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Introduction

Information and communication technology (ICT) as well as the significance of a
growing digital communication network have generated enormous economic im-
pulses. While hardware investment is important in this respect, there is an even
more crucial role of software; organizing value-added based on software requires
standardization and modularization, thus causing rationalization effects as a side-
impact thereof. Software solutions are more flexible than hardware-based problem
solving. Falling relative prices of hardware — reflecting high technological pro-
gress — and the benefits from global network effects in the software industry
(which also benefits from massive scale effects) can be expected to serve as the
major driving forces of productivity increases and economic growth in the 21*
century. While software markets have specific problems from the perspective of
competition policy, the telecommunications markets also pose special problems.
Traditionally viewed as natural monopolies, the view of economist and policy
makers changed in the late 20™ century. In fixed network telecommunications,
there is not a serious problem with competition provided there is full competition
from cable TV networks as is the case in the US, the Netherlands, and — to a lesser
extent — in the UK. Under the pressure of the European Commission, EU countries
opened up fixed network telecommunications markets in 1998. The UK had al-
ready started liberalization in 1984 as did the US. The challenge for EU countries
is to achieved sustained competition. Regulation serves several goals, and depend-
ing on the regulatory policy chosen there could be positive effects or negative ef-
fects on Schumpeterian dynamics. The dynamic perspective of electronic commu-
nications regulations should not be neglected over the traditional emphasis on
static efficiency aspects.

Competition in telecommunications requires to some extent ex ante interven-
tion of competition authorities. Asymmetric regulation of fixed line telecommuni-
cations is assumed to bring about static and dynamic efficiency; newcomers com-
pete mainly through prices while the incumbent operator enjoys a dominant
market position-in an initial situation for which it additionally has leverage
through vertical integration. Regulation typically concerns interconnection rules
and access to essential facilities. The latter refers to the case of fixed line tele-
communications for which there are particular problems in the local loop where
the incumbent operator typically has a market share of 80-90% in EU countries.
Thus further regulatory rules typically refer to resale. It is true that the increasing

‘relevance of mobile telecommunications has reinforced competition to some ex-
tent, but mobile telecommunications also has problems as has become evident in
the context of very high international roaming charges in the EU. Fixed-mobile
substitution is only relevant for part of the telecommunications market. With
broadband services delivered alternatively through DSL fixed-line networks or
through cable TV networks, there are new prospects for digital innovation, net-
working and competition; digitization has blurred market demarcations. Voice te-
lephony, data traffic and TV have finally become a single market, and this implies



2 Paul J.J. Welfens and Mathias Weske

enormous challenges in a modern market economy. Moreover, there are also new
opportunities for digital trade and foreign investment. At the bottom line, the tele-
communications market — strongly linked with the internet market — has become
one of the most dynamic markets in the early 21" century.

Sustained competition in telecommunications broadly defined is important for
innovation, diffusion and growth in OECD countries and worldwide. Broadband
competition — most relevant for fast internet and in turn crucial for cheap VOIP te-
lephony — cannot be achieved without adequate regulation of electronic communi-
cations which includes both fixed line (DSL) telephony and cable TV networks.

Paul J.J. Welfens takes a look at some key topics of a digital market economy.
He considers the role of structural change and growth as well as specifics of the
digital economy, network effects, software dynamics and innovation aspects. He
takes a critical view of the digital media society which is partly causing negative
external effects. Finally, he emphasizes key policy issues including major compe-
tition policy aspects which the authors presented at an FCC seminar in Washing-
ton, DC. It is argued that differentiated two-part tariffs are welfare-maximizing
and a better policy approach than complex Ramsey prices.

Dominik Kuropka and Mathias Weske discuss the increasingly important role
of software technology in the context of the dynamic development and flexible
operation of software systems, which are instrumental for the success of modern
business organizations. Software engineering is described as the key discipline for
structured analysis, development and deployment of software systems. In particu-
lar, a sample software methodology is shown that consists of a set of interrelated
phases that are being conducted during the development of a software system.
Service-oriented computing is introduced as one of the major recent developments
in software technology. One of the key expectations is that service-oriented soft-
ware systems can be developed and maintained with reduced cost as well as en-
hanced flexibility and dynamism, thus supporting two major goals of modern
software development. The comprehension of processes and their properties has
been identified as an additional aspect of complex software systems. The authors
briefly discuss the combination of service-orientation and process-orientated soft-
ware systems design and development. This contribution closes with a discussion
of a set of research-stage topics that are related to the vision of a service-oriented
market including automated on-demand integration and invocation of services as
well as automated service composition. These topics are highly relevant for dy-
namic software development in the years to come.

Wolfgang Briglauer’s analysis directs focus to EU framework regulation. Un-
der the new European regulatory communications framework which came into ef-
fect in the summer of 2003, market analyses are subject to a different and much
wider analytical scope. This article discusses conceptual aspects and practical ex-
periences which arose after the first series of market analyses conducted under the
new regulatory framework. According to the three stage analysis procedure of the
European Commission, selected issues are discussed sequentially.

Richard Tee compares the development of mobile services in Japan with the
contrasting paths witnessed in European markets. Using a strategic networks per-
spetive, he focuses on the role of the network operator and its central role in the
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Japanese innovation system. By contrast, the European innovation system can be
characterized by protocols and standards, largely stemming from the mobile hand-
set manufacturers. The author has two main goals. First, he attempts to extend the
existing work on mobile (data) services by critically examining various arguments
commonly proposed for explaining the opposing Japanese and European mobile
internet state of play. Second, he gives a characterization of both market structures
and briefly looks at various policy measures that might be taken.

Morten Falch and Anders Henten discuss the problems of liberalization and in-
novation dynamics in Denmark and the Nordic countries, respectively. In Europe,
Denmark is known for being quite innovative and open for dynamic domestic and
foreign investors. The authors show how regulations implemented have affected
innovations in telecommunications services markets, emphasizing both process
and product innovations. The description and analysis of the Danish and Nordic
telecommunications markets is quite interesting, as it shows how important broad-
band innovation dynamics are and that regulation as well as competition are quite
relevant in this context. Moreover, their contribution demonstrates that adequate
incentives for rising R&D expenditures are crucial in the digital economy with
changes in market structures affecting the division of labor between network op-
erators and equipment makers.

Germany has been one of the most dynamic telecommunications markets in
Europe since 1998. Friedhelm Dommermuth focuses on several points in this re-
spect. Two aspects are discussed in order to illustrate telecommunications regula-
tion and the continued development of markets in Germany. On the one hand, es-
sential developments in the telecommunications sector will be described retro-
spectively. On the other hand, elements of the Telecommunications Act (TKG) ef-
fective since the end of June 2004 will be referred to as examples likely to be of
central importance to the future development of the telecommunications sector,
namely the consultation and consolidation procedure in addition to the consistency
requirement.

The contribution by Christopher Doyle presents a discussion of the national
regulatory authority’s market review of the mobile access and call origination
market in Ireland over the course of 2004. The market review was one of the first
to result in a notification of joint dominance to the European Commission (EC).
The EC Article 7 Task Force accepted ComReg’s reasoning, and the Commission
did not raise any serious doubts about the decision. However, the affected mobile
network operators designated as having Significant Market Power (SMP) (O, and
Vodafone) appealed the decision as did another operator, Meteor, who was also
designated as having SMP. Doyle examines ComReg’s assessment of the struc-
tural characteristics of the market in detail, concluding with the argument that the
hurdle in case law for finding joint dominance had been set at a high level, thereby
presenting regulators such as ComReg with the significant challenge of finding
joint dominance within the context of ex ante regulation.

Justus Haucap, Ulrich Heimeshoff and André Uhde discuss the role of credible
threats as an instrument of regulation for network industries. The authors take into
account institutional economics and provide a broad discussion of many key regu-
latory issues. By comparing important developments in New Zealand and Ger-
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many — and taking into account both telecommunications and electricity —, the au-
thors draw on rich policy experiences. Thus the reader gets a better understanding
for the cost and benefits of heavy-handed regulation compared to a light regula-
tory approach. For the European and global regulatory development, this discus-
sion is of considerable importance. With technology dynamics expected to con-
tinue at a high pace and digital markets changing over time, one may anticipate an
ongoing international regulatory discussion.

Jaroslaw Ponder from the International Telecommunications Union has high-
lighted some of the key aspects of the World Summit on the Information Society.
The two-stage approach of the UN of avoiding an increasing North-South digital
divide is quite crucial for a networked world economy offering equal opportunities
across countries.

This book is largely the result of a Wuppertal workshop co-financed by Jean
Monnet funds from the European Commission. Support by the European Institute
for International Economic Relations (EIIW) at the University of Wuppertal and
the Hasso Plattner Institute at the University of Potsdam is also appreciated. One
should emphasize that interdisciplinary research visible in this publication is ur-
gently needed if we are to better understand the dynamics of the digital world
economy and of high technology dynamics. Economic and technological dynam-
ics should be considered in an interdependent perspective.

We greatly appreciate the excellent editorial assistance provided by Michael
Agner and Julia Tillmann. Furthermore, Michael Vogelsang (EIIW) has been an
excellent project manager.

Building new digital intellectual bridges is a wonderful challenge which has
been a consistent task of the EIIW over more than a decade. Progress in the digital
world promises to bring about enormous economic, social and institutional chal-
lenges which should be anticipated both by the business community and policy-
makers. International aspects will gain importance in the long run, and the expan-
sion of internet-based telecommunications will reinforce long term needs for
global regulatory cooperation; the latter does not rule out institutional competition.

Wuppertal/Washington DC and Potsdam, June 2006
Paul J.J. Welfens and Mathias Weske
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1 Introduction

In a digital networked economy companies rely increasingly on software systems
to collaborate with partner companies, to provide services to their customers and
overall to achieve their business goals. While this trend has been around for years,
it continues to have implications on the way software systems are designed and
developed, as well as on the business models companies are based on. On the
other hand, software technology provides new opportunities for companies and
new methods of doing business. This paper investigates the relationship between
recent achievements in software, information systems, and process technology on
the one hand and the new opportunities facilitated by these technologies on the
other. To provide one step forward towards understanding this relationship, this
paper discusses recent trends and technologies in software, information systems
and process technology. Rather than focusing on the technical details of these do-
mains, the fundamental concepts and the new opportunities are discussed.

The remainder of this paper is organized as follows: In Section 2 software en-
gineering methods and techniques are introduced by comparing software engineer-
ing to traditional engineering and by presenting a basic software methodology.
Section 3 is devoted to service-oriented computing, a recent trend to facilitate
convenient integration of services provided by heterogeneous software systems of
various organizations. Today service computing is regarded as one of the main
driving forces of digital modernization. While service computing provides rather
technical solutions, the business value to a large extent stems from the business
processes that are operated by an organization. The management of business proc-
esses is a challenging endeavour that involves multiple levels of abstraction, from
business issues to technological issues. An overview of process-oriented informa-

1 The authors are grateful to Hilmar Schuschel for contributing the subsection on auto-
mated process planning.
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tion systems is presented in Section 4. The added value of the approaches pre-
sented in Sections 3 and 4, (i.e., service computing and process computing),
comes from an integration of these. Recent trends in doing this make use of areas
such philosophy and linguistics.

2 Software Engineering

During the past decades increasingly large and complex software systems were
developed to fulfil the requirements of an increasingly dynamic market. Today,
most companies in their daily business to a large extent rely on the function, avail-
ability and flexibility of their software systems. This trend pinpoints the need for a
systematic approach to software development. Such approaches are summarized
by the term Software Engineering. While there are definitions for this term focus-
ing on different aspects of software development, there is agreement that software
engineering is “the systematic approach to the development, operation, mainte-
nance and requirement of software” (ANSI/IEEE, 1983).

Whereas software engineering is similar to other engineering disciplines such
as civil, apparatus or construction engineering, there are some significant differ-
ences to those classical engineering domains. Probably the most challenging of
these is the fact that the resulting product of software engineering is very complex
and not tangible, as opposed to products of classical engineering disciplines. For
instance a bridge or an automobile are also complex but are, in fact, tangible. In
addition, many people with different expertise and competence collaborate to de-
sign and develop an engineering product. The fact that software products are in-
tangible makes the communication between the involved people quite hard, be-
cause the involved parties have to communicate about non-physical things. These
things can only be represented by some kind of a metaphorical and abstract lan-
guage, typically a modelling language. This situation is made worse by the fact
that there are at least three types of partners involved in the software engineering
process, each with different view points and backgrounds. These partners are the
client, developer and user (SCHACH, 1993).

o The client is the individual or the organization, who wants a seftware product
to be developed and who provides the requirements for the definitions of the
product. The problem for the client is that he typically has no deep understand-
ing of software technology or programming. So he is able to specify the re-
quirements on a high application domain specific level, but he is usually not
able to explain how the requirements can be achieved.

o The developer is responsible for the whole software engineering process and
especially for the programming of the software system. They are usually lack-
ing deep application domain specific knowledge and practical experiences, but
they have an extensive knowledge on software engineering, computer systems
and programming,.
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The user has to work with the deployed system. In general, users may be very
heterogeneous regarding their experiences in computer usage in general and
application domain knowledge in particular.

The success of software engineering highly depends on successful communica-

tion between those three stakeholders. For this reason the identification of differ-
ent phases, the arrangement of the involved parties and the expected documents
describing what has to be delivered are crucial aspects in software engineering.
According to (SCHACH, 1993), eight phases can be identified:

1.

Requirements Phase: During this phase the client, assisted by the designers and
developers has to specify the requirements for the product in a dedicated re-
quirements document.

. Specification Phase: When designers and developers feel that they comprehend

the client’s needs, a specification document is delivered. This document explic-
itly describes the functionality of the product and lists any constraints that must
be satisfied.

. Planning Phase: After the functionality of the product is more precisely de-

fined, the project (including the estimated cost and time needed for producing
the software) has to be planned. Prior to this stage, a realistic planning and cal-
culation of return on investment, which is of high importance for the client, is
not feasible.

. Design Phase: While the specification of a product describes what the product

is to do, the aim of the design phase is to determine how the product will do it.
During this phase the internal structure and architecture, the algorithms and
data structures within the software product have to be chosen by the designers.

. Implementation Phase: During this phase the developers will implement the

system and run tests on a small scale to ensure proper functionality of modules.

. Integration and Testing Phase: The next stage is up to the developers to com-

bine the modules and to determine if the product as whole runs correctly.

. Maintenance / Operation Phase: At the beginning of this phase the developers

deploy (or rollout) the product and the users start working with the system. To
ensure proper working, a small group of developers have to keep an eye on the
system and make some smaller modifications if needed. User training is typi-
cally done before rollout.

. Retirement: After years of service the point comes where further maintenance

of the software product will be not cost-effective any more. This can be caused
through changes in the environment or business-model, new technologies or
lose of control over the system through bad documentation or change manage-
ment. It’s the task of the developers to create possible scenarios for a migration
of data and functionality from the old system to a new one before the old sys-
tem is shut down.

One important part of a software engineering methodology is the content and

organization of the phases. A well-known model is the waterfall model (ROYC,
1970). The main idea of this model is that phases are executed in a sequential or-
der. A phase can only be finished if the activity of this phase has been entirely set-
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tled and a final document for this phase has been delivered. In case of mistakes in
previous phases the active phase has to be aborted and we have to move back to
solve the problem in the directly preceding phase. (Refer to figure 1) After the
problem has been solved, the previously aborted phase can be continued and
adapted to the new results. This whole procedure may cascade if the solution to a
problem forces changes in a preceding phase which is more than one step before
the actual phase.

Regquirements

Phase
% Specification %
Phase N
Planning “'\%
Phase ‘
ﬁ& Design
Phase %
Implementation
Phase
Integration
and Testing
Phase
Km Maintenance
1 Operation
Phase
ﬁ&’ Retirement

Fig. 1. Waterfall model

The benefits of this model are its simple structure and the low management ef-
forts in conducting it. Further the model is document centric, which facilitates
good documentation of the produced software system. Negative aspects of the wa-
terfall model are the long period of time until the first parts of the system are im-
plemented and presentable to the client. This also implies that the system funda-
ment is set up only from theoretical concepts, which may lead to problems during
the implementation, especially if new or insufficiently structured problems are ad-
dressed. It is a fact that mistakes made in early software engineering phases can be
cheaply correctly in those early phases but the costs rise rapidly when the mistakes
have to be corrected in later phases.

For this reason a number of other methodologies have been developed, which
are able to provide practical experiences and tests in earlier stages. The key inno-
vation of those models in comparison to the waterfall model is the use of proto-
types. The rapid prototype software engineering process model schedules the
creation of a prototype at the beginning of the software engineering process to
ease the collection of requirements and the specification of the system. A huge
benefit of prototyping in general is that a presentable result is created at early
stages. Such a prototype can be used to gain a consensus with the client regarding
the requirements of the system that is more useful than just using textual or
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graphical representations of the system. This is justified by the fact that it is easier
for a client to identify a proper system when seeing some samples of the system,
than explain from scratch what requirements have to be satisfied. Other process
models such as the incremental model or the spiral model (BOEHM, 1988) use
prototypes extensively in nearly every phase to reduce the development risk. For
example, this can be achieved by ensuring (by the use of prototypes) that theoreti-
cal specifications are adequate and can be implemented.

Today, prototyping is a widely spread approach in the software industry, espe-
cially in creating standard software like office tools, but also, for instance, data-
base applications. The software products in this branch seem “never to be fin-
ished”, in fact it is sometimes sensible to claim that vendors are selling polished
prototypes instead of finished products. Today a lot of standard software products
are released in short cycles having a new version every one or two years, some-
times even more frequently. This in fact has increased the productivity and the ca-
pability of software systems through the reuse of old software products (proto-
types) for new product lines. But this has also led to increased maintenance costs
especially through the frequently needed updating and upgrading of software and
(due to the additional resource requirement of the new software) even hardware on
the client side.

3 Service-oriented Computing

Another major difference between software products and industrial products is
that the development of software products is the most cost intensive part, while
copying and shipping (especially if the latter is done via internet) is very cheap,
with costs close to zero. This leads to the idea of reusing often needed parts of a
software product in other software products, to reduce the development cost by
avoiding the “multiple reinvention of the wheel”. Software developers identified
this situation decades ago. The key approach is to ease the reuse of software com-
ponents by a framework or component model. The idea of components is to pack-
age functionality regarding a specific solution into one easily usable program
block, which is, for example, bundled in a so-called programming library. To en-
sure reusability it is important to define a well-structured interface, which is used
by the application program or software to gain access to the component. The usage
of components reduces not only the programming efforts by reducing the pro-
gramming work; it also reduces the specification and planning costs as well as the
general project risk. The reason for this is that components provide a higher level
of abstraction to certain low level problems. For example a file handling compo-
nent provides functionality to handle files easily on an abstract layer without forc-
ing the developer to deal with low level file and storage related problems like file
representation, directory representation, block allocation etc. Further, if compo-
nents have already been used in other projects their reliability is already proved
and possible pitfalls have been identified and maybe solved. This reduces the
overall project risk.
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Another positive aspect of the component model is that they in fact opened the
market for low-level standard components like operating systems, graphical tool-
sets and other library-based products. Due to the ubiquity of communication net-
works, new technologies have been developed which allow the shared use of
components by several connected machines. Well-known representatives of those
technologies are Remote Procedure Call (RPC) (TANENBAUM, 2001), Common
Object Request Broker Architecture (CORBA) (OBJECT MANAGEMENT
GROUP, 2004) and the relatively recent Simple Object Access Protocol (SOAP)
(WORLD WIDE WEB CONSORTIUM, 2003) that standardizes message ex-
change between related partners in the context of web services. Those distributed
technologies enabled new components, which are used by several and often differ-
ent applications within one enterprise. Today enterprise wide applications heavily
depend on distributed technology, which in many cases leads to the following lay-
ered abstract structure of components:

1. Operating Systems provide basic functionalities, which needs to be locally pre-
sent on all machines like file systems, memory and network management.

2. Database Management Systems store data in an application independent man-
ner and provide high-level data manipulation and efficient data access func-
tionality.

3. Workflow Management Systems are responsible for the process-based coordina-
tion of the execution of individual applications or functionalities.

4. Applications are software components which provide functionalities which are
directly coupled with the enterprise business model.

5. Graphical User Interfaces support a proper representation of the applications
on a user’s machine and are responsible for the interaction of the application
with the user.

While these technologies from a theoretical point of view allow the usage of
components in an intra-organizational as well as an inter-organizational manner,
most business models stuck for traditional, policy and security reasons on an intra-
organizational usage. But the efficiency advantages of the use of distributed tech-
nologies for a fully automatic integration of inter-organizational business proc-
esses are obvious. Especially in the context of supply chain management, new
concepts have been developed to automate the transfer of data between enter-
prises. The key idea of Electronic Data Interchange (EDI) is to replace paper
documents, which are exchanged between companies, by digital documents. These
digital documents contain in principle the same data as the paper documents.

To ease the exchange of the data, standards have been introduced like
UN/EDIFACT or ANSI ASC X12. These standards prescribe the formats, charac-
ter sets and data elements used in the exchange of documents, such as purchase
orders and invoices. In order to use EDI for an automatic data interchange, two
enterprises have to agree on a standard and on the meaning of the data. This usu-
ally means that before an EDI connection between two partners is operational, the
partners have to go through a long and in many cases costly negotiation, contrac-
tion, and software adaptation process. This renders EDI connections only profit-
able for long running business connections where both partners have proved their



Software Development Dynamics 11

creditability beforehand. As a result, this high start-up effort and standardized
formats make EDI too expensive and inflexible regarding ad-hoc changes of part-
ners or business models.

The recently introduced concept of service-oriented computing addresses the
problem of making automatic — or electronic — data interchange more flexible and
dynamic. One conclusion, which can be made from EDI, is that the transfer of
data always invokes some kind of processing which leads to the execution of a
service on the addressees’ side. The service may be abstract, e.g. a transfer of
money from one bank account to another, but the service may also me tangible,
like the production of a specified product including the shipping of the product to
the recipient, often the sender of the EDI message.

As a result, not only the transferred data is relevant, but also the service itself
needs attention. The key idea of service-oriented computing is to provide well-
described services to the market, which can be invoked by a published interface.
In this context a service is a well-specified unit of work offered by a provider,
which can be performed on demand. To enable the customer to choose the right
service, a service needs to be specified sufficiently precisely. The resulting service
specification is a complete characterization of what the service does, but the speci-
fication does not include how this is actually done. There are two reasons for two
levels of abstraction: Firstly, the customer of a service is interested in what is be-
ing achieved by the service, not in the implementation details on how exactly
something is actually achieved. Secondly, information about how a service is done
might be a valuable company asset and as such, subject to intellectual properties
rights management. In the provider side, the service implementation has to be
made available to the customer through an interface. The service implementation
is an executable representation of a procedure to fulfil the service specification.
This representation says how a service has do be done and how it can be per-
formed and by which resources, where resources include computer hardware and
human involvement.

To make the service-oriented computing applicable, the Service Oriented Ar-
chitecture (SOA) (BURBECK, 2000) has been proposed. (Figure 2) SOA defines
roles and interactions of three types of participants which are crucial players in
service-oriented applications:

1. Service Providers offer services to service requestors. They hold the service
implementations including the needed resources for the execution of the ser-
vices offered. They publish specifications of the offered services by means of
the service brokers.

2. Service Brokers have the role of yellow pages, i.e. they act as a repository for
many service specifications and the corresponding service providers. In addi-
tion, they offer powerful searching and matching tools to facilitate efficient
finding of services by service requestors. ,

3. Service Requestors are the customers and they use the service brokers to find a
suitable service which they invoke from the provider through an interface.
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Service
Broker
find service publish service
Service - Service
Requestor invoke service Provider

Fig. 2. Service oriented architecture

This architecture enables an automated ad-hoc invocation of services if com-
puters can process the service specifications and the interfaces for service invoca-
tion. Web services are a current implementation of SOA. They provide computer
readable service specifications and a standardized interface for service invocation
based on web technologies like the Hypertext Transfer Protocol (HTTP) (WORLD
WIDE WEB CONSORTIUM, 1999), the Extensible Mark up Language (XML)
(WORLD WIDE WEB CONSORTIUM, 2004) and the Simple Object Access
Protocol (SOAP) (WORLD WIDE WEB CONSORTIUM, 2003).

The vision for service-oriented computing in general and web services in par-
ticular can be described like this: Customers and companies get their demand
quickly, easily and in an ad-hoc manner satisfied by electronically querying ser-
vice brokers for required services. The service broker delivers a list of matching
services and the corresponding service providers. This list may include payment
information, but also electronic on-line negotiation with service providers should
be possible. Depending on their business model, the service brokers will electroni-
cally charge an amount for each query; alternatively they may finance themselves
by sponsored advertisements, for example similar to the business model of web
search engines today. Based on this list of service specifications, the customer will
choose the most suitable service provider and will electronically invoke the ser-
vice for which the provider electronically charges them. Notice that the term suit-
able is highly case-specific; in general it might be the cheapest, most secure or
fastest service or whatever criteria are of importance for the customer at that mo-
ment. This approach has the potential to create a new digital market. This market
will have the following features:

e There are a large number of producers and consumers in the market. In theory
the entire networked world can participate in this market.
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¢ Results of service (as far as information is concerned) can travel freely through
the computer network at high speed.

e The transaction costs will be close to zero. Especially if the service brokers will
be paid by advertisements.

While this vision is striking, the software industry today faces severe technical
and organizational problems that have to be solved in order to realize this vision.
Some issues are of technical nature such as security issues, electronic (micro)
payment and non-repudiation, which can be addressed by current technologies like
encryption and signing in cooperation with adequate legal regulations. Other prob-
lems have an organizational or business-related flavour, especially regarding the
needed investments in software and hardware, as well as the question who will
make the first move and who actually wants to sell their products in nearly perfect
competition provided by powerful service brokers. Finally there are still some
conceptual problems that cannot be solved by pure technology or pure business
solutions and concepts. Interestingly, potential solutions to these problems have
their roots in philosophy and linguistics; we will sketch recent efforts in this direc-
tion in Section 5 of this paper.

It is also noteworthy that in the future service-oriented computing might have a
strong influence on how software systems will be developed and on how the busi-
ness models of large parts of the software industry will look. We will explain this
shift by the following metaphorical analogy. If a software product would be a
haircutter, then software industries most used business model is to sell (license, re-
spectively) haircutters to the customers or enterprises. If a customer or enterprise
wants to “use” the purchased haircutter to get his hair or the hair of his employees
cut he has also to buy a fully equipped hair studio (which is equivalent to com-
puter hardware in the software scenario). This situation is not cost-efficient if the
customer does not need a hair cut very often. This is exactly the problem every-
body has today when they need special software for the execution of a rarely used
task. In a service-oriented world the solution for this uncomfortable situation is
clear, the customer takes a look at the yellow pages to find a service provider pro-
viding the “hair cut service”. The provider has already a haircutter and a fully
equipped hair studio, which he makes available to the customer. The customer just
needs to invoke the service on demand and he is charged per use. Carried forward
to the software scenario, this results in a world where service providers supply
computer hardware with software providing some services. These services can be
invoked on demand and their usage will be charged per use. In such a world it is
possible to think of software components, which are represented by services.
These services may provide simple functions like file storage but also complex
functionality like databases or applications. So software development could shift
in parts from basic programming to the composition of several services to a result-
ing complex software product.
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4 Process-oriented Information Systems

Since the early 1990’s there has been considerable effort in developing a new type
of middleware, dedicated to the management of business processes. These efforts
have their roots in business process orientation, coined by the seminal work of
HAMMER and CHAMPY. Their work is based on the observation that companies
conduct their work in processes, where each process consists of a set of interre-
lated activities, which are performed by the co-workers of the business organiza-
tion. Hammer and Champy have shown that by putting the focus on processes and
by adapting the organizational structure of the company accordingly, massive im-
provements of the company’s efficiency and effectiveness can be realized.

The middleware to facilitate the modelling and controlled execution of the
automated parts of business processes is known as workflow management sys-
tems. By extracting the business process structures from applications, these proc-
esses suddenly become the subject of discussion and improvement. By providing
graphical user interfaces for process modelling and by creating an immediate rela-
tionship between the graphical process structures and the workflow system, the
improved processes can be realized with little effort, controlled by workflow man-
agement. In workflow technology, we use workflow languages to model work-
flows including their technical and organizational environment. A workflow lan-
guage provides notation for expressing different dimensions of the problem
domain; these dimensions are also known as workflow aspects. The main work-
flow aspects are the following:

s Functional aspect: The functional aspect characterizes what has to be done dur-
ing the workflow. This aspect subsumes’ functional decomposition, i.e., the
breakdown of work units from complex processes (e.g., Customer Relationship
Management processes) to individual activities (e.g. sending an offer for a new
product). To this end, activities represent units of work that have to be enacted
according to a specific process structure.

s Behavioural aspect: The behavioural aspect describes when and under which
conditions activities have to be executed in the context of a workflow process.
Important components of these aspects are control flow constraints and start
conditions for the activities. The control flow constraints represent the execu-
tion order of activities while start conditions are used to define preconditions of
a particular activity or an entire part of the workflow schema.

s Information aspect: The information aspect defines which data will be used,
created or modified. An important aspect of workflow management is model-
ling the structure of application data. This is needed to allow the system to con-
trol the transfer of application data as generated or processed by workflow ac-
tivities. While the basic principle of the information aspect is straightforward,
there are many technical issues to solve, for instance different data format of
the application programs, which have to work together. In this case, filters or
converters are required to allow a seamless integration of different applications
using different data formats.
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e Organizational aspect: The organizational aspect determines who will perform
an activity. A major goal of workflow management is enhancing efficiency by
assigning work to persons or software systems specified in workflow schemas.
To reach this goal, a workflow system has to be provided with information on
the organizational and on the technical environment. Since a strict assignment
of activities to persons is not feasible in most cases, the role concept is used.
Before the start of an activity the workflow management system selects one or
more persons, which are permitted to execute the activity. The activity will be
put on the work list of those persons. After one person has initiated the execu-
tion of an activity the activity will be purged from the work list of the other
persons. "

e Operational aspect: The operational aspect defines how a workflow activity is
being executed, i.e. which software system or software component will assist at
the execution of a particular activity. The integration of existing tools, compo-
nents and application programs into workflow applications is an important fea-
ture of workflow management systems. This aspect covers mainly technical is-
sues, like the run-time environment, the definitions of input and output and
their mapping to the respective workflow activities.

o Flexibility aspect: The flexibility aspect specifies what kind of changes can be
applied under which conditions. One form of flexibility is the ability to change
a workflow schema without re-coding the application programs, simply by re-
structuring the activities and their execution constraints. Another form of flexi-
bility is the possibility to react to unforeseen situations. This can range from the
re-executing of already executed activities to the execution of activities which
were not planned in the workflow schema.

The design of business process models and their technical counterpart, work-
flow models is a tedious and often costly task. Similar to software development,
workflow application development can be guided by methodologies. However,
since the focus of a workflow project is the creation of a process-oriented work-
flow application, the focus is rather different; it can be sketched by the following
phases:

e [nformation Gathering: During the information gathering phase, the informa-
tion on the business processes is assembled by interview, observation, docu-
ments and business policy analysis.

® Business Process Modelling: The informally specified information on the busi-
ness processes is aggregated using business process modelling languages; these
languages provide graphical notation for activities, ordering of activities and
other constraints between activities. Depending on the language used, addi-
tional concepts can be specified. The result of this phase is a business process
model.

e Business Process Model Improvement. Domain experts improve the business
process -as specified in the model. Criteria for improvements include higher
customer satisfaction, for instance, by providing faster and more flexible ser-
vices to the customer and reduced cost of operation. Efforts in this phase are
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also known as business process re-engineering or business process optimiza-
tion. This phase might also involve the re-structuring of the organization of the
company, i.e. modification not only of the processes but also of the organiza-
tion that enacts them.

o Workflow Modelling and Implementation: Once a business process model is de-
fined, it needs to be implemented. The selection of specific middleware sup-
porting processes, for instance workflow management system, has to be done.
Using the notation and language provided by that system, the parts of the busi-
ness process model that can be automated are implemented. Just like in tradi-
tional software engineering, various tests and prototype development is suit-
able.

e Operational Phase: In the operational phase, the business process instances, the
concrete customer processes are enacted. The workflow system logs execution
information carefully so that it can be used in future iterations of business proc-
ess model improvement.

The advantage of process-aware information systers, such as workflow man-
agement systems, is the efficient and effective enactment of workflows according
to a given specification. As a result, delays of work can be minimized and bottle-
necks of a process can be detected. For instance, if a particular co-worker with
specific competences is overloaded then by hiring a second person with this quali-
fication might lead to considerable improvements in the response time of the over-
all process. In addition, by communicating the state of execution of a process to
the customer, she can be informed timely on the current state of her process. For
instance, an insurance claim process may currently wait for an external expert, or
the financial settlement might have just been arranged. This valuable information
can be communicated to the customer, which enhances customer satisfaction and
improves transparency of doing business. )

While there are numerous success stories in workflow management, there are
also application domains in which the fixed structure of the process is not ade-
quate. In these settings, advanced workflow concepts have to be installed, such as
the dynamic change of business processes to process specifications and the possi-
bility to allow running instances to follow a new and improved process model,
also known as process instance migration (VOSSEN and WESKE, 1999; WESKE,
2000; REICHERT and DADAM, 1998).

A recent trend in workflow computing is the integration of the processes of
several companies into one inter-organizational process to enhance the efficiency
of business-to-business scenarios (VAN DER AALST and WESKE, 2001). These
efforts fit very well into the current endeavours in service-oriented computing
sketched above because for an efficient implementation of such interorganiza-
tional processes, an electronic data interchange is indispensable. The core idea is
to make the interfaces between companies visible in the workflows to analyze
them regarding timing, usefulness and costs. Consequently the next step is to re-
duce media breaks by the usage of electronic data interchange and to reduce man-
ual handling of interface data where it is not essential for the business that the data
is pre-processed manually. Finally the integration should and will not stop on the
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the data exchange level, but it will be continued up to the workflow control and
monitoring level. This means that it is possible to monitor the state of running in-
ter-organizational workflow instances even when the current task is executed by
resources of another company. Logically the following step is to use this infra-
structure to monitor deadlines in an inter-organizational way to reduce spreading
of throughput time and to have more control on the bullwhip effects (LEE,
PADMANABHAN and WHANG, 1997) of the whole inter-organizational work-
flow.

5 The Future: Semantics, Ontology and Planning

Current efforts in establishing service-oriented computing have not only to deal
with technological and business-related problems, which are a usual factor in the
information systems discipline, but also with philosophical and linguistics related
challenges (refer to section 3). These challenges have their roots in the question of
what is the semantics of the transmitted data. By semantics we mean here the
meaning of words and expressions and their relationship to other words and ex-
pressions not only in the computational context, but also in the real world, the hu-
man and natural language related context. This raises the following question: Why
is semantics a problem that is not grave enough to be perceived when dealing with
inter-organizational software and what changes when moving from inter to intra-
organizational software and especially to service-oriented computing?

We will start with the first part of the question. When programmers are pro-
gramming classical, non-distributed software from the scratch without reusing any
closed-source libraries, like in the early phases of computing, the problem of se-
mantics is not evident. Questions like “What is the meaning of the input parameter
named x of type y of procedure z?” can be answered even if no documentation is
available simply by looking into the source code of the concerning procedure. The
problem of semantics worsens a little bit when we take the next step, but it is still
not really striking. The next step is software development by means of closed
source libraries and distributed components. Here, in fact, good documentation is
unavoidable to get the meaning of certain parameters and calls, but humans proc-
ess the documentation during programming. Humans are able to understand the
documentations in most cases by means of their background knowledge on the
world in general and information systems or the concerning business models in
particular. Even 'if they are not able to find the correct semantics, because the
documentation is too bad, they usually have the possibility to ask the vendors or
experts on the components by mailing-lists, e-mail, phone, etc. This situation does
not even change when we look at traditional (not service-oriented) electronic data
interchange. There are still humans who are programming the interfaces, which
make two inter-organizational systems working together, but it is worth mention-
ing that the semantics problem gets really tangible, even if it is still solvable in the
old fashioned manner. Experience shows that the negotiation process, which is
needed to establish the electronic data interchange, can be lengthy. This is because
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agents and developers of the different companies often have different backgrounds
and experiences which cause understanding problems when going into details. So
the involved partners have to find a common language with common semantics to
describe the relevant concepts which are behind the exchanged data structures in
detail.

All this is not possible in service-oriented computing. Since the goal of service-
oriented computing is to automatically find and invoke proper services without the
need of human assistance. This means that the involved computer systems have to
find and agree on a common language including semantics to describe what a ser-
vice is about and what the customer expects from a service he is looking for. This
is currently and presumably in the near future not practicable with computing
technology. So the answer for the second part of the above question is the change
from traditional computing to service-oriented computing is the elimination of the
human being as the mediator for the semantics of the exchanged data between
software components. To implement service-oriented computing we have to avoid
a situation in which computers have to build up and negotiate semantics from
scratch, rather we have to provide a formalized semantics which can be used by
different computer systems to pin down the semantics of exchanged data and the
preconditions and effects of a service. This is the point where ontologies come
into play.

Ontologies

The origins of the term ontology are located in philosophy. Later the term has
been modified and used by several scientific branches like computer science, but
the foundation of the term is still located in philosophy. For this reason we want to
start with the philosophical definition of this term: Ontology as a branch of phi-
losophy is the science of what is, of the kinds and structures of objects, properties,
events, processes and relations in every area of reality. (SMITH, 2002) The goal
of the philosophical ontology (as a science) is to fathom the truth. (ZUNIGA,
2001) For this reason in the context of philosophy the term ontology has to be
used in singular form, because only one “true” truth may exist.

During the adoption process from philosophy to computer science the term on-
tology has sensed a smooth change in its definition. Two things can be stated:
First, there is (currently) no consensus regarding the definition of the term ontol-
ogy in detail. Second, a consensus exists, that an ontology in computer sciences is
a representation of domain specific knowledge written in a formal language.
(ZUNIGA, 2001) So it is clear that there are two differences existing between the
philosophical ontology and the computer-science ontology: An ontology in com-
puter science is not a scientific branch and it is pragmatically related to an applica-
tion domain. Further it is possible to use the term in the plural form, because sev-
eral representations of domain specific knowledge may exist. (KUROPKA, 2004)

A known and often used definition of the term ontology in computer science
context is the definition deployed by GRUBER: “An ontology is an explicit specifi-
cation of a conceptualization.” (GRUBER, 1993; GRUBER 1995) One major
weakness of this definition is the fact that regarding this definition nearly every
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idea, which has been written down in a formal manner (e.g. a computer program)
is an ontology. For this reason we will use here the following tighter definition:
An ontology is a model of linguistic means of expression on which several actors
have agreed on and which are (or can be) used by those actors. (KUROPKA,
2004) It is worth mentioning that in this context a model is a representation of an
(not necessary tangible) object system written by the mean of a formal (but not
necessary textual) modelling language.

So ontologies can be used to pin down the common understanding, the seman-
tics of words and concepts. If two actors are sharing the same ontology they can
directly start to communicate about relevant issues without going through a
lengthy negotiation process on common understanding. Ontologies written in for-
mal languages, which are process-able by computers, are a possible solution to the
challenges of fully automated service-oriented computing in general and web-
services in particular. If partners of a service-oriented market agree on one par-
ticular ontology as well as one formal language for the description of service
specifications, then we have a semantic service specification. This semantic ser-
vice specification facilitates an automated mediation of the semantics between
software components, which makes the vision of service-oriented computing fea-
sible. For example, if a service requestor requests a service, which is to ship a
power socket, the result of the service invocation may be different when two dif-
ferent service providers are involved and no commitment on a common ontology
exists. The reason for this mishap is that a power socket of a German provider is
different to the power socket of a British provider. A common ontology solves this
problem, because it provides a common view on the world. In this example the on-
tology should have information about the fact that in different countries different
power sockets are in use. In Germany the SCHUKO power socket and in Britain
the BS power socket. This causes naturally a different specification of the “ship
power socket service” for both providers. The German provider for example will
only ship SCHUKO power sockets while the British provider will only ship BS
power sockets. So requesting a list of providers shipping power sockets in general
will have a different result. The result depends on the “intelligence” of the query
mechanism. It can contain an empty list or it can contain both providers including
a hint dbout the fact that different socket standards are existing and that the re-
questor has to choose one standard. It can even contain a proposal on the right
provider for the requestor, if the system is able to use the information about re-
questor’s nationality properly.

The commitment of several partners to an ontology is some kind of a standardi-
zation process. As always, making standards is not a simple thing, but as already
shown in other contexts it is practicable if one strong partner is involved (for ex-
ample refer to EDI standardization in the automotive industry) or if something
new is invented and its adoption is very rapid (e.g. TCP/IP (DEFENSE ADVAN-
CED RESEARCH PROJECTS AGENCY, 1981) and the other Internet protocols
like HTTP (WORLD WIDE WEB CONSORTIUM, 1999), SMTP (POSTEL,
1982), etc.). Currently great endeavours are invested in the development of power-
ful and computer process-able languages for the description of ontologies. Some
examples are KIF (GENESERETH and FIKES, 1994), GOL (DEGEN, HELLER,
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HERRE and SMITH, 2001), DAMLA+OIL (DEFENSE ADVANCED RESEARCH
PROJECTS AGENCY, 2001), RDF (WORLD WIDE WEB CONSORTIUM,
2004b) and WSML (DE BRUIIN, 2004). On the basis of those languages a bunch
of ontologies is currently under development, for example, general purpose on-
tologies like CYC (http://www.cyc.com) and OpenCYC (http://www.opencyc.org)
or service-oriented ontologies like WSMO (ROMAN, LAUSEN and KELLER,
2004).

Automated Process Planning

Adding semantics to the concept of service-oriented computing by means of using
an ontology is an important step forward to create a new digital market with full
information and negligible transaction costs as envisioned in Section 3. In the con-
text of service oriented computing a semantic service specification enables the
automation of a variety of reasoning tasks such as discovery, selection, invocation,
composition and monitoring of services (NARAYANAN and MCILRAITH,
2002). Semantic service specification means to give a description or specification
of the functional and non-functional properties of a service in a logical, machine-
interpretable language on the basis of a formal ontology that the involved partners
have committed to. This comprises of a description of the preconditions under
which a given service can be executed and the effects that the execution of this
service will have. In addition to this functional description, non-functional proper-
ties can be specified, e.g. duration or costs. If service providers specify and pub-
lish services using semantic service specifications, the discovery of services can
be automated as exposed above. Therefore, service requestors describe their func-
tional and non-functional requirements on the requested service in a logical lan-
guage, e.g. a requestor asks for the cheapest service that returns a creditability re-
port for a customer within 2 minutes or that invokes production and shipping of a
certain product within a week. Due to the machine-interpretable specifications of
the provided services and the requested service, discovery can be automated. As a
result, a vast amount of offers can be searched and compared in little time with
negligible costs. Thus, semantic specification of services constitutes a big step
forward to the digital market.

A crucial point for the competitiveness of organizations is the performance of
their processes (HAMMER and CHAMPY, 1993). Workflow Management sys-
tems are supporting companies to handle this challenge by automating and sup-
porting the enactment of processes. However, planning, modelling and supplying
the workflow schema to the workflow management system is usually done manu-
ally. Manual planning involves the time intensive work of specialists and thus is a
costly task. For this reason, it is not economically advantageous to plan an indi-
vidual workflow schema for every business case. Instead, similar cases are
grouped together and planned conjointly. For example, there is only one generic
workflow schema used for all incoming purchase orders. Finding a workflow
schema that copes with all possible variants of purchase orders becomes more dif-
ficult the more the structure of the cases varies. Normally, one workflow schema
is used to control the enactment of a process, but if something unanticipated oc-
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curs threatening the achievement of the goal, it becomes necessary to react by
changing the process. This re-planning has to be done manually and thus delays
execution. Afterwards the workflow management system has to adapt the process
enactment to the changed workflow schema as discussed in Section 4. This change
of workflow schema at run time has already been investigated (ELLIS, KED-
DARA and ROZENBERG, 1995; HAGEN, ALONSO, 2000; REICHERT and
DADAM, 1998). It proves to be a difficult task for the workflow management sys-
tem to assure consistency, because it does not have all the required information on
the dependencies between process steps.

Current research approaches (BLYTHE and DEELMANN and GIL, 2003;
LAZOVIK, AIELLO and PAPAZOGLOU, 2003; SCHUCHEL, WESKE 2004;
ZENG, BENATALLAH, LEI, NGU, FLAXER and CHANG, 2003) evaluate op-
tions to use semantic description of services to enable automated service composi-
tion. Reasoning algorithms like Artificial Intelligence planning algorithms
(GHALLAB, NAU and TRAVERSO, 2004) are used to generate workflow sche-
mas. Inputs for a planning algorithm are the semantic descriptions of the provided
services and the requested service. A planning algorithm does not only check if a
single service matches the request, but it also tries to find a set of services com-
bined in a workflow schema to satisfy the request. Workflow management sys-
tems can then take the generated workflow schema as input to support and auto-
mate process enactment and schedule the single services. Since automated service
composition is done without human effort, it changes the possibilities to organize
workflow planning and enactment. Instead of planning just one workflow schema
for a group of similar cases, automated planning allows the individual planning of
every case. Thus, an optimized workflow schema that takes all the specific proper-
ties of the case into account is generated. This capability can realize a competitive
advantage, since individual treatment of cases and thereby of customers becomes
increasingly important (HAMMER and CHAMPY, 1993). Furthermore, re-
planning can be triggered and performed automatically if necessary. Thus, a delay
of the process execution can be avoided. If a workflow schema has to be changed
at runtime, consistency can be assured, because all necessary information on the
dependencies between the process steps is available for the planning system.

The ability to automatically discover and compose services to match the needs
of service requestors, impressively demonstrates the potential of semantic specifi-
cation of services. In addition to service discovery and composition it allows
automating service invocation, negotiation on service properties, process simula-
tion and monitoring. As a result, transaction costs are minimized and the consoli-
dation of supply and demand is optimized.

6 Conclusions

This paper sketches fundamental concepts and recent trends in software, informa-
tion systems and process technology. By joining the forces of information systems
competences and business and economical competences, an added value can in
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fact be reached. In a networked world only by combining these complementary
competences can the challenging questions that we face today can be understood
better.
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1 Introduction

The expansion of the information and communication technology (ICT) in the
1990s has raised new challenges for OECD countries and Newly Industrializing
Countries. With a share of about 10% in the US, Germany and Scandinavia, the
ICT sector is still rather small, but its sustained technological and economic dy-
namics clearly influence overall structural change in a decisive way. High US
economic growth in the 1990s and some EU countries has largely been attributed
to ICT whose expansion requires a high share of skilled labour and strong empha-
sis on innovations so that research and development (R&D) become more impor-
tant. Since ICT facilitates production of many new varieties, represents network
effects in certain sectors and stimulates innovation, it has those ingredients con-
sidered particularly important in the New Growth Theory.

In the Lisbon agenda of 2000, the EU declared that it wants to become the most
competitive and dynamic knowledge-driven economy by 2010. Higher growth and
a higher participation rate — hence more jobs — are expected from this initiative in
which “open coordination”, based largely on the incentives associated with
benchmarking and political peer pressure, plays a prominent role. National gov-
ernments and the EU have adopted various policy initiatives to promote expansion
of the digital knowledge economy; e-government and e-commerce are expected to

! [ gratefully acknowledge technical support and research assistance by Dora Borbély and
Jens Perret, EIIW. The usual disclaimer applies.
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grow strongly in the medium term. Falling prices of telecommunication services
and in particular of narrow-band and broad-band internet use are expected to
stimulate digital networking, innovation, diffusion and growth.

The economic system will have to adjust as the New Economy — the digital
economy — is unfolding. Institutions and rules which were shaped in the age of in-
dustry are no longer adequate for the digital age. New rules and institutions can
help to better exploit the productivity potential of ICT and to cope with some key
problems of the digital economy.

The traditional social market economy — as developed in Western Europe in the
20™ century — has rested upon three pillars:

¢ allocation of resources through competitive markets; this was the standard case
except for the military sector and the case of the so-called natural monopoly for
many years — the latter representing the telecommunications sector, the energy
sector and the railways system. Competition will result in efficient production
of goods and services where producers must take consumer preferences into ac-
count; accordingly, market economies are characterized by consumer sover-
eignty. The income generated in markets is, of course, not equal. Nevertheless,
the market system in a broad sense provides equal opportunities. Consumers
have a choice among competing firms. Those who have entrepreneurial ambi-
tions can enter markets as a newcomer on the supply-side;

o redistribution through taxation, public heath care insurance and the public pen-
sion system and universal/public services which offer uniform prices across
space (the latter requiring implicit cross-subsidization for both poor and rural
regions).

This system has come under threat through economic globalization, associated
with more foreign direct investment and economic opening up in China and east-
ern Europe, which has forced EU countries to reduce corporate tax rates in the
1990s. Expansion of digital trade also contributes to undermining the tax base of
OECD countries so that national governments are forced to reduce public expendi-
tures relative to national income. The only way to counter-balance this effect is
through regional political integration, namely that governments of different coun-
tries — willing to harmonize taxes in some way or the other — effectively create a
larger country so that a downward tax spiral is avoided.

Moreover, the increasing use of modern computers and software has created
larger markets which basically call for more cross-border cooperation in competi-
tion policy. Otherwise the larger relevant markets might become less competitive.
At the same time the adjustment speed in financial markets has increased strongly
so that overshooting problems (short term deviation from long equilibrium value
of the real exchange rate) have potentially become more important. Strong ex-
change rate overshooting which basically reflects differences in the fast adjust-
ment speed of financial markets and slow adjustment speed in goods and factor
markets can seriously destabilize a country’s economy. While it is true that ICT
raises productivity and output growth, it also could be argued that there will be
more long term volatility of output and prices so that the average welfare effect of



Digital Social Market Economy — Towards a New Economic System 27

ICT could be ambiguous in certain cases, namely when the increase in volatility
more than offsets the increase in output growth.

ICT is considered to be quite important for productivity growth (VAN ARK,
2001; WELFENS, 2003). There is no doubt that technological progress in the pro-
duction of ICT goods is high, and there are also good arguments for why the use
of ICT goods contributes to higher productivity. ICT can help cope with the age-
ing of society and shrinking populations in OECD countries where growth nor-
mally should be expected to fall considerably in the 21% century. Increasing use of
ICT and continuing progress in ICT production could stabilize growth rates.
Physically difficult work — a potential problem in ageing societies - can be largely
automated. The main work of the 21* century is clearly in the services sector,
which came to dominate employment in most OECD countries already in the
1960s and 1970s. Modern software tools help even to computerize many services.
This is the case, for example, in banking, education, and health care. Ageing could
imply a less innovative society and hence lower growth; however, ICT dynamics
and an adequate policy of recurrent training/retraining and digital upgrading of
human capital could allow. for increased productivity time and again in all age
brackets.

Liberalization of telecommunications in the EU in 1998 as well as in Asia and
Latin America in the late 1990s has stimulated competition, resulting in falling
prices and in a wave of innovations. It also is noteworthy that Eastern European
countries have quickly embraced a phased-in approach to liberalization of tele-
communications which has become a dynamic field of expansion in countries
once known for a large long term excess demand. As regards international com-
petitiveness in sectors relevant for ICT production, EU accession countries have a
competitive disadvantage (BORBELY, 2004), while the US, Japan, Korea, Ger-
many, France, the Netherlands, Finland, Sweden and Ireland are relatively well
positioned among OECD countries (OECD, 2003). In many poor countries — in-
cluding NICs and LDCs — expansion of mobile telephony has been much faster
than in fixed line telephony.

The digital economy is embedded in the information society in which informa-
tion is a distinct input in the production function. Some of the well-known imper-
fections of information markets could thus become a crucial challenge for the de-
sign of institutions and rules of a market economy. Since a digital society is
strongly based on networks, there is wide-ranging physical and economic interde-
pendency which must be analyzed. In the following analysis, we look at selected
characteristics and problems of the digital economy and then propose necessary
institutional innovations and policy reforms which could help to establish a stable
and prosperous economic system.
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2 Digital Social Market Economy: Expansion and New
Problems

2.1 Digital Structural Change and Growth Bonus

The expansion of the digital economy is driven partly by the liberalization of tele-
communications markets (e.g., network operation and voice telephony in the EU
in 1998). Tthe UK had already liberalized and privatized the telecommunications
sector in. the 1980s under the Thatcher government, while the US broke up the
private monopoly AT&T (“Ma Bell”) into regional baby bells and a new AT&T,
with the latter playing a limited role in long distance and international calls and
where it is facing competition from other network operators. Both increasing
competition and technological dynamics have made telecommunications the field
of patenting with the highest growth rate in the 1990s in the EU and the US.

The strong growth of ICT in the 1990s contributed to an expansion of commu-
nication networks — broadly defined — and hence to acceleration effects in produc-
tivity growth. Typically, the usefulness or real value-added (U) of a network in-
creases with the square of the number (L”) - which we will also identify as skilled
labour - of its users, so that

U=L"? 6))

By contrast, a simple Cobb-Douglas production function relevant for the tradi-
tional sector reads

Z=K*L" @)

where K is factor input, L unskilled labor input and B an exponent where
0<B<1. Hence we have

gz =Bgx + (1-B)ar ")

In the presence of networks it holds — according to equation (1) — for the
growth rate gy (with g as symbol denoting growth rates) that

gu=2g; 3)

The growth rate of usefulness of a network is twice as high as the growth rate
of the number of network users. Hence, the growth of U is higher than under
Cobb-Douglas. If aggregate output Y consists of two sectors, Z and U, we have
(with Q defined as the relative price p”/p — with p” representing the price of U and
p the price of Z — and a defined as QU/Y) aggregate output defined in terms of the
traditional good as

Y =27+QU €]

gv=a[gotgul+ (1-a)gz = 2a g+ ago + B(1-a)gk + (1-B)(1-a)gL (%)
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With a given growth rate of K and an equality of g; = g;: - a special case to be
relaxed subsequently - there will be a rise in output growth as long as the share
a=QUJY is increasing.

More generally (and giving up the assumption g, = g;-), the variable a can in-
crease as long as labour is shifting from the traditional sector to the digital sector
[with a given overall number of workers L”=L’+L so that dL’/dt= -dL/dt and
hence g;=-(1.’/L)gy]. Giving up the special assumption g;=g;., we can state the
growth rate of aggregate output strictly as a function of the growth rate of capital
and of the weighted growth rate of skilled labour.

gy= B(I-a)gk + [2a-(1-B)(1-a)(L°/L)]gL + agq (6)

The net effect of both structural change and the relocation of workers is (ignor-
ing gq) positive if

In2+ Ina +B +a > In(L’/L) 0

That is, the natural logarithm of the ratio of skilled labor to unskilled labor must
be smaller than In2 + Ina + a +B; this is, of course, trivial for L’<L. Hence as long
as the share of unskilled workers is smaller than that of skilled workers, expansion
of the skill intensive sectors always contributes to a higher growth rate.

If relocation of an unskilled worker L to the digital sector is associated with a
required skill upgrading effort y (0<y<1) one should further take into account that
dL’/dt = (1-y)dL/dt where y represents the fraction of people working in the re-
training sector. The share a(t) of “networked digital output” U can be assumed to
depend positively on the rate of fall in the ratio of price p” of ICT goods to stan-
dard capital goods p, so that a=a(p”/p); with Q=p”/p and da/d[p”/p]<O0.

In a digital economy, there will be a faster diffusion of knowledge and — in
combination with rolling out ever-faster digital networks — there will be a rising
supply of innovative digital services. The latter could include increasing interna-
tional digital outsourcing. Faster international (and national) diffusion of knowl-
edge implies that high wage countries with dominant technology-intensive export
will be less able to earn high Schumpeterian rents in global markets so that high
wage countries will face increased pressure to move up the technological ladder .
and to focus more on product innovations for which higher prices can be fetched
in world markets. :

2.2 Selected Specifics of a Digital Economy

We have already seen in a simple model that there could be a temporary accelera-
tion of aggregate real income growth. However, there are certain traits of the ICT
sector which makes a long term growth bonus rather uncertain. A key aspect of a
digital services economy is that the majority of workers are actively involved in
generating, storing and processing information. However, information markets are
rather imperfect, since the supply side must reveal part of information for free in
order to let the buyer assess the value of the information good. Thus it is difficult
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to recover an adequate price for information in the market. Main elements of the
digital economy are thus as follows:

o Information markets are imperfect (Arrow): There is a natural tendency for
firms to swap information or rely on intra-company transactions. In electronic
networks, information can easily be disseminated and stored, with marginal
costs close to zero. However, creating new useful information and storing it to
esnure that new knowledge becomes accessible requires the use of many scarce
resources. The very fact that diffusion of new knowledge is rather easy through
digital networks makes it difficult for creators of new knowledge to earn ade-
quate income from “breeding knowledge”. Hence digital intellectual property
rights are quite important.

¢ Information is a confidence goods, and as such, building reputation and bun-
dling become important. As regards bundling, the idea is to combine selling of
a normal good (e.g., hardware: inspection good) and a confidence good.

¢ Bundling plays a crucial role in the selling of software (BAKOS and BRYNJ-
OLFSSON, 1999; 2000). Software represents a system of subprograms, each
containing- algorithms to solve a subproblem, whose usefulness differs across
potential customers. By creating software packages, software firms are able to
fetch a rather average (high) price in the market while incurring only minimal
costs in terms of added programming for a complex programme.

o There are problems of sustained competition in telecommunications and in
software markets. Economies of density in fixed network telephony create a
tendency towards a certain degree of dominance by a single operator in the ac-
cess market. Economies of scope and economies of bundling can stimulate ver-
tical integration which then creates the problem of transfer of market power
from one market to another market.

e The role of the communications infrastructure for the digital economy is high.
The faster, the more ubiquitous and the cheaper the use of networks, the larger
the network effects and the greater the opportunities to launch digital product
innovations. Modern regulation allows for the imposing of pricing regimes
which create an incentive to achieve efficient output in network industries
(here, telecommunications).

2.3 Network Effects

In principle, network effects are an endogenous outward rotation (or rightward
shift) of the demand curve. Esentially, network effects occur in markets in which
users of goods and services interact systematically. For example, if all use the
same telecommunication standard, interconnection is easy and increases the use-
fulness of being linked to the telecommunications network. If all partners in a pro-
ject group have access to fax (or SMS or MMS), there are better opportunities for
coordination. Correct and adequate anticipation of network effects is not always
easy, as we know from the fragmented patches of telecommunications networks in
the UK in the 19" century when telecommunication operators finally called for
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consolidation through nationalization of the network. A single national operator
could find it rather easy to establish regions with mutually-competitive networks,
and it also would be able to anticipate network effects with a low degree of uncer-
tainty. However, having a single firm creates monopoly problems and hence static
and dynamic inefficiency. In the case of network effects, there is a large difference
between monopoly output and competitive output. As such, the welfare loss from
monopolization is large. Conversely, adequate regulation which forces firms to
follow the rule marginal costs = marginal willingness to pay — or as a second-best
solution: average costs=marginal willingness to pay — could yield enormous bene-
fits for both the consumer and society.

The following graph shows an initial demand curve (DD,) and the correspond-
ing marginal revenue curve (R’,) for the case of a natural monopoly (with falling
marginal costs k’ and falling average costs k). Network effects are shown as an
outward rotation of the demand curve. It is drawn in such a way that the original
demand curve coincides with the new marginal revenue curve. If there is a mo-
nopoly, there will be an increase in output from q, to q;, while price falls mod-
estly. However, if there were competition — with firms assumed to set prices ac-
cording to average costs - in the long run, there would be a large increase in output
and a strong fall in prices. If the market considered were a market with production
innovations, there naturally would be an initial monopoly position; in the diffusion
stage — with newcomers entering the market —, however, the competitive solution
could be realized.

Welfare analysis suggests that the optimum output is q,, characterized by
equality of marginal costs and marginal willingness to pay. However, this solution
can be realized only if government pays a subsidy. Paying subsidies raises serious
problems, particularly if the innovation rate in the industry considered is rather
low. Many other sectors would also desire subsidies, and thus considerable risks
of economic inefficiencies would occur.
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Fig. 1. Network effects and natural monopoly in the telecommunications sector



32 Paul J.J. Welfens

If the regulator is able to force firms to basically consider long run marginal
costs as well as an add-on element in price setting so that effectively average costs
are covered by market prices, society will come close to the efficient outcome q..
Alternatively, firms can use two-part tariffs where one element basically is de-
signed to recover fixed costs while the second element covers marginal costs. The
regulator could then only focus on the second pricing element. At the same time
the regulator could fix a basket of services for which an RPI-X-factor will apply.
Based on the estimated sectoral productivity growth, X, the relative price of a bas-
ket of services must be reduced continuously. The growth rate of the price basket
is expected to fall according to inflation rate (measured by the retail price index
RPI) minus the sectoral productivity growth rate. This is basically the approach
adopted by the EU and by many other countries.

As regards mobile telecommunications, government is involved in the alloca-
tion of spectrum which is a scarce resource. A critical question involves the size of
the relevant market and digital international market integration. If large interna-
tional markets are relevant, one should expect the formation of large mobile tele-
communication companies which in turn could be facilitated by secondary mar-
kets for mobile licenses. Such secondary markets are non-existent due to poor
rules set by government in the context of allocation of mobile licences. Moreover,
as regards the EU there are distortions of services and capital markets through the
divergent ways of allocating spectrum. While auctioning seems to be the appropri-
ate way for efficient allocation, several countries have combined a beauty contest
with a modest fee. A critical issue in mobile competition involves roaming fees
which in some EU countries seem to be higher than long run marginal roaming
costs.

Mobile telecommunications is a leading field of digital innovation dynamics,
including the development of novel services. As regards substitutability of fixed
network communications and mobile telecommunications, it is clear that there is
only weak substitutability. This holds despite the fact that among young users,
mobile telecommunications is often the first choice when it comes to getting their
first own number. This holds particularly in eastern Europe. However, for certain
services — including internet services — fixed network access is much better in
terms of speed and certain convenience aspects than mobile access.

Within less than a decade, mobile density has exceeded the fixed line density in
the EU and Japan; only the US still records a relatively lower mobile line density;
however, the average revenue per user in the US exceeded that in the EU in 2005
so that prospects for US catching up are favorable. Since mobile phone calls are
more expensive than fixed line calls, it is clear that mobile sales — and (probably)
their respective profits — exceed that of fixed line sales. Thus firms operating both
in the fixed line business and in the mobile business have an incentive to further
push the mobile business. Technological progress which gives mobile users a so-
called cheap home zone ~— this amounts to using the mobile phone at home in a
similar way as a traditional fixed line phone — encourages users to replace fixed-
line telephony with mobile telephony. In 2004/05 internet-based telephony (VOIP)
has become a new alternative for millions of households worldwide, and there also
is an increasing number of business users which will rely on VOIP which eco-
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nomically eliminates the distinction between local calls and international calls.
Major international organizations such as the EU, the World Bank, the WTO etc.
could save a considerable share of the respective budget if they would switch to
VOIP, and there is no reason why not all UN organizations should switch to this
technology at the same time.
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Fig. 3. Total share of mobile and fixed networks in selected countries
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Fig. 4. Ratio of mobile density to fixed line density in selected countries

As regards the internet there was an enormous growth of both the supply side
(host density) and the demand side (user density) in OECD countries in the 1990s.
By 2010, about 70% of households could have access to the internet. Governments
in most OECD countries have actively encouraged the use of the internet through
both special programmes to link the schools to the internet and via the provision of
e-government services. It is, however, not clear whether governments in all coun-
tries worldwide are interested in stimulating the use of the internet.

As regards the use of PCs as well as the internet, there is a strong North-South
division in the world economy as is shown in the subsequent table. As regards
relative prices, Japan, Korea, Belgium, Hongkong, Singapore, the United States,
Canada, the Netherlands, Macao and New Zealand were the 10 cheapest countries
in 2003. Finding the US as a high income country among the top 10 could be ex-
plained by cross-subsidization of such services or by powerful network effects or
rapid technological progress. It is interesting to note that one of the most costly
countries is Saudi-Arabia. One may assume that in this case, high pricing is a gov-
ernment strategy to discourage people from using the global internet with its large
diversity of views and independent source of information. A particular problem
with the digital North-South gap concerns Africa which has the world highest
population growth while at the same time having a high illiteracy ratio (except for
South Africa and a few select countries). Thus the politically popular perception
that a digital world economy is emerging in which global diffusion of knowledge
contributes to economic and technological catching-up is partly wishful thinking.
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Table 1. Internet prices (broadband) in selected countries

Price per  Subsription 100 kbit/s as
0,

Subscription per 100 as % %
month kbit/s of monthly of monthly
Nr_ Economy (USD) (USD) income income
1 Japan 24.19 0.09 1.1 <0.01
Korea (Rep.
2 of) 49.23 0.25 3.58 0.02
3 Beigium 34.41 1.15 1.51 0.05
Hong Kong,
4 China 38.21 1.27 1.71 0.06
5 Singapore 33.18 2.21 1.69 0.11
6 United States 52.99 3.53 1.81 0.12
7 Canada 32.48 3.25 1.39 0.14
8 Netherlands 51.55 3.36 2.25 0.15
Macao,
9 China 38.34 2.56 2.43 0.16
10 New Zealand 40.61 2.71 2.43 0.16
11 Germany 33.93 4.42 1.55 0.20
12 Norway 46.16 6.56 1.55 0.22
13 lIsrael 20.40 3.98 1.27 0.25
14 Austria 45.20 5.89 1.92 0.25
15 Slovenia 79.54 3.88 5.40 0.26
16 ltaly 73.59 6.13 3.49 0.29
United
17 Kingdom 32.59 6.37 1.51 0.30
18 Luxembourg 91.77 17.92 216 0.42
19 Sweden 44.56 8.91 213 0.43
20 Switzerland  57.84 11.30 222 043
21 Australia 50.56 9.87 2.25 0.44
22 France 51.46 10.05 2.36 0.46
23 lreland 61.69 12.05 2.64 0.52
24 Portugal 39.64 7.74 2.74 0.54
25 Cyprus 58.03 9.07 3.86 0.60
26 Iceland 73.66 14.39 3.09 0.60
27 Lithuania 12.80 5.00 1.55 0.61
28 Malta 53.34 10.42 3.77 0.74
29 Jordan 14.06 275 4.15 0.81
30 Denmark 51.82 20.24 2.1 0.82
31 China 30.10 7.84 3.70 0.96
32 Croatia 24.26 9.48 2.62 1.02

33 Estonia 49.72 4.86 10.58 1.03
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34 Venezuela 42.95 11.18 4.02 1.05
35 Hungary 57.36 22.41 2.71 1.06
36 Finland 47.63 18.61 2.79 1.09
37 Spain 29.21 7.61 423 1.10
38 Malaysia 68.90 13.46 7.03 1.37
39 Argentina 22.44 8.77 3.71 1.45
40 Brazil 71.19 27.81 3.89 1.52
New Caledo-
41 nia 76.15 14.87 9.02 1.76
42 Poland 35.50 13.87 4.64 1.81
43 Chile 106.10 41.44 8.01 3.13
44 Babhrain 57.46 22.44 8.01 3.13
45 Mexico 75.31 29.42 10.11 3.95
46 Latvia 80.00 31.25 11.62 454
47 Costa Rica 99.00 19.34 24.75 483
48 Peru 93.26 36.43 16.58 6.48
49 Grenada 238.65 93.22 24 .65 9.63
50 Saudi Arabia 174.75 68.26 31.39 12.26

Source: ITU, World Telecommunication Development Report 2003

2.4 Innovation Aspects

As the share of innovation expenditures in ICT rises relative to R&D expenditures
in other sectors (OECD, 1999), the role of “digital innovations” will increase. This
could hold more so with respect to the R&D input side than with respect to R&D
output (here we have an empirical question). One the fascinating features of the
internet is that it allows more services to be traded as providers of the respective
service or the user effectively becomes more mobile in a geographical sense. This
should stimulate competition and hence efficiency gains and innovations. Leading
digital OECD countries can thus be expected to have a high share of product inno-
vations in services.

Product innovations allow for the increase in product prices in world markets
and hence the earning of high incomes (wages and profit). With digital products
and services market through the internet, the opportunities for increasing prices for
novel goods is somewhat restricted through the global nature of the internet and
the rather limited opportunities for price differentiations. Digital products could,
of course, be presented as differentiated products to some extent as the example of
the differentiated music CD launched in 2004 revealed. Certain services can indi-
vidually be customized by the user himself, for example in the field of news sur-
veys.

Process innovations are equivalent to cost reductions and allow firms to fetch
higher market shares and high incomes, in particular if price elasticity is larger
than unity or if increased market share also allows for the exploitation of dynamic
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scale economies (e.g., learning by doing effects). Innovation dynamics can be as-
sessed in different ways:

e Innovation expenditures, usually scaled by sales (“R&D intensity™); this in an
R&D input indicator

¢ Patents per capita (R&D output indicator)

¢ Product innovation rate (new products to the market in % of sales, survey data,
innovation output indicator); ICT facilitates product innovations and should
hence stimulate intra-industrial trade. Internet based services innovations might
be more difficult to combine with price differentiation

¢ Diffusion rate (new-to-the-firm products; figures are from surveys): the diffu-
sion rate could accelerate in the digital society

Taking a closer look at selected EU countries as well as the US and Japan, one
finds that Sweden, Germany and Finland were leading in R&D intensity in manu-
facturing (6.4, 4.7 and 3.9, respectively, in 2003; EU average 3.45; see Tab. 1).
France and the Netherlands achieved 3.1, the UK 3.0. Germany’s R&D intensity
in the services sector was much weaker, namely 1.6 compared to the EU average
of 1.8. Sweden was a clear leader in this field. France and the UK recorded 1.6
and 1.4, respectively. It is interesting to observe that in the field of product inno-
vations in manufacturing, Germany was below the EU average despite its leading
position in R&D intensity. Finland, Sweden and France were leading countries in
the field of product innovations. This suggests that the German innovation system
might have considerable efficiency problems. A similar picture is found in produc-
tion innovation in the services market. As regards diffusion indicators, Germany is
a leading EU country. Moreover, Sweden .and Germany recorded a high ratio of
New-to-firm to New-to-market in manufacturing industry, which points to rela-
tively fast diffusion (this could reflect strong competition). It is not known to
which extent the strong role of Scandinavian countries in services innovations is
linked to their strong position in ICT.
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Table 2. European innovation scoreboard, 2003

European Innovation Scoreboard 2003 - Member States, US and Japan

EU
15 DE FR NL AT FI SE UK

Innov exp manuf 345 471 308 3.07 283 391 642 296

Innov exp serv 1.83 164 157 079 092 096 19.11 1.39
New-to-mark prods
manuf 10.5 7.1 95 - 84 272 35 9.5
New-to-mark prods
serv 7.4 3.7 55 - 43 122 93 -
New-to-firm prods
manuf 28,6 403 175 238 231 311 321 -
New-to-firm prods
serv 18.8 164 171 139 128 1838 23.7 -
New-to-firm/New-
to-mark prods manuf 2.7 5.7 1.8 - 2.8 1.1 9.2 -
New-to-firm/New-
to mark prods serv 2.5 4.4 31 - 3.0 1.5 25 -

Source: European Commission (2003), Staff Working Papers, European Innovation Score-
board 2003, page 27, Brussels and own calculations.

The careful exploitation of opportunities to raise productivity in the information
and communication technology (ICT) could be a new and important policy ele-
ment (BARFIELD/HEIDUK/WELFENS, 2002). Raising labour productivity was
an important element of high growth in the US and several EU countries in the
1990s. While there is no debate about the productivity-enhancing role of ICT pro-
duction, it is less clear whether the use of ICT — linked to ICT capital accumula-
tion — strongly contributes to higher growth of output and productivity. (A strange
case is productivity measurement in the US retail sector where a firm with 10 em-
ployees selling 10 standard PCs in 1999, but 10 more modern PCs in 2000 — worth
5 times as much according to hedonic price measurement as a 1999 PC — shows
productivity growth of 500%!). Production of computers or telecommunication
equipment seems to be crucial for growth.

Given the increasingly important role of innovation dynamics for international
markets, the promotion of research and development becomes a crucial part of
economic policy. The traditional argument in favour of R&D promotion is the ex-
istence of positive external effects which imply that marginal social benefit ex-
ceeds marginal private benefits of R&D expenditures. However, some new devel-
opments in innovation dynamics have to be taken into account when raising the
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issue as to which role government should assume in the promotion of innovation
and skills. In a networked society there will be many markets with network effects
(endogenous growth of demand), which in certain sectors will also go along with
static and dynamic scale effects. This implies that there will be large differences
between monopoly outcome and a competitive market solution. If there is product
innovation in a market with network effects and scale effects there could be a sus-
tained monopoly which would imply large welfare losses. The situation is less
worrisome if the innovator has only a temporary monopoly while newcomers
bring about a competitive solution in the long run (see appendix).

2.5 Digital Media Society

In the digital social market economy, there will be a strong stimulus for the expan-
sion of all typres of modern (diverified) TV services (WELFENS/ZOCHE/
JUNGMITTAG/BECKERT/JOISTEN, 2004). Technological convergence which
blurs traditional market demarcations for transmission of voice, video and data is a
key element behind this. TV programmes can be transmitted via satellite, cable
TV networks or telephone networks, including mobile telephony.

The standard way to organize TV is peculiar and does not resemble a normal
market. Countries with state-owned TV stations finance the cost of programmes
through monthly fees plus revenue from advertisement; public TV programmes
are considered to be part of universal services which government wants to offer.
Many countries also have private TV operators which finance programmes exclu-
sively via advertisement (and TV gambling based on call-in games). Pay-TV
would be the normal market solution for TV information and entertainment, but it
plays a remarkably small role. It can be argued that the dominant form of private
“free” TV stations relying on advertisement has negative welfare effects and thus
is a doubtful exercise. It has many elements of a socialist system in the sense that
the viewer gets a free lunch while apparently not having to pay for this. However,
it is clear that those who buy the goods advertised — which will have higher prices
due to TV advertisement costs — will ultimately pay for free TV.

The problem is shown in the following graph where the TV market is shown in
the left-hand panel and the market for soft drinks (cola) in the right-hand panel. In
the TV market, we have falling average costs. Advertisement reduces the demand
for free TV, because there are opportunity costs of time. The demand is DD*, in-
stead of DD*,. Consumers view the output Q,, where Q,F* is the opportunity cost
of viewing advertisement. In the soft drink market, the marginal costs curve is
shifted upwards as TV advertisement requires to pay for advertisement time in
many channels (the most popular channels represents the lowest marginal costs of
advertisement, the least popular channel the highest marginal costs — assuming no
income differences across viewers of different channels). Hence there is an up-
ward shift of the marginal costs curve; at the same time the demand curve will
shift upwards due to the advertisement effect. The equilibrium output falls from
qo to g1 while the price increases from p, to p;. Advertisement revenue is equal to
the area p,E;CC¥*; it must be large enough to cover TV costs which are Q,D*DO.
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The combined welfare effect of both markets is unclear but it could be negative.
Here empirical research is required.

The indirect way to finance free TV programmes lets us expect that the quality
is rather weak and mainly determined by the marketing bosses of firms which
produce products with low elasticity of demand — advertisement for such goods let
us expect high additional revenues. Hence viewer preferences are only partly re-
flected. Worse, since marketing rules say that only viewers in the age bracket 15-
45 are relevant, the preferences of the majority of the population (in an ageing so-
ciety) might be fully ignored. This is in sharp contrast to consumer sovereignty,
which is a standard hallmark of a functional market economy.

a) TV-Markt

b) Cola-Markt

Q AU W 0 qa 9o q

(welfare loss in TV-market ~ A* V¥I*E*+Q,D*I*; welfare gain = J*D*0Qy; welfare loss
in cola market = P,FE(By; welfare gain = A;EGAy)

Fig. 5. Advertisement as TV-financing: negative welfare effects

2.6 The Software Economy

Software expenditures relative to GDP accounted for about 2% of GDP in leading
OECD countries at the end of the 20th century and thus come close to the size of
R&D expenditures. Interestingly, the number of software engineers exceeded the
number of all engineers employed in conventional fields in 2000 in the US, which
shows there is a hard core of the New Economy. Software allows flexible automa-
tization, controlling and providing digital services in almost all sectors. As work-
flows must be analyzed as a first step before programming, there is automatically
a learning process with respect to simplifying and standardization. Moreover,
workflow can be decomposed into subelements which in turn can be recombined
for innovative future applications.
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Software markets at the beginning of the 20® century can be characterized in
several ways:

rapid growth;

strong innovation dynamics;

ongoing internationalization

ongoing international outsourcing

mixture of consolidation in some fields and rise of small newcomers in new
fields

¢ rising complexity which raises the need for more powerful computers and
chips, respectively.

Compared to hardware, the relative price of software is increasing in the long
run, which seems to be due to a combination of static and dynamic scale econo-
mies (plus Moore’s Law for technological progress in chip design) in the hardware
business and increasing demand — plus rising market power — in the software mar-
ket. To the extent that a problem can be solved alternatively through hardware or
software, it makes sense to prefer the software solution since it is more flexible
and allows easy updating. Market power of certain software firms certainly is a
crucial problem in the digital social market economy, since the endogenous mo-
nopolization dynamics of certain market segments could lead to high monopolistic
pricing, as has become obvious in the Microsoft case. The US decision to intro-
duce software patents is particularly doubtful with respect to those markets where
network effects are strong. The network effect itself is a mechanism which favours
first-mover advantages and the firm with the largest market share. Software pat-
ents therefore should, if introduced at all, have a much shorter duration than the
standard 20 years relevant in patent laws designed for an industrial world.

Software design can only partly be outsourced internationally. Complex soft-
ware always has to be tested in close collaboration with the lead users which typi-
cally are located in leading OECD countries. From this perspective, the (ad-
vanced) software sector to a certain extent can be considered as an “immobile
Schumpeterian industry”. It is technology-intensive and thus dubbed Schumpete-
rian, and it is immobile in the sense that the whole sector cannot be relocated from
high wage OECD countries to low wage NICs or developing countries.

Reliability of software is worrisome to some degree. This holds less for ad-
vanced software used in a chemical plant or by the military, for instance. How-
ever, software used in the context of the internet (and by households on PCs) tends
to have a relatively high failure rate. This is troublesome in a world in which
internet activities are expanding more and more in every country and in which the
internet is a truly global platform, so that negative international spillovers can oc-
cur. Virus attacks on servers are a well-known problem, and it is rather unclear
whether users of computers and the internet take into account the potential nega-
tive external effects which insufficient virus-control of digital products really has.
From this perspective, product standards in digital security are insufficient. As
long as governments fail to cooperate worldwide, this problem is likely to con-
tinue.
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2.7 Competition, Efficiency and Welfare-maximizing Differentiated
Two-Part Tariffs

From an economist’s perspective interested in sustained competition, one should
not impose regulations without clear reasons. The EU which has imposed a broad
regulatory framework — and holds a double veto power (with respect to market
definition and market analysis as provided in the notification by the national regu-
latory authorities) — requires a triple cumulative test:

o There must be considerable sustaining barriers to entry;

e there is no inherent tendency in the market to achieve effective competition
within a relevant time horizon _

e general competition law is not sufficient to provide an adequate remedy for the
problems to be anticipated.

There is, however, no common degree of regulation across EU countries. Even
if one takes into account that initial conditions differ across countries, it is rather
surprising to see that the ECTA Regulatory Scorecard (a study sponsored by
OFCOM) shows large differences across EU countries, the leading countries being
the UK, Denmark and France. Poland, Greece and Germany are positioned at the
bottom of the rankings. ECTA has argued that there is a positive correlation be-
tween the scorecard results and the level of investment in the telecommunications
sector.

Scorecard 2005

313 302 299 297 99 276 274 771

Source: ECTA (2005), Regulatory Scoreboard.
Fig. 6. Regulatory scorecard

To some extent, foreign direct investment should contribute to a narrowing of
the scores across countries. There is certainly some regulatory arbitrage across EU
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countries, at the same time one cannot overlook that large EU countries — repre-
senting relatively important markets — still enjoy considerable policy autonomy.
Whether a stricter EU regulatory framework would be useful is doubtful since it is
unclear whether or not the EU will pursue a rational policy approach which would
enhance static and dynamic efficiency. It is quite interesting to notice that there is
a clear positive correlation between the scorecard results and investment in the
telecommunications sector (ECTA, 2005). As this sector is part of the ICT sector
with its high technological dynamics, low investment growth in the telecommuni-
cations sector is likely to undermine overall economic growth. From a theoretical
and empirical point, there are also other arguments which point to a particular
relevance of the telecommunications sector in a digitally-networked economy. For
facilities-based competition, this is obviously crucial.

Among the thorny regulatory policy problems is the relationship between gen-
eral competition law and regulations. Only a consistent framework at the national
level will optimally stimulate static and dynamic efficiency. OFTEL/OFCOM has
enjoyed both regulatory powers (ex ante interventions) and a role in the broader
field of competition policy which mainly is ex post intervention. In Canada, the
Competition Bureau and the Canadian Radio-Television and Telecommunications
Commission (CRTC) have concluded an Interface Agreement in 1999 specifying
those areas where each authority has jurisdiction and fields of joint responsibility.
Similarly, there was an agreement — the Co-operation Protocol — between OPTA,
the regulator in the Netherlands and the Dutch competition authority (OECD,
2006). The revised EU Framework Directives, which emphasizes market analysis
(basically for 18 markets) before implementing regulations, requires that member
states ensure that “this analysis (market analysis) is carried out, where appropriate,
in collaboration with the national competition authorities”. As regards the US, au-
thorities avoid potential conflicts associated with overlapping jurisdiction over
competition issues. The FCC has concurrent authority with the Department of Jus-
tice to enforce section 7 of the Clayton Act-with respect to telecommunications
common carriers. Moreover, as regards mergers the FCC does not need to rely on
the Clayton Act Section 7, rather it can rely on its more general “public interest”
authority to review transfers of licenses or authorizations subject to regulations of
FCC. In merger cases, consistent decisions require cooperation between the FCC
and antitrust agencies which can be difficult in the case that confidential informa-
tion available to the latter cannot easily be shared with the FCC (a waiver often
helps here). There is no formal cooperation agreement between the FCC and the
DOJ and the Federal Trade Commission, where informal cooperation seems to
work. The FCC also often refers to merger guidelines jointly developed by the
Federal Trade Commission and the DOJ for standard principles on issues as mar-
ket definition and measurement of concentration. However, one may pose the
question as to whether in an increasingly internationalized digital market and with
rapid growth of VOIP/internet-based telephony, will there be a global telecommu-
nications market in which it might become difficult to distinguish between EU
market and US markets. Enforcement in the internet world is difficult.

A growing share of digital services provided through broadband is related to
internet providers. For internet providers access to high speed networks is crucial.



44 Paul 1.J. Welfens

Here vertical integration on the side of the incumbent operator can cause conflicts.
If the incumbent has a dominant market position and wants to exclusively provide
high speed services to customers this raises the question about undiscriminatory
access. Taking a look at US developments and EU developments in 2004/05 it is
not clear that one can easily find a consistent regulatory answer for this challenge
— considering the transatlantic regulatory dialogue is seems that one might not find
a common approach on both sides of the atlantic. Whether or not the OECD is a
policy forum developing guidelines on digital access of internet providers remains
to be seen. As regards internet providers interested in launching innovative ser-
vices there is a natural interest to obtain bitstream access and to offer a range of
various services packages which might include VOIP telephony whose expansion
could cause accelerated depreciation on the side of the incumbent fixed-line op-
erator; the stock market price also could come under pressure.

Strong competition in EU markets — after opening up in 1998 and a wave of in-
ternational investment which often reflected a mutual invasion of neighbor mar-
kets through former national monopoly operators — has strongly reduced national
and international telecommunications prices. The liberalization of markets world-
wide has eroded the role of the International Telecommunications Union which
traditionally has set accounting and settlement rates, that is, organized the revenue
split between outgoing traffic countries and inbound traffic countries. With
asymmetric liberalization in the 1980s and early 1990s it was the US which had
the highest sectoral current account deficit in telecommunications services since
relatively high prices abroad implied a bias for international calls to originate in
the US. ,

A relative fall of international telecommunications prices will stimulate interna-
tionalization of digital services as will strong competition in local access markets,
in particular in DSL and other broadband segments; cheaper local access facili-
tates the expansion of internet service providers. The internet plays a key role in
the World Summit on the Information Society (WSIS) which is long run project
under the auspices of ITU. '
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Certainly, in all EU countries there is long term digital growth. Moreover, in-
ternational outsourcing takes place — partly reflecting digital outsourcing -, rising
trade in ICT goods is observed and e-government has become prolific. There are
considerable differences among EU countries/fOECD countries, respectively. This
is partly related to two basic problems:

o the fact that (following the arguments of ARROW) information markets are
systematically imperfect as those who want to sell digital information have to
reveal part of the information for free. This implies that national information
markets as well as international information markets typically suffer from mar-
ket imperfections related to the fact that the effective demand — as perceived by
the supply side — is below the demand level reflecting the marginal social bene-
fit. This also implies that the national excess demand in any potential import
market for information is lower than in a normal market and hence international
trade in information is below the optimum level.

¢ Part of the information and knowledge market suffers from the fact that the re-
spective products are “experience goods” or “confidence goods” where poten-
tial users find it quite difficult to indicate the value of the respective goods.
Hence there is a market for lemons problem in part of digital markets.

While it is well known that in markets with experience goods or confidence
goods building reputation on the side of sellers and certain signaling mechanisms
can minimize market failure, the real digital world is not always characterized by
efficient strategies of firms. International telecommunications firms and internet
service providers also face the problem that they encounter rather different regula-
tory approaches in the various OECD countries.

Efficiency in Oligopolistic Markets

In severai OECD countries liberalized telecommunications markets effectively are
characterized by an oligopoly or the tendency towards an oligopoly. There are all
kinds of models for various types of firms’ strategies in oligopolistic markets so
that there seems to be broad uncertainty about the implications for regulations.
However, the typical oligopoly observed in the first decade(s) after liberalization
is one in which the incumbent is the clear price leader. Assuming asymmetric be-
havior of newcomers in the sense that newcomers will reduce the price if the in-
cumbent is reducing the price while newcomers do not follow when there is a rise
of the incumbent’s offer price we have an interesting case of the HITCH-
SWEEZY model, in a setup with falling marginal and average costs (WELFENS,
2004).

The assumptions of the HITCH-SWEEZY model are rather specific and only
empirical analysis can tell whether the reality in fixed-line telephony indeed is
represented by the assumed type of asymmetric behavior — a variant of “follow-
the-leader” strategy. In the model there is an asymmetrical interdependency under
oligopoly as there is one dominant firm and many relatively small competitors: If
there is price reduction of the dominant supplier 1 the other firms will follow,
which makes part of the effective demand curve less price elastic (steeper than a
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normal demand curve); the arch below the current equilibrium price is rather ine-
lastic. If firm 1 raises the price other firms will, by assumption, not follow so that
the effective demand curve is more elastic above point B: see the segment BA*. If
the oligopoly is facing less competition through substitute products — e.g. as a
consequence of bundling of products in the market — the demand curve becomes
steeper above point B: see segment BA; temporary pricing according to marginal
costs implies a reduced quantity in this situation with a more pronounced price
leadership (compare point F* and F). If the situation is a stable oligopoly with
clear leadership there is not a big difference between the hypothetical optimum de-
fined by equality of marginal costs and the demand curve and pricing based on av-
erage costs (point B and equilibrium quantity qo versus optimum output q; and
point E, respectively). The problem of a dominant market position — and hence the
situation of a leading leader - is likely to emerge in an oligopoly in which one firm
has a clear lead in the market share. The existence of network effects would not
really alter the argumentation, only the equilibrium point is moving from E (or B)
to E’. The key aspect in a Hitch-Sweezy model with falling marginal and average
costs is that the difference between the optimum allocation q; and qg is rather
small; and given the costs of regulations one might then indeed consider only rela-
tively limited regulation at all as long as the asymmetric oligopoly is persistent.
The situation is more complex if one considers vertical integration which poten-
tially raises problem of cross-subsidization and discriminatory access on the side
of competing service providers.

p, k’

Po

K

0 do 4 q

Fig. 8. Modified Hitch-Sweezy approach to oligopoly
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Achieving an Optimum through Differentiated Two-part Tariffs

Two-part tariffs are rather common in network industries. However, to date there
is no clear theoretical model. The following reflections present a brief argument
not just in favor of two-part tariffs but of differentiated two-part tariffs which
could be highly relevant for regulators in telecommunications. Indeed, one could
argue that uniform regulated prices at the wholesale level or in the access market
are not Pareto-efficient, rather differentiated two-part tariffs are required. If the
dominant operator is not offering differentiated two-part tariffs the regulator
should impose a provision which enforces broadly differentiated two-part tariffs.
The following arguments should make clear the logic behind this approach.

Two part tariffs are used in many sectors of the economy, in particular in net-
work industries where high fixed costs are important. The firm can recover costs
more easily if it does not offer a uniform price but a two part tariff which is com-
posed of an access fee and the option for the user to buy a certain quantity at mar-
ginal costs. If the marginal costs are constant the arrangement almost looks like a
uniform price except that it is composed of two elements, of which one is the ac-
cess fee and the other the uniform price. KNIEPS (1998) has argued that such a
two part tariff is welfare enhancing. We will refine the argument in a broad way
and argue that differentiated two part tariffs will bring enormous welfare gains. At
first we will take a look at the simple two part tariff, namely for the case of two
users with demand DDy and DDy respectively. This corresponds to the case of
KNIPES (1998). Aggregate demand is given by the curve DDy For simplicity,
marginal costs k’ are assumed to be constant, k’y . Moreover, it is assumed that
fixed costs are given by the area PTUN. The firm basically could adopt alternative
price strategies as follows:

(i) standard monopoly pricing

(ii) full price differentiation

(iii) cost-oriented uniform price setting
(iv) two-part tariff setting

(v) differentiated two part tarift setting

We will show that the latter case is welfare maximizing. We will ignore here
standard monopoly pricing and full price differentiation. First taking a look at
cost-oriented uniform price setting, we can see that a uniform price p — with p be-
ing equal to OP — implies for users I and II that the quantities q' and q" are real-
ized. If the firm instead announces that it will offer a two part tariff where paying
the access price PTUN (designed to recover fixed costs) allows the user to obtain
his/her desired quantity at marginal costs, the user I — with the relatively small
demand — will renounce this offer and rather consuming at price OP=p the quan-
tity q;. Clearly, the access price PTUN exceeds PQSN.
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Z’”

Fig. 9. Output and welfare effect of introducing a differentiated two part tariff

The high volume user Il will, however, prefer the two-part tariff so that he/she
will have a demand equal to q", which exceeds q", the overall demand thus in-
creasing to q*. The welfare gain from switching to the two part tariff is given by
the triangle TVU.

We now can go beyond the traditional approach. It can be argued that differen-
tiated access cards/access prices are welfare maximizing. The firm offers individ-
ual access cards to every user. For the user I the adequate access price is PQRN —
demand of user I will be equal to the distance NS. Offering indeed two different
access cards thus raises the equilibrium demand by the distance RS. User II gets
an access card at the price QTUR. With the differentiated access card, we now
have a further rise in the equilibrium quantity which now is equal to q“ The wel-
fare gain from switching to a differentiated two part tariff is the triangle QRS plus
the area PQRN.

We immediately recognize that the standard procedure by certain regulatory au-
thorities of imposing uniform access charges is not welfare-maximizing. Instead
differentiated two-part tariffs are welfare maximizing (also at the wholesale level).
They achieve the same goal as Ramsey pricing, but in a different way. In our ap-
proach it is not the regulator which has to estimate cross price elasticity’s, as in the
case of Ramsey pricing. Rather the regulator would stipulate that users are entitled
to individual entry cards on the basis of an efficient provision of services. Here
this means that the regulated firm should not be allowed to inflate its fixed costs,
thereby reducing marginal user prices artificially. The regulator only needs
knowledge about the cost structure of the regulated firm; and the welfare gain
from switching to a differentiated two-part tariff can be high (see appendix). An
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important implication is that equal access requirement cannot simply be translated
into equal prices for all network users; in the special sense of a differentiated two-
part-tariff discounts should be allowed.

As regards welfare analysis in regulatory policy one should emphasize that a
comprehensive analysis should consider:

o Welfare analysis in the sense of consumer surplus for households in the tele-
communications services sector.

e Welfare analysis in the sense of taking into account the producers surplus both
in the domestic economy and in foreign countries — the latter to the extent that
the domestic regulatory framework affects the ability of multinational tele-
communications firms to be successful foreign investors abroad. (from a pure
national policymaker’s perspective one normally will ignore the producers sur-
plus in the home market which accrues to foreign subsidiaries in the country; in
the EU context, however, the European Commission in its regulatory policy
should consider overall EU25 welfare analysis).

e Welfare analysis should take into not only the direct impact in the telecommu-
nications services market but also the important direct effects which occur
through telecommunications services used as intermediate inputs in all sectors
of the economy: E.g. a fall of telecommunications services prices will translate
into lower costs of production and hence higher volumes sold of all products
using telecommunications services. As'the volume of telecommunications ser-
vices for business customers in OECD is higher than services sold directly to
households one should indeed not overlook this aspect. A similar reasoning ap-
plies to product innovations supported by innovative digital services inputs
(upward rotation of the demand curve).

Finally, with international network effects in telecommunications the traditional
view of national policymakers also becomes less convincing. The stronger foreign
direct investment is in telecommunications and the more relevant international
network effects are the more is there a need for a broader international policy per-
spective and for policy cooperation.

3 New System Design and Strategic Policy Aspects

Sustained competition in telecommunications markets — in particular in fixed-line
telephony — is viable only with minimum ex-ante regulation. Without a regulator
in natural monopoly sectors, interconnection will be inefficient and problems of
predatory bundling will remain unsolved. Since first-mover advantages in dy-
namic telecommunication markets and the problem of market power are important
in fixed line telecommunications, it is clear that there should be regulation. Exces-
sive regulation, however, should be avoided. Price-cap models have turned out to
be a useful approach to reconciling the goal of efficiency and innovation. A cru-
cial issue is to determine the relevant market, which is not easy in the context of
technological convergence and progress. With ongoing globalization and regional
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integration in all continents — and taking into account the impact of a long term
fall in international telecommunication prices — there is a long term tendency for
larger markets to emerge. Thus regulation will face internationalization chal-
lenges.

The internationalization of goods and services markets will partly be driven by
both internet and e-commerce. Here the WTO must come up with adequate rules
for digital products (falling under GATT) and digital services (falling under the
weaker set of rules established within GATS). A rather difficult question concerns
the problem of overshooting, which could be considered a natural topic for the
Bank of International Settlements which is a kind of watchdog for the stability of
global financial markets. Joint international initiatives on the reform of national
tax codes in a way that more long term investment is encouraged could be one
element of a future policy (which could more realistically involve the OECD than
the BIS, since the OECD has a focus on some taxation issues including internet
and taxation).

A complex problem related to static and dynamic efficiency in the digital econ-
omy concerns adequate intellectual property rights. As regards software there is no
need to introduce standard duration of patents; 5-10 years should suffice since
network effects create endogenous market entry barriers. One might consider
waiving software patents immediately once the product has a market share of
more than 50%. More generally, digital copyrights are relatively weak which
could undermine the incentive to develop digital innovations and to produce qual-
ity information for a dynamic knowledge society. One example of setting digital
intellectual property rights can be seen in Germany where government translated
the EU e-commerce directive into national law in 2003 in a rather strange way.
The law allows digital communities — say all university libraries — to cheaply tap
into print media whose content is also available in digital form. At the same time,
politicians want most research published free-of-charge in the internet. Those
writing quality text for publication and those launching innovations have almost
no incentive; rather government encourages intellectual property rights to be vio-
lated, and scientific publishers will be encouraged to move out of Germany. If
digital property rights should be weaker than those for ordinary bricks, the way
back to the stone age is wide open. (Switzerland and the Netherlands had abol-
ished national patents law in 1849 and 1860, respectively, because politicians
thought that no patent protection is the best way to promote innovations. They dis-
covered, however, that this drives innovators out of the country and reduces inno-
vation output sharply, since conducting R&D — a risky business — is no longer
really rewarded with prospects for a premium income.)

As regards e-commerce, unified forms in public tendering would save enor-
mous transactions costs. It is surprising to see the bewildering variety of forms
used by government authorities. Efficiency gains and learning effects will be rela-
tively large if standardization is realized where necessary and useful. A serious
problem specifically related to the internet is internet security including secure
payments. It is difficult to understand why credit cards developed for a non-digital
world are popular in internet transactions. The G-8 should launch a common pro-
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ject to develop a novel means of payments which is secure for internet transac-
tions. This would boost the volume of transactions on the net.

The digital economy will clearly require standard setting by industry itself.
Open standards certainly are quite useful. It remains to be seen whether the ICT
subsectors will be characterized by efficient self-regulation in the sense that indus-
try standards are established by international consortia of leading firms. The recent
example of Phillips — with its new Science Park in Eindoven in which Phillips re-
searchers cooperate with several hundred firms also conducting research and
swapping licences among each other — shows a new approach to global standard
setting through networked innovation efforts guided by a global leader.

In the digital social market economy equal, opportunities are no less crucial
than in a traditional market economy. Avoiding a digital divide in a society is
therefore quite important as is the issue of avoiding a North-South divide in the
context of a global economy. Equal opportunity could mean that governments
would embrace a broader defined universal service. An EU-wide or global broad-
band universal service which could include internet telephony has been proposed
(WELFENS, 2004b). Competitive international tendering would allow provision
of such new services at minimal costs. An OECD country could devote part of
traditional development policy funds to help achieve the new goal for poor coun-
tries.

A rather inefficient sector not compatible with a functional market economy is
the TV market in which so-called free TV of private providers could create con-
siderable negative welfare effects. A tax on TV advertisement would be an ade-
quate way to internalize negative external effects from free TV.

As regards global networking and optimal regulation of telecommunications
services, ITU could play an important role. The International Telecommunications
Union no longer fixes accounting and settlement rates for international telephony
since this task is largely obsolete in the new competitive global environment.
However, ITU could have an important role to help countries — particularly poor
countries — to adopt adequate regulation for fixed line telephony and for mobile
telecommunications. To the extent that adequate pro-competitive regulation re-
duces prices and stimulates innovation, the ITU would thus effectively contribute
to reducing the global digital divide.

Countries have different innovation systems, as the interaction of government
institutions, firms, universities and research labs has evolved within different
countries in various ways. Innovation dynamics is not only a matter of specializa-
tion and human capital formation. In the case of integrated countries (e.g., in the
case of the EU, ASEAN or NAFTA), it is important to launch novel final products
tailored to regional and global markets. What also matters at the level of the firm
is the ability to adequately use the knowledge of specialized suppliers whose abil-
ity to develop novel subsystems is a crucial asset in the automotive industry of
many countries. Moreover, using novel intermediate products imported from
countries with successfully innovative firms is also an element of competitiveness
in open economies. What matters more in the long run is the dynamics of the
overall innovation system, which not only includes firms and their innovative sup-
pliers but also specialized R&D firms, the innovative potential of researchers and
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labs at universities and the availability of modern infrastructure (roads, railways,
airports, telecommunications). The incentives for innovation are partly intrinsic,
but also partly in the form of expected rewards for which intellectual property
rights and R&D promotion by government are important. Moreover, innovation is
associated with risk so that sustained high innovation dynamics require favourable
access to equity capital including venture capital.

Continental EU countries have traditionally relied much on the banking system
which in turn financed most investments and innovation projects on the basis of
collateral. In a modern digital service economy, the availability of collateral be-
comes a problem, however, since knowledge and software play an increasing role
for existing and new innovative firms. Compared to the continental banking sys-
tem, Anglo-Saxon capital markets — with a strong tradition in venture capital fi-
nancing — are easier sources of financing innovative projects in the services sector.
This could undermine the dynamics of modern industry in continental EU coun-
tries to the extent that innovative services are crucial inputs for manufacturing
products or a key element for optimum after-sale service. To the extent that US
multinational services companies invest in Europe or Asia, innovative services
might become available despite weaknesses of the respective domestic services
sector. However, high profits earned in innovative service firms will then accrue
in the US which, in turn, could thereby strengthen digital US growth. In high wage
countries of the EU, it seems to be quite important that nurturing innovative ser-
vices not be neglected. It is an open question whether the expansion of the digital
economy will particularly intensify high technology competition in OECD coun-
tries; if the digital world stimulates diffusion it undermines to some extent the in-
centive for innovation, since innovators can reap a Schumpeterian rent in world
markets for a shorter period, at the same time there is an incentive for innovation
leaders to accelerate the innovation race. If the expansion of the digital economy
particularly stimulated high technology specialization, one may expect higher long
term output growth since JUNGMITTAG (2004) has shown that high-technology
specialization is a quasi-factor in production function. Thus innovation and skill
upgrading could be quite important for OECD countries and NICs.

Theory of Innovation Policy

Why should government support R&D? This is obvious when it has a particular
individual interest in innovations as is the case in the field of defence. Besides this
special sector, it is only in the case of positive intersectoral or intrasectoral effects
that R&D subsidies are adequate. Assume that the demand for an innovative prod-
uct is given by the demand curve AZ (DDy) — expressing private benefits — while
social benefits are reflected by the demand schedule A’Z’ (DDy,). As there are
positive external effects of using the innovative product (or service), the optimum
quantity will not be brought about by private markets themselves. The market
would bring q, while the optimum quantity is q;; the latter would be produced if
government reduced marginal costs by a fraction b so that there should be R&D
subsidies. The price would fall to p; instead of p, in the simple market equilib-
rium. However, R&D subsidies would then amount to the area HGFD which can
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only be financed through (income) taxes, in turn shifting the AZ curve downward.
Taxation would then impose deadweight losses — that is reduce economic welfare
— unless the tax is on activities with a negative external effect. Since the latter case
can be assumed to be relatively rare, the optimum R&D subsidy is slightly smaller
than indicated by the subsidy rate b. Moreover, subsidization of R&D makes sense
only if the increase in net welfare is higher than the costs of subsidization. These
costs could ultimately include the costs of other sectors calling for equal treat-
ment: read subsidization (while not showing positive external effects). In addition,
there is a risk that government combines R&D subsidies with interference in the
business sector which can cause efficiency losses. As a practical issue, one also
has to look into the issue of granting subsidy payments or offering tax credits for
R&D intensive firms. Subsidy payments appeal to the lobbying and rent-seeking
efforts, particularly those of large firms. Tax credits are a superior instrument to
the extent that R&D intensive small and medium-sized firms can also benefit from
this relatively easily.

Government also has a role in the field of intellectual property rights. In the
digital economy, intellectual property rights have come under pressure, because
the violation of copyrights is rather easy (see, for example, the Napster trial).

k’,p iA,

ko

k’1(1-b)

0 do dQi q

Fig. 10. Product innovation with positive external effects and R&D promotion
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Network Effects

In the digital economy, there are more fields with network effects than in the tradi-
tional industrial economy. Network effects can be understood as an endogenous
outward rotation of the demand curve (alternatively, as a rightward shift of the
demand curve) in the process of network expansion. For example, the marginal
utility of having access to the telephone network will increase for the initial users
if more users — read potential communication partners — are switched on the net-
work, at least as long there are no additional congestion costs. Similar considera-
tions apply to advanced software and novel internet services. A monopolistic sup-
plier facing the demand curve DD, would impose the monopoly price p,, which
goes along with output qo, under the standard Cournot monopoly solution. We as-
sume for simplicity that a conservative monopoly firm would be neither willing
nor able to exploit network effects. That is to anticipate that the dynamic demand
curve — including network effects — is DD, and not DD;. If government would of-
fer a one-off R&D subsidy for process innovations (shifting the marginal costs
curve from k’y to k’y) to several firms under the condition that network effects be
jointly exploited, the conditional competitive solution is point G. The positive
welfare effect from the network effect is the area AEF plus the effect from the cost
cutting, namely EFGH. An additional welfare benefit — not related to network ef-
fects — would come in the form of the area poEHp,;. Thus network effects represent
a neglected and interesting field of R&D subsidies (for a broader partial equilib-
rium analysis also see appendix 1).

p
A

P2

Po

P1

Fig. 11. Network effects and cost-saving progress
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In a digital market economy, adequate support for R&D is quite important.
However, since increased international networking is likely to create positive in-
ternational innovation, spillovers there is an incentive for each government to un-
derspend on R&D promotion (the latter should normally come in the form of tax
credits or government subsidies for the wage bill of researchers — possibly with an
absolute limit per firm as is the case in the Netherlands). Joint R&D promotion
thus could become more important in a digital world economy. However, it will
not be easy to organize efficient joint R&D programmes.

Restoring or maintaining equal opportunity in a digital social market economy
certainly will require:

serious efforts by governments to support digital learning in all schools
special support and encouragement for the elderly

explicit or implicit income transfers

broadening the definition of universal services

To the extent that one is to shape rules for the global economy, the diverging
models of the US free market economy and of the EU social market economy will
face a critical stand-off. The global balance will tip in Asia, where the US and the
EU are fighting for commercial and political influence. Since China is the largest
market in Asia, it will be US-Sino and EU-Sino relations which could be decisive.
The EU has a slight advantage only in mobile telecommunications; this might not
be enough, however, to win the race for standards, rules and influence.

Appendix: Product Innovations and Network Effects in a
Simple Model

Assume that willingness to pay depends on the degree of product innovation V,
which in turn is proportionate to innovation efforts H, while production costs posi-
tively depend both on the quantity produced q and the innovation efforts H. In the
following simple model, we will look at some interesting aspects of product inno-
vations in sectors with network effects. We will consider the behaviour of an ex-
perienced innovator who is certain that innovation expenditures on product inno-
vation will translate into a temporary monopoly position. For simplicity, we
assume V=H and that the demand function is = H*a/p (where a and o’ are posi-
tive parameters; and by assumption ¢’>0. Note E,, will denote the elasticity of
variable y with respect to variable x). Note that such a demand function implies
that revenue is constant since R =pq = H*a.

Thus for the profit maximizing firm undertaking product innovations, we have
the following expressions for the demand function function and for profit Q, re-
spectively:

q=H"a/p (1
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Q = p(H)q - k(q,H) 2)
Maximization of this function requires in a competitive framework:
dQ/dq=p-Kk'(q,H)=0 ©))
Hence
p=k’(q.H) under competition (3’a)
R’(q,H)=k’(q,H) under monopoly; with revenue R=p(q.H)q; (3’b)

if revenue is constant — as in the case of an isoelastic demand function — we
must simply minimize costs with respect to q while inserting from dQ/dH=0.
Furthermore

dQ/dH = dp/dH q — ok/6H = 0 )
Inserting the demand function we have:

dp/6H H a/p = k/6H ®)

E,u H" 'a = 6k/GH (6)

Hence the optimum product innovation effort H# is given by the necessary
condition

H# = {[8k/OH]/aE, 4 } ' (7

After choice of H#, the firm can choose output q in a way that the condition
marginal revenue equals marginal costs is fulfilled. According to the above equa-
tion, the product innovation effort will be higher, the lower the marginal costs of
innovation 0k/0H, the lower the elasticity E, g of the price with respect to innova-
tion (efforts), and the lower the basic willingness to pay as expressed by a are.

How will network effects affect the elasticity of p with respect to H? If the
market is characterized by network effects, we may assume that the elasticity of p
with respect to product innovation effort H is lower than in a normal market (this
effect could be estimated empirically), because network effects stimulate competi-
tion which in turn drives down the market price. Hence the optimum product in-
novation effort would be higher; every round of product innovation is a new start-
ing point to escape the move towards low competitive prices. At the same time,
there could be scale effects whose exploitation is facilitated in the presence of
network effects. If there were only one firm, it would be easy to anticipate the
positive network effect. However, the firm would not only charge a temporary
monopoly price — which is a natural side-effect of the product innovation itself —,
but it would charge a monopolistic price even in the long run. Moreover, it would
adopt a lower rate of product innovation. With many firms in the market, the firm
which launches a product innovation only has a temporary monopoly. As soon as
there is broad imitation, the innovating firm can no longer fetch a monopoly price
in the market. It must accept a price equal to long-term marginal costs (assumed to
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be constant in the subsequent graph where we show an initial monopoly price plus
a situation with a product innovation in the context of monopoly pricing as an ana-
lytical starting point).

If there are quasi-scale economies in the sector considered, the marginal costs
of product innovation will be negatively influenced by the size of the market,
which in turn is positively affected by network effects. The latter thus brings about
a positive external costs effect for all competitors. The assumption that network
effects reduce the marginal costs of innovation can only be justified if the size of
the market is a positive signal for attracting more researchers to R&D activities in
which learning by doing or intra-sector spillovers plays a role. Note that under
monopoly, we have price p™ for the product innovation both in the short term and
in the long term. Under competition, however, it would be the lower price p; in the
long run. Hence government should encourage competition and help prevent high
barriers to entry from occurring.

Endogenous barriers resulting from strong network effects in industry (e.g., in
the software sector) could also be a problem which would not always justify stan-
dard patent protection.

Our line of reasoning can also be seen form the following graph where we
show an initial marginal costs curve k’, and a new marginal cost curve k’, which
is relevant in the context of the product innovation. The initial equilibrium point
under monopoly and the initial demand schedule DD, is point C and hence output
is q; and the monopoly price py. Now we turn to product innovation. There will
be a rise of the cost curve stemming from product innovation efforts, and this re-
duces consumer welfare. At the same time, there will be an upward rotation of the
demand curve (see DD;) reflecting the increased willingness to pay for the novel
product; the latter effect is associated with higher consumer welfare. A positive
network effect is reflected in the graph as a rightward shift of the demand curve
(see DDy). If there are quasi-scale effects, there will also be a downward shift of
the k’ curve. For simplicity, we can assume that this shift effect fully offsets the
initial shift from k’, to k’,. Hence taking into account quasi-scale effects associ-
ated indirectly with network effects results in k’, so that the long-term competitive
equilibrium is point H, output gs and price p, {without scale effects output would
be q,). Transitorily, there could be a monopoly situation with a monopoly price p,
and output gg:

There are cases in which industry itself is able to exploit network effects fully
(e.g., when leading firms in the sector agree on a new standard in the context of a
product innovation). Setting standards in an environment of open interfaces of
equipment allows for the exploitation of both network effects and scale effects.
Modern electronics offers many examples of successful standard setting through
industry itself. There are, however, well known examples of competing proprie-
tary standards as well, as was the case with video recorders.
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Fig. 12. Product innovation and network effects
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1 Introduction

For electronic communications markets, a new regulatory framework was enacted
and should have been transformed into national law by all member states of the
EU by the summer of 2003. In fact, this new regulatory framework is composed of
five different directives, stretching the goals of a harmonized regulatory approach
within the National Regulatory Agencies (NRAs). On whole, the new regulatory
framework is designed as to ensure the transition to general competition law. As
the title suggests, our specific focus will be on the completely rearranged and
much broader market analysis procedure within the new framework. In doing this,
the paper is supplemented by the relevant legal documents. Accordingly, this pa-
per makes various references to important passages in the Framework Directive,
the Commission's SMP Guidelines? and IRG/ERG documents discussing meth-
odological aspects.? Concretely, the directives (especially Articles 14-16 of the
Framework Directive) in conjunction with the Commission’s SMP Guidelines out-
line a three stage analysis process: preliminary definition of relevant communica-

! The views expressed are those of the author entirely and do not represent those of RTR
or TKK. Professional thanks to Paul Pisjak and Christian Paiser; Very special thanks to
Andy Hyacinth!!

2 EUROPEAN COMMISSION, 2002. Henceforth referred to as the “SMP Guidelines”.

3 In practice, the independent regulatory authorities coordinate themselves on an informal
basis in the Independent Regulators Group (IRG) where, among other things, common
positions are worked out. For this purpose, the IRG maintains expert working groups to
deal with different issues. Official IRG positions are voted on in the plenary meetings.
Subsequently, IRG results are discussed together with the European Commission in the
European Regulators Group (ERG).
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tions markets, examination of effective competition on those markets and discus-
sion of appropriate regulatory instruments based on any competition deficits. Al-
though it appears to be practically useful to structure these stages sequentially,
logical linkages, as it will be shown, conceptually exist among them.

Given this setting, our paper has two main aims.* Firstly, we want to clarify
some conceptual problems embedded in each of the three analysis stages. Such a
necessity exists even though some issues are authoritative in nature, and thus in a
way exogenous for NRAs.> Secondly, we want to compile practical experiences
made during the first round of market analyses, as these represented a paradig-
matic change for all NRAs. Thus it seems worthwhile to reflect on ideas and ex-
periences both. on a conceptual and a practical basis.® According to this viewpoint,
we always try to especially focus on feasibility.”

According to the overall analysis procedure, this paper is structured as follows:
Chapter 2 addresses the stage of market definition and discusses main difficulties
associated with the standardized “HM Test” for market definition. Chapter 3 ex-
plores the interface between the first and second stage of market analyses, the so-
called Three Criteria Test as defined by the European Commission. Chapter 4 is
devoted to the second stage, diagnosing the competitive situation (as described in
Article 16 §1 of the Framework Directive), which is referred to here as "competi-
tion analysis.” As mentioned in the discussion below, the measurement of effec-
tive competition implies the need for a decision regarding the existence of signifi-
cant market power (SMP). As “competition analysis” brings along huge changes
and efforts, a guiding reference model is created that should provide NRAs with a
rational and holistic basis for decision-making and evaluation in the identification
of SMP operators and effective competition on electronic communications mar-
kets. In doing so, the reference model is shown to be a specific regulatory modifi-
cation of the traditional “Structure Conduct Performance” Paradigm. Conceptual
aspects concerning definition approaches as well as general statements and inter-
pretations regarding the application and evaluation of competition indicators en-
dorse this chapter. Chapter 5 is based on the results of competition analyses as
well as on identified competition problems. In this respect, the discussion of regu-

4 For a longer German version of this paper ¢f. BRIGLAUER and PISJAK, 2005; this con-
tains a supplementary description of institutional and procedural aspects.

> Regulatory struggling with diverse consultants’ expertise provides an extra reason for
this intention.

6 Due to the author’s engagement in official expertises on the fixed voice telephony mar-
kets, all the examples and explanations given unfortunately have a strong ,,fixed network
bias“. The major characteristic of communications markets, however, the local loop bot-
tleneck may be best illustrated by means of fixed network markets; this bias should there-
fore be of minor importance.

7 For instance, theoretical literature gives a lot of advice on optimal Ramsey pricing in
communications markets. Yet when one comes to estimate elasticities of demand for (in-
trinsically horizontally and vertically related) communications markets, practical experi-
ence discloses an armada of severe empirical problems, rendering such projects merely
impossible.
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latory remedies works as an interface whereby, identified competition problems
should be regulatory addressed efficiently, proportionately and in a least burden-
some fashion. Thus questions arise as to the appropriate layer for tying up regula-
tory instruments, that is wholesale or retail and on guiding principles when it
comes down to the design of adequate remedial measures. The final chapter con-
cludes and summarizes issues and questions which are still open for further dis-
cussions.

2 Market Definition

A significant change seen in the new regulatory framework regards issues of mar-
ket delineation. In this respect, the recommendation on the relevant product and
service markets published by the European Union serves as a basis. Contrary to
the old legal framework, the underlying methodology of market delineation is to
be based on economic principles. The purpose of placing the central competence
for market definition within the European Commission was to have, to the greatest
possible extent, the same relevant product and service markets in all Member
States and in this way to create a basic precondition for the standardisation of
European regulation of communications. Moreover, the national regulatory au-
thorities may define additional or other relevant product and service markets to
take account of the specific circumstances on the communications markets of the
respective Member State. Under the old legal framework, however, market de-
lineation was normatively predefined by markets that were identified in the direc-
tives. Of course, such market delineation usually did not reflect economic circum-
stances.

According to the new regulatory framework, relevant markets should be de-
fined in accordance with competition law methodology/principles. The legal basis
for this is the Framework Directive (2002/21/EC) Art. 15 (3), the respective SMP
Guidelines and the Commissions Recommendation on relevant markets.® With re-

8 EUROPEAN COMMISSION, 2003; according to that recommendation the following
markets are declared to be relevant (although disprovable by NRAs, see below), which
we rearranged and clustered for sake of clarity:

Relevant fixed telephony markets at the retail level

1. Access to public telephone network at fixed locations for residential customers

2. Access to public telephone network at fixed locations for non-residential customers

3. Publicly available local and/or national telephone services provided at a fixed location
for residential customers

4. Publicly available international telephone services provided at a fixed location for
residential customers

5. Publicly available local and/or national telephone services provided at a fixed location
for non-residential customers

6. Publicly available international telephone services provided at a fixed location for
non-residential customers

Relevant fixed telephony markets at the wholesale level

7. Call origination on the public telephone network provided at a fixed location.
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spect to methodological aspects, the so called “Hypothetical Monopolist Test” has
become state-of-the-art, and as such, part of the communications framework. The
base case scenario describes a company which currently and in the future only of-
fers one product/service within a defined area. If the company in question perma-
nently increases the price (reasonable but significant), the focus is laid on the
question of whether customers/suppliers can react adequately without having to
accept huge efforts and costs. In other words, if it is possible and worthwhile for
customers/suppliers to switch over to substitutes sufficiently, then the original
product/service and the substitute(s) belong to the same market. In this case the
autonomy of the company increasing prices for the original product is limited and
such behaviour would not be profitable. This idea can be repeated iteratively for
aggregation of the original product and its substitute(s) until a monopoly with
autonomy for setting prices can be found. In the “real world®, a reasonable but
significant increase of price is approximated by 5-10 %.°

Although that idea sounds quite plausible, many objections have been put for-
ward both by theorists and practitioners. As this has been done extensively, it is
not our intention to replicate the main arguments made therein. Instead we want to
focus on some less pronounced aspects concerning the HM Test itself as well as
the overall market definition procedure.

To begin with, it must be emphasised that HM/SSNIP test conceptually encom-
passes both, demand and supply side forces. Nevertheless, American and Euro-
pean jurisprudence favoured demand side substitutability in the past (shifting sup-
ply side processes to the second analysis stage). However, the SMP Guidelines
principally attach equal importance to both forces: “Assessing the demand side
and supply side substitution provides a way of measuring the quantity of sales
likely to be lost and consequently of determining the scope of the relevant mar-
ket.” (EUROPEAN COMMISSION, 2002, §41). Although this viewpoint is not

8. Call termination on individual public telephone networks provided at a fixed loca-
tion.

9. Transit services in the fixed public telephone network

Relevant fixed data markets at the wholesale level

10.Wholesale unbundled access (ULL)

11.Wholesale bitstream access for the purpose of providing broadband services

Relevant leased line markets at the retail and wholesale level

12.The minimum set of leased lines (retail level)

13.Wholesale terminating segments of leased lines

14.Wholesale trunk segments of leased lines

Relevant (wholesale) mobile markets

15.Access and call origination on public mobile tel. networks

16.Voice call termination on individual mobile networks

17.The wholesale national market for international roaming on public mobile networks
Relevant broadcasting markets (irrelevant for our purposes)

° Due to the test procedure of the HM test, it is sometimes referred to as the SSNIP test as

well, which is designed to explore the consequences of a (hypothetical) Small but Sig-
nificant Non transitory Increase in Price.
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persevered unambiguously throughout the SMP guidelines either,’® a consequent
application of the HM test rules out any conceptual separation for market delinea-
tion purposes. When the HM raises the relevant price, some of its customers will
reduce consumption or will choose not to purchase at all and drop out of the mar-
ket. Furthermore, demand side substitutability is determined by the extent to
which customers of the relevant product under consideration regard other (similar)
brands as an acceptable substitute. The closer these similarities are, the more con-
sumers will switch to these other products. On the other hand, some firms already
operating near to the candidate product’! will alter their production facilities and
supply similar products to other consumers (remaining in that market). From the
consumers’ perspective, it makes no difference if potential substitutes were pre-
existent (prior to the initial price increase) or if they were supplied by firms oper-
ating near the market (in response to the initial price increase). Rather, consumers
just decide on relative prices and other product characteristics; demand and supply
side forces interact simultaneously.

Thus the full set of competitive forces will answer altogether whether the price
increase will be profitable or not. However, the term “competitive” indicates that
the stages of market delineation and market analysis are inextricably based on
common grounds (and will always be intertwined logically to some degree). Nev-
ertheless, conceptual key distinctions remain. For example, market definition is
based (hypothetically) on a competitive price level as a point of departure,
whereas competition analysis focuses on actual price patterns (of existing firms).!?
Beyond such reasoning, the sequential approach simply turned out to be practi-
cally useful.

Supply side substitution is not only a vital element in market definition, it also
covers a wider application field than is commonly held for at least two reasons:
First, there is a questionable separation with respect to the concept of “potential
competition” put forth in the SMP Guidelines: “A third source of competitive con-
straint [next to demand and supply side substitution] on an operator’s behaviour
exists, namely potential competition. The difference between potential competi-
tion and supply substitution lies in the fact that supply side substitution responds
promptly to a price increase whereas potential entrants may need more time before
starting to supply the market. Supply substitution involves no additional signifi-
cant costs whereas potential entry occurs at significant sunk costs.” (EUROPEAN
COMMISSION, 2002, §38). Thus, according to the SMP Guidelines the speed of
reaction marks the significant difference. When referring to the contestability the-

10851 for instance: *Proper delineation of the product market may, however, require further
consideration of potential substitutability from supply side”; italics added by the author.

1 For sufficiently flexible production capacities, it seems likely that potential supply side
substitutes must be technologically near to the candidate market.

12 Another form of analytical dependency is inherent in the residual demand elasticity itself:
»In a static model, the elasticity of residual demand completely summarizes a firm’s
market power and determines its pricing.”, CARLTON and PERLOFF, 2000, p. 610. Of
course in a dynamic framework, things are growing more ambiguous, as the outcome is
determined by the way one models the reactions (in prices or quantities) of rival firms.
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ory,!* however, this differentiation does not hold. Instead one finds that entry, as
one of the underlying crucial assumptions, must take place quickly without the
need of substantial and time consuming additional investment expenditures. Only
this allows potential entrants to take advantage of any profit opportunities in the
respective market. Without this the so-called “hit and run entry” mechanism
would not work, neither potentially nor actually. If at all, the hypothetical nature
of the mere threat of potential entry as opposed to actual supply side competition
might be seen as a relevant distinction. Although the SSNIP test is designed to
take into account actual changes in quantity (and profits respectively) on an em-
pirical basis, due to severe informational limitations it frequently remains a quali-
tative thought experiment.'* Moreover, appraising the actual/potential extent of
supply side substitution seems to anyway be a rather hypothetic task in many
situations. Thus these boundaries become blurred inevitably, which might be a
reason for the SMP Guidelines reneging on the strict assignment congerning po-
tential competition in footnote 24: “What matters however is that potential entry
from other suppliers is taken into consideration at some stage of the relevant mar-
ket analysis, that is either at the initial market definition stage or at the subsequent
stage of the assessment of market power (SMP).” Although a large portion of
(both academic and political) literature adopted this trichotomy of competitive
forces, this is not the case throughout: “Two different situations can be distin-
guished. Supply side substitution from actual competitors and supply substitution
from potential competitors.“ (SLEUWAEGEN, 1999, p. 11).

Second, the importance of supply side substitution is reinforced when one takes
into account that demand side substitution alone would often lead to an impracti~
cal and meaningless definition of a very huge number of markets. For instance, in
the case of fixed voice telephony call markets,' there is virtually no demand side
substitution for each individual call and therefore each call would constitute a sin-
gle market. In such cases, one often resorts to the “similarity of competitive condi-
tions” argument,'¢ according to which single services may be aggregated when-
ever competitive conditions are sufficiently homogenous. Not only has this
approach seemed to be rather vague, it also brings together market definition and
analysis in a hardly comprehensible way. Yet explicit reference to supply side
substitution would be much more conceptually sound insofar as this would also be

13 “Potential competition” and “contestable markets” are used interchangeably in economic
terms.

14 «Although the SSNIP test is but one example of methods used for defining the relevant
market and notwithstanding its formal econometric nature, or its margins for errors, its
importance lies primarily in its use as a conceptual tool for assessing evidence of compe-
tition between different products or services.”, EUROPEAN COMMISSION, 2002,
footnote 26. In a way there is an inevitable trade-off between inherent shortcomings of an
informal approach and the practical and empirical problems of rigorous statistical meth-
ods. Probably a holistic approach, making use of all available information and methods
(qualitative and quantitative) will address this dilemma most adequately.

15 Markets number 3-6 in footnote 8.

16 Cf. for instance, PLUM et al, 2000, pp. 32 or SMP Guidelines §56.
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in line with the SSNIP test methodology. In fact, the “similarity of competitive
conditions” essentially results in the analysis of supply side substitution processes.
To come back to our example, there might be one common domestic market for
fixed voice calls, since a hypothetical monopolist raising prices for a certain call
from subscriber A to subscriber B might be easily disciplined (given nationwide
ex ante specifications such as CPS/CbC; see below) by another operator who
could enter this “market” (A—B) immediately by changing production capacities
(from A—C to A—B) without any significant additional costs. Aggregation ends"
when technical, regulatory or economic conditions restrict supply side substitu-
tion.!’

All in all, excluding or undervaluing supply side substitution in advance for
market definition purposes is ill-founded. Rather, competitive forces stemming
from the supply side are a vital element in the preliminary stage of market defini-
tion. o

3 TCT — What’s that?

The methods described so far are more or less standard tools accruing from com-
petition law. Given the sector specific ex ante framework, however, the Commis-
sion introduced a further concept intended to allow for that principal difference.
The Commission has developed a so-called “three criteria test” (TCT) that serves
as a “filtering tool” when considering whether a market should be regulated by
competition law alone, or whether the market is susceptible to ex ante regulation.
Market delineation results should thus be subject to an additional requirement for
ex ante regulation.

In its Recommendation, section 3.2, the Commission lays down three criteria
(to be applied cumulatively) for identifying relevant markets:

e The presence of high and non transitory entry barriers

¢ Dynamic aspects: does the market tend towards effective competition (without
ex ante regulation)

» Relative efficiency of competition law

The Commission has applied TCT when defining the markets in the Recom-
mendation. This means that if NRAs do not deviate from the markets in the Com-
missions Recommendation, there is no need to discuss these criteria for the pur-
pose of analysing whether a market is relevant for ex ante regulation. However,
the first and the second criteria will inherently be taken into account in the SMP
assessment process nonetheless. Therefore a related investigation will either be
done when perfoming the market analysis, or it has to be done beforehand in those
cases in which the definition of relevant markets and the market analysis are (for
institutional or other reasons) separated exercises. Concerning the third criteria (in

17 Cf. EUROPEAN COMMISSION, 2003, chapter 4.2.1 for the delineation of national and
international markets.
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conjunction with criteria two), it must be at least partly dealt with within market
analyses. It is obvious that market analyses cannot be conducted independent of
underlying ex ante regulations, as these crucially determine market outcome. The
explanations in chapter 4 and 5 will show that this aspect in turn depends on the
conceptual understanding of “self sustainability”.

The Commission expects the NRAs to follow the same basic criteria and prin-
ciples when identifying markets other than those appearing in the Recommenda-
tion and will also base future revisions of the recommendation on these criteria.
Markets failing the test will not be part of subsequent recommendations from the
Commission. Neither should such markets be identified as subject to ex ante sec-
tor specific regulation by the NRAs. Due to national/local circumstances, it is of
course possible for the NRAs to find national markets complying with the three
criteria, even though the corresponding market analysed by the Commission was
not found to meet all three criteria.

The analysis carried out, may well show that there is effective competition in
the market under consideration. If no SMP operator is designated, no remedies
will be applied in that market. The Commission’s pre-definition of a relevant mar-
ket is therefore not a pre-definition of markets in which sector specific ex ante
remedies must be imposed. As it seems, embedded quasi contradiction®® indicates
conceptual disagreements of TCT within the overall market analyses procedure.

The nature of the TCT scales back to a kind of replica competition analysis. In-
deed in practice, it appears to be a rather reduced form and by no means a full
scale analysis. Besides these virtual issues (making the distinction between TCT
and full scale competition analyses), however, the practical problem arises if the
stages of market definition and competition analyses are dealt with sequentially by
NRAs (as in case of Austria) due to, for instance, general resource restrictions
and/or (different) data requirements. In contrast, if both analyses stages are carried
out simultaneously (despite organizational difficulties), the TCT becomes essen-
tially redundant.

Accordingly, there is no theoretical justification for the TCT as an additional
market analyses tool, since it is already part of in-depth competition analyses and
remedy discussion. Significantly, there is also no correspondent within economic
literature. Concerning the application of the TCT, the Recommendation provides
only general and qualitative discussions, and by and large the analyses are not ap-
plied in a traceable form to the approaches suggested therein nor do the results
seem to be based on actual empirical data.

Nevertheless, TCT enables harmonization strategies at a European level. It cre-
ates a built-in bias for NRAs to stick to the Recommendation list of relevant mar-
kets, as the TCT is only required in cases of deviation (with the Commission judg-
ing whether the empirical evidence shown by the NRA is sufficient). Yet in light
of the logical interdependencies between market definition and competition analy-

18 Such a contradiction need not necessarily exist due to the conceptual differences between
“effective and “self-sustaining” competition (cf. the “sustainability” discussion in the
“Regulatory Options” category of Table 1).
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sis (that exist naturally'®) and seen pragmatically, TCT might also be interpreted in
positive terms as a necessary point of departure and as such as a crude truncation
of circularity (CTC).

4 Competition Analysis

It is a well-known fact that defining terms are always associated with a certain de-
gree of randomness. This is especially true of attempts to put the extremely com-
plex phenomenon of "competition" into words. Depending on the level at which
competition is observed, its functional meaning and its interpretation in context,
the relevant literature has yielded a great number of attempts to define this term. It
is not our intention to mirror those approaches here. Instead, we want to sharpen
our attention on the conceptual understandings embedded within the regulatory
framework. Unfortunately in doing this, we find several different attributes ac-
companying the term “competition,” which in sum do not put forth a consistent
conceptual framework. It thus seems necessary to clarify conceptual understand-
ings first.

The term used within the SMP Guidelines is “effective,” whereby a connection
is made with firms’ individual market power. In the absence of effective competi-
tion at least one operator has market power to such an extent that “....from a
structural perspective, and in the short to medium term, the operator has and will
have, on the relevant market identified, sufficient market power to behave to an
appreciable extent independently of competitors, customers, and ultimately con-
sumers... .” (Cf. EUROPEAN COMMISSION, 2002, §30). Concerning this as-
pect, the framework overall makes a deterministic, clear cut and inseparable con-
nection between effective competition (at the market level) and — in legal terms —
SMP (or, economically, individual market power at the firm level): “...the notion
of effective competition means that there is no undertaking with dominance on the
relevant market. In other words, a finding that a relevant market is effectively
competitive is, in effect, a determination that there is neither single nor joint
dominance on that market. Conversely, a finding that a relevant market is not ef-
fectively competitive is a determination that there is single or joint dominance on
that market.” (“equalization principle”, c¢f. EUROPEAN COMMISSION, 2002,
§112). "

Furthermore the label “effective” was used by regulatory institutions before the
new regulatory framework came into effect. Representatively, we quote the
closely related definition made by the Independent Regulators Group (IRG):

"Effective competition can be defined as the persistent absence of players with
market power. In its essence market power is the ability to influence prices and of
persistently enjoying higher profits than those enjoyed by firms which do not pos-
sess market power. In an effectively competitive market users are better off, be-
cause they are more likely to be provided a greater variety of products and/or ser-

19 Cf. foctnote 29 for an illustrative example.
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vices of lower price and higher quality than they could be provided in a non com-
petitive market.” (IRG, 2001, p. 2.).

In the first part, competition is defined in terms of price theory and in negative
terms as the absence of price setting power and supranormal profits. The second
part emphasizes the role of the consumer or — roughly speaking — the dynamic
merits of effective competition.

Thus far, things seem to be quite straightforward and explained in round terms.
Yet things get unclear when one adds the different connotations depicted in the di-
rectives. In contrast to the SMP Guidelines, the Access Directive introduces the
term “sustainable” several times:

Article 1, Access Directive: “The aim is to establish a regulatory framework, in
accordance with internal market principles, for the relationships between suppliers
of networks and services that will result in sustainable competition, interoperabil-
ity of electronic communications services and consumer benefits.”

Article 13 (2), Access Directive: “National regulatory authorities shall ensure
that any cost recovery mechanism or pricing methodology that is mandated serves
to promote efficiency and sustainable competition and maximise consumer bene-
fits.” ’

Although the general background of the framework as well as the underlying
normative policy decisions suggest that sustainable competition has to be equated
with infrastructure based competition (addressing the wholesale layer), such a
conceptual conjunction cannot be found explicitly. Furthermore, sustainability can
also be found in reference to end user markets. For example:

Recital 20, “Access Directive: In particular, operators with significant market
power should avoid a price squeeze which results in the difference between their
retail prices and the interconnection prices charged to competitors who provide
similar retail services being inadequate in ensuring sustainable competition.”

Article 12, Access Directive: “denial of access or unreasonable terms and con-
ditions having a similar effect would hinder the emergence of a sustainable com-
petitive market at the retail level, or would not be in the end user's interest.”

Beyond this vagueness, sustainable competition has been given a slightly dif-
ferent connotation in regulatory discussions. In examining the effectiveness of
competition in relevant communications markets, NRAs must answer the hypo-
thetical question of whether self-sustainable competition without any form of ex
ante regulation existed. For an example of this, we quote IRG: “.....a NRA should
cease to promote competition when there is effective competition, provided mar-
ket power is not likely to arise in the market under observation or in a related mar-
ket as a result of removing regulation.” (IRG, 2001, p. 4.).

Obviously, the question arises as to if effective competition implies that actu-
ally no form of ex ante regulation at both retail and wholesale levels is necessary
or whether the ordinary ex post regime (as indicated by the TCT) is deemed suffi-
cient to ensure the perpetuation of effective competition. Closer examination
shows, however, that effective competition refers to the respective markets under
consideration only. The following example should help to illustrate this point: If
one defines effective competition as a form of competition that gets by without
any form of ex ante regulation (on associated retail or wholesale markets), we will
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rarely find effective competition within the underlying fixed network retail mar-
kets.® Concerning voice calls, CPS/CbC?! will (at least for the foreseeable future,
depending on the firmness of the local loop natural monopoly) be a vital and es-
sential form of basic wholesale regulation. Yet given this form of ex ante regula-
tion, retail markets could be assessed as being effectively competitive with respect
to the observed market outcome (concerning the relevant competition indicators,
see below). Effective, in this sense, should then be defined as independent of ex
ante regulation within the same relevant market under consideration (most nota-
bly, ex ante price regulation). Otherwise (i.e., following the first approach), we
could observe a situation one day in which the incumbent operator has only negli-
gible market shares (and/or, lower prices) with no other operator being in a domi-
nant position, but still the overall outcome could not be deemed effective, as there
is still underlying CPS/CbC regulation. (By the way, the case seems quite analo-
gous with respect to retail access and a potential — wholesale — resale obligation.?)
Somewhat unclear is the Framework Directive (Recital 27) which states, “It is es-
sential that ex ante regulatory obligations should only be imposed where there is
not effective competition, i.e. in markets where there are one or more undertakings
with significant market power, and where national and Community competition
law remedies are not sufficient to address the problem.” This might give rise how-
ever to contradictions in (plausible!) cases like those sketched above.? This is due
to the particular inconsistencies which led to criticisms and to a basic denial of the
equalization principle by some scholars.?*

20 This applies in like manner to all other markets that are affected by the natural monopoly
characteristic of the local loop.

2 Carrier Preselection (CPS) and Call-by-Call (CbC) are regulatory measures which ensure
that customers-can obtain call services from providers other than the (SMP designated)
incumbent provider. Likewise, CPS and CbC obligations (required by the Universal Ser-
vice Directive) ensure that alternative operators have access to interconnection services
on a cost-oriented basis.

22 The term “resale” (“wholesale line access” synonymously) refers to a package of services
which is provided by the incumbent to its own end users in connection with the provision
of POTS and ISDN lines. As a rule, these services are funded by the fixed charge to be
paid by the end user. The fact that such services are available within the framework of a
wholesale offer (also referred to as resale) shall enable the competitors that do not have
their own access network infrastructure and have thus far provided only carrier services
to offer their customers an overall package (tariff options) comprised of line access and
carrier services in the field of fixed network voice telephony. In particular, the companies
that currently provide voice telephony services mainly through carrier network operation
(by means of Call-by.Call or Carrier Pre Selection) shall be able to create new innovative
tariff models and establish their own attractive brands with improved customer service
and marketing activities in the future, cf. RTR, 2003, p. 66. We will examine the regula-
tory impact of such a resale obligation more closely in chapter 5.

23 Cf. also chapter 5 for further discussions on this issue.

% Cf. the criticisms made by the (German) MONOPOLY COMMISSION, 2001, 2003 and
KOENIG et al, 2002.
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The general uncertainty as to the meanings of competition terms is enhanced by
the fact that other numerous attributes are also used in discussions of competition
economics. For example, competition is also described as complete or incomplete,
free, workable, functional, atomistic, innovation based, initiative based or poten-
tial. Some labels differ fundamentally in meaning and interpretation, while others
describe the same or similar situations. Although the various terms are often asso-
ciated with certain theoretical models, the terms "effective," "functional" and
"workable" could be used synonymously,-as these attributes reflect a similar basic
concept. Due to (historic, see above) consistency, however, we will refer to "effec-
tive" competition even at the risk of overusing the term. In any case, it is purely a
matter of standardizing the language used. On a positive and feasible empirical
basis, we suggest a working definition based on the functions of competition for
the overall context, borrowing from KANTZENBACH (1967) and CLARK
(1940) and addressing the sustainability criterion as described above:

Effective competition is defined (in qualitative terms) as the simultaneous ap-
pearance of (sufficiently) optimal allocation, rapid and flexible adaptation to
changing general circumstances as well as promotion of technical progress, effi-
ciency based distribution of income, and the additional consideration of the role
and sovereignty of consumers. Effective competition can only be assessed if it is
solely (or at best) based on basic forms of wholesale regulation and on no forms
of ex ante regulation imposed on the relevant market under consideration.

In terms of content, "effective" is used to indicate a reality-based deviation
from the neo-classical ideal of perfect competition. According to this line of
thought, perfect competition is a micro-economic construct which cannot be
achieved, and the more important question is that of when the competition proc-
esses observed fulfill the functions required by our working definition. In addition,
the price theory formulation disregards the dynamic component inherent to the
concept of competition. The reference/organizational model for the measurement
of effective competition in the relevant communications markets is described be-
low.

“Qualitative” refers to the shortcomings of competition analyses based on
quantitative methods (as discussed briefly below).

"(Sufficiently) optimal allocation" contains the neo-classical part of the work-
ing definition in that it refers to the welfare optima derived from the model of
complete competition (exchange optimum, production optimum and overall mar-
ket equilibrium — the optimum optimorum) which describe the state of economic
efficiency. Considering this, our definition also incorporates the first part of IRG’s
approach, whereby reference was made to market power in terms of the ability to
raise prices above competitive levels.

"Adaptive flexibility" and the "progress aspect” reflect a dynamic understand-
ing of competition.
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The "emphasis on the consumer side" takes the corresponding focus of regula-
tory recommendations and legal regulations into account.?

Effective competition in call markets will typically depend crucially on basic
forms of “wholesale” regulation and in these cases it can not be labeled infrastruc-
ture based.?® As the discussion in chapter 5 indicates, basic forms of wholesale
regulation might be aligned to retail markets for various reasons, but these will not
change the nature of the remedies imposed. Finally, the sustainability concept en-
compasses the wholesale markets as well, but in a different meaning due to the
vertical two- stage market structure.

Being equipped with the conceptual understanding outlined above, one has to
decide for an optimal framework for analyzing the effectiveness of competition.
Although the SMP Guidelines contain specifications concerning methodological
aspects, an overall analytical framework is missing. Literature taking up this task
already exists, and it therefore suffices to summarize the main arguments and
principles put forth therein.?” Hereby the traditional "Market Structure — Market
Conduct — Market Performance Paradigm" (MMMP)® forms the central frame-
work for our reference model for the measurement of effective competition. The
appendix contains an exemplary textbook-based representation of MMMP,
adapted for the regulatory context that makes the significant difference. Although
it can generally be applied to all markets, the “Regulatory options" category in the
appendix emphasizes the ex ante nature of regulation specific to communications
markets. In contrast, standard textbook representations of MMMP only show
"Regulatory Options" as one of several explanatory factors under basic conditions
like government policy, whereas "Regulatory options" are of considerable signifi-
cance in competition analyses (and their results).?” This is due to the interdepend-
encies which naturally exist between the analysis stages in the assessment of ef-

B E.g., IRG, 2001, p. 4: "The importance attached to the concept of effective competition is
better appreciated in terms of its outcome for users. Users are at the heart of the regula-
tory approach.” Also cf. the emphasis on telecommunications consumers in Article 8 of
the Framework Directive.

26 The “regulatory options” category in table 1 of our appendix provides another presenta-
tion of the sustainability concept.

27 Hence, this section draws heavily on BRIGLAUER, 2004 and BRIGLAUER, 2003, a
longer German version of the former. A quite similar presentation can be found in
KOENIG et al, 2002.

2 MMMP was developed at Harvard by MASON, 1939 and later by BAIN,:1959.

2 Naturally, regulatory issues also play an essential role in the preliminary stages of com-
petition analyses. For example, wholesale unbundling (ULL, market number 10 in foot-
note 8) is regarded as a relevant market according to the recommendation list, but at the
same time it exists solely due to the analogous remedy imposed on the incumbent SMP
operator. Furthermore, the market definition and the remedy itself crucially shape the
outcome of the competition analyses. Thus in the case of ULL, the sequential procedure
of market analyses turns into a complete amalgamation. Although this is an exceptional
case, it clearly points out that a logical and clear cut delineation of analyses stages cannot
exist for any of the relevant markets. Nevertheless, such a sequential procedure proves to
be practically useful und necessary.
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fective competition and the discussion of regulatory options.*® If competition
analysis finds that effective competition is insufficient in the relevant markets, the
question of appropriate and specifically suitable regulatory remedies (with regard
to the actual competition deficits) arises simultaneousty in connection with the re-
sulting SMP position of one or more operators (as described in Article 16 of the
Framework Directive and in light of the general regulatory objectives described in
Article 8).

Moreover, this modified MMMP framework must not be understood as being
in the early stages of its development. Its basic assumption was originally that of a
monocausal interpretation beginning with an exogenous market structure which
required certain market conduct, bringing about clear market performance. On the
contrary, mutual dynamic interdependencies exist among MMMP dimensions and
associated indicators: The fact that MMMP is to be understood as a complex sys-
tem of correlations implies that the clinical delineation of sub-areas, or determinis-
tic "pigeon holing" is not possible, nor would it correspond to the idea behind the
model.

Therefore, the diverse objections to MMMP put forth in the past are not con-
sidered relevant in this context, as MMMP is not at all interpreted dogmatically
but understood as an analytical framework or an organizational model: "While the
structure conduct performance relationship is subject to debate, it nevertheless
provides a useful framework for organizing and discussing a number of important
concepts.” (VISCUSI et al, 1995, p. 62).

At the same time, the interpretation of MMMP as a framework for the reference
model is not exhausted in its organizational function; rather, it allows us to inte-
grate a wide variety of competition theory concepts in the interest of a plurality of
theories.’! Thus the reference model is designed to be an orderly framework as
well as a general and flexible analytical tool. Regardless of this general applicabil-
ity, however, the competition situations in individual markets and the specific
relevance and importance of various competition indicators must always be as-
sessed on a case-by-case’? basis.® Ultimately, the overall empirical material avail-

39 For example, the regulatory decision to allow or enable indirect access operators (cf.
footnote 21) has a sustainable and fundamental influence on the market structure; number
portability could change demand side barriers substantially, “Resale” and ULL enable
competition in access markets, etc.

31 For an in-dépth discussion, cf. BRIGLAUR, 2003, 2004,

32 The individual factors will be assigned various levels of importance in different markets.
A few (of many possible) examples can be used to clarify this point: The conduct strat-
egy "price collusion” is assigned potential significance in oligopolistic (mobile) markets,
whereas its significance is more hypothetical in strongly asymmetrical (fixed network)
markets with a large number of participants. In retail markets, advertising and marketing
strategies are typically essential parameters of entrepreneurial action, while in input mar-
kets these are usually (or sometimes) seen as negligible activities. In connection with
this, we can assume that the transparency of information in input markets will generally
be substantially higher than in downstream retail markets. Potential competition will be
considered far more significant in long distance services in fixed linked voice telephony
services (seen gradually and) in relation to the "markets" for mobile termination.
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able must be interpreted and assessed on the basis of experiential knowledge as
well as economic theory. Decision makers will not be able to avoid assigning pri-
ority to certain competition indicators (at least in terms of significance) in light of
individual market conditions. "It is quite possible that the criteria used will not all
indicate a straightforward conclusion: a final judgment will involve weighting the
various criteria and inevitably greater weight will be placed on some rather than
others, with some criteria having relatively little importance for some markets.”
(IRG, 2001, p. 11). Naturally, such a form of weighting necessarily involves value
judgments in regulatory/competition policy and an element of decision making
which cannot precisely be verified. An explicit and generally-applicable weighting
scheme, however, is in no way a viable alternative: "Even a few competitive ac-
tivities make it impossible to set forth a measure of competitive intensity to which
all will agree. Even if one could measure competitive intensity along each and
every single dimension of competition, our inability to convert units of competi-
tive intensity from one dimension to another makes the general intensity of com-
petition ambiguous and even meaningless." (DEMSETZ, 1995, p. 142). This also
corresponds indirectly to IRG's position: "Clearly it will not be appropriate to use
the indicators mechanistically and in making its assessment a regulator will need
to consider the relevance of each indicator in regard to the circumstances of the
market segment being assessed.” (IRG, 2001, p. 11).

From a legal standpoint, insufficiently effective competition is (implicitly)
equated with the existence of significant market power on the part of at least one
operator (“equalization principle”). The complex analysis tool used to identify ef-
fective competition on relevant communications markets has already been dis-
cussed. The assessment of significant market power, on the other hand, is carried
out (by definition) at enterprise level. According to the SMP Guidelines, criteria
taken from the decision making practice of European courts and the European
Commission are to be taken into particular consideration when evaluating SMP
positions (§ 78 for "single dominance", § 97 for "collective dominance").

The discussion above and a comparison of table 1 in the appendix reveal that
all of these criteria (in § 78 and § 97) are already taken into account in our more
comprehensive and systematic reference model. A large part of the criteria men-
tioned can be assigned to or dealt with in the market structure chapters. In any
case, the model framework used for competition analysis — taken as a whole — also
creates the foundation for the identification of SMP and results in the decision as
to whether a SMP position exists. In its results, a competition analysis should pro-
vide information on both the intensity of effective competition and the related in-
dividual market power/SMP positions.

Under no circumstances are these criteria lists to be regarded as a complete
checklist to be worked through step-by-step. Rather, the individual factors are to
be understood as indicative. As there were and still are opinions which argue that
market analyses should be conducted mechanically and legally by means of a pre-

33 However, this does not rule out the validity of the inclusion of pattern forecasts nor the
holistic view of relationships across markets.






