, available support, and available applications. The
impact will vary depending on the design of the production model. Understanding the five
compression formats will help with the analysing the commercial formats.
(1) MPEG is the standard design by the Moving Picture Experts Group (MPEG)
(Adobe, 2004; Watkinson, 2004). MPEG-1 was first developed for medium
bandwidth and is optimised for CDROM usage. MPEG-2 and MPEG-3 have
higher bandwidth requirements, they are used in broadcast video. MPEG-4 was
designed initially for very low-bandwidth requirement and used for low-resolution
applications such as videophones. The MPEG standard includes compression in
three kinds: intraframe (called I-frame), predictive-coded frames (P-frames), and
bidirectional-predictive-coded frames (B-frames). Typically the images are
grouped by 15 (in PAL, or 18 in NTSC) in a GOP, where the first frame is
intraframe I and then P- and B-frames resulting in a sequence IBBPBBPBBPBB
for example. Using MPEG-2 reduces the raw data, a typically stream HD 1080i50
is reduced to 110 Mbit/s or even with long GOP to 50 Mbit/s. MPEG-2 Long GOP
is widely used in the broadcast industry and has become a proven standard with
good quality results. However, the first drawback is that the use of interframe
compression gives problems during editing and secondly the MPEG standard is
not license free.
(2) H264 is a different standard compression technique and equivalent to MPEG-4
Advanced Video Coding (AVC). The standard includes advanced compression
using more variability, resulting in higher computing complexity for encoding and
decoding. MPEG-4 AVC has the potential to replace MPEG-2 over time as it
reaches comparable quality at half the bitrate, requiring more processing capacity.
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MPEG-4 AVS is a newer standard, already used in broadcast video, and less still
less used than MPEG-2 (Diepold and Moeritz, 2005).
(3) The JPEG standard was designed by the Joint Photographic Experts Group (JPEG)
committee in the year 2000, it supports lossless and lossy compression. Each
frame is independently encoded, either lossless or lossy (Marcellin et al., 2000). Its
physical structure does not depend on time ordering; it employs a separate profile
to complement the data. JPEG 2000 has major advantages compared to the MPEG
compression because it is a scalable coded, with no visual artefacts and it is also
license free. It is also the standard used in digital cinema for storage and
distribution. The downside today is the lack of support by various systems and
applications.
(4) Dirac is an advanced royalty-free video compression format, originally created by
the BBC and used in open-source development groups. Compression has a
positive impact on the requirements for bandwidth and storage. Attention has to be
given to editing of interframe compression techniques especially when using long
GOP formats (Borer and Davis, 2007).
(5) The MPEG-IMX compression format was designed by Sony and is derived from
the MPEG standard. The standard specifies that the GOP must start with an Iframe followed by a series of P or B frames. The standard does not specify the
number of frames per GOP. The GOP of the IMX format contains only 2 frames,
first an I-Frame followed by a single P or B Frame. The higher quality IMX
format has only one frame in the GOP - a single I-Frame. The IMX format does
not have an issue with editing as only I-Frames are used. The compression factor
is not as high as the MPEG format that takes advantage of P and B Frames and it
is fully compliant with the standard.
The MPEG and MPEG-IMX formats are commonly used and supported. The chosen
compression format should be used through the entire workflow. The differences in the
compression techniques require de-compression and compression when changing from one
format into another. This would be a resource intensive step that can be avoided when using
a single format.

C.3 Metadata standard formats
Description of the metadata contains typically the identification of the essence, descriptive
information about the content, the rights of usage and the format. Proper metadata makes
essence accessible, useable and valuable. The exchange of essence is accomplished with the
use of metadata (Hopper, 2000).
Metadata can be transported either attached to the essence (see later) or separately. The
metadata is described in a scheme to facilitate the exchange of information between
systems. The scheme suggests a series of attributes and definitions, where the attributes are
independent, e.g., ‘Title’, from each other and the definitions are a logical group of
attributes, e.g., ‘Contract’.
Different initiatives were started and resulted in the development of different standard
schemes that are now used in the broadcast industry. The four frequently metadata formats
used are as follows.
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(1) P/Meta Metadata Exchange Standard (P/Meta scheme), is the result of a
workgroup from the European Broadcast Union (EBU). It is a scheme developed
with the objective to support the exchange of logical information and the meaning
of information, regardless of the protocol or coding used (Hopper, 2000). The
definition of the scheme contains the following four items.
•

A flat list of attributes complete with semantic definitions.

•

A list of transaction sets, each of which is built from attributes and other sets;
each set has its own definition of purpose and content.

•

A list of reference data (also known as ‘enumerated values’, ‘code values’ or
‘controlled value sets’) for appropriate attributes.

•

A syntax and notation for set construction which supports members'
requirements for the assembly of a logical set.

(2) SMPTE Metadata Dictionary Structure, the Society of Motion Pictures and
Television Engineers (SMPTE) worked on the definition of a metadata scheme at
the same time as the EBU. The urgent need for precision in handling and
interchanging technical metadata across systems and organisations when using
digital systems pushed the definition of an agreed standardisation to enable a
correct exchange. The entire metadata scheme is known as SMPTE Standard
335M (Cox, Tadic, and Mulder, 2006). The definition of the scheme contains the
following four items.
•

A list of uniquely registered entries.

•

Entries are grouped under a number of nodes.

•

A list of uniquely registered groups of metadata elements used in systems.

•

A controlled list of vocabulary registered, a list of terms that can be used with
metadata elements where the values are permitted or an enumerated list.

(3) The Descriptive Metadata Scheme-1 (DMS-1) standard, was constructed using the
SMPTE guidelines and relies heavily on the Material eXchange Format (MXF)
file format structures. It contains many of the descriptive metadata elements used
at the exchange of content, both in business-to-business and in system-to-system
transactions. The entire scheme is rich, and 3 variants exist, each with a series of
registered groups and each group with an extensive list of registered entries.
(4) Standard
Media
Exchange
Framework
(SMEF)
(http://www.bbc.co.uk/guidelines/smef.shtml), the BBC defined it’s own metadata
scheme to support and enable media exchange end-to-end across its different
business areas. The Standard Media Exchange Framework (SMEF) was designed
and the scheme called SMEF Data Model (SMEF-DM) contains a set of
definitions required from production up to the distribution and management of
content assets.
The intention of the BBC was to use the SMEF Data Model to harmonise the
landscape with the objective to enable integration of key information across
systems and improve exchange of information. The SMEF Data Model was used
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to manage the definition of data across different applications. The BBC still
continues to develop the scheme, mostly enriching details, and uses it as the
baseline for integration.
The BBC made the SMEF Data Model available to enquirers without charge,
subject to a no-signature licence incorporated on their website.

C.4 Standards of content wrapping formats
Video essence, audio essence, and metadata can be exchanged between systems /
companies separately. In these cases naming conventions are frequently used, for example
video content is stored in a MPEG-2 file and the metadata in an eXtensible Markup
Language (XML) file with the same filename and with different extensions.
To understand the commercial formats in a next step we first give a short overview on the
different ways to bundle essence and metadata. Bundling ensures consistency. To support
the exchange essence and metadata are bundled into a ‘content wrapper’. The following
three wrapping formats are commonly used.
(1) The Advanced Authoring Format (AAF) (MacCarn, 2007), was created by the
Advanced Authority Format Association, since 2007 called the Advanced Media
Workflow Association (AMWA), to enable content creators to exchange easily
essence and metadata across platforms and between systems and applications
across multiple vendors. The format was designed for post production and
authoring environments. It includes the following five functions.
•

Bundled exchange of essence and metadata.

•

Metadata for identification & location (how the item is uniquely identified),
administration (rights, access, encryption & security, etc), interpretive (names,
artists, etc), parametric (signal coding & device characteristics), and process
(editing & compositing data).

•

An object model describing relationships between different pieces of essence
and pieces of metadata; the object model can handle complex relationships.

•

The ability to track the history of a piece of essence, down from the source
element up to the final product.

•

The possibility to perform the conformation / rendering downstream (if
functionality available).

The advantage of the AAF format lies in the information available, such as what
the original file format was and where the original piece of content resides, what
shows (and how many shows) it has been used in before, who shot a particular
piece of footage, when, and where.
(2) The Media Exchange Format (Devlin, 2002), called MXF format, was created by
the Society of Motion Picture and Television Engineers (SMPTE) as the standard
for exchange of essence and metadata. The MXF format can be described as a
subset of the AAF format, with emphasis on straightforwardness for exchange of
essence and the associated metadata. It includes the following two functions.
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•

Bundled exchange of essence and metadata

•

Header and footer information and how the metadata is packed in the format

The MXF does not standardise the way metadata is packed into the format. The
MXF format is designed for completed content that needs no further rework or a
simple cut only assembly of material.
(3) The Operational Pattern Atom format (OP-Atom) (Santos, 2007) is a derived
format is the MXF Operational Pattern Atom (OP-Atom). This format has a tightly
defined structure for a single item of essence described by a single essence track.
OP-Atom is designed for applications where each essence track is held separately.
A clip with visual and audio information will reside in this case in two separate
files and the MXF metadata can link the files together belonging to the same clip.
A derived version of the OP-Atom format is the OP1A; it enables having both
pieces of content (visual and audio) in the same file.

C.5 Common commercial formats used in the industry
The common formats used in the industry can be catalogued in four categories, (1) standard
definition formats, (2) high definition formats, (3) archive formats, and (4) distribution
formats (Adobe, 2004; MacCarn, 2007; Avid, 2008; Becker et al., 2008).
(1) Three Standard Definition (SD) formats
•

DV25 – DVCPRO25 – DVCAM: this format is the most common format used
to store essence on digital video tape supported by different vendors; it uses a
compression called Intraframe Discrete Cosine Transform (DCT) (similar to
MPEG) with a fix compression ratio of 5:1 and a colour sample rate of 4:1:1
(NTSC) or 4:2:0 (PAL).
The format has a fix bitrate of 25 Mbit/s, making it easy to predict the
bandwidth and storage capacity required when the amount of essence is
known. Editing is straightforward as intraframe compression is used.
DV25 is the abbreviation used by Sony and DVCPRO25 used by Panasonic.
Digitisation to file-based production is called DVCAM and uses DV25
encoding.

•

DV50 – DVCPRO50: this format is identical to DV25 with the exception of
the colour sample rate, where 4:2:2 is used. The bitrate is fixed to 50 Mbit/s.
DV50 is the abbreviation used by Sony and DVCPRO50 used by Panasonic.

•

IMX: is a later development from Sony and was to use the IMX standard with
standard MPEG compression. The compression is applied at three different
levels, IMX-30 (6:1 compression with 30 Mbit/s), IMX-40 (4:1 compression
with 40 Mbit/s) and IMX-50 (3.3:1 compression with 50 Mbit/s) using a 4:2:2
profile.

(2) Five High Definition (HD) formats
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•

XDCAM-HD: is the file-based video format introduced by Sony, using the
MPEG-2 long-GOP compression with a maximum bitrate up to 35 Mbit/s.
The last generation is XDCAM-HD442 which uses the 4:2:2 profile and
maximum bitrate up to 50 Mbit/s.
The essence is wrapped in an MXF format, a bundle of the full resolution
version and the metadata. Also an MXF with lower-resolution browse format
can be made available in MPEG-4.

•

AVC Intra: is a fully compliant implementation of the H.264 – MPEG-4 AVC
standard by Panasonic using a 10-bit intra-frame only compression.
Two different bitrates are used: AVC-Intra 50 with 50 Mbit/s uses a 4:2:0
sampling and the horizontally scaled to ¾ and AVC-Intra 100 with 100 Mbit/s
uses a 4:2:2 sampling without scaling.

•

DNxHD: is a lossy compression format created by Avid Technologies for post
production (e.g., post production software suite), usually stored in MXF
format (can be others). The compression is intraframe and comparable to
JPEG image compression. Typical characteristic is the choice of three
selectable bitrates: 220 Mbps (depth of 10 or 8 bits), and 145 or 36 Mbps
(depth of 8 bits). The standard is proprietary and owned by Avid
Technologies (Avid, 2008).

•

ProRes 442: is a lossy compression format created by Apple for post
production (e.g., post production software suite), comparable to the DNxHD
format. It is an intraframe compression, using 10 bits colour depth, 4:2:2
sampling at full-width 1920x1080 and 1280x720 with a bitrates: 220 and 145
Mbit/s.

•

Motion JPEG 2000 (MJ2): is used at three different bitrates: 100, 75 and 50
Mbit/s using 10 bits colour depth and 4:2:2 sampling, wrapped in either MXF
or AAF. As mentioned before it is a license free format, currently weakly
supported.
The MJ2 format is for example used by Thomson.

(3) Archive formats
Archiving of content is commonly done in a long GOP encoding format as it
gives a far better compression ratio then intraframe only compression. In most
cases the finished product is archived with the associated source content, and
editing is not the primary operation on archived content.
Some broadcast organisations, like the BBC, are now investigating the option
of archiving file-based content in uncompressed formats.
(4) Distribution formats
Distribution of content is done in a multitude of different formats; a common
practice is the conversion of content to the format supported by the target
platform. The conversion includes downscaling, resizing, transcoding, etc.

Appendix
InnovationJamTM
D.1 Description
The InnovationJamTM 2008 is an open forum organised by IBM for registered participants
to share and brainstorm ideas. IBM has been sponsoring the InnovationJamTM for a few
years now. The company’s researchers, employees and outside experts are invited to join in
a virtual brainstorm session. They post their ideas for innovations and then others join in,
commenting on the posts and voting for their favourites. The event taps into the idea behind
the ‘The Wisdom of Crowds’ (Surowiecki, 2004) and the more recent ‘Crowdsourcing’
(Howe, 2008). Both discuss how the collective instincts of crowds often turn out to be right
and encourage companies to harness the power of mass collaboration systems like the
Internet to solve difficult problems. IBM started the InnovationJamTM in 2001, subscribing
to the belief that public discussion of research ideas could solve problems faster than IBM’s
own researchers tackling them secretly. In 2006, the company invested more than $100
million in ideas, and created 10 new divisions spawned during the proceedings.
The 2008 innovationJamTM had nearly 55,000 participants from IBM registered and another
5,200 outsiders. The Jam took place over 72 hours, and was floored by the sheer bulk of
information. There were 29,499 posts from more than 84,000 login sessions divided into
2,750 themes and 2,310 threads. That does not include chat sessions, a new feature this year.
One of the discussions was on Cloud Computing and gives a market perception on the
cloud computing. An interesting theme on ‘The Planet and its People’ had a thread on
‘Breakthroughs for sustainability’, a discussion turned into the topic of Cloud Computing.
Also many other threads had postings on Cloud Computing. Out of the 29,499 postings we
selected 120 postings that give a good reflection of the people’s opinions and expressed
concerns on the subject.

D.2 Selected postings
In this section we list 120 postings received from the October 2008 InnovationJamTM and
used for the analysis. We only list the author and title.
(1)

7 Oct 2008 02:18 AM UTC, Meyerson B. (USA), Cloud Computing as an
Ecological Imperative?

(2)

7 Oct 2008 02:37 AM UTC, Hittner J. (USA), Cloud computing to serve the
bottom of the pyramid

(3)

7 Oct 2008 07:11 PM UTC, Lamb G. (USA), Where does the $100 go?
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(4)

7 Oct 2008 07:28 PM UTC, Hittner J. (USA), New service models

(5)

9 Oct 2008 01:40 AM UTC, Praino A. (USA), Cloud computing economics

(6)

8 Oct 2008 03:03 PM UTC, Barbini E. (USA), The end of the PC era

(7)

9 Oct 2008 03:28 AM UTC, Ballard R. (USA), Cloud is not "thin client"

(8)

7 Oct 2008 08:03 AM UTC, Joshi A. (India), Cloud computing and inexpensive
green IT

(9)

7 Oct 2008 02:14 PM UTC, Treinish L. (USA), Cloud computing and
inexpensive green

(10)

7 Oct 2008 08:07 PM UTC, O'Mara M. (USA), Value prop could include
climate resilience

(11)

7 Oct 2008 03:10 PM UTC, Abbott-Donnelly I. (UK), The core to Green
Services

(12)

7 Oct 2008 03:11 PM UTC, Krystek P. (USA), Don't forget the Security Aspects
to get Buy-In

(13)

7 Oct 2008 03:46 PM UTC, Meyerson B. (USA), Data Security and Regulations

(14)

8 Oct 2008 09:38 PM UTC, Ratnaparkhi R. (USA), Security in the Cloud

(15)

9 Oct 2008 11:48 AM UTC, Kumar P. (India), Security

(16)

7 Oct 2008 08:19 PM UTC, O'Mara M. (USA), From ERP to Natural Resource
Management systems?

(17)

8 Oct 2008 01:24 AM UTC, Meyerson B. (USA), IT in Natural Resource
Management

(18)

8 Oct 2008 10:49 AM UTC, Abbott-Donnelly I. (UK), Two Examples of NRM:
SmartBay & Masdar Manara

(19)

8 Oct 2008 06:48 PM UTC, Eckman B. (USA), Environmental modelling on the
cloud

(20)

8 Oct 2008 06:50 PM UTC, Eckman B. (USA), Possible issues with modelling
on the Cloud

(21)

8 Oct 2008 02:31 AM UTC, Williams P. (USA), Natural resource management
systems

(22)

7 Oct 2008 09:55 PM UTC, Wacongne S. (France), Adoption of Cloud Comp is
also a question of trust

(23)

8 Oct 2008 09:45 PM UTC, Ratnaparkhi R. (USA), Trust is related to Security
in the Cloud

(24)

9 Oct 2008 02:21 AM UTC, Clarke M. (Australia), Sharing already happens

(25)

8 Oct 2008 07:56 AM UTC, Sobotta A. (Denmark), Its already happening

(26)

8 Oct 2008 09:57 PM UTC, Bouzeyene S. (Belgium), Already happening
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(27)

8 Oct 2008 09:48 PM UTC, Nievera T. (USA), Solar Powered Green Cloud

(28)

8 Oct 2008 09:57 PM UTC, Bouzeyene S. (Belgium), The future

(29)

8 Oct 2008 10:41 PM UTC, Hopkins L. (Australia), The business model?

(30)

8 Oct 2008 11:28 PM UTC, Meyerson B. (USA), There is no free lunch

(31)

8 Oct 2008 11:17 PM UTC, Barkan J. (USA), Be the supplier to the miners

(32)

9 Oct 2008 12:45 AM UTC, Basaen I. (Philippines), Great idea

(33)

9 Oct 2008 01:12 AM UTC, Suzumura T. (Japan), The World Needs Only Five
Computers?

(34)

9 Oct 2008 01:17 AM UTC, Malaika S. (USA), My Network Memory in the
Cloud ...

(35)

9 Oct 2008 01:34 AM UTC, Gerber J. (USA), Tools of choice for the clouds

(36)

9 Oct 2008 02:28 AM UTC. Clarke M. (Australia), ... cloud hubs aren't suited to
every application

(37)

9 Oct 2008 02:40 AM UTC, Anderson C. (New Zeeland), Would the world
accept this model? And how do we facilitate the acceptance of such an
imperative?

(38)

9 Oct 2008 04:00 AM UTC, Akatsu H. (Japan), More richer clients than now

(39)

9 Oct 2008 08:34 AM UTC, Rantho M. (South Africa), What I would like to see
on Cloud

(40)

9 Oct 2008 08:57 AM UTC, Van de Poel J. (Belgium), Clouds

(41)

9 Oct 2008 08:59 AM UTC, Van de Poel J. (Belgium), Selling only clouds

(42)

9 Oct 2008 10:07 AM UTC, Rojahn T. (Norway), This vision will true in...

(43)

9 Oct 2008 11:38 AM UTC, Rao A. (India), Cloud Computing providing
universal computing access

(44)

9 Oct 2008 12:04 PM UTC, Feng W. (China), This job can only be driven by
large union

(45)

9 Oct 2008 12:38 PM UTC, O'Dea D. (USA), Cloud computing: not a new idea,
but....

(46)

9 Oct 2008 01:33 PM UTC, Ahluwalia S. (UK), the future...

(47)

9 Oct 2008 01:57 PM UTC, Medeiros E. (Brazil), Cloud Computing needs open
standards, new concepts

(48)

9 Oct 2008 02:14 PM UTC, Lui E. (China), Pre-requisite for popularity is
beyond technology

(49)

9 Oct 2008 02:29 PM UTC, Mantilla C. (Mexico), Cloud Computing - Sharing
Non Used Capacities

(50)

9 Oct 2008 02:50 PM UTC, Wang H. (USA), Cloud computing
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(51)

9 Oct 2008 02:30 PM UTC, Pessoa B. (Brazil), It's already happening. See
Apple's me.com service

(52)

9 Oct 2008 02:49 PM UTC, King C. (USA), Transitioning to the cloud

(53)

9 Oct 2008 03:04 PM UTC, Veerakamolmal P. (USA), Outsourcing GHG
(Carbon) generation

(54)

9 Oct 2008 03:13 PM UTC, Goncalves J. (Brazil), Cloud computing and nedc Green Data Centre

(55)

9 Oct 2008 03:57 PM UTC, Ronchi S. (Italy), Standardization required on other
domain

(56)

7 Oct 2008 03:33 AM UTC, Shen T. (Taiwan), Why not go for Cloud
Computing

(57)

7 Oct 2008 03:45 AM UTC, Lee K. (South Korea), Symphony

(58)

8 Oct 2008 02:10 PM UTC, Ravishankar S. (USA), Complexity of Cloud
computing

(59)

8 Oct 2008 02:55 PM UTC, Goncalves J. (Brazil), Applications needed

(60)

7 Oct 2008 04:54 AM UTC, Meyer L. (Australia), Can you trust Google?

(61)

8 Oct 2008 03:00 PM UTC, Goncalves J. (Brazil), A possibility to avoid it

(62)

8 Oct 2008 08:43 PM UTC, Juliano L. G. (Brazil), Avoiding disclosure

(63)

9 Oct 2008 06:45 AM UTC, Yoshihama S. (Japan), No, I can't, but ...

(64)

7 Oct 2008 05:32 AM UTC, Kim E. (South Korea), Device connected to N/W

(65)

7 Oct 2008 06:08 AM UTC, Zhang H. (China), I love the idea of cloud
computing

(66)

7 Oct 2008 06:41 AM UTC, Watanabe H. (Japan), IBM Cloud Office Tools

(67)

7 Oct 2008 07:27 AM UTC, Song J. (China), 由 QQ 秘密记事本联想到云计算

(68)

7 Oct 2008 08:20 AM UTC, Yoshihama S. (Japan), security and business
continuity

(69)

8 Oct 2008 02:03 PM UTC, Barrell A. (United Kingdom), Company Trust

(70)

8 Oct 2008 06:48 AM UTC, Yoshihama S. (Japan), Contract and SLAs

(71)

7 Oct 2008 08:45 AM UTC, Verma R. (India), @Monopoly

(72)

7 Oct 2008 09:28 AM UTC, Trivedi A. (India), Security

(73)

8 Oct 2008 07:48 PM UTC, Martin J. (New Zeeland), Secured computing in the
cloud

(74)

7 Oct 2008 10:15 AM UTC, Myles K. (United Kingdom), Cloud computing

(75)

7 Oct 2008 10:32 AM UTC, Shen T. (Taiwan), Encryption is a good idea

(76)

7 Oct 2008 11:24 AM UTC, Philip M. (India), An excellent idea
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(77)

8 Oct 2008 07:30 PM UTC, Roach I. (Canada), Multiple interconnected clouds

(78)

8 Oct 2008 05:35 PM UTC, Rozada I. (Argentina), Internet Availability

(79)

8 Oct 2008 05:44 PM UTC, Lamagna W. M. (Argentina), Internet availability

(80)

8 Oct 2008 07:39 PM UTC DuVall J. B. (USA), Course on a Chip options for
Mobile Learning

(81)

8 Oct 2008 08:03 PM UTC, Ashish S. (India), Security problem

(82)

7 Oct 2008 09:55 PM UTC, Backley D. (Australia), Issues of security

(83)

8 Oct 2008 03:56 AM UTC, McKenzie P. (Australia), Security, Portability and
Integration...

(84)

8 Oct 2008 07:52 PM UTC, Martin J. (New Zeeland), Cloud Computing

(85)

8 Oct 2008 12:23 PM UTC, Lawrence S. (Canada), Cloud Beyond Office

(86)

8 Oct 2008 02:03 PM UTC, Milligan S. (USA), Right on! - Cloud computing
for everything

(87)

8 Oct 2008 07:42 PM UTC, Roach I. (Canada), Cloud vs. Open source

(88)

8 Oct 2008 01:17 PM UTC, Deitzer S. (USA), Google Office on the Web
Question

(89)

8 Oct 2008 02:18 PM UTC, Azzi M. (USA), Google Apps not secure....but IBM
Bluehouse is

(90)

8 Oct 2008 02:02 PM UTC, Betzler B. (USA), Let's start with Mail

(91)

8 Oct 2008 07:50 PM UTC, Roach I. (Canada), Managing costs money

(92)

8 Oct 2008 03:11 PM UTC, Betzler B. (USA), Is the cost different for Google
and Yahoo?

(93)

8 Oct 2008 02:49 PM UTC, Kaplan P. (USA), Cloud = A Great Equalizer in
Education Tools

(94)

8 Oct 2008 04:35 PM UTC, Sullivan P. (USA), Expanding education in
developing countries

(95)

8 Oct 2008 04:57 PM UTC, Kaplan P. (USA), Education as a National Priority

(96)

8 Oct 2008 05:44 PM UTC, Southworth L. (USA), Education and Cloud
Computing

(97)

8 Oct 2008 06:00 PM UTC, Williams S. (USA), Education needs in developing
countries

(98)

8 Oct 2008 06:43 PM UTC, Sullivan P. (USA), Challenges of technology for
education access

(99)

8 Oct 2008 02:53 PM UTC, Betzler B. (USA), Mudslide

(100) 8 Oct 2008 06:51 PM UTC, Dingley D. (United Kingdom), ... the image of
"clouds"
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(101) 8 Oct 2008 03:16 PM UTC, Hathaway D. (USA), Retain offline options
(102) 8 Oct 2008 07:58 PM UTC, Roach I. (Canada), Like a phone?
(103) 8 Oct 2008 03:48 PM UTC, Santana G. (Mexico), Cloud Computing
(104) 8 Oct 2008 03:52 PM UTC, Dallman T. (USA), Ubiquitous access to mail and
apps via the cloud
(105) 8 Oct 2008 04:11 PM UTC, Stamper J. (United Kingdom), Riffing on the cloud
(106) 8 Oct 2008 04:16 PM UTC, Giordana L. D. (Brazil), Replace not only apps but
the SO itself
(107) 8 Oct 2008 04:37 PM UTC, Hommel R. (USA), Security, Encryption, and
Interoperability
(108) 8 Oct 2008 04:45 PM UTC, Rothbucher S. (Germany), The model works but
needs a platform
(109) 8 Oct 2008 04:47 PM UTC, Rodriguez J. (Mexico), Cloud Computing: Where to
start? .... To whom?
(110) 8 Oct 2008 04:55 PM UTC, Kanakaraj K. (India), Retain Office products.
(111) 8 Oct 2008 05:12 PM, Villa J. P. (Argentina), Cloud Computing as an option
(112) 8 Oct 2008 05:20 PM UTC, Dias A. (Brazil), The cloud is the computer!
(113) 8 Oct 2008 06:20 PM UTC, Kittler M. (Brazil), Good idea to save resources
(114) 8 Oct 2008 06:52 PM UTC, Williams S. (USA), Language is a barrier to
reaching remote areas
(115) 8 Oct 2008 06:46 PM UTC, Dingley D. (United Kingdom), ... contrarian view....
(116) 8 Oct 2008 07:19 PM UTC, Rocha R. (Brazil), Excellent idea
(117) 8 Oct 2008 07:34 PM UTC, Stella H. (Argentina), It would be difficult, but...
(118) 8 Oct 2008 07:44 PM UTC, Correa R. (Brazil), Network bandwidth
(119) 8 Oct 2008 08:34 PM UTC, Pietrzak P. (Poland), What about offline mode?
(120) 8 Oct 2008 03:31 AM UTC, Ashish S. (India), performance?

D.3 Occurrences of the four operational scenarios in the InnovationJamTM
We performed text analysis on the selected postings and categorised them according to the
four operational scenarios. We counted the number of postings for each operational
scenario and expressed as a percentage the number of counted postings vs. the total number
of postings. This analysis shows which operational scenarios were most discussed during
the InnovationJamTM. In Table D.1 we present the results of our analysis.
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Dimension of collocation

Dimension of
virtualisation

Internal level

External level

9.17%

90.83%

Business services
level

Enterprise Cloud
Services

Public Cloud
Services

64.17%

2.50%

61.67%

Infrastructure
services level

Enterprise Cloud

Public Cloud

6.67%

29.16%

35.83%
Table D.1 The occurrences of the four operational scenarios in the InnovationJamTM

D.4 Characteristics of cloud computing discussed in the InnovationJamTM
We performed text analysis on the selected postings and determined which characteristics
of cloud computing are discussed. In particular, we looked for three perspectives at the
characteristics. These are from a (1) content perspective, (2) service perspective, and (3)
business perspective. The characteristics are listed in section 5.2.
We counted the number of postings for each characteristic within each operational scenario
and expressed as a percentage the number of counted postings vs. the total number of
postings. This analysis shows which characteristics were most discussed during the
InnovationJamTM. We present the results of our analyses for each perspective in Table D.2,
Table D.3, and Table D.4 respectively.

Characteristics
CP1

Network
management

CP2

Bandwidth

CP3

Access

CP4

Vulnerability

Enterprise
cloud

Enterprise
cloud
services

3.30%

0.00%

0.00%

0.00%

3.30%

11.70%

2.50%

0.00%

0.80%

8.30%

8.30%

0.00%

0.00%

1.70%

6.70%

13.30%

0.80%

0.80%

1.70%

10.00%

Total

Public
cloud

Public
cloud
services

Table D.2 The content perspective characteristics discussed in the InnovationJamTM
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Characteristics

Enterprise
cloud

Enterprise
cloud
services

25.00%

1.70%

0.80%

4.20%

18.30%

Total

Public
cloud

Public
cloud
services

SP1

Security
policy

SP2

Security
operations

0.80%

0.00%

0.00%

0.80%

0.00%

SP3

Maintenance

0.00%

0.00%

0.00%

0.00%

0.00%

SP4

Privacy

0.00%

0.00%

0.00%

0.00%

0.00%

Table D.3 The service perspective characteristics discussed in the InnovationJamTM

Characteristics

Total

Enterprise
cloud

Enterprise
cloud
services

Public
cloud

Public
cloud
services

BP1

Skills

0.80%

0.00%

0.00%

0.00%

0.80%

BP2

Education

0.00%

0.00%

0.00%

0.00%

0.00%

BP3

Privacy

9.20%

0.00%

0.00%

1.70%

7.50%

BP4

Accessibility
to data

10.00%

0.80%

0.00%

2.50%

6.70%

BP5

Dependency

9.20%

0.00%

0.00%

2.50%

6.70%

Table D.4 The business perspective characteristics discussed in the InnovationJamTM

Appendix

Interview outline
E.1 Background information
The use of new technologies in our information society has evolved rapidly. Over only half
a century it developed from a world with a few proprietary and large systems towards a
new world of open systems. Soon billions of intelligent ‘cool’ devices from all kind of
users will communicate through a large variety of open systems. Recently, a trend started in
the information-technology industry, called cloud computing. The origin was the
establishing of rather low utilisation rate of the available server resources. The trend is
characterised by two issues (1) consolidation of server and application, and (2) sharing of
resources among different applications on the same infrastructure resulting in less
infrastructure and lower operational costs. All this is possible through new virtualisation
techniques which enable the creation of virtual machines on an open architecture platform.
Although entire virtualisation is still not a common practice, new business models are
developed. Examples are shared applications providing functionality on an ‘on demand’
basis, or software applications provided through the network as a service (SaaS).

E.2 Cloud computing
The term cloud computing is used to describe the current computing paradigm to deliver
shared computing resources. Cloud computing is virtualised and accessed as a service from
the network and is handled by an appropriate business model. Cloud includes the entire
stack from the platform application to the business (or consumer) application. Cloud
computing is sometimes called ‘internet scale computing’, as in many cases the services
from a cloud-computing environment are accessed via the internet.
The research performed so far resulted in the distinguishing four different operational cloud
computing scenarios, depicted in the picture below.
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Business
services
level

Dimension of
Virtualisation

Infrastructure
services
level

(3) Enterprise Cloud Services

(4) Public Cloud Services

(a) Business applications, (b)
business software, and (c)
business services as a service
through a network to the end
user within the organisation

(a) Shared business
applications, (b) business
software, and (c) business
services as a service through
the public internet to the end
user

(1) Enterprise Cloud

(2) Public Cloud

(a) Reducing capital and
operational expenditure within
the boundaries of the
enterprise. (b) Improvement of
flexibility and responsiveness

(a) An on-demand model
through the internet to provide
(b) shared computing, storage,
network capacity, and
middleware

Internal
level

Dimension of
Collocation

External
level

Figure D.1 Four operational scenarios of cloud computing
We examined the industry along these two dimensions, and define four operational
scenarios in cloud computing.
Enterprise cloud (lower left quadrant)
Enterprise cloud is providing infrastructure services within the boundaries of the enterprise
or organisation.
(a) Enterprise cloud reduces capital expenditures (CAPEX) and operational expenditures
(OPEX). These are the main drivers for infrastructure consolidation and virtualisation. (b)
The need for flexibility to support business responsiveness is a trigger for enterprises to
implement enterprise cloud within their own facilities. It is a logical next step for
enterprises and large organisations with a considerable infrastructure to adopt enterprise
cloud. The implementation has no drastic impact on working procedures, existing
applications, security implementation, capacity planning, and capacity management.
Enterprise cloud is sometimes called private cloud.
Public cloud (lower right quadrant)
Public cloud is providing infrastructure services and makes them accessible through the
public internet.
(a) Public cloud provides capacity on demand through a totally virtualised infrastructure.
(b) On demand capacity for computing, storage, and network infrastructure provide a low
barrier because hard- and software does not have to be acquired. Small environments can be
used with enterprise class quality and service. Beside the capacity many vendors offer a
wide choice of middleware that can be made available in the cloud-computing environment.
Examples are databases, web servers, application servers, video encoding, and video
streaming. Cost models of public cloud usage are based on a combination of fixed and
variable costs. Low entry use is possible as some providers start with no fixed cost charge.
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Small and mid-sized operations can lower costs and gain flexibility when using public
cloud capacity instead of dedicated infrastructure.
Enterprise cloud services (upper left quadrant)
Enterprise cloud services are applications implemented within the environment of the
enterprise or organisation and provided as business services.
The (a) business applications, (b) business software, and (c) business services are provided
as a service through a network. Providing technology to the end user using the enterprise
cloud service approach improves flexibility, manageability, and responsiveness. Large
enterprises and organisations deploy already automation tools to provision application to
users; an enterprise cloud service goes a step further. The application needs no provisioning,
access rights need to be managed to enable access by the user. Regular business services
such as e-mail or calendar are the first enterprise cloud services being adopted. Business
applications or business software is slowly evolving, as in many cases this requires changes
in the architecture of existing software.
Public cloud services (upper right quadrant)
Public cloud services provide access to business services through the internet.
The (a) business applications, (b) business software, and (c) business services are provided
as a shared service through the public internet. Public cloud services give small and
medium sized organisations the opportunity to use enterprise class services at an affordable
budget. The software industry has also a major interest as they address the market of small
organisations with a central managed environment. In addition, the cost model is flexible,
as mentioned in public cloud.

E.3 Future prospects
We expect these four operational scenarios of cloud computing to coexist for the next years.
Although we have described above each of the four operational scenarios in its purest form
for comparative purposes, the reality is that the marketplace will be full of combinations.
Some organisations will have a tendency for one of these operational scenarios; others will
operate in a more mixed scenario whereby they blend the internal vs. external approach and
the infrastructure services vs. business services approach. For example organisations may
choose an enterprise cloud services for critical or sensitive applications and public cloud
services for commodity applications. The choice for cloud computing is not based on
technical or financial criteria only. Critical data and applications that are part of the core
operations of an organisation might be life threatening when handed over to another
organisation. Within existing organisations it requires a real mind-shift to start
collaboration with new partners and to change the organisation to support new way of
working.

E.4 Acceptance
Despite all benefits and the promising outlook is the adoption of cloud computing quite low
in the industry. Through a series of interviews we want to find out ‘What are the currently
known problems preventing an immediate shift towards the application of cloud computing
into the business and into the business models?’. As the human factor might have a crucial
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role in the decision making process we will ask questions to compare personal and
professional usage of cloud computing.
The interview is structured in 4 modules.
(1) Background information about yourself, mainly used to categorise your point of
view with those from peers.
(2) Use of cloud computing within your personal environment.
(3) Use of cloud computing within your professional environment.
(4) Point of view on the evolution and trends.

E.5 Interview questions
(1) Background information of the interviewee:
1.1. Name:
1.2. Organisation:
1.3. Responsibility:
1.4. Age (range):
1.5. Background studies:
1.6. Children (age):
1.7. Can we publish your name? (Y/N)
1.8. Can we publish the name of your organisation? (Y/N)
(2) Personal use of cloud computing
2.1. Which tools / applications do you use as a service (web) in your personal
environment (web e-mail, photo sharing, social network sites, online back-up,
web banking, etc.)?
2.2. If you use such services then please give the main reasons why you do so (up
to 3).
2.3. If you don’t use such services, or if you don’t use particular services, then
please give the main reason why you do so (up to 3).
2.4. How do you estimate your skills to manage systems, data, and applications
within your personal environment?
2.5. What is the level of importance you give to privacy of your personal data
having in mind the use of public services?
2.6. What is the level of importance you give to accessibility of your personal data
having in mind the use of public services?
2.7. What is the level of importance you give to security of the used services?
2.8. How do your compare the use of public services of yourself compared to the
use by youngsters?
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(3) Professional use of cloud computing
3.1. Which tools / applications do you have as a service from third party providers
(web) in your professional environment (web e-mail, crm, event management,
online back-up, etc.)?
3.2. Which tools / applications are provided as a service within in your
professional environment (web e-mail, crm, event management, online backup, etc.)?
3.3. If you have such services within your organisation then please give the main
reasons why you do so (up to 3).
3.4. If you don’t have such services, or if you don’t have particular services, then
please give the main reason why you do so (up to 3).
3.5. How do you estimate the maturity of your organisation to manage systems,
data, and applications as a service within your professional environment?
3.6. What is the level of importance given by your organisation to privacy of data
having in mind the use of enterprise services and public services?
3.7. What is the level of importance given by your organisation to accessibility of
data having in mind the use of enterprise services and public services?
3.8. What is the level of importance given by your organisation to security of the
used enterprise services and public services?
3.9. How do your compare the use of enterprise services and public services by
your organisation compared to industry peers?
(4) Vision on trends
4.1. What is your point of view on the evolution of using of cloud services within
the personal environment?
4.2. What is your point of view on the evolution of using of cloud services within
your professional environment?
4.3. What will be in your opinion the future role of the telecom companies?

Appendix

Interview summary
Interviews have been conducted to answer RQ 4. We have selected two interviews.
(1) The first interview is with the CTO of a broadcast company. We selected this
interview for the interesting point of view expressed (a) on the future evolution
within broadcast and (b) on the future role of the telecom operator. The interview
was conducted in Dutch. A brief summary of the interview is translated to English
and included in section F.1.
(2) The second interview is with the president of the federal ICT department. We
selected this interview for the interesting point of view expressed (a) on the
differences that drive private and government and (b) on the role government
should play in the future telecom market. The interview was conducted in Dutch.
A brief summary of the interview is translated to English and included in section
F.2.

F.1 Interview with CTO of a broadcast company
(1) Background information of the interviewee:
1.1. Name: not published
1.2. Organisation: public broadcast company
1.3. Responsibility: Innovation Manager and CTO
1.4. Age (range): born 1956
1.5. Background studies: Industrial Engineering
1.6. Children (age): 32 (M), 30 (M), 27 (M)
1.7. Can we publish your name?: No
1.8. Can we publish the name of your organisation?: No
(2) Personal use of cloud computing
2.1. Which tools / applications do you use as a service (web) in your personal
environment (web e-mail, photo sharing, social network sites, online back-up,
web banking, etc.)?
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Our entire household migrated immediately to what could be called pre-cloud.
This means we use the tools available from Google for our personal use. My
spouse is really technophobe and nowadays a user of all these cloud
applications. It has come to the point that she does not understand why people
migrate data when changing PC. We had some of backup of pictures, we
printed sometimes pictures, but nowadays we left that concept.
2.2. If you use such services then please give the main reasons why you do so (up
to 3).
It is evidence. I have never been paranoia in the sense of loosing data. Some
people have to keep everything because they are afraid to loose things.
Sometimes a harddisk crashes, a PC is stolen, a house burns down, and
several things can happen that causes to loose your data. I am not a collector,
as you can see here in my office, it does not occupy me. I just want to have it
available, always, and use it.
2.3. If you don’t use such services, or if you don’t use particular services, then
please give the main reason why you do so (up to 3).
If they make no sense. We use the services we like and that are easy to use.
Even my spouse now uses some of the services for her hobby. You can say
that we now live in the global village from Marshall McLuhan. We try the
services not as a techno-freak, we use them as a consumer. We use those we
like and abandon those we do not like. I have always experimented with
technology, but never gave it to my spouse before it became really userfriendly.
2.4. How do you estimate your skills to manage systems, data, and applications
within your personal environment?
The problem with my generation, especially the x-generation, is that digital
natives are educated in the 80’s, the Microsoft epoch. At that time it was
evidence that for every thing you wanted to do, things had to be changed, such
as systems replaced, software updated, applications installed. It was an
economical success, and a disaster for the learning process of my generation.
People disconnected. Those people have to go back now, but they are afraid
and have no trust. They think they will face the same problems, that they have
to learn.
If you look to Facebook then you can do almost everything with it. You can
communicate, play games, archive photos, without learning. The underlying
base of learning is playing, not as we did during the 80’s with classical
teaching. Take the services you like, play with them. These services are
offered via the web today and you do not need technological expertise to use
them. If you need that expertise then it is better no to use them, then they are
not mature enough.
2.5. What is the level of importance you give to privacy of your personal data
having in mind the use of public services?
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We have to enter a new generation. I do not agree that everybody can see
everything. It is your own decision to publish information. If you do not want
to have certain things published then it might be better not to do so. I am a
believer that the internet will be an enabler of social control, people who have
to hide things will have a problem with this. Personally I do not have a
problem with privacy. The current generation has a totally different view on
this, it is the x-generation who has a problem with this. I see that the babyboomers who have grown the x-generation made the x-generation more
assertive, more open. You have to learn to live with digital privacy.
2.6. What is the level of importance you give to accessibility of your personal data
having in mind the use of public services?
You will never have a guarantee. If the electricity power goes down then it
become unacceptable, especially when it occurs multiple times. If tomorrow
the internet goes down then we will not accept. Of course, disasters will
happen. Technology is something dangerous; the financial crisis is created
due to technology. The speed of the crisis could not have been reach with post
pigeons. With the help of technology we can also solve the crisis quickly.
This means that a crash of Google can happen. I am someone who lives in the
future, not in the past. If you live in the future then you are interested in the
creation of new things, rather than classifying the old stuff. People who are
busy with the creation of archives, and probably a lot of people do so, take
multiple backups.
2.7. What is the level of importance you give to security of the used services?
Security is like a bank. You use internet backing because you believe it is
secure. You will do things with a certain brand because you think it is secure.
This means that brand and trust become vital. They day that Apple has an
incident with Visa card numbers will become a total collapse of the Apple
brand. This is the case for myself, but most probably for everybody. You have
more confidence towards those you trust. This means that I will not use webservices from everybody, I have to trust the brand before I start using them.
2.8. How do your compare the use of public services of yourself compared to the
use by youngsters?
I might be an atypical user because I follow the evolution actively. I would
not say that I am an intensive user. I experiment, for example nowadays with
Google Wave. I like this and see a lot of possibilities. I regularly visit the
Google Labs and select the things I want to experiment with. Unfortunately, I
do not have enough time to play around. You need time, you need an attitude
of playing, an attitude of discovering. Being occupied with useless things can
enrich your digital environment. I receive partially some of the information
through my professional role. From my professional community I receive
hints, with those hints I start experimenting at home.
(3) Professional use of cloud computing
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3.1. Which tools / applications do you have as a service from third party providers
(web) in your professional environment (web e-mail, crm, event management,
online back-up, etc.)?
We use some web services, for procurement or for statistics gathering. The
use of cloud computing is really marginal compared to the total use of
technology. With the evolution from tape-based to file-based production we
merged the production department and the IT department. This approach
enabled us to reduce our costs. I am convinced that we first have to integrate
prior to decide where we can outsource.
We have taken a central driven approach, where we as market leader created
the market and offered this to smaller players. We have created services that
we provide to our suppliers. We became an application service provider, a
first step towards cloud computing. We have created something that is unique.
However, few players in the market followed this model. This means that the
approach is not the future. We have to evolve to the third wave in our
information society. The things implemented are still from the previous era
were we had to have everything internal, everything under control. We have
to go towards the next wave. I am convinced that due to the efforts done in the
past we are now well positioned to take these next steps towards the third
wave.
3.2. Which tools / applications are provided as a service within in your
professional environment (web e-mail, crm, event management, online backup, etc.)?
See answer question 3.1.
3.3. If you have such services within your organisation then please give the main
reasons why you do so (up to 3).
See answer question 3.1.
3.4. If you don’t have such services, or if you don’t have particular services, then
please give the main reason why you do so (up to 3).
See answer question 3.1.
3.5. How do you estimate the maturity of your organisation to manage systems,
data, and applications as a service within your professional environment?
See answer question 3.1.
3.6. What is the level of importance given by your organisation to privacy of data
having in mind the use of enterprise services and public services?
Privacy in our environment is about the protection of intellectual property. It
is an intense discussed topic that occupies the industry. People must be
reimbursed when their intellectual property is used. From a technological
implementation point of view we are behind the facts, business wise it is a
disaster. Within the European market there is a major challenge to manage the
intellectual property. Technology is ahead but the implementation is slowed
down due to the lack of social and legal frameworks.
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3.7. What is the level of importance given by your organisation to accessibility of
data having in mind the use of enterprise services and public services?
We will stop with the integration approach, we have to go to a total different
thinking, namely connectivity. The traditional integration is too heavy, too
difficult to make it smooth, too complex to implement, too intensive to
maintain. A small change impacts the integration, this becomes unsupportable
over time.
Connectivity means that at a certain moment in time you share information
without integration. Thus we will evolve to a hybrid environment instead of a
large monolitical integrated environment. This is a bit moving away from our
media ASP towards cloud that are interconnected and connect to own hybrid
environments. This implies that we will not store all content. Many things can
be done locally, we do not have to keep all stuff and raw material produced
locally. In the past we also have thrown things away, today we keep all crap.
We will come to systems where we connect and exchange useful content to a
service provider. The service provider will do something with the intellectual
property and will reimburse the content provider. We will not dump all
material, we have to disconnect. The demand for local storage will explode,
luckily the price of consumer storage implodes.
3.8. What is the level of importance given by your organisation to security of the
used enterprise services and public services?
This is in parallel with the previous question, it is important at the moment
you exchange intellectual property. We should not exaggerate; we will need
security in some applications and will not need security in others.
3.9. How do your compare the use of enterprise services and public services by
your organisation compared to industry peers?
We have a wise way to use the online. The internet is used as a viral way of
communication. We are in position as a public broadcaster that we do not
have to earn money. Internet helps us to create reach.
(4) Vision on trends
4.1. What is your point of view on the evolution of using of cloud services within
the personal environment?
Everywhere available, with any device. The services we use today are
information and entertainment, both of them can be used at home and will be
available everywhere. We will be able to connect, to communicate and to
entertain in an easy way. Many things still have to happen, I am convinced
that they will make my personal life more comfortable. I am an optimist.
4.2. What is your point of view on the evolution of using of cloud services within
your professional environment?
The big question is which companies will provide cloud services. I believe
that telecom operators should profile themselves as service providers, not

228

Appendix F – Interview summary
country by country, but on a global scale. They should provide services that
go beyond what is available today and that can be used by the content industry.
It might be the case that the professional environment will be surpassed by the
consumer market. That market is much larger and new models might be
organised from that direction. The key is who will provide the services.
4.3. What will be in your opinion the future role of the telecom companies?
Telecom operators have to provide additional services. Not all services should
come from the inside. I predict that a split between the network operations and
the service operations. They will not be against this, once they have the entire
broadway under their control.

F.2 Interview with President of Federal ICT
(1) Background information of the interviewee:
1.1. Name: Jan Deprest
1.2. Organisation: Government ICT
1.3. Responsibility: President
1.4. Age (range): born 1963
1.5. Background studies: economics
1.6. Children (age): 18 (M), 15 (V)
1.7. Can we publish your name?: Yes
1.8. Can we publish the name of your organisation?: FedICT
Prior to start the questions of the interview we had the following conversation as
introduction.
Cloud is for me a buzzword. I have been reading the interview preparation and it is the first
time that I can find myself in the diagram. It is a good diagram, a useful model. However, I
am not sure that the inhibitors of the private sector can be applied to government. In
government we have other drivers. The role of government is not limited to the prosperity
of the inhabitants; government should also take care of the well-being. Of course, this
should be done without destroying our economical system. When certain group of people
become frustrated with our society then the prosperity of the others becomes endangered.
This means that we may not think on a micro-economical level, we must think on a macroeconomical level. We do not have the drivers of a private company such as efficiency. Yes,
we have to be responsive. Yes, we have to be flexible. But this must be on a macro
economical level. The fact that we are not responsive and not flexible is due to the attitude,
not due to the technology or due to the organisational structures. Private companies have
external drivers, such as shareholder value, market share, profit, customer service.
Government has no external drivers, government has only internal drivers. These drivers
are very tricky, they are called ‘politics’. It is about the eradiation of the individual and the
personal interest. A cycle in the private sector lasts 3 months. The political cycle lasts 2
years, and the government administrative cycle lasts 6 years. This is because the
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government contract lasts for 6 years. These cycles are determined and the speed of
reaction is determined by the evaluation system. It comes to profiling of the individual,
demonstrating the importance. This is the first inhibitor within government.
Today we share a bit of infrastructure and we have a gateway function to exchange
information between governmental departments. It is moderating of data and is based on a
trusted third party model. We are not on the application level. We remain on the
infrastructure level and a bit on the middleware, call it portal software. We use
virtualisation and with the technology we have it is possible to provide capacity on demand,
but this has never been requested. Here we counter the psychological problems, people are
frightened to become dependent on someone else. This is the second inhibitor within
government.
We have implemented e-communities that enable document sharing among officials. It is a
pure document sharing functionality; we are not involved in the business specific
applications. The real core business such as tax files, medical files, legal documents, or
social security, can not be discussed. It will be a huge NO, privacy is an extreme sensitive
subject. This is the third inhibitor within government.
(2) Personal use of cloud computing
2.1. Which tools / applications do you use as a service (web) in your personal
environment (web e-mail, photo sharing, social network sites, online back-up,
web banking, etc.)?
I do not use cloud services within my personal environment. I run my own
website and use internet banking, these can are not cloud applications. My
children use applications such as Facebook and Flickr, I am not an active user.
I use it, I do not love it. I also try to educate my children about privacy, they
may not publish photos about me or other private photos. My children are
seeking for what is nice to share and what you better don’t share. Youth is
using these tools, I try to make them used conscious. I prefer to keep my
privacy separated.
I would be interested in a cloud service that provides software licenses. For
example a continuous updated office version available as a service would
interest me. I have no problem to share software. Of course, this is SaaS, not
cloud. The do not like alternatives such as Google, they also store the date,
something I do not like.
2.2. If you use such services then please give the main reasons why you do so (up
to 3).
See answer question 2.1.
2.3. If you don’t use such services, or if you don’t use particular services, then
please give the main reason why you do so (up to 3).
Privacy, that the only reason! I am not afraid to become dependent on
someone else. In that case, I even would not have internet. Also for internet I
am dependent. I am not worried about that, it is like electricity. You have to
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follow the reasoning that the internet and cloud computing becomes a utility;
just like electricity, water, and gas.
It is all about privacy. This fear might be due to my professional environment,
as I know precisely what to do to guarantee privacy, that I shield my privacy
from others.
2.4. How do you estimate your skills to manage systems, data, and applications
within your personal environment?
I am the IT repairman at home, at the neighbours, at friends, etc. I repair
everything. I maintain my skills as I am continuously challenged by my
personal environment and by my professional environment. When I get stuck
with a problem I call my friend Peter, he is a CTO and has IT as a hobby.
The children always look to me when they encounter a problem. However, I
have to intervene less and less. I first push them to try to solve the problem
themselves, prior to go and solve the problem for them. They are growing
their skills, but they remain IT users, not IT freaks.
2.5. What is the level of importance you give to privacy of your personal data
having in mind the use of public services?
See answer question 2.3.
2.6. What is the level of importance you give to accessibility of your personal data
having in mind the use of public services?
I do not worry at all, this is a matter of agreements. Guarantee of accessibility
has an inferior role, if the system is down then let it be. I agree that you need a
guarantee that you have access to your data, not instantaneous. This is still the
benefit of paper, it is always there, and everybody can read it, even after
thousands of years.
If I had a problem with accessibility, then I would have a problem with the
use of electricity, or water, or gas. If I would have not access at all, never
again, then it is a major problem. This would be the same with electricity,
what to do when there is no more electricity at all.
I store all my data on my own PC and have a back-up on a separate harddisk,
that is how I maintain accessibility to my personal data.
2.7. What is the level of importance you give to security of the used services?
This is evidence, very important. Security and privacy go hand in hand. No
privacy without security. For encryption you need security elements, you have
no privacy without security. Either you have an access control mechanism that
prevents access and thus provides privacy, or you have an encryption
mechanism on the information and thus provide privacy.
2.8. How do your compare the use of public services of yourself compared to the
use by youngsters?
See answer question 2.4.
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(3) Professional use of cloud computing
3.1. Which tools / applications do you have as a service from third party providers
(web) in your professional environment (web e-mail, crm, event management,
online back-up, etc.)?
We do not use such tools or application in our professional environment.
Probably the internet access itself is the only related subject I can imagine.
As government we use a lot of information that we own ourselves. Due to the
fact that we are one single state we use our own information. We do not use
public information, we make information public. If you would compare us
with a private company then we do not use external information from private
companies that is vital for our business.
3.2. Which tools / applications are provided as a service within in your
professional environment (web e-mail, crm, event management, online backup, etc.)?
Not applicable, see answer question 3.2.
3.3. If you have such services within your organisation then please give the main
reasons why you do so (up to 3).
Not applicable, see answer question 3.2.
3.4. If you don’t have such services, or if you don’t have particular services, then
please give the main reason why you do so (up to 3).
Not applicable, see answer question 3.2.
3.5. How do you estimate the maturity of your organisation to manage systems,
data, and applications as a service within your professional environment?
Extremely high! The maturity is very high within the federal ICT department,
low within the other departments. We have implemented virtualisation on an
infrastructure level and on portal middleware level. We monitor and manage
the environment. We do not have provisioning tools; we do not need these as
it is not our business model. There is no business model to implement this
within government. Within our business context we have a fast reaction time.
It is not a commercial reaction time, as this is not the business model within
government. Again, we do not have the external drivers, we have to provide a
service that is free of charge for our colleagues.
I am convinced that we have the maturity, we even have the basis of an
environment that cloud make an optimal use of cloud computing, but no
driver to go into that direction now.
3.6. What is the level of importance given by your organisation to privacy of data
having in mind the use of enterprise services and public services?
On the one hand side we have to guarantee privacy for every individual, on
the other hand we have an obligation of open government. This implies that
all our acts must be publicly known, not the contents of the acts itself. This
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gives an additional complexity compared to private companies. This
additional complexity is translated in audit trails and logs such as who used an
application, which search keys are used, which databases are consulted, all
without knowing the actual information. In my personal environment is
privacy and security important, in my professional environment is privacy,
security, and audit trails important.
3.7. What is the level of importance given by your organisation to accessibility of
data having in mind the use of enterprise services and public services?
See answer question 2.6.
3.8. What is the level of importance given by your organisation to security of the
used enterprise services and public services?
See answer question 2.7.
3.9. How do your compare the use of enterprise services and public services by
your organisation compared to industry peers?
I do not think we are in a bad position compared to government peers. We are
used as a reference in e-government throughout the world, for example for our
implementation of e-ID or government portal. I agree that we are not the top
for the use of cloud computing. The political environment causes these
borders, IT has no borders, and with cloud there are no borders at all.
I am not aware of the use of cloud by government in other countries.
(4) Vision on trends
4.1. What is your point of view on the evolution of using of cloud services within
the personal environment?
I am an internet user at home since 1995. We are probably not among the first
internet users, but it was still quite early. The computer at home is always on,
it is probably the first device we switch on in the morning, right after the light.
The use of IT is completely embedded in our daily life. I even would not
know what to do without having access to my calendar. Even my hobby or my
studies would not be possible without IT. I have access at home to the office
via VPN. The children use IT the whole day, the children communicate with
IT, it can only become worst. Or let me say it intensifies.
I am willing to use services and to pay for services. However, prior to use
them I want to understand how the services works, how privacy is handled. I
will not use them until I do not feel safe for a 100%. If services are offered
then I will evaluate them, I am not seeking for services.
4.2. What is your point of view on the evolution of using of cloud services within
your professional environment?
The technology will evolve, the mentality much slower, especially in our
country. We still have a digital divide that is wider in our country compared to
other countries. The tension between the regions causes a slow evolution.
Although we have done impressive, world-class projects such as e-ID and
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portal we lack behind in other domains. We remain in the medium of the class
when comparing on a global level.
4.3. What will be in your opinion the future role of the telecom companies?
Big, even huge! In our country something must be done on the current
situation. Cloud computing is about connectivity. If connectivity can not be
provided at a reasonable price, with certain stability, and a certain trough-put
then we will not get there. The role of the telecom companies is crucial.
I am not afraid of the monopolisation by the telecom companies. We have a
regulator who monitors the market. If you have a performant regulator and a
performant strategic oriented government then you do not have a problem
with this. Not in our society, not in the Keynesians social-economic driven
government model. The role of government must be clear, we need another
kind of government and we will need additional knowledge within
government. The fear that telecom companies could benefit from a
monopolistic situation may not be an argument to delay the evolution.
Monopolistic situations will be broken, as we had with Microsoft an as we
have nowadays with Google, Facebook, Swift. As government we (1) have to
initiate, stimulate, monitor for abuse and (2) correct and regulate when
necessary.
Telecom companies will have a crucial role, cloud computing is all about
connectivity. We will not be in a pole position in the evolution towards cloud
computing with our country. The role of the telecom companies is important,
and I have no fear. Government will finally be able to demonstrate his added
value for our society.

ummary
File-based production in the content industry started in a period when the IT industry was in
the steep growth of the personal-computing era. Traditional content companies implement
solutions that reply on technology of the second wave of the IT evolution. This trend is
based on ten driving forces of the content industry (see chapter 2). Simultaneously the new
era of cloud computing begins, driven by five driving forces of the IT industry (see chapter
3). The essence is that the adoption of new technologies by traditional content companies
occurs whilst some of the basics from IT-underpinning technologies are changing.
Meanwhile new content companies explore the use of cloud computing as a mean to
establish new business models. This coincidence creates stress in the content industry and
among the users of the new systems.
Traditional content companies still defend their current business. They are facing
competition (1) from other content companies expanding their business and (2) from
market entrants. The traditional content companies adopt technologies from the second
wave of IT at a high pace, expecting levels of quality and support equal to their dedicated
solutions based on dedicated pipes and wires. So far, the difference in pace, quality, and
support gives arguments to professionals that production with such new environments will
create inferior products. This creates continuous frustration, unbelief, and a rejection to
adopt technology from the third wave. However, the consumer makes the final judgement,
and consumption of content created with alternative means is high.
In this thesis we investigate to what extent the traditional content industry can benefit from
using the power of cloud computing. We investigate (1) why the traditional content
industry should adopt cloud computing and (2) the feasibility to evolve towards cloud
computing. Consequently, we formulate a two-fold problem statement.
Problem statements (PS)
PS 1: Why should the content business embrace the approach of cloud computing?
PS 2: Can the content business evolve towards cloud computing?
PS 1 gives rise to three research questions (RQ 1, RQ 2, and RQ 3), PS 2 gives rise to two
research questions (RQ 4 and RQ 5).
RQ 1: What are the current obstacles in the traditional production models?
RQ 2: Is cloud computing able to overcome the current obstacles in the traditional
production models?
RQ 3: What are the particular benefits of cloud computing in for the traditional
content industry?
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Summary
RQ 4: What is a feasible transition path towards adoption of cloud computing in the
content industry processes?
RQ 5: Which are the inhibitors preventing an immediate shift towards the application
of cloud computing into the business models of the content industry?

Each research question is answered in a separate chapter.
In chapter 4 we focus on RQ 1: What are the current obstacles in the traditional production
models? To answer this RQ 1 we focus on the production models used in the broadcast
industry. Our point of departure is the recent changes occurring in this part of the content
industry. We start with the analysis of the traditional tape-based production where we
identify the benefits and drawbacks. We also discuss the transition from tape-based
production to file-based production. File-based production models use content stored as
digital data in the different production steps. To identify the benefits and to derive the
obstacles where attention must be given to in the production models, we (1) analyse the
different production steps used in a workflow, (2) analyse how the data handled with the
digital formats influence the production steps, and (3) define the four types of production
models that combine the production steps. We look how the ten drivers of the content
industry can be exploited by the transition towards file-based production based on
technology from the second wave of IT. In response to RQ 1 we conclude that the
digitisation of traditional content-production environments creates a lack of flexibility in
the workflows. This is a frustrating factor for people who on one hand have to adapt
working habits and on the other hand are reluctant to change. File-based production using
technologies from the second wave of IT improves the flexibility of supporting alternative
distribution of content. Despite the benefits the step of digitisation misses the opportunity to
integrate with alternative open approaches. The contention remains with alternative models
that rely on technologies from the third wave of IT.
In chapter 5 we focus on two research questions. First, we focus on RQ 2: Is cloud
computing able to overcome the current obstacles in the traditional production models? To
answer RQ 2 we go into the details of the use of cloud computing. We discuss cloud
computing in two dimensions, the dimension of virtualisation and the dimension of
collocation. This results in the definition of four operational scenarios. We apply the use of
the four operational scenarios in the content industry. We investigate the specific benefits
of applying cloud computing in the content industry. In response to RQ 2 we conclude that
cloud computing helps to resolve five of the eight obstacles identified in RQ 1. Where
digitisation as such misses the step of integration with alternative open approaches, the use
of cloud services (enterprise and public) becomes a way to integrate the business models.
Second, we focus on RQ 3: What are the particular benefits of cloud computing for the
traditional content industry? From these investigations of RQ 2 we are able to answer RQ 3.
In response to RQ 3 we conclude that the major benefit of using cloud computing is the
improvement in flexibility of technology, services, and business models.
In chapter 6 we focus on RQ 4: What is a feasible transition path towards adoption of cloud
computing in the content industry processes? To answer this RQ 4 we (1) validate how the
component business modelling technique can be applied to the content industry to support
the evolution towards cloud computing, and (2) analyse how to unbundle existing
production models in the content industry using a service-oriented architecture as a step to
integrate cloud computing. We give an outlook on how the benefits of using these
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techniques in the content industry will lead to future enterprises. In response to RQ 4 we
conclude that component business modelling and service-oriented architecture are a way
towards enabling the cloud-computing evolution in favour of traditional content companies.
In chapter 7 we focus on RQ 5: Which are the inhibitors preventing an immediate shift
towards the application of cloud computing into the business models of the content
industry? To answer this RQ 5 we investigate the inhibitors that prevent the adoption. We
define four types of inhibitors. We define (1) the human inhibitors, (2) the technical
inhibitors, (3) the business inhibitors, and (4) the market inhibitors. In response to RQ 5 we
conclude that inhibitors exist and prevent the immediate shift towards the application of
cloud computing into the traditional business models. We define two important inhibitors,
these are (1) a business related inhibitor that implies that the adoption of cloud computing is
disruptive for the traditional business, and (2) a human related inhibitor based on the
reluctance of many users to change.
In chapter 8 we use the answers to the five research questions to give an answer to our
problem statement. With respect to PS 1, we conclude that internal and external demand
within the industry might be fulfilled with the embracement of cloud computing. The
internal demand for flexibility to support the creative element and for responsiveness to
meet the business needs can be improved through the use of cloud computing. The external
demand of cloud services from the content industry within the current market evolution is
imposed by the ten driving forces. With respect to PS 2, we conclude that the use of
component business modelling and service-oriented architecture is a first step to unbundle
the content business model. The implementation of an enterprise cloud might be a first step,
prior to the use of public cloud services. Inhibitors that prevent an immediate shift are
defined. These inhibitors can be resolved provided that the people are prepared to do so.
Finally, we provide four directions for future research with respect to our research.

amenvatting
Bestandsgebaseerde productie in de media-industrie is begonnen gedurende de steile
groeiperiode van de IT industrie, tijdens het PC tijdperk. De traditionele mediabedrijven
implementeren oplossingen die tot op heden gebaseerd zijn op technologie van de tweede
generatie van de IT evolutie. Deze trend is gebaseerd op tien drijvende krachten van de
media-industrie (zie hoofdstuk 2). Tegelijkertijd bevinden we ons vandaag in het nieuwe
tijdperk van cloud computing, gedreven door vijf drijvende krachten van de IT-industrie
(zie hoofdstuk 3). De essentie is dat de invoering van nieuwe technologieën door de
traditionele mediabedrijven zich voordoet terwijl een aantal van de grondliggende IT
technologieën aan het veranderen zijn. Daar tegenover staat dat nieuwe mediabedrijven het
gebruik van cloud computing exploreren voor het opzetten van alternatieve
businessmodellen. De samenloop van deze omstandigheden zorgt voor stress in de mediaindustrie.
Traditionele mediabedrijven verdedigen nog steeds hun huidige activiteiten, terwijl ze te
kampen krijgen met concurrentie (1) van andere traditionele mediabedrijven die hun
activiteiten uitbreiden in andere domeinen en (2) van nieuwkomers op de markt. De
traditionele mediabedrijven implementeren technologieën van de tweede golf van IT in een
hoog tempo. Ze verwachten dezelfde kwaliteit en hetzelfde niveau van ondersteuning als
deze bekomen door middel van specifieke oplossingen. Het verschil in tempo, kwaliteit, en
ondersteuning creëert continue frustratie. Dit geeft de professionele gebruikers de
argumenten dat de productie met dergelijke nieuwe omgevingen inferieure producten
creëert. Bijgevolg leiden de nieuwe technologieën uit de derde golf tot scepticisme en
afwijzing. Het is echter de consument die definitief beslist, en het verbruik van producten
die gemaakt zijn met alternatieve middelen is hoog.
In dit proefschrift onderzoeken we in hoeverre een businessmodel zoals gebruikt door de
media-industrie kan profiteren van de kracht van cloud computing. We onderzoeken (1)
waarom de media-industrie cloud computing zou moeten gebruiken, en (2) de haalbaarheid
van een evolutie naar cloud computing. Daarom formuleren we een tweeledige
probleemstelling.
Probleemstelling (PS)
PS 1: Waarom moet de media-industrie evolueren naar cloud computing?
PS 2: Kan de media-industrie evolueren naar cloud computing?
PS 1 geeft aanleiding tot drie onderzoeksvragen (RQ 1, RQ 2, en RQ 3), PS 2 leidt tot twee
onderzoeksvragen (RQ 4 en RQ 5).
RQ 1: Wat zijn de huidige belemmeringen in de traditionele mediaproductiemodellen?
RQ 2: Is cloud computing in staat om de huidige belemmeringen te overkomen?
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Samenvatting

RQ 3: Wat zijn de voordelen van cloud computing in het bijzonder voor de mediaindustrie?
RQ 4: Wat is een haalbaar transitiepad voor de aanvaarding van cloud computing in de
processen van de media-industrie?
RQ 5: Welke zijn de blokkerende factoren die een onmiddellijke toepassing van cloud
computing in de businessmodellen van de media-industrie belemmeren?
Elke onderzoeksvraag wordt beantwoord in een afzonderlijk hoofdstuk.
In hoofdstuk 4 richten we ons op RQ 1: Wat zijn de huidige belemmeringen in de
traditionele mediaproductiemodellen? Om deze onderzoeksvraag RQ 1 te beantwoorden
bestuderen we de productiemodellen die gebruikt worden in de TV industrie. Ons
uitgangspunt zijn de recente veranderingen die zich voordoen in dit deel van de mediaindustrie. We beginnen met de analyse van de traditionele tapegebaseerde productie, waar
we de voordelen en nadelen identificeren. We bespreken ook de overgang van
tapegebaseerde productie naar bestandsgebaseerde productie. Bestandsgebaseerde media
productiemodellen maken gebruik van mediamateriaal dat is opgeslagen in digitale
bestanden in de verschillende productiestappen. Het identificeren van de voordelen en van
de nadelen geeft een inzicht in de punten waar aandacht moet aan worden besteed
gedurende het ontwerp van de productiemodellen. Om hiertoe te komen analyseren we (1)
de verschillende productiestappen gebruikt in de werkprocessen, (2) de invloed van de
digitale formaten op de productiestappen, en (3) de productiemodellen die de
productiestappen combineren. We kijken hoe de tien drijvende krachten van de mediaindustrie ondersteund worden door de overgang naar bestandsgebaseerde productie die
gebaseerd is op de technologie van de tweede golf van IT. Als antwoord op RQ 1 vinden
we dat de digitalisering van traditionele productieomgevingen een gebrek aan flexibiliteit in
de werkprocessen vertonen. Dit is een frustrerende factor voor mensen die aan de ene kant
hun creativiteit willen uiten en aan de andere hand gewoontes hebben die ze niet graag
willen veranderen. Bestandsgebaseerde productie, gebaseerd op technologieën van de
tweede golf van IT, verbetert de flexibiliteit van alternatieve distributie van media.
Ondanks deze voordelen mist de stap van de digitalisering de gelegenheid om met
alternatieve open benaderingen te integreren. De stress blijft ten opzichte van alternatieve
modellen die gretig gebruik maken van technologieën uit de derde golf van IT.
In hoofdstuk 5 richten we ons op twee onderzoeksvragen. Eerste behandelen we RQ 2: Is
cloud computing in staat om de huidige belemmeringen te overkomen? Om de
onderzoeksvraag RQ 2 te beantwoorden gaan we in op de details van het gebruik van cloud
computing. We bespreken cloud computing in twee dimensies, de dimensie van virtualisatie
en de dimensie van allocatie. Dit resulteert in de definitie van vier operationele scenario's.
We passen het gebruik van de vier operationele scenario’s toe in de media-industrie, vooral
met betrekking tot processen. We onderzoeken de specifieke voordelen van het gebruik van
cloud computing in de media-industrie. In antwoord op de RQ 2 komen we tot de conclusie
dat cloud computing in staat is om vijf van de acht belemmeringen geïdentificeerd in RQ 1
te overkomen. Waar de digitalisering als zodanig de stap van de integratie met alternatieve
open benaderingen mist, wordt het gebruik van cloud computing (binnen de onderneming
en publiek) een manier om de flexibiliteit in de businessmodellen te verbeteren.
Vervolgens behandelen we RQ 3: Wat zijn de voordelen van cloud computing in het
bijzonder voor de media-industrie? Uit ons onderzoek van RQ 2 zijn we ook instaat om een
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antwoord op RQ 3 te formuleren. Als antwoord op RQ 3 komen we tot de conclusie dat het
voordeel van het gebruik van cloud computing ligt in de verbetering van de flexibiliteit in
het gebruik van technologie, diensten en businessmodellen ligt.
In hoofdstuk 6 richten we ons op RQ 4: Wat is een haalbaar transitiepad dat leidt naar de
aanvaarding van cloud computing in de processen binnen de media-industrie? Om deze
onderzoeksvraag RQ 4 te beantwoorden valideren we (1) hoe de techniek van component
business modelling (CBM) kan worden toegepast binnen de media-industrie om een
selectie te maken waar cloud computing kan worden gebruikt, en (2) hoe service-oriented
architecture (SOA) kan worden gebruikt om de bestaande productiemodellen te ontvlechten
als een stap naar integratie met cloud computing. We bekijken de voordelen van het gebruik
van CBM en SOA-technieken in de media-industrie die tot toekomstgerichte vormen van
ondernemingen zullen leiden. In antwoord op de RQ 4 concluderen we dat component
business modellering en service-oriented architecture een manier voor de traditionele
mediabedrijven is om in de richting van cloud computing te evolueren.
In hoofdstuk 7 richten we ons op RQ 5: Welke zijn de blokkerende factoren die een
onmiddellijke evolutie in de richting van cloud computing in de businessmodellen van de
media-industrie verhinderen? Om deze onderzoeksvraag RQ 5 te beantwoorden
onderzoeken we de blokkerende factoren die de evolutie verhinderen. We definiëren vier
soorten blokkerende factoren. We definiëren (1) de menselijke factoren, (2) de technische
factoren, (3) de zakelijke factoren, en (4) de markt factoren. In antwoord op RQ 5 kunnen
we concluderen dat er vier soorten van blokkerende factoren de evolutie in de richting van
cloud computing in de businessmodellen van de traditionele media-industrie voorkomen.
We definiëren twee belangrijke blokkerende factoren; deze zijn (1) een zakelijke factor,
namelijk het invoeren van cloud computing verstorend voor de traditionele business is, en
(2) een menselijke factor die gebaseerd is op de onwil van vele gebruikers om te veranderen.
In hoofdstuk 8 gebruiken we de antwoorden op de vijf onderzoeksvragen om een antwoord
op onze probleemstelling te geven. Met betrekking tot PS 1 mogen we concluderen dat de
interne en externe vraag binnen de traditionele mediabedrijven kan worden voldaan met de
introductie van cloud computing. De interne vraag naar flexibiliteit om het creatieve
element te ondersteunen en het inspelen op de behoeften van het bedrijf kan worden
verbeterd door het gebruik van cloud computing. De externe vraag van cloud-diensten van
de media-industrie binnen de huidige marktontwikkelingen is ingegeven door de tien
drijvende krachten. Met betrekking tot PS 2 mogen we concluderen dat het gebruik van
component business modelling en service-oriented architecture een eerste stap is om de
media businessmodellen te ontvlechten. De invoering van een privé cloud kan een eerste
stap zijn om vervolgens te evolueren naar het gebruik van openbare cloud-diensten.
Blokkerende factoren die een onmiddellijke overstap voorkomen zijn gedefinieerd. Indien
de bereidheid ertoe bestaat kunnen deze blokkerende factoren worden opgelost. Ten slotte
vermelden we met betrekking tot ons onderzoek vier richtingen voor toekomstig onderzoek.
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