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PREFACE

W

ith the support of the European Commission, ETSI has run a project to develop teaching materials
to facilitate education on ICT (Information and Communication Technology) standardization,
and to raise the knowledge level of ICT standardization-related topics among lecturers and
students, in particular in the fields of engineering, business administration and law, in higher education. For
this purpose, ETSI recruited a group of experts from different sectors, including standards organizations,
academia and consulting companies. All of the experts have been actively involved in current standardization
production and/or research, within the area of ICT.
To advance education about ICT standardization, the attractiveness of the topic among lecturers and
students should be improved. Comprehensive and up-to-date teaching materials constitute a major
way to convey the value and raise awareness of standardization. To provide high value for teachers and
students, our main objective was to create a textbook and accompanying teaching/learning materials for
standardization education that are tailored to the requirements and challenges of the ICT sector.
This project started by identifying best practices in education about standardization of ICT, the learning
objectives and most appropriate teaching methods and tools. For this reason, the group of experts, who
co-authored this textbook, carried out an intensive desktop research, and more than 25 interviews with
leading international experts in standards education. The analysis of the information generated led to the
design of the textbook structure and the accompanying learning material, including slides, visualizations,
quizzes and case studies.
Readers of this book are not required to have any previous knowledge about standardization. They
are introduced firstly to the key concepts of standards and standardization, different elements of the
ecosystem and how they interact, as well as the procedures required for the production of standardization
documents. Then, readers are taken to the next level by addressing aspects related to standardization
such as innovation, strategy, business, and economics.
The contents of the book can be read in different ways. It can be read from cover to cover in a linear
way, or readers may only focus on the specific chapters they are interested in. This is supported by the
modular structure of the textbook, making the single chapters self-contained units that can be studied
independently of other chapters. Each chapter begins with a list of learning objectives and key messages
about what they will be learning in that particular chapter. For lecturers, this could be regarded as “metacontents” to help decide which chapter of the book suits better the module or topic they are teaching.
The teaching resources comprise this textbook, which conveys the main theoretical knowledge. The text
is enriched with examples from real standardization practice to illustrate the key theoretical concepts.
Furthermore, the book includes case studies, where the ‘case’ can be a standardization document, an
event or action, or a company that implemented a particular practice that is related to standardization. Each
case study is intended to make readers reflect on a subset of the book’s learning objectives and messages,
and it could be potentially used by lecturers as a building block for further learning activities more tailored
to their particular teaching needs. Case studies also enable students to better see the application of the
concepts learned and allow a classroom environment that promotes group discussion and interaction
among students. Finally, each chapter includes a quiz to be used as a self-assessment learning activity.
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Furthermore, each book chapter includes a glossary and list of abbreviations, which are useful in any
learning context and indispensable in order to better understand and recall standardization knowledge.
Finally, chapters have their corresponding summary and references.
Alongside the textbook, the project has produced a set of slides that are intended to serve as complementary
teaching materials in face-to-face teaching sessions.
In addition to its use in undergraduate and Masters courses, the book consists of advanced topics that
can serve as a starting point for graduates and PhD students interested in standardization research. The
book also serves as guide or a checklist for experts already active in standardization activities by providing
them with arguments for the justification and improvements of standards activities from a management
point of view.
This book has been intended to reach all potentially interested readers, including those with disabilities.
Hence, ETSI, the authors, and the publisher have committed themselves to ensure the accessibility of the
book and its contents. For all interested parties there is also an electronic version of the textbook as well as
the accompanying slides that can be downloaded for free from the ETSI website (www.etsi.org).
With the hope that all readers enjoy the learning process by using the textbook and the teaching materials,
ETSI and the group of authors would welcome any comments and feedback that aims at improving the
current materials. In addition, the authors would like to thank all contributors to this piece of work.

Dr. habil. Nizar Abdelkafi
Prof. Raffaele Bolla
Cees J.M. Lanting
Dr. Alejandro Rodriguez-Ascaso
Marina Thuns
Dr. Michelle Wetterwald

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

TABLE OF CONTENTS
FOREWORD ....................................................................................................................................... 1
1 INTRODUCTION ............................................................................................................................ 2
2 INTRODUCTION TO STANDARDS ................................................................................................... 4
2.1

BASICS OF STANDARDIZATION ............................................................................................ 5
2.1.1
2.1.2
2.1.3

2.2

INTRODUCTION ................................................................................................................... 5
STANDARDS IN EVERYDAY LIFE ............................................................................................ 7
FORMAL STANDARDS ........................................................................................................ 12

BENEFITS AND RISKS OF STANDARDIZATION ..................................................................... 15
2.2.1
2.2.2

BENEFITS ........................................................................................................................ 15
RISKS ............................................................................................................................. 20

2.3

STANDARDIZATION LANDSCAPE ........................................................................................ 23

2.4

THE STANDARDIZATION PROCESS AT A GLANCE ................................................................. 32
2.4.1
2.4.2

2.5

STANDARD–DEVELOPMENT PROCESS ................................................................................ 32
MAIN CHARACTERISTICS OF A STANDARD .......................................................................... 36

USING STANDARDS .......................................................................................................... 38
2.5.1
2.5.2
2.5.3

SELECTING RELEVANT SDOS .............................................................................................. 38
IDENTIFYING SDO DOCUMENTS .......................................................................................... 40
UNDERSTANDING THE DOCUMENTS’ STRUCTURE AND FORMALISM ...................................... 41

2.6

SUMMARY ........................................................................................................................ 45

2.7

QUIZ ................................................................................................................................ 46

2.8

GLOSSARY ....................................................................................................................... 49

2.9

LIST OF ABBREVIATIONS ................................................................................................... 50

2.10

REFERENCES ................................................................................................................... 51

3 THE STANDARDS ECOSYSTEM ................................................................................................... 53
3.1

TYPES OF ORGANIZATIONS AND STANDARDIZATION DOCUMENTS ....................................... 54
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6

RECOGNIZED SDOS ...........................................................................................................
FORMAL STANDARDS ........................................................................................................
DE FACTO STANDARDS .....................................................................................................
PUBLIC AND PRIVATE ORGANIZATIONS ................................................................................
OPEN STANDARDS ............................................................................................................
CLASSIFICATION OF ICT STANDARDIZATION DOCUMENTS ...................................................

54
55
57
58
58
60

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

3.2

NATIONAL, REGIONAL AND INTERNATIONAL STANDARDIZATION: COOPERATION AND
COORDINATION ................................................................................................................ 62
3.2.1
3.2.2

3.3

ADOPTION/TRANSPOSITION OF STANDARDS ...................................................................... 70
3.3.1
3.3.2
3.3.3
3.3.4

3.4

NATIONAL, REGIONAL AND INTERNATIONAL SDOS AND STANDARDS ..................................... 62
COOPERATION AND COORDINATION AMONG DIFFERENT LEVELS OF STANDARDIZATION ......... 62
INTRODUCTION .................................................................................................................
ADOPTION OF A DE FACTO OR INDUSTRIAL CONSORTIUM STANDARD ...................................
EXTENSION OF STANDARDS BY MARKETING ORGANIZATIONS ...............................................
ADOPTION INTO/FROM REGULATIONS .................................................................................

70
70
74
74

TYPES OF DOCUMENTS PRODUCED BY SDOS ................................................................... 79
3.4.1
3.4.2
3.4.3

NORMATIVE DOCUMENTS .................................................................................................. 79
INFORMATIVE DOCUMENTS ............................................................................................... 80
DOCUMENTS SPECIFIC TO CERTAIN ORGANIZATIONS ........................................................... 80

3.5

NAMING CONVENTIONS FOR STANDARDIZATION DOCUMENTS ............................................ 81

3.6

CASE STUDY: THE REVISION OF A NATIONAL STANDARD ABOUT TELECARE, FROM THE ICT
ACCESSIBILITY PERSPECTIVE ............................................................................................ 84

3.7

SUMMARY ........................................................................................................................ 87

3.8

QUIZ ................................................................................................................................ 88

3.9

GLOSSARY ....................................................................................................................... 93

3.10

LIST OF ABBREVIATIONS ................................................................................................... 94

3.11

REFERENCES .................................................................................................................. 96

4 THE PRODUCTION OF STANDARDS ........................................................................................... 100
4.1

INTRODUCTION .............................................................................................................. 101

4.2

THE STANDARDIZATION SCENE ....................................................................................... 101
4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

4.3

INTRODUCTION ...............................................................................................................
CODE OF GOOD PRACTICE FOR THE DEVELOPMENT OF INTERNATIONAL STANDARDS ..........
CRITERIA FOR PRODUCING GOOD STANDARDS ..................................................................
THE PROCESS OF PRODUCING STANDARDS ......................................................................
ORGANIZATION OF AN SDO ..............................................................................................

101
102
106
107
115

ROLES AND COMPETENCIES OF A STANDARDIZATION EXPERT .......................................... 124
4.3.1
4.3.2
4.3.3

INTRODUCTION ............................................................................................................... 124
ROLES OF PROFESSIONALS INVOLVED IN THE STANDARDS DEVELOPMENT PROCESS ........... 124
COMPETENCIES OF A STANDARDIZATION EXPERT .............................................................. 128

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

4.4

ACTIVITIES OF A STANDARDIZATION EXPERT .................................................................... 131
4.4.1
4.4.2
4.4.3
4.4.4
4.4.5

INTRODUCTION ..............................................................................................................
DURING WORKING GROUP MEETINGS ..............................................................................
BETWEEN STANDARDIZATION MEETINGS ..........................................................................
INSIDE THE EXPERT’S CORPORATE COMPANY ..................................................................
AS A NATIONAL DELEGATE .............................................................................................

131
131
133
133
136

4.5

CASE STUDY: THE 3RD GENERATION PARTNERSHIP PROJECT (3GPP) ................................ 137

4.6

SUMMARY ...................................................................................................................... 138

4.7

QUIZ .............................................................................................................................. 139

4.8

GLOSSARY ..................................................................................................................... 141

4.9

LIST OF ABBREVIATIONS ................................................................................................. 141

4.10

REFERENCES ................................................................................................................ 143

5 STANDARDIZATION AND INNOVATION ...................................................................................... 146
5.1

INTRODUCTION .............................................................................................................. 147

5.2

INTERDEPENDENCIES BETWEEN STANDARDIZATION AND INNOVATION .............................. 148
5.2.1
5.2.2
5.2.3

5.3

RESEARCH AND STANDARDIZATION ................................................................................. 156
5.3.1
5.3.2
5.3.3

5.4

INTRODUCTION TO INNOVATION ....................................................................................... 148
STANDARDS AS AN ENABLER FOR INNOVATION-DRIVEN GROWTH ...................................... 149
STANDARDIZATION AND THE TECHNOLOGY LIFE CYCLE ...................................................... 153
TRADITIONAL VS. RECURSIVE RESEARCH EXPLOITATION ..................................................... 156
STANDARDIZATION AS A COOPERATIVE PROCESS TO SUPPORT THE EXPLOITATION OF
RESEARCH RESULTS ....................................................................................................... 157
A MODEL FOR THE INTEGRATION OF STANDARDIZATION IN RESEARCH ................................ 158

FORMAL STANDARDIZATION: A DRIVER FOR INNOVATION .................................................. 160
5.4.1
5.4.2
5.4.3
5.4.4
5.4.5
5.4.6
5.4.7

EFFICIENT AND TARGET-ORIENTED INNOVATION ................................................................
DIFFERENTIATION ...........................................................................................................
EXCEEDING THE REQUIREMENTS OF STANDARDS .............................................................
BUSINESS MODEL INNOVATION ........................................................................................
INNOVATION IMPULSES ...................................................................................................
INNOVATION COMMUNICATION ........................................................................................
ABSORPTION OF INNOVATION ..........................................................................................

160
161
162
163
164
165
166

5.5

SUMMARY ...................................................................................................................... 167

5.6

QUIZ .............................................................................................................................. 169

5.7

GLOSSARY ..................................................................................................................... 171

5.8

LIST OF ABBREVIATIONS ................................................................................................. 171

5.9

REFERENCES ................................................................................................................. 172

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

6 A STRATEGIC PERSPECTIVE ON STANDARDIZATION ................................................................. 174
6.1

INTRODUCTION .............................................................................................................. 174

6.2

DIFFERENT STRATEGIES FOR PARTICIPATION ................................................................... 175
6.2.1
6.2.2
6.2.3
6.2.4

6.3

ORGANIZATIONAL STRATEGIES ........................................................................................
TECHNICAL FOCUS .........................................................................................................
LOCATIONS AND RELATIONS AMONG SDOS .......................................................................
TECHNOLOGY STRATEGIES ..............................................................................................

175
175
176
178

CONDITIONS AND EXTERNAL INFLUENCES ....................................................................... 179
6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7
6.3.8

MANAGING THE RELATIONSHIP BETWEEN STANDARDIZATION AND MARKETS .......................
MANAGING COOPERATION ...............................................................................................
MANAGING SYNCHRONIZATION ........................................................................................
VOTING AND VOTING RULES ............................................................................................
"BACKDOOR POLICY" ......................................................................................................
STANDARDS PORTFOLIO MANAGEMENT / TECHNOLOGY DEVELOPMENT .............................
MANAGING PHASES OF STANDARDIZATION ......................................................................
OTHER ACTIVITIES ..........................................................................................................

179
180
180
181
182
182
183
183

6.4

COMMUNICATION WITHIN STANDARDIZATION ACTIVITIES ................................................. 184

6.5

CHOOSING YOUR STANDARD(S) ....................................................................................... 184
6.5.1
6.5.2
6.5.3

THE STANDARDIZATION PROCESS FROM AN IMPLEMENTATION PERSPECTIVE ...................... 184
WHAT TO TAKE INTO CONSIDERATION ............................................................................... 184
WHAT IF A SUITABLE SET OF STANDARDS OR SPECIFICATIONS CANNOT BE FOUND? ............ 186

6.6

SUMMARY ...................................................................................................................... 186

6.7

QUIZ .............................................................................................................................. 187

6.8

GLOSSARY ..................................................................................................................... 189

6.9

LIST OF ABBREVIATIONS ................................................................................................. 189

6.10

REFERENCES ................................................................................................................. 189

7 A BUSINESS PERSPECTIVE: IPR AND STANDARDIZATION ......................................................... 190
7.1

INTRODUCTION .............................................................................................................. 191

7.2

IPR AND SDO-SUPPORTED STANDARDIZATION: TWO VALUABLE INSTRUMENTS ................. 191
7.2.1
7.2.2
7.2.3
7.2.4
7.2.5

7.3

BASICS OF IPR ...............................................................................................................
COMMITTEE STANDARDS ...............................................................................................
PATENTS .......................................................................................................................
SECRECY .......................................................................................................................
THE INTERPLAY BETWEEN STANDARDIZATION AND IPR ......................................................

191
192
197
198
198

A DECISION-MAKING TOOL: IPR VS. STANDARDIZATION .................................................... 200
7.3.1
7.3.2
7.3.3
7.3.4

THE BASIC PROCESS ......................................................................................................
THE DECISION TREE: AN OVERVIEW ..................................................................................
DECISION CRITERIA .........................................................................................................
USING THE TREE FOR DECISION MAKING ...........................................................................

200
200
202
203

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

7.4

CASE STUDIES: TO STANDARDIZE OR TO PATENT? ........................................................... 205
7.4.1
7.4.2

CASE STUDY: SECURE DATA GMBH - IT SECURITY SOFTWARE, INFRASTRUCTURE AND
CONSULTING .................................................................................................................. 205
CASE STUDY: LOCATOR GMBH - EMBEDDED LOCATION PLATFORM SERVICES AND DEVICES . 206

7.5

SUMMARY ..................................................................................................................... 208

7.6

QUIZ .............................................................................................................................. 209

7.7

GLOSSARY ..................................................................................................................... 211

7.8

LIST OF ABBREVIATIONS ................................................................................................. 212

7.9

REFERENCES ................................................................................................................. 212

8 AN ECONOMIC PERSPECTIVE ON STANDARDIZATION ............................................................... 214
8.1

INTRODUCTION .............................................................................................................. 215

8.2

THE ECONOMIC CONTRIBUTION OF STANDARDS .............................................................. 216
8.2.1
8.2.2

8.3

CONTRIBUTION OF STANDARDS TO THE GDP .................................................................... 216
COSTS OF STANDARDIZATION AND STANDARDS FROM THE COMPANY’S PERSPECTIVE ........ 218

THE ECONOMIC EFFECTS OF STANDARDIZATION .............................................................. 219
8.3.1
8.3.2
8.3.3
8.3.4
8.3.5

COMPATIBILITY/INTERFACE STANDARDS ...........................................................................
MINIMUM QUALITY/SAFETY STANDARDS ...........................................................................
VARIETY-REDUCING STANDARDS ......................................................................................
INFORMATION/MEASUREMENT STANDARDS ......................................................................
SUMMARY ......................................................................................................................

219
222
224
225
226

8.4

PUBLIC PROCUREMENT AND STANDARDIZATION .............................................................. 227

8.5

SUMMARY ...................................................................................................................... 229

8.6

QUIZ .............................................................................................................................. 230

8.7

GLOSSARY ..................................................................................................................... 233

8.8

LIST OF ABBREVIATIONS ................................................................................................. 234

8.9

REFERENCES ................................................................................................................. 234

9 CONCLUSION ............................................................................................................................ 237
ABOUT THE AUTHORS ................................................................................................................... 238
ACKNOWLEDGEMENTS ................................................................................................................. 241
ANSWERS TO QUIZ QUESTIONS .................................................................................................... 242

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

UNDERSTANDING ICT STANDARDIZATION: PRINCIPLES AND PRACTICE

FOREWORD

S

tep into any ETSI committee meeting, and you will encounter individuals with a wealth of professional
experience, both in their technical areas, and in standardization processes. They acquired their
technical knowledge through education, training and life-long learning. But where did they get their
standardization skills? It is unlikely they received much formal education or training in standardization,
beyond attending short courses run by standardization bodies, such as our ETSI Seminar.
However, standardization is not merely a technical subject. Standardization has become a key business
process in the ICT industry. In our industry we talk of networked innovation and platform technologies.
Software is modular and increasingly open source, while common components are found in many disparate
products. Furthermore, companies make extensive use of patent protection for their innovations. In this
environment, the path to commercial success for ICT products and services is often through standardization.
Standardization enables common components, provides the platform technologies, unlocks a global
market with all the attendant economies of scale. Standards essential patents may also release the value
in protected innovations. This business-oriented view of the importance of standardization is not widely
recognized, and hence it is often missing from our business and legal education.
To try to remedy this situation and prepare a new generation of standards professionals, ETSI, with the
support of the European Commission and the EFTA Secretariat, has commissioned the development of
teaching materials for a comprehensive education course on ICT standardization. This material could be
used in a standards-focused module in engineering and scientific education. Parts of it could also be used
in business and legal education. It could also be integrated into in-company training courses. The material,
a textbook and a comprehensive set of slides, will be available from the ETSI website free of charge, and
is designed to be adapted by lecturers and teachers according to their specific needs.
The teaching material has been developed by a team composed of researchers, lecturers and standards
professionals. Indeed, some team members fulfil all three roles. This work expresses their independent
professional opinion and does not form an official ETSI teaching on the subject of standardization. This
teaching material is being trialled in universities and we expect its usage to grow. Please provide us with
feedback as we plan to update it over the coming years. But mostly, I encourage you to use it, learn from
it, teach others and share your knowledge of this important aspect of our ICT industry.

Luis Jorge Romero
Director General
ETSI

1
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1

INTRODUCTION

S

tandards support our everyday life much more than we may think. Actually, we owe much of the
progress in our modern life to standardization. Without standards, our life would not be as organized
as it is today. We would have difficulties in doing basic things that we now take for granted. Imagine
if the times or the track width of trains were not standardized, or imagine if we were not able to use our
mobile devices once we are out of the reach of our operators’ networks, for instance abroad.
Thousands of years ago, society recognized the importance of standardized measurements. Weight and
distance, or length, cannot be measured without a common reference system agreed upon by people
and institutions, in other words a system that is standardized. With technological progress, the need for
standardization grows. The rapid progress in the area of information and communication technology (ICT)
could not be achieved without the advances in standardization. Standardization and standards boost
progress and create a basis, upon which technology can evolve.
Though important, ICT standardization and its methods remain a topic that is not easily accessible. It
seems that this field is becoming increasingly limited to the expert and remains mysterious to the nonexpert. So far, there is research published in the area, but there is no textbook that makes the topic easy to
digest by the interested student. We believe that standardization, in particular in the area of ICT, deserves
more attention. The principles of ICT standardization should be taught in class in order to convey essential
knowledge to students about such an important field.
This textbook is an attempt to make ICT standardization accessible and understandable to students.
It covers the essentials that are required to get a good overview of the field. The book is organized in
chapters that are self-contained, although it would be advantageous to read the book from cover to cover.
The second chapter provides a high-level overview of the scope and process of standardization, while
introducing the main subjects that are covered in detail in subsequent chapters. It is a synthesis of the
basic concepts mainly expressed in a simple and example-based way.
In Chapter 3, readers are introduced to the key concepts that will guide them through the tricky landscape
of standardization. In particular, they will learn about Standards Development Organizations (SDOs), and
the mechanisms that support their cooperation and coordination.
Chapter 4 addresses several topics related to the development of high-quality formal standards. The
process of producing standards is described in detail and illustrated with several examples. As standards
are written by standardization experts, the chapter describes their roles in the standardization process
as well as the technical and personal skills that enable them to carry out their daily tasks. Chapter 4 also
describes the main activities and responsibilities of the standardization experts and how they interact with
their peers, inside the standardization group and within their own organizations.
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To be successful in a competitive marketplace, companies need to be innovative. They have to constantly
look for new opportunities for innovation. Chapter 5 deals with the interdependencies between innovation
and standardization. Whereas innovation is understood as the result of a creative process, standards rather
represent stability and identification of common grounds. Those aspects are—at least at a first glance—
not necessarily conducive to innovation. Standards are the result of many years of knowledge gathering
and structuring. As such, standards represent an important source of codified knowledge. Although they
are crucial to the company’s success, many companies do not see the relationships between standards/
standardization and innovation. Chapter 5 will, in particular, focus on the so-called innovation potentials in
standardization, in other words the aspects that make standardization conducive to innovation.
Chapter 6 looks at participation in standardization from the perspective of an organization interested in
getting involved, looking both at strategic and technical aspects. The chapter also deals with the operation
of standardization efforts and organizations, including voting, and the impact of external influences. The
chapter concludes with information regarding how to select standards and specifications for a given
application.
Decisions related to Intellectual Property Rights (IPR) have a significant impact on a company’s business
success. Given a new technology, companies can choose from a menu of possible options: either go
for patenting, do standardization, implement a mixed strategy or keep their technologies secret. To be
successful in the market, companies have to make the right decisions in order to capture the value of
their innovations: to patent, to standardize, or to pursue a mixed strategy? Chapter 7 tackles this issue by
introducing a decision tree that helps an informed decision be made, once a new product or technology
is created.
Chapter 8 provides an in-depth analysis of the economic contribution of standards. Standards are an
important instrument in the diffusion of new technologies and technological know-how and contribute
significantly to economic growth. Although our world is strongly reliant on standards, their real effects on
the economy are less obvious. Like patents, standards are carriers of codified knowledge and can provide
companies with state-of-the-art knowledge. This chapter also analyses the role of standards in public
procurement. Governments use standards in the context of public procurement to improve transparency
and guarantee a high quality of public services. Companies who are willing to apply for public tenders need
to comply with the indicated standards. Thus, the government can indirectly encourage the adoption of
standards by companies, and therefore support the innovative strength and technological progress of a
nation.

3
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INTRODUCTION TO STANDARDS

This chapter aims to provide a high-level overview of the scope and process of standardization, while
at the same time introducing the main subjects that will be covered in greater depth and detail in the
following chapters.
It is an initial introduction to the basic concepts of the book by using examples. The chapter can
also be used standalone for providing the fundamental knowledge on standardization to a general
audience.
This chapter has the following objectives:
a)

to identify what standards are, what they are not, and how they impact everyday life;

b)

to explain what benefits standards bring and what undesired drawbacks they may imply;

c)

to introduce the complex international standardization landscape, where multiple organizations
operate and collaborate to create standards;

d)

to briefly explain the structure of the standards development process;

e)

to provide hints about the use of standards; i.e., how to select relevant standards and how to
go through standards documents.

LEARNING OBJECTIVES
■■ Students should grasp how standards—generally defined as "widely agreed ways of doing
things"—are needed to guarantee the interoperability of "things", which is essential to the
functioning of our technological world;
■■ Students should understand the role of Standards Development Organizations and how their
structured approach to standards development benefits innovation, trade and society; they
should also realize that ill-conceived usage of standards and the standards development
process has its drawbacks;
■■ Students should get a glimpse of major SDOs active in the ICT sector;
■■ Students should understand the main basic concepts of the SDOs’ processes and the
characteristics of the main deliverables.
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2.1

BASICS OF STANDARDIZATION

2.1.1

INTRODUCTION

The online Cambridge dictionary provides the following definitions for the term "standard": "a pattern or
model that is generally accepted" (example, "This program is an industry standard for computers") and "a
level of quality" (example, "This piece of work is below standard/is not up to standard."). As we will see in
the next part of this chapter, both definitions may apply to the specific purpose of our work.

DEFINITION
For the time being, we will primarily stick to the first definition, which, in an even more general and
informal way, can be expressed as such: a "standard" is "a widely agreed way of doing something".
Depending on the specific area of application, "doing something" may be replaced by, for example,
"designing a product", "building a process", "implementing a procedure", or "delivering a service".
Clearly, "standard", i.e., "largely agreed and common" ways of doing things provide many benefits; our
technological world simply would not work, or, at least, it would be harder and more uncomfortable to
make it work without "standards". In fact, let us think about how we, computer users, would be in difficulty
if each computer maker used a different way of arranging keys on a keyboard, or if each producer of
computer peripherals used its own specific connectors or, even, its own protocol1 (Figure 2.1). On the
one hand, we, as users, would be confined to choosing from a restricted selection of compatible devices
and, on the other hand, computer and peripheral makers would be forced to pre-select, by design, the
counterparts they want to interoperate with.

Figure 2.1: Technologies would not work without standards.

1

Here, "protocol" means the set of messages that two devices (in this case, a PC and a connected peripheral) need to exchange to interoperate. The protocol
defines the messages to be exchanged to perform a certain action (for instance, to send a document from a PC to a printer), their logical content and format, as
well as their sequence.
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Looking at the examples above, which, as described in Section 2.1.2, could be extended to a wide variety
of other fields, it is evident how a common and agreed "way of doing things" is largely beneficial to all
players in a business sector.
Such convergence towards common and agreed-upon solutions can happen with two different processes,
which can be a first criterion to classify "standards". Indeed, we may distinguish between two main different
types of standards, according to the way they are born: "de facto standards" and "formal standards".
A "de facto standard", also known as "standard in actuality", arises when a winning solution is widely and
independently adopted by different industries within a market segment and products developed on such a
basis are widely accepted by customers.

EXAMPLE
Some examples of "de facto standards" are:
■■ The most widely used keyboard layout (QWERTY) dates back to 1864, when it was patented by
Christopher Sholes. The later Dvorak version (1936, by August Dvorak) was intended to increase
typing speed, but owing to the already consolidated position of QWERTY, was not as successful
(though natively supported by most modern operating systems).
■■ HD DVD (High Definition Digital Versatile Disc) and Blu-ray Disc are two digital optical formats for
new-generation DVDs suitable for high-definition content.

Figure 2.2: De facto standard
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Differing from "de facto standards", "formal standards" are produced by Standards Development
Organizations (SDOs).
SDOs are organizations whose statutory purpose is to develop standards and that put in place formal welldefined procedures to guarantee a fair development process.
Figure 2.3 shows just a few examples of SDOs, which include, for instance, ISO (International Organization
for Standardization), IEC (International Electrotechnical Commission), ETSI (European Telecommunications
Standards Institute), and ITU (International Telecommunication Union). More examples of SDOs and a
description of their objectives and operations are provided in Section 2.1.3 and later sections.

Figure 2.3: Examples of SDOs
De facto standards can become formal standards, if and when they are published by a SDO. Examples of
these standards are HTML (HyperText Markup Language), developed in the early ‘90s by Tim Berners-Lee
at CERN in Geneva, Switzerland, and constantly maintained by the World Wide Web Consortium (W3C),
and PDF (Portable Document Format), created by Adobe Systems in 1993 and later formally standardized
by ISO (ISO 32000, ISO 19005-1:2005).

2.1.2

STANDARDS IN EVERYDAY LIFE

Formal and de facto standards affect our everyday life, as many technologies, products and services are
based on established standards. Later in this section, we provide a few remarkable examples that highlight
the strong link between our everyday life and standards. We also quote some of the most prominent SDOs.
Note, however, that more detailed information about these organizations’ scope and history can be found
in Section 2.3 and in Chapter 3.
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EXAMPLE
Example 1 – Smartphone browsing.
One of the actions that we do most frequently today is surf the Internet, especially by making use of mobile
devices such as smartphones. Figure 2.4 highlights some of the technological components that enable
a smartphone user to browse the Web in the same way as through a wired desktop computer. If we
look at the number of different devices (such as smartphones, mobile and wireless network equipment,
and servers) and software modules (communication protocols, browsers, and web server applications)
involved that have to interoperate to support this familiar scenario, despite being produced by different
vendors, the importance of a shared and interoperable technical approach is clear. In fact, as shown
in Figure 2.4, there are many formal standards that provide the basic reference design rules for the
implementation of the main components that populate this scenario. Some of these standards are related
to the user equipment regarding its hardware characteristics, also taking into account safety issues. Other
standards cover connectivity among user devices and mobile and wireless networks as well as the overall
functionality of the same networks. Lastly, a number of other standards are related to the functionality of
the Internet and the protocols to support web browsing.
Smartphone producers can refer to ETSI and CEN-CENELEC standards for radio and telecommunication
terminal equipment, which set essential requirements for safety and health, electromagnetic compatibility
and the efficient use of the radio spectrum.
As far as mobile network interfaces and functionality are concerned, smartphone makers and mobile
network equipment makers and operators will likely refer to the 3rd Generation Partnership Project
(3GPP), which constitutes the leading organization for the development of globally accepted solutions.
3GPP is the SDO that defined the widely popular "third generation" UMTS and "fourth generation"
LTE protocols to support data exchange over a mobile network. Similarly, to support data connectivity
through wireless area networks, smartphone makers and equipment makers can refer to the widely used
Wi-Fi and Bluetooth technologies, which are standardized by the IEEE and the Bluetooth Special Interest
Group (SIG), respectively.
Compatibility and interworking issues are particularly challenging in the Internet environment, where a
complex infrastructure needs to support information exchange among a wide range of heterogeneous
devices and software applications. For this reason, despite the continuously evolving nature of Internet
technologies, there is a need to establish common rules that ensure interoperability2.
The main contributor to the definition of standard solutions for the operation of the Internet is the IETF,
whose self-imposed mission (IETF, 2018) is "to make the Internet work better by producing high quality,
relevant technical documents that influence the way people design, use, and manage the Internet".
IETF standards cover the basic functionality of the Internet, including, among others, node addressing3
and naming4, data traffic routing5, traffic management6, and network security. Major IETF contributions
include Internet Protocol "version 4" and "version 6" (IPv4 and IPv6), OSPF (Open Shortest Path First)
and BGP (Border Gateway Protocol) routing protocols, and the IPsec (IP Security Architecture). As a
complement to IETF standards, the World Wide Web Consortium (W3C), defines protocols for web
functionality; W3C develops standards for languages widely used to build web pages, such as HTML
(HyperText Markup Language) and XML (eXtensible Markup Language), which foster the interoperability
of different platforms on the Internet.
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Lastly, always with the aim of ensuring interoperability, standard activities also apply to tools for developing
web content and applications. One notable example is ECMA and ISO collaboration to develop a standard
scripting language that is the base for the popular JavaScript technology, used to build interactive web
pages and provide online software applications.
Wireless area
networks
IEEE standards for WiFi and
Bluetooth standard

TM

Internet
W3C standards for hypertext
protocols and language
IETF standards for internet
protocols

Mobile network
and services
3GPP standards for mobile
networks and services

MMS
SMS

Applications
ECMA and ISO standards for
scripting language
(Java)

User terminal
ETSI standards for radio
terminal equipment
ETSI and CEN/CENELEC
standards for safety

Figure 2.4: Standardization enabling smartphone web browsing.

2

 or our purposes, we can define "interoperability" as the ability of different devices or software applications to exchange data and use the information that has
F
been exchanged. This implies that interoperable devices or software applications share common protocols (as defined in Section 2.1.1).

3

 o give an example, we can say that each Internet device (such as a desktop or laptop computer, server, scanner, printer, modem, router, smartphone, tablet or
T
smart TV) is assigned an address (called an IP address) that uniquely identifies the device within its network. Every message transmitted over an internet network
contains a "source IP address" (i.e. the IP address of the device that generated the message) and a "destination IP address" (i.e. the address of the destination
device) and the network infrastructure is responsible for getting the message from its source to its destination.

4

 n Internet device can be assigned a device Internet name (such as www.etsi.org), which uniquely identifies the device within its network. The Internet
A
infrastructure includes specific mechanisms for the name resolution service, i.e., to remap the device name into the relevant IP address. This mechanism lets us
surf the Internet by using an easy-to-remember string instead of an alphanumeric IP address to identify our target device.

5

 y routing we mean the set of mechanisms used within the Internet infrastructure to determine what path a message has to follow through the network to get to
B
its final destination, identified by the "destination IP address".

6

 raffic management aims to optimize the performance of the Internet network. It may include provisions to classify and prioritize traffic, so as to guarantee that
T
the portion of traffic that belongs to a certain class complies with determined performances (for instance, having a fixed maximum network transit delay).
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Example 2 – Using a Personal Computer.
Unlike the example described above, a stand-alone PC appears to be a relatively "simple" and selfcontained object that each manufacturer could build using its own proprietary technology. Yet, in this case
as well, a design approach based on common standards has many benefits. It allows basic components
from different providers to be used interchangeably, to simplify connectivity with external peripherals and
networks, and to guarantee its users a safe and environmentally compatible product. As a matter of fact,
a 2010 paper (Biddle & al., 2010) identifies 251 technical interoperability standards implemented in a
laptop computer, and estimates an actual total number (including aspects of quality, safety, performance,
measurement, environment, accessibility, design process, manufacturing process and electromagnetic
compatibility) that might well be over 500. Out of the 251 identified standards, "202 (80%) were developed
by SDOs and 49 (20%) by individual companies" (Biddle & al., 2010). Figure 2.5 shows only a few of the
standards that may be involved. They include JEDEC for building hardware components; INCITS and
VESA’s standards for memory, storage and display components; and PCI to interconnect heterogeneous
cards; mechanical, physical, and software interfaces to plug and connect peripherals and networks,
such as IEEE’s Wi-Fi and Ethernet; the IETF’s protocol stack; HDMI for audio/video peripherals and USB
for a wide range of devices; and basic software tools such as compilers for ISO C/C++ programming
languages. This gives an idea of the complexity of the standardization environment in a product that has
become part of everyday life. Most likely, however, with the advancement oftechnology in recent years,
the figures presented may have significantly increased.

Figure 2.5: PC-related standards.
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