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EVOLUTION OF THE TELECOMMUNICATIONSINDUSTRY
INTO THE INTERNET AGE?

Martin Fransman
Professor of Economics and Founder Director
Ingtitutefor Japanese-European Technology Studies
Universty of Edinburgh

m.fransman@ed.ac.uk

INTRODUCTION

How has the Tdecommunications (heredfter Tdecoms) Industry changed snce the mid-
1980s when liberdisation began in dpan, the UK and the US and what are the causes of
this change? How has the Internet affected the Tdecoms Industry? This chapter deds
with these two questions.

In this chapter the interrdlated causes of change are andysed that led, in the firg place, to
the trandormation of the Old Tdecoms Indudry into the New Tdecoms Industry and
then, dmog smultaneoudy, to the latte’s metamorphods into the Info-communicaions
Industry. The demise of the Old Tdecoms Industry began in the mid-1980s when, due to
different combinations of politica-economic drcumdances, the monopoly of tdecoms
was ended in Jgpan, the UK and the US. By the late-1990s, with the agreement of the
European Union to fully liberdise its tdecoms makets and the smilar agreement of the
WTO, there was a widespread consensus that the liberdisation of tdecoms is essentid.
The roots of change that gave hirth to the New Tdecoms Indudry in the early-1990s,
however, as this chepter will show, were fa more fundamentd than the pdliticd and
regulaory decisons that findly legitimised the changes In the 1990s a new s of
influences, that had begun thirty years ealier in an initidly unrdaied set of ativities,
brought about fundamenta forces that further transformed the Telecoms Industry into the
Infocommunications Industry. These influences came from the Internet based on its triad
of core technologies: packet-switching, Internet Protocol (1P), and the World Wide Web.

The Tdecoms Industry and the
Economics of Industrial Change

Despite important contributions made by earlier economists, such as Alfred Marshdl and
Joseph Schumpeter, it is reasonable to conclude that we do not yet have a comprehengve
theory of the dynamics of industry cgpable of explaining the process of change in oedific

2 The author would like to acknowledge with gratitude his numerous discussions on telecommunications
with Professor Sadahiko Kano with whom the layer moddl of the Infocommunications Industry, shown here
as Exhibit 7, was constructed. Professor Kano has also been closely involved in the construction of
TelecomVisions.Com (see below).



industries, even though an increasingly rich body of knowledge is emerging in this area®
Indeed, it could even be conjectured that the search for such a comprehensve theory
would inevitebly be wrecked on the rocks of complexity and diversty. Under these
crcumdances a vauable purpose is sarved by dealed accounts of the evolution of
particular industries which focus specificdly on what Schumpeter cdled the ‘enging® of
change® Wha this engine conssts of then becomes a key problem in the andysis. In the
conduding section severd obsarvdions ae made regading the rdevance of the
Tdecoms Indudtry for the economic andyss of the dynamics of indudtrid change.

TdecomVisons.Com

This chapter has been written in conjunction with the preparation of a Web Ste dedicated
to one key question: What will hgppen to the Telecoms Industry and its companies over
the next five yers? The informaion and andyss provided on the Web ste
TdecomVisons.Com, complements thet contained in this chapter.
(TelecomVidgons.Com will be activated around August 2000.)

THE TECHNOLOGICAL AND LEARNING REGIMES

A key pat (though not the only pat — see bdow) of the ‘enginé driving change in the
Teecoms Indusry is the technologicd regme that exiss in this indusry.® The

® For example, an important recent survey of economics literature on industrial dynamics by Dosi,

Malerba, and Orsenigo (1997) concludes that “Certainly the gap between the richness of the histories [of
the evolution of specific industries| and of their ‘appreciative’ interpretations on the one hand and the
theoretical models that are used to ‘explain’ them on the other till appears quite large.” (p.20) Dosi. G,
Malerba, F., and Orsenigo, L., 1997, ‘Industria Structures and Dynamics. Evidence, Interpretations and
Puzzles, Industrial and Corporate Change, Vol. 6, No.1, p 3-24.

4 “The fundamental impulse that sets and keeps the capitalist engine in motion comes from the new
consumers goods, the new methods of production or transportation, the new markets, the new forms of

industrial organization that capitalist enterprise creates.” Schumpeter (1943), p.83 (emphasis added). As
will be seen, it is proposed in this chapter that there are several engines driving the evolutionary process, in
addition to those proposed by Schumpeter.

5> Such studies, of course, cannot be dismissed as inductive and descriptive for the simple reason that it is
not possible to induce or describe the causes of industrial change. These causes do not emerge

automatically or unambiguously from the huge mass of information that exists on the complex process of

industrial change. Rather it is necessary to use, and constantly test, frameworks of interpretation in the
attempt to come to grips with the tangle of causes that bring about industrial change. That aternative
frameworks and conclusions are often possible, and accordingy have to be tested against the evidence, is
E)art and parcel of the process of knowledge creation in this area.

The concept of technological regime used here is similar to that used in Nelson and Winter (1974, 1978
and 1982) and in Winter (1984), athough it is broader. For example, Winter (1984) distinguishes between
two kinds of technological regimes. an entrepreneurial and a routinised technological regime. “An
entrepreneurial regime isonethat is favorable to innovative entry and unfavorable to innovative activity by
established firms; a routinized regime is one in which the conditions are the other way round.” (p.297)
Audretsch (1997) uses the concept in the same way as Nelson and Winter. Malerba and Orsenigo (1990 and
1993) and Dosi, Mderba, Marsili and Orsenigo (1997) provide a further elaboration of the concept of
technological regime. More specifically, in the latter reference it is stated that “a technological regimeisa
particular combination of some fundamental properties of technologies: opportunity and appropriability



technological regime is defined by the conditions under which technologicad knowledge
is created - which determine the rate of technica change and the kinds of technologies
that are created - and the opportunities and condraints that exis in the use of that
knowledge  The technologicd regime, in turn, defines the learning regime that
determines the kinds of learning paths and patens in which the firms and other
organisationsinvolved in the indudtry will engege.

In order to undergand the evolution of the Tedecoms Indugry - from the Old Tdecoms
Indudry that exiged until the mid-1980s, through the New Tdecoms Indudry, to the
Infocommunications Indudry — it is necessry to andyse the changing technological and
learning regimes
THE OLD TELECOMSINDUSTRY TO THE MID-1980s
Mapping The Old Telecoms Industry

A smplified map of the Old Tdecoms Indudry is provided in Exhibit 1 in the foom of a
layer modd.”

Exhibit 1. LayersOf The Old TelecomsIndusry

LAYER 3: SERVICESLAYER
(voice, fax, 0800 services)
LAYER 22 NETWORK LAYER
(arcuit-switched network)
LAYER 1. EQUIPMENT LAYER
(switches, trangmisson systems,
cusomer premises equipment)

The Layers Of The Old Telecoms Industry

Layer 1 of the Old Tdecoms Indudry is the equipment layer where the network dements
— quch as switches and trangmisson sysgems - and cusomer premises equipment are
produced that are combined to form and use tdecoms networks.  Until the 1970s these
networks, shown in Exhibit 1 in Layer 2, were primaily drcuit-switched networks where
a dedicated circuit connects the sender and the recipient of information. In the 1970s, as
will be seen later, the fird commecd packe-switched daa networks mede their
gppearance dthough it was only in the 1980s, and even more 0 in the 1990s when the
Internet became widdy adopted, that data communications that deta services became
economicdly important.  As shown in Layer 3, the man sarvices in the later sages of

conditions; degrees of cumulativeness of technological knowledge; and characteristics of the relevant

knowledge base.” (p.94)
" Further details on the layer structure of the Telecoms Industry are to be found in TelecomVisions.Com).



the Old Tdecoms Industry were voice, fax, and enhanced sarvices such as toll-free 0800
svices Later in this chepter we shdl return to the layer modd in order to examine the

impact of the Internet on the Infocommunications Indudtry.

Monopoly, Vertical Integration and Quas-Vertical Integration

In the days of the Old Tdecoms Industry the conventiond wisdom was thet tdecoms was
an exanple of ‘naturd monopoly’, that is due to increesng returns to scde tdecoms
svices could only be provided efficently by a monopoly provider. Accordingly, in
mog indudridised countries (Finland being a noteble exception) Layer 2, the network
layer, was dominated by a monopoly network operator.

The naturd monopoly hypothesis, however, was not, by and large, extended to layer 1,
the equipment layer. In different countries the production of tdecoms equipment was
organised in different ways. At the one extreme was the US where a pattern of verticd
integration emerged amaogt from the birth of the Tdecoms Indudtry.

In the U.S "from the time that Alexander Graham Bdl co-operaed with ingrument-
meker Thomas Watson in producing the firg telephone sets, it was the same organisation
that both devedoped the tdecommunications network and developed and manufactured
the equipment that it required. This pattern was firmly esablished in 1880, when the
American Bdl Teephone Company purchased Wesen Union's tdephone supplying
subsdiary, the Western Electric Company of Chicago. According to an 1882 agreement,
Amgican Bdl redricted itsdf to purchesng dl its tdephone equipment from Western
Electric, while the latter agreed to limit its activities to supplying American Bdl and its
licensees™®  This vertica integration of network operation and eguipment production in
AT&T continued until the company’s voluntary trivediture in Sgptember 1995 into one
company providing tdecoms savices - the new AT&T - one providing equipmert,
Lucent, and one providing computers and computer services, essentidly the former NCR
that had been acquired in ahodtile take-over by AT& T in 1993,

At the other extreme were the smdler indudridised countries (Sweden with Ericsson
being a notable exception) and mog of the deveoping countries where the nationd
monopoly teecoms caries procured ther tdecoms equipment from the hendful of
gecidig tdlecoms equipment suppliers who competed in world markets  While being
profitably locked into long-term rdationships with the monopoly network operators in
their home country, these spedidis technology suppliers competed vigoroudy in the rest
of the world where tdecoms equipment makets were not amilaly locked up by
competing suppliers with privileged supply reationships with the nationd operator.

In the midde were the large indudrialised countries with domesic markets that were
aufficiently large to support domestic tdlecoms equipment production.  In this category of
countries, however, the economic organisation of Layers 1 and 2 — the equipment and
network layers — differed Sgnificantly.

8 SeeFransman (1995), p.24.



In Jegpan, for example, from the lae Ningteenth Century, when the Minidry of
Communications took responghility for the devdopment of the new tdecoms
infragtructure, the decison was made for severa competing companies to produce the
telecoms equipment required for the Jgpanese tdlecoms network. In this way a family of
four oecidis tdlecoms equipment suppliers emerged to supply the Minigry under a form
of economic organisation that has been referred to as ‘controlled competition’.® The lead
company was NEC, founded in 1899 as a mgority-owned subsdiary of Western Electric,
the equipment supplying subsdiary of AT&T. The other three members of the family
were RUjitsu — which had an ownaship link with Semens — Hitachi, the only
independent Japanese tdecoms equipment supplier, and Oki.  This family of suppliers
continued to supply NTT, the nationd monopoly operator, efter it was separated from the
Minigry in 1952 as an independent Sate-owned company.

In Britain the Pog Office which had responghility for telecoms (later separaied as BT)
adso co-operated closdy with nationd telecoms suppliers that indluded GEC, Plessey, and
STC (a subddiay of the US firm ITT). However, the British expeience with a long-
teem obligaiond co-operative rdationship between network operator and equipment
supplier was not nearly as hgppy as in the Japanese cas=. By the time BT was privatised
in 1984 and liberdisation began in the British tdecoms market the rdaionship between
BT and its privileged national suppliers had aready started to crumble.'”

In France and Germany the monopoly network operator — to become France Telecom and
Deutsche Tdecom repectivdy — adso co-operated dosdy with nationd  equipment
suppliers.  In France a complex process of government-inspired re-organisations and
mergers, lagdy between the subddiaries of the American company ITT and French
eectronics companies, rexulted in the birth of the mgor French specidis tdecoms
equipment  company, Alcad.’!  In Gemay it was the dectricd and eectronics
company, Semens, that immediady became the mgor ndiond equipment supplier
dthough the Deutsche Bundespos (which would become Deutsche Tdecom) dso
procured equipment from non German supplierslike SEL, dso asubsdiary of ITT.

To concdude, in Jgpan, Britain, France and Gemany a paten of dose long-term,
obligationa co-operdtion emerged as the dominant form of economic organisation
between the monopoly operator in Layer 2 and the specidig technology suppliers in
Layer 1. Although the degree of competition between the naiond suppliers in thar
nationd market differed — with Jgpan ingging on the strongest degree of competition — it
is reasonable to characterise the dominant form of economic organisation in these
countries as one of quasi-vertica integration.

® For a detailed account of the origins of the Japanese system of *controlled competition’ in telecoms, see
Fransman (1995), pp.27-41.
19 For a detailed account of the less-than-happy British attempt at co-operative research and development
in the case of telecoms switches, involving the monopoly operator and its family of suppliers, see Fransman
9995)’ pp.89-97.

! For adetailed account of the birth of Alcatel, see Fransman (1995), pp.87-89.



The Technological Regimein the Old Telecoms Industry

Ealier we daed tha the technologica regime is defined by the conditions under which
technologicd knowledge is crested and the opportunities and condraints that exig in the
use of that knowledge. What were the conditions under which technologica knowledge
was cregted in the Old Tdecoms Indusry? To answer this question it IS necessary to
understand the innovation system that existed in the Old Tdecoms Indusiry.

Esstidly, in the Old Tdecoms Indudry the ‘engine of innovation’ was located in the
centrd research |aboratories of the monopoly telecoms operators, such as AT&T's Bdl
Laboratories, BT's Martlesham Laboratories, France Telecoms's CNET Laboratories, or
NTT's Electricd Engineering Laboratories. It was in these laboratories that the research
was done that would lead eventudly to the next generdtions of switches trangmissons
sysgems and other tdecoms equipment that would improve tdecoms sarvicess Many of
the key techndlogies dill driving the Infocommunications Indusry begen life in these
centrd research laboratories - such as the trangdor, the laser, the design of cdlular
mobile sysems, and the software language C, thet al emanated from Bell Laboratories.

Typicdly, after the centrd ressarch laboratory did the initid reseerch and developed and
tested the initid prototypes the task of further devdopment and mass manufacture was
handed on to the specidist equipment suppliers — such as Wedern Electric in AT&T's
cae or NEC, Fyjitsu, Hitachi and Oki for NTT. Over time, however, thee pecdist
equipment suppliers increesed their own R&D  capabiliies with the result that they
eventudly took over many of the innoveive tasks that in the Old Telecoms Indudry were
performed by the centrd research |aboratories of the monopoly tedlecoms operators.  As
we shdl see this created a fundamenta change in the technologicd and learning regimes
that was to profoundly change the entire sructure of the Telecoms Indudtry.

How effident was the innovaion sysem of the Old Tdecoms Indudry? In answering
this quedtion it has to be sad that, despite the nationd monopoly postion enjoyed by the
telecoms operator ad the smdl number of privileged specidist suppliers who cregted the
equipment for the tdecoms network, the innoveation sysem sysem worked remarkably
wel. Evidence for this conduson comes from the impressive sream of both radicd and
incrementd  innovations that emerged from the centrd research laboratories of the
monopoly operators. One performance benchmark comes from the fact that in the US the
price of a locd phone cdl remained condant in money terms for about one hundred
years.

The paradox of a rgpid rae of radicd and incrementd innovation from a system
dominated by a monopalis supplied by no more than four privileged suppliers is to be
explaned in teems of the non-market incentives for innovation that neverthdess existed
in the Old Tdecoms Indugtry. The first of these non-market incentives came in the form
of the ‘co-operative competition’ that existed between nationd systems to be the fird to
introduce the next generation of technologies and sarvices One example is the races tha
took place to deveop the next generation of tdecoms switches, races that were
nonethdess punctuated by the fomd and informd sharing of information through

10



inditutions such as regular internationd  switching conferences that brought together the
world's best.'?  The second mgor nonmarket incentive came in the form of political
incentives and pressures to improve tdecoms sarvices for both resdentid and business
usars who together condituted the bulk of the population and therefore widded politica
muscle

However, despite the impressve innovative performance of the Old Telecoms Indudry,
there were severd characterigtics of the innovation system in this indugtry that condtituted
important condraints on the innovation process, condrants that were to be highlighted
by a comparaive andyss of the new innovation process in the New Tdecoms Industry
that replaced it (which is examined in more detall below).

The chaacteridics of the innovaion sysdem in the Old Tdecoms Indudry ae
summarised in Exhibit 2.

Exhibit 2. Characterigticsof the Innovation System
in the Old Telecoms Industry

Closed innovation system
High entry barriers

Few innovators

Fragmented knowledge base

M edium-power ed incentives

Slow, sequential, innovation process.
Resear ch — prototype—

trials- cutover

To begin with, the innovation sygem in the Old Tdecoms Indudry was dosed in the
sense tha only the monopoly telecoms operator and its chosen circdle of specidist
equipment suppliers were given access to the tdecoms network and were able to make
innovations for it. This implied that there were extremey high, even prohibitive, barriers
to entry into this innovation sysdem.  Accordingly, there were very few innovators
Furthermore, the knowledge base underpinning globa tdecoms was fragmented. Each
nationd telecoms network had its own spedific desgns and technologies For example,
centrd office switches designed for the Jgpanese market could not, without the cost of
condderable modification, be immediately deployed in Europe or the US. The same was
true for switches designed for the European or US markets. Under this regime incentives

12 For a detailed study of the development of telecoms switches in the US, Japan, and Europe and for the
development of optical fibrein the US, Japan and the UK, see Fransman (1995).

1



were medium-powered since the market sze for products desgned for specific markets
was rddivey smdll.

Findly, the innovation process itsdf was dow and sequentid.  In the drcuit-switched
nework it was necessay that switching and transmisson equipment worked with
extremdly high degress of rdiability. Equipment falure could lead to entire networks
being shut down. Typicdly, the innovation process began with research being done in
the centrd research laboratories of the leading monopoly operators.  This research
eventudly resulted, in the second dage, in a prototype being developed.  In the third
dage the prototype was exhaudively tested, fird in the laboratory and then, dfter its
further devdopment and manufacture by the spedidis eguipment supplier/s, in fidd
trids.  Findly, after the rdiability of the prototype had been adequatdy demondrated, the
equipment was ‘cutover’ into the network. Although this innovation process ‘worked’ in
the Old Telecoms Indudtry, its drawbacks became gpparent, as we shdl see bdow, in the
light of the fundamentaly different process that replaced it in the New Tedecoms
Indudtry.

The Learning Regimein the Old Teecoms Industry

The technologicd regime dructures the leaning regime.  Essantidly, the learning
process involved the monopoly network operator (located in Layer 2) learning how to run
and improve its tdecoms network which provided the platform for the sarvices tha it
offered. Beng a monopolis, the ‘sdection environment’ of the network operator
excluded pressures and incentives to compete in tdecoms sarvices markets.  However, as
noted in the previous section, there were pressures and incentives to improve both the
network and services emanating from domedtic politicdl processes as wdl as rivdry
between nationd sysems to rapidly introduce new technologies and sarvices. The later
pressures and incentives shgped the learning process.

In the Old Tdecoms Industry the monopoly network operator was both a user and an
innovator of tdecoms technologies and equipment. However, there was a divison of
labour with the network operator concentrating on research (induding fundamental and
long term research) and design while its sdected equipment supplier/s (located in Layer
1) specidised in devdopment and mass manufecture of equipment. As a sophidicated
usr and innovaior of tdecons technologies and equipment the monopoly network
operator was wdl-placed to learn-by-usng and by experiencing opportunities for further
improvements  through running the network. However, in devdoping tdecoms
technologies and equipment for mass manufacture the specidist eguipment suppliers dso
underwent a learning process that enabled them over time to move into the upstream parts
of the innovation process namdy into increesngly ressarchr and desgn-intensve
activities.  Moreover, while they may have enjoyed sheltered access to the procurement
book of the monopoly network operator in their own domestic market, in order grow they
were forced to enter and compete in foreign markets, particularly third-country markets
where there were not amilarly sheltered equipment suppliers producing for the domestic



monopoly network operator. Competitive pressures and incentives in these markets were
an important simulus for learning by the pedidist equipment suppliers

The learning process was aso dructured by technologica paradigms and trgectories. For
example, the trandtion to each new generaion of centrd office switch — from dectro-
mechanicd to gpace-divison dectronic to digitd time-divison to asynchronous trander
mode (ATM) switches — was acompanied by consderable controversy over the question
of whether improvements in the old paradigm would make the new paradigm irrdevant?®
Oveadl, however, it was the drcuit-switched paradigm that shgped thinking and learning
about how to achieve improvements. The deeply-ingraned influence of the drauit-
switched paradigm on the pat of tdecoms researchers and engineers is gpparent in the
reception that Vinton Cef and his colleagues (who were amongst the origind founders of
the Internet) encountered from Bel Labs ressarchers when detals about the packet-
switching that they were developing became known. In Carf’ swords:

“The packet-switching network was 0 counter-culture thet a lot of people thought
it was redly dupid. The AT&T guys thought we were dl beside oursdves, they
didn't think that interactive computing was a move forward a al.”**

Coming from a computer culture, the developers of the ARPANET, the forerunner of the
Internet, were not inclined, as were ther tdecoms counterparts, to see the problem of
communications through the paradigmetic prism of drcuit-switching (as will be seen in
more detall later).

THE TRANSTION TELECOMSINDUSTRY

In the mid-1980s, for different political-economic reasons, Jgpan, the UK and US decided
to end the monopolies of ther monopoly network operators. The result was the birth of
the origind new entrants.

The Birth of the Original New Entrants

The introduction of liberdisation and compstition in these three countries, however, was
a firg cautious and tentative In Jgpan three long-distance competitors were given
regulatory permisson to compete with NTT, namdy DDI, Jgpan Telecom, and Tdeway
Jgpan. NTT was only patidly-privatised, with the Japanese Government continuing to
own gpproximatdy two-thirds of the company. The UK government, on the other hand,
soon 0ld off the mgority of BT's shares but began the process of liberdisation with a
period of duopoly with Mercury, a subsdiay of Cable and Wirdess as the sole
competitor to BT. In the US AT&T was diveted with the new AT&T inheiting the
foomer company’s long-lines budness (e longdigance) while seven regiond

13 See Fransman (1995), Chapter 3, for further details.
1 Internet, ‘Is there a future for the Net? David Pitchford finds out from the man who invented it, Vinton
Cerf', June 19", 1996, p.75.
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companies — the Baby Bdls — retained the de facto monopoly of loca telecoms services
in ther regions. MCl and Sprint were the two long-digance companies dlowed to

compete with AT&T.

Original New Entrantsand Specialist Technology Suppliers

Although liberdising regulatory regimes provided a necessary condition for rgpid and
uccessul entry by the origind new entrants, they were not sufficent.  Equdly important
were low technologica bariers to entry into the tdecoms sarvices markets (in Layer 2)
cregted by the exigence of specidis tdecoms equipment suppliers.  These specidist
technology suppliers provided the ‘black-boxed technologies tha the Origind New
Entrants needed to contruct and run their own networks.  Unlike thelr counterparts in
other indudries such as pharmaceuticals or semiconductors, where subgtantid  in-house
technologica capabilities were necessary in order to enter and compete, the Origind New
Entrants in the Tdecoms Indusry were able to turn to specidigt technology suppliers for
mog of ther technology requirements.  Without the knowledge-acquistion and learning
proceses that the speddig technology suppliers underwent in the Old Tedecoms
Indugry, would-be origind new entrants would have faced formidable technologica
barriersto entry.

From the point of view of the oeddig technology suppliers liberdisation created new
markets for their accumulating knowledge and competencies  An important example is
Norted that seized the new opportunities presented by liberdisation with both hands,
Nortd was origindly established in 1895 as the subsdiary of Bel Canada. From 1906 to
1962 AT&T's equipment subsdiary, Western Electric, hdd a minority stake in Nortd, a
dake that was gradudly sold to Bell Canada. In 1971 Bdl Canada, that bought most of
its equipment from Nortd, established a joint R&D subgdiary with Nortel caled BNR.
However, in order to grow, Norte from the late 1970s made dsrenuous efforts to enter
export markets.  In these atempts the company was condderably aided by its pioneering
auceess in developing one of the fird andl digitd centrd office switches, the DMS 10.
Beding AT&T into this segmet of the switching market Nortd was aile to gan a
foothold in the US, its first major breakthrough outside Canada.®

In MCI, the man long-disgance competitor to AT&T, Nortd found an important dly. As
a competitor to AT&T, MCI, like many of its origind new entrant counterparts in other
pats of the world!®, did not want to depend on the same specidist equipment suppliers
that supplied the incumbent. This provided Nortd with the opening it was seeking.
Furthermore, able to rdy on Nortd and other specidig technology suppliers for the
technology and equipment it needed, MCl dso decided that it did not need to replicate
smilar R&D capebilities that AT&T hed in its Bel Laboratories®’  With further stages

> Further details of Nortel’s success are to be found in Fransman (1995), pp. 55-61, including an

explanation of why Nortel managed to beat AT& T in thisswitch market segment.

5 DDI, the main competitor to NTT, similarly refused to procure its equipment from NTT’s family of
sg)ecialist equipment suppliers, NEC, Fujitsu, Hitachi, and Oki.

17 Indeed, MCI took particular pride in the fact that, with access to specialist technology suppliers, it did
not need to make the same expenditures on R&D as AT&T. While AT& T was spending more than seven
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of liberdision in the US and Europe, Nortd quickly became the main technology
supplier to the ‘new new entrants as will be shown below.

The Conservatiam of the Original New Entrants

Perhgps because the sdection environment into which they were born was characterised
by only patid competition, the origind new entrants in the US and UK were
consavdive rahe than radicd in thar competition with thar incumbent, tending largdy
to imitate them while only dightly underpridng them.  Soon, however, the orgind new
entrants would be overshadowed by the new breed of ‘new new entrants whose entry
sgnded the emergence of the New Tdecoms Indudtry.

THE NEW TELECOMSINDUSTRY FROM THE EARL Y-1990s
Enter the New New Entrants

In retrogpect, from the vantage point of the late-1990s, it was clear that a quditetive
change had occurred in the Telecoms Indudry in the early-1990s sgnifying the birth of
the New Tdecoms Indudry. The mog evident sgn of quditative change was the rise of
the new new entrants who quickly edipsed the origind new entrants and went on to pose
the mogt sgnificant threet to the incumbents.

Mogt dramatic was the rise of WorldCom, a company tha was born in 1984 in the
inauspicious locetion of Hattieshurg, Missssppi, and began life as a redler of the
nemy-divested AT&T's capacity before making the key drategic decison to become a
fadlities-based operaior. By the end of the millenium not only had WorldCom capped a
dring of mergers and acquistions with the tekeover of MCI and Sprint, the two man
long-distance compstitors to AT&T, it dso boasted the world's best globa tdecoms
network meking this company the mogt serious threat to the Big Five Incumbents —
AT&T, BT, Deutsche Telecom, France Telecom, and NTT. Although they emerged later
than WorldCom and were not as large in terms of revenue and market capitaisaion,
svead other new new entrants replicated essentidly the same growth process These
companiesincluded Qwes, Levd 3, Globd Qrassing, Williams, and Viad.

In Europe new new entrants made a dmilar, though somewhat later, dramétic entry.
These new players in Europe incdluded tedlecoms operators such as COLT (City of London
Tdecommunications), Energis (the English tdecoms subsdiay of the regiond dectricity
upplier), ard Mamnesnan (the Gaman indudrid enginering company that
trandformed itsdlf into both afixed-line and mobile operator).

percent of its sales on R&D, MCI’s expenditures were so negligible that they were not even reported.
(Author’s interviews with Serge Wernikoff, Senior Vice President and Board Member of MCI, 1993 and
1994.)
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Unlike the origind new entrants, the new new entrants were far more aggressve n their
competition. This was seen both in ther activities in the market for corporate control as
well as in globd tdecoms markets  In the late 1990s, for example, WorldCom acquired
MCI and Sprint (as dready noted), Qwest acquired US West (the smdlest Baby Bdl),
and Globa Crossing acquired Frontier. Furthermore, dl the mgor US new new entrants
began to condruct ther own globd networks even before their US networks were fully
completed, typicaly beginning in the UK, the mog liberdised of the European markets,
and then moving on to condruct pan-Europeen networks  (This raises an important
puzzle about the characteridics of the US tdecoms system that explan why the mogt
aggressve telecoms operators, in terms of the globa expansion, are American.’®) It was
only in Jgpan that by the end of the millenium new new entrants had not displaced the
origind new entrants.*®

Why were the new new entrants able to make such a dramatic entry and why were they
able to be s0 successful w0 rapidly? A large pat of the answer to this important question
lies in the changes that occurred in the technologica regime, changes that began dready
in the late sages of the Old Tdecoms Indudtry.

The Technological Regimein the New Telecoms Industry

By the mid-1990s a decisve process of verticd specidisation had occurred between
Layers 1 and 2 (see Exhibit 1 above) in the Tdecoms Indudry. As noted ealier, in the
Old Tdecoms Indudry the R&D engine was lagdy locaed in the centrd research
laboratories of the monopoly network operators such as AT&T, BT, and NTT, with the
soecidis equipment suppliers being largdy rdegated to playing the role of dependent
deveopers and manufacturers. By the end of 1995, however, this Stuaion had changed
dramaticaly with the now incumbent network operators meking the decison to leave
more and more of the R&D rdated to the network and its dements to the specidist
equipment suppliers. At the same time the incumbents decided to open their procuremernt,
agreaing to buy from new suppliersin addition to ther traditiond suppliers.

A sngpshot of the technological regime in trangtion, as it moved from the Old to the New
Tdecoms Indudtry, is provided in an atide published in 1994 that compared AT&T, BT
and NTT in tems of their visions, strategies, competencies, and R&D.?° This artidle
amongd other things showed that these three companies had made fundamentaly
different organisttiond decisons regarding their technologicd competendies and their
procurement of tdecoms equipment.  While AT&T resorted to verticd integration,
procuring the bulk of its equipment from its own equipment business, BT, a the other
extreme, had decided increasingly to resort to the market for its equipment needs. In the
middle, NTT rdied on its own home-grown form of organisation, namey controlled

18 As will be made clear later, this generalisation, while true for the fixed-line operators is untrue for the
mobile operators. It the mobile field, for reasons that will be analysed below, it was European and to a
lesser extent Japanese companies that dominated globally.

19 This is a further puzzle that also requires explanation in terms of the characteristics of the Japanese
telecoms system. Unfortunately, however, there isinsufficient space here to explore this puzzle.

20" See Fransman (1994), reprinted in Fransman (1999).
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competition invalving a dosad family of four suppliers for its eguipment supplies  The
different choices made by these three companies were reflected in ther markedly
different R&D-intengties.  While AT&T spent about 7 percent of its sdes on R&D, the
figure was around 4.5 percent for NTT and about 1.9 percent for BT.

By the end of 1995, however, a decisve process of convergence began to take place
between these three companies  AT&T undewent the bigget change when, in
September 1995, the company  voluntarily trivested itsdf, spinning off its equipment
busness in the form of Lucent, and NCR, the computer company thet it had acquired in a
hodtile takeover in 1993. BT continued dong the path thet it had charted from the early
1990s, dfter its unhappy experiences in jointly developing its own Sysem X digitd
switch, and left more and more of its network needs to the market. NTT, to begin with
under trade-related pressure from the US but later increesingly responding to the new
opportunities provided by veticd specidisaion, dso began to procure a greder
proportion of its equipment from outsde its traditional family of suppliers and to dhift its
R&D away from network-related areas and more towards service-re ated innovation.

The Changing Location of R&D in the New Telecoms Industry
One of the bet indicators of change in technologicd regime as the Old Tdecoms
Industry gave way to the New Telecoms Indudtry is provided by data on the changing
location of R&D. Thisdatais summarised in Exhibit 3

Exhibit 3. TheLocation of R&D in the New Telecoms Industry, 1999

FIRM/INDUSTRY R&D % SALES
NTT 3./%
BT 19%
AT&T 16%
Cisco 18.7%
Ericsson 145%
Nortel 13.9%
Lucent 115%
Nokia 10.4%
WorloCom ~0%
Qwest ~0%
Levd 3 ~0%
Globd Crossng ~0%
Roche 155%
Glaxo Wecome 14.2%
Smithkline Beecham 10.8%
Veniclelndustry 4.2%
Lesure & Hotd Tndustry 32%%
Building Materias Industry 3.0%
Brewery Tndustry 2.3%
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Source: Financial Times, R&D Scoreboard, 1999,
and author’ s cal culations from company reports.

Severd characteridics of the technologica regime in the New Tdecoms Industry ae
evident from Exhibit 3. The fird characteridic is that the incumbent network operators —
represented in Exhibit 3 by NTT, BT and AT&T — ae not paticulaly R&D-intengve
Indeed, the bottom cdl in Exhibit 3 shows that the incumbents are less R&D-intendve
than the average intendty in indudries that are not normdly thought of as ‘high-tech’
indudries, namdy the vehide ldsure and hotd, buildng materids and brewery
indudtries.

The second characteridtic is that the new new entrants — represented here by WorldCom,
Qwes, Leve 3, and Globd Crossng — ae even less R&D-intengve then the incumbents,
doing virtudly no inrhouse R&D. The reason, as dready mentioned in this chapter, is
that the new new entrants have made the drategic decison to outsource dmog dl of ther
R&D requirements to the specidid technology supplie's.  The ressoning given by
Energis, one of the mgor new new entrant rivals to BT in the UK, for not doing its own
R&D istypicd for dl the new new entrants

“Energis policy is not to undertake dgnificat research and development, but to
utilise technology developed by its suppliers and, as a rexult, Energis has spent an
immateria amount on research and development...”

As a aubditute for its own intend R&D Energis has forged a highly satisfactory
relationship with Nortd as its main technology supglier, a rddionship tha has dso
involved the subcontracting of specific R&D projects®®  Similaly, Qwest, the US new
new entrant that in 1999 acquired the smdlest of the Baby Bdls US Wed, dso
undertakes virtudly no internd R&D. In its 1998 Annud Report Qwest dates that its
“R&D cogts incurred in the norma course of busness are ...$27.7 million...in 1998.”
This compares with the company’s tota revenue for 1998 of $2,242.7 million, which
maekes Qwes's R&D expenditure a mere 0.012 percent of totd revenue® As Qwest
fredy admits,

“We built our network with dae-of-the-art technology and through dliances with

companies like Cisco, Nortd and Ascend.  In 1998 we continued to join with the
best in the busness to take the power of network applications to more markets in

new ways with advanced products” 2

The third characteridic is tha R&D-intendve adtivities manly rdaing to the dements
tha go into networks have moved decigvdy into the spedidig technology suppliers,
represented in Exhibit 3 by Cisco, Ericsson, Nortd, Lucent and Nokia These specidist

2L Energis, Global Offering, Form 20-F, p.6.

22 author’sinterview with Mike Grabiner, CEO of Energis, 1999.
23 Qwest, Annual Report, p.33 and 28 respectively.

24 Qwest, Annual Report 1998, p.11.
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technology suppliers are some 3x times as R&D-intendve as the incumbents, AT&T, BT
and NTT. Furthermore, ther R&D-intendty is comparable to that of the pharmaceutica
companies, acknowledged to be amongs the mogt R&D-intengve of dl ssctors. This is
evident from the figures provided in Exhibit 3 for the pharmaceuticd companies Roche,
Glaxo Welcome, and Smithkline Beecham. And tre five specidig technology suppliers
represented in Exhibit 3 represent just the tip of the iceberg. In addition to the other large
telecoms eguipment suppliers - such as Alcatd, Semens, NEC, and Fujitsu - are the huge
number of R&D-intendve medum sized companies tha are supplying advanced
telecoms technologies in numerous niches.

It may be conduded, therefore, that while in the Old Teecoms Indudry the ‘innovative
enginé was located largdly in the centrd research laboratories of the monopoly network
operators, in the New Teecoms Indudtry the ‘R&D engine has moved decisvdy into the
soecidig technology suppliers.  This provides one key indicator of the extent of the
process of verticd specidisation between Layers 1 and 2 (see Exhibit 1) in the New
Tdecoms Indudtry.

A dggnificant word of caution, however, is necessty regading this concluson.  This
aises because it is important not to confuse R&D with innovation.  Hrms with low
R&D-intengty may nevethdess be highly innovetive, and ther innovativeness may leed
to compditiveness and high profitability. One example is MCl's Family and Friends
billing innovation that dlowed the company to offer preferentid taiffs on seved
frequently cdled numbers and gave the company for a while a Sgnificant advantage over
its rivd, AT&T. Although nat fdling under the conventiond dassfication of R&D, this
innovation is indicative of the kinds of advances that may be made tha do not involve
R&D. We shdl return later to the importance of innovation in discusson of the learning
regime in the New Telecoms Indudtry.

Foecialist Technology Suppliers and
Low Technological Barriersto Entry

One pat of the answer to the puzzle of why the new new entrants were able to enter the
Tdecoms Industry 0 rgpidly and 0 successfully is now, in the light of the andyds of the
changing technologicd regime, goparent. Being ade to rdy on highly compeitive
markets for technology supplied by a hogt of rivdrous specidist technology suppliers, the
new new entrant operators have faced extremely low technological barriersto entry.

This dso explains the apparent paradox of firms tha to begin with knew virtudly nothing
about tedecommunications becoming teecoms operaors  Examples incdlude Bernard
Ebbers who was one of the founders of WorldCom but had a background as a footbal
coach and mote operator; COLT (City of London Teecommunications), one of the man
chdlengers to BT in the UK, which was edablished by Fddity, the largest mutud fund
in the US (that earlier had edtablished Teeport, a competitive locd exchange carier in
New York and Bogson that wes laer sold to AT&T); Qwedt, edablished by Philip
Anschutz, a billionare with a background in ranching, oil, and ralroads and
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Mannesmam, Olivetti, and Enags tha came from backgrounds in indudrid
engine=ring, dectronics, and dectricity respectively.

With such low technologicd barriers to entry, the result has been a highly competitive
market for network services (in Layer 2, see Exhibit 1)2° However, the contribution of
gecidid technology suppliers was not confined to the supply of technology. Also
important are the human resources that these suppliers provided, through the operations
of the labour market, to both the original new entrants and the new new entrants.  An
examindion of the backgrounds of the leading executives in the mgor origind new
entrant and new new entrant tdecoms companies reaedily reveds the importance of
recruitment from gpedidis technology suppliers (as wdl as from the incumbents).
Furthermore, there are key examples where specidig technology suppliers, like Nortel
and Ericson, have dso provided thar new new entrant cusomers with finance that in
some cases has played amgor role in fadlitating the growth of these companies.

Also centrd has been the role played by capitd markets. In some cases capitd markets
have interacted with labour markets to support the entry and growth of new entrants, for
example where share option schemes, with the expectation of dgnificant future increases
in shae vaues, have provided an important incentive for people possessng key
knowledge to move from specidist technology suppliers, or incumbents, to new entrants.
Theroleof capitd marketsis anaysed in more detail in a separate section below.

The Learning Regimein the New Teecoms Industry

As noted earlier, the technologicd regime dructures the learning regime. What are the
main learning processes that occur in the New Telecoms Industry?

Learning by Network Operators™®

Exhibit 3 above suggedts that it is necessry, in examining the leaning process in the
New Teecoms Indudry, to didinguish between the R&D-peforming incumbent network
operators — such as AT&T, BT, Deutsche Telecom, France Teecom, and NTT — and the
R&D-less new new entrants such as WorldCom, Qwes, COLT, and Engergis.  In the
former companies the learning process includes activities undertaken in organisationdly-

2 A further important contributor to competition in Layer 2 has been the proliferation of competing
network technologies, atopic that is take up later in the section dealing with different forms of competition
inthe New Telecoms Industry.

26 Attention in this section is confined to those telecoms companies that own and operate their own
networks, that is to the larger companies in Layer 2 (see Exhibit 1). In a very different position are
facilities-less telecoms service providers — such as call-back providers, resellers, or facilities-less Internet
Service Providers. Since these kinds of telecoms companies buy-in the services of network operators their
learning processes are fundamentally different from those of facilities-based telecoms companies. We shall
return to facilities-less telecoms service providers in our discussion below of the layer model for the
Infocommunications Industry shown in Exhibit 7. See TelecomVisions.Com for further details on the
facilities-less service providers.



diginct R&D laboratories, whether they are atached to business units (where the bulk of
the incumbents R&D resources are located) or Stuated in centrd research facilities. In
the latter companies, as we have seen, R&D learning is entirdy outsourced to specidist
technology suppliers and the fruits of this learning bought-in in the form of tangible
asets such as tdecoms eguipment or intangible knowledge such as occurs when
technological adviceisgiven.

However, dl network operators participate in the divison of labour that follows from the
process of vertica soecidisation between Layers 1 and 2 (see Exhibit 1). In paticular,
al network operators are heavily dependent on purchases from specidist technology
suppliers in the form of network-relaed equipment and associaied systems such as hilling
and IT management software.  This dependence is even gregter in the case of the new
new entrants who, as we have seen, do not undertake their own R&D. Nevertheless, snce
dl of the network operators are very dependent on specidist technology suppliers, much
of thar leaning tekes the form of learning to use rather than leaning to produce,
technology.

New New Operators as F4 Firms

A further disinguishing feeture of the new operators, in contragt to the incumbents, is
ther ability to focus on a subsst of market ssgments.  This ability has resulted largely
from the aisence of univesa savice obligaions (even though regulaory regimes
usudly require new operaors to contribute finencidly to universd sarvice).  This hes
meant that new operators have been able to choose paticular market segments — such as
multinationd busness large domedic busness gmdl and medium-sized business, or
reddentid cusomers — and focus thar learning processes on the chosen ssgments.  In
turn, ther focus on particular cusomer ssgments and their absence of universd service
obligations has dlowed the new operators to be smaler than their incumbent competitors.
Smdler employment size, correspondingly, has dlowed new operators to create three
other organisationd ‘Fcharacteridics: flatness, fagness and flexibility. Compared with
the incumbents, the new operators have been adle to avoid hierarchicd, bureaucratic
organisdtions in favour of fla organistions they have been aile to edablish dreamlined
decisonmaking procedures fadlitaing fast decisons and this has given them the dility
to change direction or edablish new directions more quickly then their incumbent
competitors. Together with focus, in short, they have been ble to become ‘F4 Firms..

An example is provided by Energis, the tdecoms subsdiay of the Nationd Grid, the
man dectricty provider in Engand and Wades  Exhibit 4 shows the functiond
employment of Energis, that has become one of the man long-disance compstitors to BT
and more recently has moved into metropolitan area networks and has begun operations
on the European continent.

Exhibit 4. Employment by Function in Energis
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DEPARTMENT/FUNCTION NUMBER PERCENT
Customer Sarvice 138 17%
Executive 6 0.8%
Finance, Property & Legd 123 15%
Human Resources 11 14%
Information Sysems 84 11%
Marketing 48 6%
Network Operations & Engineering 256 32%
Sdes 129 16%
Srategy and Busness Deve opment 3 0.4%
Total 798 100%

Source: HSBC, Global Offering of 60,000,000 Ordinary Shares
At A Price of £16.50 Each In Energis plc January 22" 1999, p.19.

At this sage Energis, which started operations only in 1993, had sdes of around £400
million, had built a nework of 6500 km covering dl the principd busness centres in
Englad, Waes and Northern Irdland, and had dready joined the FTSE 100 (Financid
Times stock exhange index) list of the most vauable companies®”  Leading stock market
andygs etimated that Energis would win 11 percent of the UK market for advanced
telecoms services by 2006. In 1998 Energis dready carried 60 percent of the UK’s totd
Internet traffic.

The Differentiation Dilemma

Although the network operators have benefited greatly from the technology supplied by
the specidig technology suppliers, they have dso had to confront the downsde of this
transaction. By depending on the specidist technology suppliers, who supply ther date-
of-the-art technology to anyone with the ability to pay for it, the network operators have
foregone a possble source of differentigtion from thar competitors namedy improved
products, services and processes brought about by internaly produced technicad change.

This may be referred to as the differentiation dilemma  In short, network operators are
uncble to enjoy the bendfits of better technologies than ther rivds  All have access to
esentialy the same technologies?®

The differentition dilemma is paticularly acute for the new operaiors who, as we have
seen, do virtudly none of thar own R&D.?° The R&D-performing incumbents, on the

27 Energis plc, Interim Report 1999/2000, p.2.

2 Of course, different network operators may choose different technologies. For example, operators
competing in the local access market have the choice of optical fibre, XDSL/copper cable, coaxid cable,
fixed wireless access, cellular mobile, and even satellite. However, other operators have access to exactly
the same technologies.

29 In theory, new operators do have the option of outsourcing R& D to specialist technology suppliers. In
my interviews | have come across cases where the new operator has negotiated temporary privileged access
to the output resulting from outsourced R&D. After the temporary period has ended, however —usualy a
short period of around six months — the specialist technology supplier tends to assume full control over the
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other hand, have a potentid advantage semming from ther in-house R&D capabilities.
However, as we have dso seen, the vast bulk of R&D in the New Telecoms Indudtry is
done by the specidig technology suppliers and this accordingly limits the ability of the
incumbents to achieve dgnificant technologicd advantages from ther inrhouse R&D.
Nevethdess this issue rases the important quesion of whether, over time, the new
entrants will find that they too should be doing their avn internd R&D in order to keep
up in the competitive race.

The dffaetiaion dilemma is a dlemma precissdly because, in the dosence of
differentiation, and with subgtantid new entry fadlitated by low entry baries firms ae
unable to earn scarcity rents.  Accordingly, profit margins will be low. This rases two
key questions How do network operators compete in the New Telecoms Industry? What
characteridtics drive competitiveness?

In some cases a patid solution to the differentigtion dilemma is avalade to a few
network operators. For example, Qwest, as a result of Philip AnschutZ's railway property
rights, was able to acquire important rights-of-way that dlowed the company to secure its
opticd fibre conduits by burying them dongsde ralway lines.  In turn, the scarcity of
these property rights dlowed Qwest to earn substantid economic rents.  More
ecificdly, Qwest has been ddle to earn dSgnificat revenues by sdling some of the
cgpacity on its opticd fibre networks to competitors Frontier, WorldCom, and GTE in the
form of dark fibré® Indeed, Qwest has stated that “the sde of dark fiber [primarily to
these three competitors) has financed more than two-thirds of our overdl [network]
congtruction costs”3!  Similarly, cdluar mobile and fixed wirdess access companies
have benefited from the naturd scarcity of spectrum (to some extent pad for by the
auction price of spectrum). Some competitive locd exchange carriers have dso argued
that permisson to dig up the Sreats and lay cables and the shear difficulties involved in
0 doing, conditute important entry barriers and, faced with competitive sarvice tariffs,
make entry relaively unattractive for late comers.®?

However, even dfter these entry bariers are taken into account, the problem for an
operator atempting to differentiate its products and services remans.  So, how do
network operators compete in the New Telecoms Industry?

In competing with the incumbents the new new operators enjoy a paticular competitive
advantage (that has to be set againg the disadvantages of the new entrant vis-avis the
edeblished incumbent). This advantage sems from the so-cdled legacy networks of the
incumbent, that is the older-generaion technologies that are, inevitably, incorporated in
parts of the incumbent's network. The new new operator, on the other hand, can dart
with a dean date, deploying only the latest, Sate-of-the-art technology. Reading through
the evauations of the new new operators made by the leading sock market andyds it is

technology. In practice, however, there seem to be very few examples where this has given the new
gooerator asignificant technol ogy-based competitive advantage.
That is, unused, or unlit, optical fibre.
31 Qwest, Annual Report 1998, p.13.
32 Authorsinterviews.
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clear that consderable weight has been placed on the technologicd advantage of the new
entrant relaive to the incumbent in cdculating expected future market shae and
eanings®>®  The problem facing the new new operator, however, is that while the latest
technology may provide a competitive advantage againg the incumbent, the window of
opportunity thereby provided is inevitably short-lived: in due course, even newer entrants
will be able to enjoy the benefits of even more recent technologies.

Furthermore, in competing with other new new entrants that have entered a the same
time an operator is unable to rdy on technologicd superiority. In these cases competition
revolves around the attempt to provide superior qudity of service — such as quicker
provisoning time and quicker retoration of disupted service — and superior customer
cae, such as better understanding of cusomer needs and a gregter ability to provide
solutions, on the bass of the same common technology, to cusomer problems  This
competitive process is dmilar to other indudtries where sarvice providers are supplied by
common specidis technology suppliers, such as the arline busness where arlines,
supplied by the same providers of arframes, aero-engines, and in-fligt entertainment
systems, struggle to persuade cusomers thet they are somehow different.

This andyss of the differentistion dilemma, however, rases the puzze of why dock
markets have vaued the shares of new new entrant operators so highly. In turn this poses
the broader quegtion of the role that financd markets have played in the New Teecoms
Indudtry.

TheRoleof Financial M arkets

In this pgper dgnificat weight has been put on the technologicd and learning regimes as
an ‘enginé of evolution in the Telecoms Indudry. However, it is not the only engine
Ancther important engine of change has been financid markets.

Hnandd makets have influenced the evolution of the Tdecoms Indudries in two mgor
ways. Frd, they have fadlitated the entry and initid growth of new entrants, in
paticular the new new entrants.  Secondly, they have fadlitated the ‘re-shuffling of the
capital stock™* that has taken place as both network operators and specidist technology
uppliers with highly vdued shares have used their vauable ‘paper’ (shares) to acquire
the complementary knowledge and tangible assets of other companies By S0 doing,
finandd markets have fadlitated the process of consolidation in the Telecoms Industry

3 For example, in the valuations of Qwest considerable weight has been attached to the company’s
competitive advantage that has followed from its more effective use than AT& T of technologies such as
self-healing SONET (an optical protocol facilitating broadband capacity transmission) ring architectures,
that allow traffic to be routed in two directions thus facilitating a continuity of service in the event of a
break in the optical fibre cable; advanced optical fibre and transmissions technologies that allow for OC-
192 level bandwidth which operates at 10 gigabits providing the highest speeds currently available; and a
2.4 gigabit (OC-48) Internet Protocol architecture that supports the most advanced data communications
services.

34 Thisisaconcept that comes from the Austrian economist, Luwig Lachmann (1978).
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that, in turn, has enabled dynamic increasng returns, economies of scale, and economies
of scopeto be redised.

Fnancid makets have fadlitated the entry and initid growth of new entrants as
investible resources have been made avaladble to the owneas of these companies,
primarily through bond and equity markets. But financid markets have dso aded entry
and initid growth through the eguity vauation process Those new entrants that have
been able to convince financid andyds and investors that they have rdativey atractive
future prospects have been rewarded with gppreciating share values. In turn, gppreciaing
vaues have endbled these new entrants to further tap bond and equity markets on
reesonable terms. Furthermore, as dready noted, by making employee incentive schemes
such as dock options lucrative, financid markets have reinforced the operation of labour
markets, enabling new entrants to attract necessary human resources.

Acquistions have dso been fadlitated by the stock market vauation process®  For
exanple, WorldCom's acquigtion of MCI and Sprint, Vodafones acquidtion of
Airtouch and Mannesmann, Qwest's acquidtion of US Wes, and Globd Crossng's
acquidtion of Frontier were pad for lagdy with shares of the acquiring company.  In
ths way these companies used thar shares, highly vaued by sock markets, as a
‘currency’ with which to finance their acquistions

In Exhibit 5 the market capitdisation of the main US new new entrants is examined and
compared to the incumbents and some of the mgor specidist technology suppliers.

Exhibit 5. Market Capitalisation of Some New New Entrants
and Other Sdected Companies.

NAME RANK MKT VALUE COUNTRY
($bn)
Microsoft 1 407 us
AT&T 7 186 us
Cisco 9 174 VS
NTT 13 157 Japan
M CI-WORLDCOM 14 152 us
Lucent 16 150 us
Deutsche Tdecom 23 115 Germany
BT 26 107 Britan
NTT Docomo 27 106 Japan
SBC Communications 31 100 us
France Teecom 43 80 France

% The high-yield bond market has also played an important role in providing the finance for expanding
telecoms operating companies to extend their networks. One advantage of resorting to bonds rather than
equity in funding expansion is that the dilution of ownership and control can be limited. The bonds,
however, are high-yielding as aresult of the high risk attached to loans to new entrant telecoms operators.
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Tedecom Itdia 58 67 Ity
Nortd Networks 84 50 Canada
QWEST 146 30 us
LEVEL 3 172 27 us
WILLIAMS 204 22 us
GLOBAL CROSSING 244 20 us
NTT Daa 255 19 Japan
GLOBAL 716 6 us
TELESYSTEMS

SOURCE: Business Week, July 12, 1999.

Exhibit 5 shows the remarkable market cgpitdisation of the US new new entrants, shown
in bold, who were only established in the late 1980s and early 1990s. These figures are
for mid-1999 and a this time the new new entrants were together worth gpproximeately
the same as BT.3¢

It is clear, therefore, that the process of stock market vauation of companies has payed a
key role in the Tdecoms Indudry, judifying the induson of finendad markets as one of
the ‘engines driving the evolution of the industry. However, snce sock market
vauation has played such an importat role it is necessary to inquire further into how
these ‘values are determined’

Inventing the VValue of Telecoms Company Shares

In principle, the vaue of a company’s shares is determined by the present discounted
vdue of tha company’'s future earnings  Accordingly, the would-be vauer of a
company’s shares mugt decide on what discount rate to use and on how to determine the
company’s future earnings.  Ignoring the discount rate, atention will focus here on future
eanings and in paticua on the future eanings of the new new entrant network
operators.®®

% These figures are changing almost weekly. For example, they do not reflect WorldCom's acquisition of
Sprint, Vodafone's acquisition of Airtouch and Mannesman, Qwest's acquisition of US West, Gobal
Crossing’s acquisition of Frontier. In March 2000 the market capitalisation of Cisco briefly exceeded that
of Microsoft, hitherto the world’s most valuable company. The figures in Exhibit 5, however, suffice to
make the main point emphasised here, namely the stock market valuation process that has significantly
increased the value of the shares of the new new entrant fixed network operators.

37 The theory of value has played a key role in economic thought from the Greeks through the classical
political economists such as Adam Smith, David Ricardo and Karl Marx to the neoclassical economists
from the late Nineteenth Century. It may well be argued that the ‘valuation’ of telecoms and Internet
shares at the turn of the Twenty First Century adds further relevant material for the debate about the
determinants of ‘value'.

8 The same issues regarding valuation, however, also apply to new Internet companies and other
companiesthat havelittle relevant track record.
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The problem that immediatdy arises in atempting to cdculate the future earnings of the
new new network operaors is one of uncertainty®® For example, uncertainty arises
regarding the ability of the new company to organise and manege its entry and initid
expanson; regarding future market demand and the proportion of the market that the new
company will be ale to address and win; regarding the number and srength of future
competitors, regarding the extent of the threat posed by dternative technologies,
regarding the importance of future subditutable services etc.  Furthermore, to meke
matters worse, the new new entrants, by definition, begin without any track record on
which andyss and investors may base judgments and, in addition, typicdly meke
gonificant losses in their set-up period as a result of the substantid fixed costs involved
in condructing ther networks, cods that ae incurred in advance of compensaing
revenue being generated.

Grgppling with the problem of valuing the shares of a new new operaor, the financid
andys might wedl be forgiven for a feding of bewilderment & the concgpt of the
‘efficient markets hypothess. This hypothess holds that a capitd market is efficent if
“it fully and correctly reflects dl rdevant information in determining security  prices
Formdly, the maket is sad to be effident with respect to some information s, X, if
security prices would be unaffected by revedling that information.”°

The firgd problem the finandal andys may have with this concept is tha ‘information’,
by definition, refers to the pad; it is not possble to have information about the future.
Ye the problem aidng in vauing a new new opaaor's shaes reaes essentidly to
future megnitudes  Secondly, the current information st often yidds contradictory
inferences regarding many of the key vaiables with which the financd andyd is
concerned.  For example, Chris Gent, CEO of the largest globa mobile company,
Voddfone, is adamant in his bdief tha mobile communications will sdze a Sgnificant
pat of the market from fixed communications. Bernard Ebbers CEO of WorldCom,
however, was equally vehement in his rgjection of this belief.**

In short, decisontrmakers in the Tdecoms Indudry often confront what has been termed
‘interpretive  ambiguity’ in atempting to cdculae the implicaions of the current
infformation s,  Interpretive ambiguity may be defined as exiding when the information
st is cgpable of yidding contradictory inferences regarding what will happen.*? Under

39 Many years ago Frank Knight (1921) drew a crucial distinction between risk and uncertainty. In the
case of risk, probability distributions can be calculated on the basis of present data that can reasonably be
expected to be valid for the future. These probability distributions, for example, provide the basis for the
operations of the insurance industry. In the case of uncertainty, however, such probability distributions
cannot be derived. This distinction, unfortunately, is often neglected. As Knight (1921) put it, “a
measurable uncertainty, or ‘risk’ proper...is so far different from an unmeasurable one that it is not in
effect an uncertainty at all. We shall accordingly restrict the term ‘uncertainty’ to cases of the non-
quantitative type.” P.20.
40" Malkid (1987), p.120.
41 Although there was some evidence of a shift in belief when Ebbers acquired Sprint, largely as aresult of
the attraction of that company’ s mobile network.

2 See Fransman (1999). As Knight (1921) noted, “we do not react to the past stimulus, but to the ‘image’
of a future state of affairs.... We perceive the world before we react to it, and we react, not to what we
perceive, but alwaysto what weinfer.” p. 201.

27



such drcumgtances the decisonmaker smply has no dterndive but to condruct his or
her own ‘vison' of wha will happen in the future, based on persond bdiefs and
expectations. Rather than being able to bask in the sunshine provided by the notion that
the markets (of which she or he is an organic pat) are ‘fully and correctly reflecting dl
information’, however, the finandd andys will dso be uncomfortably aware of the
posshility of ‘vison falure, that is of being wrong.

So how does the financid andyst proceed in the light of this incomplete information and
interpretive ambiguity?®  The answer, as a reading of the company reports of the leading
tdecoms finendd andyds readily shows is that the andys ‘invents the key
assumptions thet drive the caculaions of future cash flows and earnings  There is little
pretence in these reports that the ‘inventions that the andyst makes ‘fully and correctly
reflect dl information’. Raher the language of the andys usudly dlsarmlngly betrays
the discomfort that all decision makers fed under conditions of interpretive ambiguity.**

But it mugt be sad tha the drength of this whole vaduation processes lies, not in its
objectivity, but in the fact that the ‘visons that guide this invention process, and the
beliefs and expectations that undelie these visons ae made explicit and therefore are
ubject to the possbility of disagreement on the part of those with different visons In

43 Note that the problem here is not Herbert Simon’s problem of ‘bounded rationality’ resulting from
excessive information which is greater than the ability of the human mind to process that information.
Simon (1957) defines bounded rationality in the following way: “the capacity of the human mind for
formulating and solving complex problems is very small conpared with the size of the problems whose
solution is required for objectively rational behavior in the real world — or even for a reasonable
approximation to such objective rationality.” (p.198) The problem being dealt with here is not that the
‘capacity’ of the human mind is ‘very small’ relaive to the large amount of information that must be
processed. Rather, the problem stems from the fact that the information set yields interpretive ambiguity in
the sense that it yields contradictory inferences. Under these circumstances, different ‘rational’ people may
well arrive at contradictory conclusions regarding what to infer and therefore how to act.
44 The following quotations are typical. They come from financial analysts in the research department of
one of the bestknown financial companies in a valuation of one of Europe's best-performing new new
entrants:
“We are using a five-year DCF [discounted cash flow] model...in order to vaue [X]. Quite
obvioudy, given [X's] relative immaturity, it is impossible to value the company using
conventional earnings ratios such as price/earnings, price/earnings relative, EPS [earnings per
share] growth and even firm value (market capitalisation plus net debt)/EBITDA [earnings before
interest, tax, depreciation, and amortisation].”
“We are using a discount rate of 14%....At present we have assumed that further finance is
provided through debt. It is entirely possible that the company could choose to issue equity, but
we have more confidence in our ability to predict future interest rates than to predict at what price
future equity could be sold. Thisdoes, of course, mean that interest expense could be overstated.”
“We are using a termina EBITDA multiple of 10 [in order to calculate the fina share price as a
multiple of the EBITDA]. Such a multiple suggests substantial growth in EBITDA and EPS even
after 2003. We believe (to the best of our ability to predict what will happen in 2004 and beyond)
that [X] will be incressing EBITDA a 12%-15% and EPS a 15%-20% post2003. We believe
that 10x terminal multiple is reasonable relative to growth profiles, the size of [X's] opportunity,
its network/technology advantages (fibre, SDH) and [X’s] EPS/EBITDA growth post2003.”
Nonetheless, we realise the inherent volatility and uncertainty in attempting such a valuation and
we have tried to perform severa crosschecks in order to validate our assumptions and
methodology, including sensitivity analysis of multiple and discount rates.”
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this way the conditions are created for ‘a thousand flowers blooming, a thousand thoughts
contending — dl in dl a ressondble way of deding with conditions of interpretive
ambiguity.

Stock market vauaion, however, involves more than the attempted prediction of future
eanings It dso involves the atempted caculation of how other investors will resct to
the same ambiguous set of information. In effect, therefore, there are two evadudion
quedtions that are being tackled. Firs, what do we, the decison-mekers, expect the
future earnings of the company will be? Secondly, what do we think other decison-
mekers (eg. finanda anaysts and investors) will say and do regarding the company?

Given intepretive  ambiguity/incomplete  information, these two quedions ae
independent of each other. For example, | may bdieve tha a company does not have
good rddive prospects but ill buy its shares because | bdieve that sufficient others will
disagree and will buy the shares in the future In this way ‘drcular expectations, thet is
expectations of other peoples expectations, may enter into the vauation process even
when the link between the expectations and the supporting information is tenuous.  Under
these conditions ‘fashion’, rather than ‘information’, may drive share prices. It is this
kind of vaduation process that has driven the maket vaue of many Internet Sart-ups
aound the world. However, tenuous as these stock market vaues may at times be, they
have had a dgnificant impact on ‘red’ vaidbles and therefore on the evolution of the
Tdecoms Indudtry.

An important further factor that has influenced the rgpid gopreciation in the share vaues
of many tdecoms companies has been the ‘exploson in demand for daa
communications as a result of the globd adoption of the Internet. However, here too the
invention of beliefs and visons has played a role This is mog goparet in the paudity of
accounts thet couple the explodon in demand with the accompanying exploson in
supply®™ and andyse the combined effects A further key variable is the price dadticity
of demand since a fdl in the price of daa carying capacity as a result of the combined
effects of the demand and supply of cgpacity may nonethdess, if the price dadticity is
high enough, be accompanied by an increase in the totd revenue of dl the sHlers of
cgpadty. An additiond issue crudd in the vauation of individud company shares is
how successful a company will be in winning its share of the increased totd market
revenue. Thesefactors, however, are sedom introduced explicitly into the vauations.

4 For example, in a public talk in 1999 a representative of WorldCom stated that “the lack of available
bandwidth is one of the key factors driving WorldCom's business strategy”. However, at the same
conference it was stated by another speaker that the carrying-capacity of optical fiber is doubling each 12
months and the carrying-capacity of wireless channels doubling every 9 months. (Moore's Law,
established by Gordon Moore of Intel in 1965, states that the transistor density on a manufactured die will
double each year.) By 1999 Lucent’'s Bell Labs had succeeded in sending 1.6 trillion bits, or terabits, of
information through a single fiber by using the dense wavelength division multiplexing technique. Thisis
enough for 25 million conversations or 200,000 video signals simultaneously and one cable may contain a
dozen or more such fibres. Of course, significant uncertainty attaches to the future demand and supply of
communications carrying capacity and to the future price elasticity of demand. Interpretive ambiguity is,
therefore, a significant problem inthisarea.



THE INTERNET ASA NEW PARADIGM AND THE
BIRTH OF THE INFOCOMMUNICATIONSINDUSTRY

In the early 1990s the Internet emerged as a commercid force, cregting an dternative
way of ddivering the same or Smilar sarvices to those provided over the conventiond
arcuit-switched tdecoms networks and, in addition, a host of new sarvices But the
Internet was far more than just an dternative platform; it was nothing less than a radicaly
new paadigm in the aea of both informaion and communications, changing
fundamentdly the way in which people would think of problems and solutions in this
fidd. Furthermore, by inserting itsdf into the very fabric of the Teecoms Indudry, the
Internet brought about the metamorphosis of this industry into what will be termed here
the Infocommunications Indudry. In this section the emergence of the Internet and its
impact on the Telecoms Industry will be examined.

The Emergence of the I nternet*
In Exhibit 6 the main landmarks of the Internet are shown.

Exhibit 6. Landmarksin the Evolution
Of the Inter net

DATE EVENT
1950s | 1958 — ARPA founded in response to Sputnik.
1060s | Early 1960s — Packetswitching invented independently by Paul Baran, Rand
Corporation in the US, and Dondld Davies, Nationa Physca Laboratory, UK,
based on the notion of ‘message switching’ that went back to the postal and
telegraph systems.
1962 — ARPA’s Information Processing Techniques Office (IPTO) founded.
1967 — ARPANET project started.
1970s | 1972 — ARPANET demondrated at the First International Conference on
Computer Communications (ICCC).

- Hrst commercid packet-switching network introduced.

- E-mal gartsto be widely adopted.
1973 — Robert Kahn gpproaches Vinton Cerf to develop a system for
Internetworking and they outline the basic Internet architecture.
1974 — Initid versgon of TCP (Transmission Control Protocol) specified.

- AT&T declinesto take over operation of ARPANET.
1975 — Ethernet created by Robert Metcalfe.
1977 — ARPANET demongtrates its first multinetwork connection, connecting the
networks ARPANET, PRNET, and SATNET.
1978 — IP (Internet Protocol) established.
1990s | 1990 — Hrs incarnation of the World Wide Wen, cregted by Tim Berners Lee,

% This section draws heavily on the account of the evolution of packet switching given by Lawrence
Roberts, who joined ARPA in January 1967 and managed its computer research programmes - see Roberts
(1978) - and on Janet Abbate's (1999) excdlent Inventing the Internet. See aso Norberg and O'Nelll
(199).



Robet Calliau and others a CERN, Switzerland.

1993 — Marc Andreesen and team develop improved Web browser, Mosaic.
1994 — Andreesen and team set up commercia verson of Maosaic, Netscape.
1995 — On May 26, 1995 Bill Gatesissues memo, ‘ The Internet Tidd Wave', that
acknowledges that Microsoft will have to adapt dl its systems to the Internet.

ARPA and Time Shared Computing

The inditution that gave birth to the nework that was eventudly to evolve into the
Internet was ARPA (the Advanced Research Projects Agency) that was established in
1958 in the US in reponse to the Russan launch of Sputnik. From 1962 to 1964 ARPA,
under JC.R. Licklider, encouraged through its funding the deveopment of time-sharing
computer sysems a leading universties and government-funded research laboratories in
the US. “One of Licklider's grong interests was to link these time-shared computers
together through a widespread computer network.”#”  This interest was motivated by the
high cog of time-share computers and the desre to meke more effident use of this
resource. Licklider's interes and the condderable ressarch funding controlled by ARPA
and its Information Processng Techniques Office (IPTO), edablished in 1962 to further
advanced research in computing, sarved to simulate discusson and debate around the
question of how to condruct computer networks to fadlitate interactive computing
between time-shared computers.

Clealy, if time-shared computers were to be linked, a communications sysem would be
needed in order to fadilitate the flows of data between the mainfrane computers®®  This
in turn, raised the question of what kind of communications system would be suitable.

Circuit-Switching Versus Packet-Saitching

The obvious way to link digant time-shared computers was through leased telephone
lines. However, the cos of usng these leased lines was high. Apat from AT&T's
monopoly over leased lines, a mgor determinant of the high cost was the technology thet
was used, namdy a preallocation technique cdled circuit-saitching according to which
a fixed bandwidth is pre-dlocated for the duration of the connection. While this
technique was fairly wdl-suited for the transmisson of voice cdls, it was not paticularly
wdl-adapted for the transmisson of interactive data traffic that occurs in short burgts and
that can result in as much as 90 percent of the pre-dlocated bandwidth being wasted.
This in tun, rased the quedtion of whether there were any more cod-effective
dterndives.

It had long been redised that an dterndive to pre-dlocatiion exiged in the dynamic-
allocation of trangmisson bandwidth. This method hed traditiondly been used in poda

47" Roberts (1978), p.1308.
48 As Roberts put it, “the interest in creating a new communications system grew out of the development of

time-sharing and Licklider’' s special interest in the 1964-65 period.” (p.1308)
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mail sysems and the tdegrgph. The method involved collecting and Soring messages a
a node in the network and then, when sufficient messages had been accumulated, sending
the messages in bulk on to the next node in the network. This made better use of
tranamisson cgpacity compared to the pre-dlocation technique that was wagteful ance it
allocated capacity even when no messages were being trangmitted. The problem with
dynamic dlocation, however, was tha many sorting and routing decisons had to be
meade by human operators and this entalled a high cost in using this technique.

The advent of rddivey inexpendgve computers, however, crested the posshility of
removing this obdacle to dynamic dlocation. It is here that the computer revolution, and
the linked revolutions in computer storage and processng, enters the dory of the
evolution of the Internet. In 1965, the time when discussons were being hed regarding
an goproprite  communications system  for linking time-shared computers, DEC
introduced its PDP-8 minicomputer that would dradicdly reduce computing codts
compared to the mainframes that then dominated. This computer revolution gave a new
bresth of life to dynamic dlocation. In the words of Roberts The “economic tradeoff
[between pre-dlocation/circuit switching and dynamic dlocation/packet  switching] is
ample if lines are chegp, use drcuit switching; if computing is chegp, use packet
switching.” (p.1307) However, Roberts aso noted that this trade off, recognisable with
hindsght, was by no means acknowledged a the time “Although today this seems
obvious, before packet switching had been demondrated technicdly and proven
economicd, the tradeoff was never recognized, let done andyzed.” (p.1307)

The dternative of dynamic dlocation/packet-switching as an gppropriate technology for
the communications sygem linking time-shared computers, however, did not emerge
only a a theordticd posshbility, based on od postd and tdegrgogh sysems
Coincidentdly, ressach in this aea had been undertaken independently by two
researchers, one in the US and one in the UK. It was ther research, and the feashilities
that it demondrated, rather then the purdy theoretica superiority of dynamic dlocation,
that paved the way for the adoption of packet-switching as the bass for the
communicaions system chosen for ARPANET, the network that would be congtructed to
link the time-shared computersin ARPA’s computer research programmes.

At the Rand Corporation, Paul Baran in the early 1960s did research for the US Air Force
on a militay communicaions sysem for data and voice. “The Air Force's primary god
was to produce a totdly survivable sysem that contained no criticadl centrd
components”®®  The injunction againgt centrdlised control of the system followed from
the dedre to meke the sydem less vulnerable (e ‘survivable) to Russan atack.
Baan's research, published in Augus 1964, proposed a fully decentrdised (i.e
digributed) communications system bassd on packet switching/dynamic  dlocation.
However, his “report sat largdy ignored for many years until packet switching was re-
discovered and applied by others”°

49 Roberts (1978), p.1308.
%0 Roberts (1978), p.1308.
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In the UK in the early 1960s a the government-funded Nationd Physca Laboraory,
Dondd Davies was dso devdoping a communications sysem bassd on packet-
switching/dynamic  dlocation designed for interactive computing®®  In autumn 1965
Davies sponsored a conference reporting on his results that was atended by Lawrence
Robats (who would join ARPA in Januay 1967 and assume management of its
computer research programmes) and others from MIT. It was a this conference tha
Roberts and his colleegues decided that dynamic dlocation should be used in the
ARPANET. “Almogt immediatdy dfter the 1965 meeting, Donadd Davies concelved of
the detals of a dore-and-forward packet switching sysem, and in a June 1966
description of his proposa coined the term ‘packet’ to describe the 128-byte blocks being
moved around ingde the network. Davies circulated his proposed network design
throughout the UK in late 1965 and 1966. It was only dfter this didribution thet he
discovered Paul Baran's 1964 report.”>?

Communications Engineers Versus Computer Professionals

However, wha was obvious to some of the key computer scientigs in the Naiond
Physcd Laboratory and the ARPA computer research programme was by no means
obvious to those in the tdecoms indusry whose ‘visons, and the bdiefs and
interpretations they embodied, had little room for a reverson to what they disparagingly
saw as outdated dynamic alocation techniques. In the words of Lawrence Roberts:

“In the early 1960s, predlocation [i.e. circuit-switching] was 0 dearly the proven
and accepted technique that no communications engineer ever  serioudy
conddered reverting to what was condgdered an obsolete technique, dynamic
dlocation.  Such techniques had been proven both uneconomic and unresponsve
20-80 years previoudy, so why recondder them? The very fact that no grest
technological breskthrough was required to implement packet switching was
another factor weighing againgt its acogptance by the engineering community.”

It was only from a group of outdders, with a fundamentdly different garting point, set of
problems, and st of bdiefs and interpretations, that a new dternative technology, based
on dynamic dlocation, could emerge:

“Wha was required was the totd re-evauation of the performance and economics
of dynamic-dlocation sysems, and ther goplication to an entirdy different task.
Thus, it remaned for outsdes to the communications indudry, computer
professonds, to develop packet switching in response to a problem for which
they needed a better answer: communicating data to and from computers.”>3

1 Abbate (1999), p.23.

2 Roberts (1978), p.1308. According to Abbate (1999) it was in March, 1966 that Davies first presented
his ideal publicly to an audience of computing, telecoms, and military people and a man from the British
Ministry of Defence gave him the surprising news about Baran’s 1964 report (p.27).

%3 Roberts (1978), p. 1307.



In evduating Robetss evduaion of the regective role played by ‘computer
professonds and ‘communications engineas it is worth being reminded of the research
agenda that exiged a the time in the fidd of tdecoms switching. In the mid-1950s the
fird dectronic gpace-divison switching research programme incorporating  stored
progam control (SPC) was introduced ly Bl Laboratories. This resulted in the fird trid
dectronic SPC switch in 1960 and the firg commercid switch, AT&T's No.1 ESS in
1965.

But no sooner were the firg eectronic gpace-divison switches being introduced than they
were in the process of being diglaced by the next generation of centrd office switches
nandy by time-divison digitd switches  Although the fird research on time-divison
switching went back to the work of Reeves in 1938 and Deoraine in 1945, it was only in
1959 that the Essex Project in Bel Labs demondraied the feeshility of time-divison
switching.  This was followed by the devdopment of pulse-code modulation (PCM)
trangmisson sysems in the early 1960s and the beginning of research in Bel Labs on
AT&T's fird digitd switch, the No4 ESS, the firg laboratory modd of which was
introduced in November 1972. In 1976 Northen Tedecom (now Nortd) began
devdopment of its firda rdaivdy gmdl digitd switch, the DMS  which weas
commissoned in 1977, about four years earlier than AT&T's equivaent switch, the No.5
ESS, tha was introduced in 1982. As this brief account mekes clear, therefore, the
tdecoms enginegring community were very much focused on the devdopment of
electronic goace-divigon switching, and then time-divison digitd switching, both within
the broader context of circuit-switching, & the time thet the debates were occurring in the
ARPA community about the feashility of gacket-smitdwing for the communications
system that would connect time- shared computers>*

In October 1972, the first packet switched network was publicly demondrated at the first
medting of the International Conference on Computer Communications (ICCC) in
Washington, DC when a complete ARPANET node was indaled in the conference hotel
with about 40 active terminds permitting access to dozens of computers in various parts
of the US. This provided proof that packet switching could redly work and managed to
convince many working in the networking fidd. However, some 4ill remaned to be
persuaded. According to Roberts, in an article published in 1978,

“AT&T evidenced even less interest in packet switching than many of the PTT's
in other countries. AT&T and its research organizetion, Bdl Laboraories, have
never to my knowledge published any reseerch on packet switching. ARPA
agoproached AT&T in the early 1970s to see if AT&T would be interested in
taking over the ARPANET and offering a public packet switched services but
AT&T dedlined.”®®

> This discussion on telecoms switching comes from Fransman (1995), Chapter 3, specificaly from Fig.
3.1, p.47, and Fig. 3.3, p.50. Seeaso Chapuisand Joel (1990).
%5 Roberts (1978), p.1310. See Abbate (1999), p.137 for further discussion.
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The Internet Protocol

It was in this way that a new communications paradigm was born based on packet-
switching and offering a radicdly new gpproach to the communication of both data and
voice®®.  In 1968 virtudly dl interactive daa communication networks were dircuit-
switched. By 1978, however, virtudly dl new daa networks being built throughout the
world were based on packet-switching, a remarkeble rate of diffuson for a redicaly new
technology.>’

In the spring of 1973 ARPA ressarchers Robert Kahn and Vinton Cerf got together ©
consider how to interconnect dissimilar networks®®  This led eventudly to TCPIP. As
shown in Exhibit 7, in 1974 the initid verson of TCP (Trangmisson Control Protocol)
was Soecified. In 1978, “They proposed splitting the TCP protocol into two separate
parts. a hogt-to-hogt protocol (TCP) and an internetwork protocol (IP)....IP would amply
pass individua packets between machines (from host to packet switch, or between packet
switches); TCP would be responsble for ordering these packets into rdiable connections
between hosts”®® In this way, the transfer of packets across different networks, using
different technologies, was facilitated.

The Proliferation of the Internet

When did the redisation firg dawn that the Internet has become a Schumpeterian tidal
wave of cregtion-dedtruction? One way to tackle this question is to examine the reactions
of Vinton Cef, often referred to as one of the fathers of the Internet, who, as noted
ealier, co-wrote the Internet Protocol (IP) with Robet Kahn and made mgor
contributions to the Transmisson Control Protocol (TCP). Cef has sad tha in 1977 he
“Assumed that [ARPANET] was a research project that would probably never get bigger
than 128 networks”®® By 1996 the Internet was a network of some 50,000 networks.

When did Ceaf firg redise that the innovations tha he and his co-workers made would
form the bess for a fundamentd shift in the way in which we think of information and
communications? The answver is between 1989 and 1991 as Caf makes dea:

%6 Roberts's prediction in 1978 regarding voice communications by packet-switching are apropos: “The
economic advantage of dynamic-allocation over pre-allocation will soon become so fundamental and clear
in all areas of communications, including voice, that it is not hard to project (predict?) the same radical
transition of technology will occur in voice communications as has occurred in data communications....the
obvious solution would be an integrated packet switching network that provides both voice and data
services....Given the huge fixed investment in voice equipment in place today, the transition to voice
[packet] switching may be considerably slower and more difficult. There is no way, however, to stop it
from happening.” (p.1312) In 1995, an Isradi-owned startup, based in Silicon Valley, Vocaltech,
introduced the first software allowing for voice over the Internet.

>" Roberts (1978), p.1307.

%8 See Abbate (1999), Chapter 4, From ARPANET to Internet.

%9 Abbate (1999), p.130.

€0 This and the following quotations from Vinton Cerf come from Cerf (1996).
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“We now know tha the lift-off point for exponentid growth [in the Internet]
came around 1988, though it wasn't obvious & the time. | certainly didn't sense it
in the early days of research, 22 years ago. But | remember vividly waking into a
trade show in 1989, one of the InerOp shows in San Jose, and looking & the
booths, and this was the firg time that | had seen redly expensve booths being
put up. It was obvious that the vendors were spending very sgnificant dollars and
that there was something serious going on.  And then the second epiphany, if you
can cdl it that, came a couple of years later when the fird commercid sarvice
companies darted to show up. This redly confirmed my increesng expectation
that thiswasturning into a seriousbusiness.”

And how did he fed when he redised wha was happening? “My fird reaction was
something like, ‘Holy Shit'.”

In 1990, as shown in Exhibit 7, the firg incarnation of the World Wide Web emerged,
cregted by Tim Berners Lee, Robet Calliau and others a CERN, the particle-physics
research establishment in Switzerland.  In January 1993 Mosaic was introduced, the firgt
World Wide Web browser, based on ressarch done a the Universty of Illinois.  In April
1994 Mosac Communications was edablished, a firm that soon became Netscgpe
Communications Corp. that was floated on the stock exchange on August 8, 1995 (the
sharesincreasing in vaue on the first day from $28 to $58).

There is evidence that Bill Gates began to undersand the implications of the Internet only
in 1995. Although Gates and Microsoft were immersed in the development and shipping
date of Windows 95 (eventudly reeased on August 24, 1995) and until mid-1995 did not
pay too much dtention to the Internet, Gaes vison of the future of computing and
Microsoft had come to encompass the importance of networked computing.  On October
6, 1994 Gates wrote a memorandum titled “Sea Change’ that speled out plans for
networked computing by Microsoft. Earlier, in May 1993, Gates had gpproved work on
Marvd, an online sarvice that would be offered by Microsoft (and later became MSN).
Marvel, however, was not intended to be Internet-competible.

Until ealy to mid-1995, however, it is cear that Gaes saw Microsoft as the dog of
networked computing and the Internet, & bed, as a rather inggnificant tal. In Gates
own words.

“I wouldn't say it was dear [a this time] that [the Internet] was going to explode

over the next couple of years. If you'd asked me then if mog TV ads will have
URLS [Web addresses] in them, | would have laughed.”®*

By the automn of 1995 however, some 20 million people were accessing the Internet
without usng Microsoft's software and on May 23, 1995 Sun's Java software language

was officdly rdessad which, being platform-independent, further threstened to by-pass
Microsoft's sysems. By the later date, however, the darm bdls that had for some time

been ringing ingde Microsoft (in the form of severd younger d&ff, more in touch with

61 BusinessWeek, July 15, 1996, pp 38-44.



the rapidy growing adoption of Internet technologies, paticulaly on American
campuses) were heard by Gates and the rest of the leedership. On May 26, 1995 Gates

issued a memorandum, “The Internet Tidd Wave', that findly confirmed his converson
to the view thet the Internet had become the dog, with Microsoft, after dl, only itstalil.

The Birth of the Infocommunications Industry

How hes the Interngt changed the Tdecoms Indudry and trandormed it into the
Infocommunications Indusry? The Internet hes had four mgor effects on the Telecoms
Indudry thet together have fundamentaly changed this indudry. Exhibit 7 shows in the
form of a layer modd the man features of the Infocommunications Indugtry (which may
be contrasted with the features of the Old Telecoms Industry, shown in Exhibit 1).

Exhibit 7. The Infocommunications |ndustry:

A Layer Mode
LAYER ACTIVITY EXAMPLE COMPANIES
VI Customers -
Applications Layer, including contents
\ packaging Bloombergs, Reuters, AOL -
(e.g. Web design, on-lineinformation TimeWarner, MSN,
services, broadcasting services, etc) Newscorp, etc
Navigation & Middleware Layer
AV (e.0. browsers, portals, search engines, Y ahoo, Netscape, etc
directory assistance, security, electronic
payment, etc)
[l Connectivity Layer [APsand 1SPs
(e.g. Internet access, Web hogting)
IPINTERFACE
Network Layer AT&T, BT, NTT, WorldCom,
I (e.g. optical fiber network, DSL local Qwes, Calt, Energis, etc

network, radio access network, Ethernet,
framerelay, ISDN, ATM, etc)

Equipment & Software Layer
I (e.0. switches, transmission equipment, Nortel, Lucent, Cisco, Nokia,
routers, servers, CPE, billing software etc) etc

Fird, the Internet has edablished that packet-switching and the IP (Internet Protocol)
networks in which it is embodied conditute a superior technology compared with circuit
switched technologies, not only for data but dso, as Lawrence Roberts correctly foresaw
a least by 1978 (see above), for voice. Indeed, to go even further, the Internet has
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crested a fundamentdly new paradigm for the underdanding of information and
communications problems and solutions.

Secondly, as shown in Exhibit 7, TCP/IP has created a bridge, facilitating easy and chegp
interoperability across radicdly different networks usng radicdly different technologies.
Kavasdis Lee and Baley (199xx) have explaned the importance of the TCPIP
interface udng the andogy of contanerisaion in the Trangport Industry.  Pre-
containerisation, high codts were involved in moving goods between different transport
networks such as road, ral, ship, and ar. The advent of containerisation, however,
feclitsted a smooth interface between these networks incressng the degree of
interoperability between them and ggnificatly lowering the cos of interoperability.
Likewise, TCP/IP has fadlitated the trander of bits across the different networks,
embodying sgnificantly different technologies, of the Network Layer (Layer II).

TCP/IP has produced severd important conseguences:
Easy and chegp communications is possible globdly across a huge number of
interconnected networks
...which has given greater effect to globa Sandardisation based around the
Internet protocols and practices
...which has cregted a globa knowledge-base, fadlitaing the credtion of
further knowledge (aswill be discussed in more detall below)

and competition between networks, technologies and services has been greatly
increased.

Thirdly, TCPIP has provided a plaform for three largdy new layers of services, as
shown in Exhibit 7. Not only this it has created the posshility for the emergence of a
new indudrid category of facilitiesless service providers specidised in one or more of
the savice layars who ae ddle to provide savices udng this platform while ignoring
what dse goes on in the network layer, Layer 2. In turn, this has created new potentid
for the Infocommunications Industry to become vertically-specialised like the computer
industry did from the 1980s%? For example, in Layer 3 the function of connectivity is
provided and with it new services, such as Internet access and Web hogting.  In Layer 4
the function of navigation is provided and navigationd sysems such as browsars portds,
and search engines. Layer 4 dso contains the ‘middleware that, Stting on tp of Layers
1 to 3, provides the software that facilitates the applications in Layer 5, for example
software sysems that provide security (such as fire wals) and fadilitate dectronic
paymert.

The fourth way in which the Internet has changed the Tedecams Indudry is through the
integration of the Computer Indudry that it hes fadlitated, hence judifying the
nomendature, the Infocommunications Indugstry. As shown in Exhibit 7, computer
hardware and software and computer networks fit into the Infocommunications Industry
in dl the layers. For example, Layer 1 contains computers such as routers and servers

62 Whether the Infocommunications Industry will become more vertically specialised, to what extent and
when, and what the implications are for incumbents, new operators and speciaist facilities-less service
providers, are key questions the causes and implications of which are addressed in TelecomVisions.Com.
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and software systems such as hilling software. The Internet, as a ‘network of networks,
is an integral pat of the Network Layer, Layer 2. All the sarvices provided in the
savice layers, Layers 3 to 5, depend on computer hardware and software. At the same
time, dements of both the Old and the New Tedecoms Industry have dso been integrated
into the layers of the Infocommunications Indudry, paticulaly in Layers 1 and 2. From
the perspective of the layer modd of the Infocommunications Indudtry, therefore it is
possible to give a specific meaning to the widdy used (perhaps over-used) concept of
‘convergence between computing and teecommunicetions.

To condude, the Internet that emerged from the atempts to link time-shared computers,
an event tha intidly was remote to the Tdecoms Indudry, has fundamentaly
trandormed  this indudry, turning it into the Infocommunications Indudry. How the
Infocommunications Indudry itsdf will evolve in the future is the key quedion that is

tackled in TdecomVidons.Com.

The Technological and Learning Regimesin the
I nfocommunications Industry

The innovation sydem in the Infocommunicaions Industry has dso undergone a
fundamentd trandformation. Some of the important changes are shown in Exhibit 8 that
contrests the innovation sysems in the Old Teecoms Indudry, shown earlier in Exhibit
2, and the Infocommunications Indudtry.

Exhibit 8. TheInnovation Sysemsin the Infocommunications Industry
and the Old Teecoms Industry

INFO'COMSINDUSTRY OLD TELECOMSINDUSTRY
Open innovation sysem Closad innovation sysem
Low entry barriers High entry barriers
Many innovators Few Innovators
Common knowledge base Fragmented knowledge base
High- powered incentives Mediumpowered incentives
Rapid, concurrent, innovation; Sow, ssquentid, innovation:
New forms of innovation (eg. Research — prototype — trids - cutover
concurrent co-operative innovation
by remote innovators)

As is goparent from Exhibit 8, the innovaion sysem in the Infocommunications Industry
differs fundamentdly from that which exiged in the Old Tdecoms Indudry. To begin
with, in the Infocommunications Indudry the innovetion system is open in the sense that
virtudly anyone can cregte innovations within the indudry. In maked contradt, in the
Old Tdecoms Indudry the innovaion process was open only to the monopoly network



operator and its favoured suppliers.  The bariers to entry into the innovation system (i.e.
the baries condraning individuds or firms from becoming innovators) in the
Infocommunications Indudry are low. Entry is greatly fadlitated by the fact that there is
widesoread common knowledge of the man operating systems, software languages and
protocols that are used in the various layers of the indusry. This common knowledge is
largely the result of globdised de facto dandardistion (eg. TCP/IP, html [hypertext
markup language]l, or WAP [wirdess gpplication protocol]). In the Old Tdecoms
Indugtry, as noted earlier, many standards and practices differed markedly from country
to country, resulting in a fragmented knowledge base.  The increasng importance of
software, together with the common knowledge base, and the rddively low cost of
producing many software applications has meant tha there are a large number of
software innovators in the Infocommunications Industry. %3

Furthermore, in this indudry there are high-powered incentives to innovate.  Internet-
rdaed innovaions have a paticulaly lage potentid globd maket and successul
innovations may be extremdy richly rewarded. With so many innoveators competing with
each other the rate of innovation is much fagter than it was in the Old Telecoms Indudtry.
In addition, the very nature of packet-switched networks has facilitated concurrent, rether
than sequentid, innovaion. In the Old Tdecoms Indudry a laborious process of trids
was hecessary  before new equipment could be introduced into the network. If equipment
in a drcuit-switched network fails, the service on that network is disrupted. It was for
this reason that exceptiondly high rdiability was a necessay reguirement in the Old
Tedecoms Indugtry and, accordingly, equipment had to be exhaudively tesed. However,
in a packet-switched network the fact that packets can be routed in many dternaive ways
adds greater robusness to the network and means that many kinds of equipment and
software can be tested on-line a a far exlier gage in the development process than was
possiblein the Old Telecoms Industry. Thistoo has speeded up the innovation process.

In the Infocommunications Indusry new forms of innovetion have been created usng the
Internet as a ubiquitous platform for innovation. One dgnificant example is the
concurrent co-operative development of the UNIX-based operaing system, Linux, by a
large number of remotdy located co-innovators who do not even know eech other and
have no visble hand of co-ordination. The man features of this remarkable new process
of innovation are ummarisad in Exhibit 9.

83 For the example of innovatorsin the field of live video over the Internet, see Fransman (2000).
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Exhibit 9. Co-operative Innovation by Remotey L ocated Innovators.
The Case of Linux

PRODUCT UNIX-based operating system
FOUNDER Linus Torvads, Finnish, began as universty
project in 1991
COMPETITORS | Microsoft' sWindows NT
PRICE Linux: Free on Internet; $50 on CD

Windows NT: $800
DISTRIBUTION Given away on Internet 1.e. a Public Good,
therefore cannot be bought by Microsoft. Many
users of Linux make their own additionsto the
operating system which they aso put, free, into
the public domain.
FORMAT Linux: Source code — open, expandable by user
Windows NT: Binary code— unintdligible to user
APPLICATIONS | Manly savers

CUSTOMERS Linux: 7 million, induding Netscape, Intd, IBM
Microsoft: 300 million
PERFORMANCE | Linux in 1998 the fourth mogt often inddled
verson of UNIX

MOBILE COMMUNICATIONS

In the late-1990s dvilian cdlular mobile communications took off around the world,
becoming the mog regpidy-growing teecommunications savice  The UK company,
Vodafone, acquired Airtouch of the US in 1999 and Mannesman of Germany in 2000,
becoming the largest globad mobile operator. NTT's mgority-owned mobile subsidiary,
NTT DoCoMo, introduced the firsd mobile Internet access sarvice, i-mode, in February,
1999. By March 2000 the company had atracted 5 million cusomers in Jgpan. Shortly
thereafter, NTT DoCoMo became the most vaduable company on the Tokyo Stock
Exchange and one of the mogt vauable tdecoms companies in the world, even more
vadudble than its parent, NTT. In the late 1990s efforts began to develop a globa
dandard for so-cdled Third Generation mobile, cgpable of providing Internet access a
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Speads of 2 megabit per second compared to the 9.6 kilobit offered by Second Generation
sysems.

I nter pretive Ambiguity and M obile Communications

At the turn of the millenium it ssemed obvious that consumers in many drcumdances

had a drong preference for mobile communications.  Predictions of future penetration
rates — that reeched as much as 50 percent in the most advanced countries — became

commonplace. A decade and a hdf ealier, however, condderable interpretive ambiguity
reigned regarding consumer preferencesin this area, asis clear from Exhibit 10.

Exhibit 10. Interpretive Ambiguity and Mobile Communications

Despite inventing the cdlular mobile sysem, Bel Labs downgrades
1970s-1980s | research on radio communications that it deems to be an inferior
transmission technology.

At thetime of its divestiture a Senior Executive of AT& T expressesthe
1984 company’s view that thereis little future in mobile communications (1).

“When | joined Ericsson in 1984 Radio Communicetions was something

odd happening on the outskirts of Stockholm”, Kurt Hellstrom,
President, Ericsson (2).

Early AT&T asks consultancy company McKinsey how many celular phones
1980s there will be in the world in 2000.

McKinsey's answer: total globa market = 900,000.

In 2000 there are about 400 million mobile phones globaly (and about
180 million PCs) (3).

1992 GSM dlandard agreed by European slandards bodies and firms.

Sam Ginn quits as CEO of Baby Bdl Pacific Tdessto head the

1994 company’s spun-off mobile operations renamed AirTouch. But
AirTouch’s share price languishes.

1997 Demand Tfor maobile telephony explodes globdly.

British Vodafone acquires AirTouch forming the Targest globa mobile
1999 telecoms operator (and acquires Mannesmann in 2000). Players talk of
possibility of mobile replacing fixed communications.

1999 UMTSthird generation maobile Sandard agreed by Europe, Japan & US,
meking high-speed Internet on mobile phones possible.

(1)  Financial Times, February 22, 1999.
(2) Financial Times, duly 26, 1999.
(3) TheEconomist, October 9", 1999.
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Co-evolving Consumer Demand

As Exhibit 10 makes dear, it is inagppropricte to see consumer tastes and preferences as
dways fully formed, with firms responding to the consumer demand thus generated.
Ingtead, there exidts a process of co-evolution, frequently involving subdantid
interpretive  ambiguity, with consumer tastes and preferences, products and sarvices,
technology (and sometimes science), firms, and rdated inditutions, interacting and co-
evolving within the context of the various sdection environments tha sdect and
reinforce some of them while rgecting others.  In some cases indeed, products and
savices ae developed before consumer demand for them exids, with the intention of
cregting the very demand that the product or sarvice is intended to stify. Some times
these efforts succeed, other times they fal. Exhibit 11 depicts four possble evolutionary
paths, with examples from the field of infocommunications.

Exhibit 11. Evolutionary Pathsfor Co-evolving Consumer Demand

OUTCOME
Successful Unsuccessful
Mohbile cdlular - Video-phone
DEVELOPMENT ~ Before communications
large demand i
OF - E-ma
PRODUCT/ After - Many - Video-on
TECHNOLOGY largedemand demand

Mohile cdlular communications, shown in the top left-hand cdl, ae an example of a st
of servicesproducts/technologies that were developed wel in advance of the huge globd
mass demand that would much laer emerge  The concept of cdlula communications
was invented in Bl Laboratories The firg proposa to use cdlular systems in the fied
of mobile communications in order to make mog effident use of the limited goectrum
was put foward in 1947 “and discussed subsequently in a number of internd Bel
Laboratories memoranda  These ideas formed the bads for worldwide cdlular radio.
Thefirst publication was by H.J. Shulte, Jr., and W.A. Corndll [of Bell Labs] in 1960.”%4

Only a decade later, in 1970, the firgd cvilian sandard for modern cdlular teephony
began to be specified in Scandinavia, leading to the Nordic Mobile Teephony (NMT)
dandard that was introduced in 1981. However, dthough demand for cdlular mobile
telephony in Scandinavia exceeded initid expectations, the generd feding, as indicaed
by the datement from Kurt Helsrom, Presdent of Ericsson, in Exhibit 10, was that

&4 Millman (1984), p.235.



mobile communications were not  paticulaly economicdly  Sgnificant. Indeed,
Ericsson’'s mobile divison was vey much the ‘ugly sse’ to the company’s other
divison, based on the company’s digitd centrd office switch, the AXE, used a tha time
for fixed communications The amdl maket for Ericsson’'s equipment in mobile
communications was insuffident to deflect the company from its vison for the 1980s of a
merging of tdecommunications and the paperless office, a vison that turned out to be
incorrect. It was only in 1990 that Ericsson's new CEO, Lars Ramqvid, mede mobile
communications the main priority and reorganised the company accordingly.®°

E-mal is a smila example of a savice being developed will in advance of a large
market demand. More accuratdy, e-mal was an unintended by-product of the
ARPANET project and only emerged initidly as a convenient way for the researchers
working on this project to communicate. Once the service was avaldble its ussfulness
quickly became gpparent and rapidly diffused, fird amongst the ARPANET researchers,
then amongst ther other colleagues a their universties and research inditutes, and,
findly, amongs a broader community. Indeed, “Emall [introduced in 1972] quickly
became the network’s most popular and influential service, surpassing dl expectations”®®

A veay different co-evolutionary path for consumer tagtes, preferences, services, products
and technologies is represented by the top right-hand cdl.  An example is the video
phone. The detals of this example are summarised in Exhibit 12.

Exhibit 12. Vison of the Video-Phone

ASSUMPTION Peoplewho can hear each other will also
want to see each other
1950s Bell Labsbeginswork on video
telephony

1964 — WORLD FAIR, NEW YORK [ AT& T demonstrates the video-phone
1960s—AT& T'sBUSINESSPLAN | By 1980s video-phone market = 1% of
residential, 3% of business market

1973 AT& T withdraws video-phone after
spending up to $0.5 billion
1992 AT&T reintroduces video-phone with

l[imited success

65 “In 1990 Ericsson got a new CEO, namely Lars Ramqyist, who came from Ericsson Radio Systems. As
he came from radio communication and not switches, choosing him to be top manager was in many ways a
recognition of the growing importance of wireless telecommunications to the concern as a whole, and
indeed Ramgvist immediately focused Ericsson on that.” McKelvey (1999), p.17. See also McKelvey and
Texier (1999).

6 Abbate (1999), p.107. “The popularity of email was not foreseen by the ARPANET’s planners. Roberts
had not included electronic mail in the original blueprint for the network. In fact, in 1967 he had called the
ability to send messages between users ‘not an important motivation for a network of scientific
computers'....Why then was the popularity of email such a surprise? One answer is that it represented a
radical shift in the ARPANET's identity and purpose. The rationale for building the network had focused
on providing access to computers rather than to people.” Abbate (1999), pp108-109.
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M. Katz, FORMER FCC CHIEF “Many at 1964 World Fair touted video-
ECONOMIST, 1996 phone as next big thing. | think they
wereright, just a bit premature.”

INTERPRETIVE AMBIGUITY ‘Thepricelstoo high and peoplearenot
used toit’ versus ‘People often feel
uncomfortable under close visual
scrutiny and don’t want it’

By contragt, video-on-demand (VOD) represents an example of a service developed after
the emergence of a lage market demand for video recordings (usng the VHS format).
For many VOD was the much sought-after ‘killer gpplication’ for the ‘multi-medid
objectives that were very popular in the Telecoms Indudry of the laie-1980s, before the
widespread adoption of the Internet. 1t was VOD that simulaied numerous trids around
the world, and indeed the locd access technology, XDSL (digitd subscriber loop),
dedgned to cary broadband dgnas over locd copper wires, owes its origin to VOD-
related research and trids. However, like the video-phone by the dawvn of the new
millenium there was Sgnificant ambiguity regarding demand for VOD.

As thex different evolutionary paths and examples suggedt, it is necessary to andyse
consumer tastes and preferences, and therefore market demand, as an endogenous part of
the co-evolutionary process, a process that sddom settles down ‘in equilibrium’ for very
long but which, on the contrary, is usudly in aprocess of flux.

Scandinavia L eads

As noted earlier, work on the fird dandard for cvilian cdlular mobile communications
began in Scandinavia in 1970, involving the PTTs (nationd network operaiors) and
soedidig equipment suppliers of Denmark, Finland, Norway and Sweden. Although a
fair amount of research was undertaken in telecoms laboratories around the world a this
time it was Scandinavia that took the leed in devdoping and usng mobile
communications.  Predsdy why this commitment fird occurred in Scandinavia is 4ill
unclear. Explanatory hypotheses include the large, weether-prone countries of Finland,
Norway and Sweden; the widdy didributed population of these countries and the far-
sghted and pro-active naure of the PTTs, paticularly Televerket of Sweden with its own
sophigticated radio research laboratories; and the co-operation of the PTTs that resulted in
the firg internationd mobile sandard, NMT, which, in turn, dlowed Scandinavians to
usethar mobile phonesin any of the participating countries.

However, it is dear tha whaever the explanation for Scandinavias early entry, there
were regiond dynamic increesing returns that alowed Scandinavia to maintain its lead in
severd important aress into the new millenium.  One of these aress is pendration rates
where Scandinavian countries gill have the highest rates in the world.  Ancther is the
Scandinavian companies, notably Ericsson and Nokia, thet have come to dominate not
only European but dso globad mobile equipment markets, overcoming the oppodtion of



powerful rivd companies such as Matorola and NEC.  These dynamic increasng returns
a the leved of the firm have been traced by McKevey and Texier (1999) for the case of
Ericson and for Ericsson and Nokia by McKelvey (1999).°” The srength of these
companies resulting from dynamic increesing retuns has dlowed them to play a highly
influentid rde in shgping the W-CDMA (code divison multiple access) standard for
Third Generation mobile communications adopted by Europe and Jgpan and by a few
operaorsin the US.%8

Europe and Japan Rule- The US Lags®®

Exhibit 13 shows the diffuson of second generation mobile sysemsin Europe, Japan and
the US.

Exhibit 13. Diffusion of Second Generation M obile Systems
In Europe, Japan and North America

NO. OF NO. OF
REGION POPULATION SUBSCRIBERS SUBSCRIBERS
(mn) 1997 1998
Absolute Per Absolute Per
No. (mn) 1000 No. (mn) 1000
Western 387 46.3 120 935 24.2
Europe
Japan 126 36.2 28.7 473 375
North 300 55 1.8 202 91
America

Source: Kano (2000)

As can be seen from Exhibit 13, in mobile communications Europe and Jgpan rule while
the US lags. Severd qudifications however, must be made regarding the data in Exhibit
13. Fird, Wegtern Europe indudes countries with the highest penetration rates in the
world, such as the Scandinavian countries, as wdl as countries with much lower rates,
such as Greece and Portugd, and therefore is not drictly comparable with Jgpan and
North America, which is largdy the US. Secondly, one of the reasons for the low
penetration rates in the US is that the data is limited to sscond generation mobile.  One
caue of low pendraion of second generaion mobile in the US is the rdaivey high
penetration rate of fird generation mohbile in this country. At the end of 1998 there were
50.7 million firs generation subscribers in the US and Canada (usng the andogue AMPS

7 Ericsson was founded in 1876 to produce telephones using technologies developed by Alexander
Graham Béll but not patented in Sweden. McKelvey and Texier (1999).

%8 See Kano (2000).

89 This section draws heavily on Kano (2000). The datain Exhibit 13 comes from Kano (2000), Table 2

and Figure 2. The author is grateful to Professor Kano for access to this information and for numerous

discussions on telecommunicationsin general and mobile communicationsin particular.
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sandard — Advanced Mobile Phone Service). This implies a penetration of 16.9 people
per 100 in North America’™ As Kano (2000) notes, one of the ressons for the relatively
low pendration rae of second generaion mohbile in the US was the farly high rate of
penetration of first generation.

The figures for North America (mainly the US) pose an interesting puzzle since there are
not many parts of the Infocommunications Industry where the US is behind’!: Why does
the US Iag in mobile communications?

Kano (2000) suggests severd answers to this puzzle  The firg is the lack of a dngle
dominant sandard in the US, unlike in Europe and Jgpan where one stlandard dominated.
In Europe the dominant standard for second generation digita cdlular mobile systems is
GSM (Globad Sygem for Mobile Communications), which has more subscribers than any
other standard in the world.”?  In Japan the dominant second generation standard is PDC
(Persond Digitd Cdlular). In the US on the other hand, where the principle was
accepted that the adoption of standards should be left to the market, there were three
incompatible second generation sandards: ANSI-136 and ANSI-95 (American Nationd
Standard Ingtitute) and cdmaOne (Code Divison Multiple Access). Kano suggests that
the lack of a sngle dominant sandard in the US had severd other undesirable knock-on
effects some operators and users adopted a wait-and-see attitude to see which standard
would dominate; there was poor geographical coverage since the standards adopted by
different operators were incompatible and did not provide interoperability, in trn leading
to dower us adoption of mobile sarvices, and large-scale production of equipment and
phones was frudtrated by the lack of asingle sandard, leading to high codts.

However, Kano suggedts that the US lag was not only due to the falure to provide a
gngle dominant gandad. There were saverd other reasons for the rdaively dow
diffuson of mobile communications in the US. To begin with, as dready noted, the
rdively rapid diffuson of firda generation andogue mobile sarvices in the US served to
frugrate the takeup of second generdtion digitd services Furthermore, the specific
characterigtics of fixed tdecoms services in the US dso dowed the diffuson of mobile
svices These induded the arangement that the caled party, rather than the cdler, pad
for the cdl; the fact that a fla rate is pad for fixed locd cdls making pay-per-cdl
mobile cdls rdativdy expendve and the high cost of spectrum, sold by the US
authorities by auction, tha depleted investment resources for operaors. To the extent

0 Kano (2000), p.12.

" For an analysis of the causes of US global leadership in the computer, software, and microprocessor
semiconductor industries, see Mowery and Nelson (1999).

2 In it interesting to note, apropos the point made earlier about dynamic increasing returns in mobile
communications in Scandinavia, that the Conference on European Postal and Telecommunication
Administrations (CEPT), that began work on specifying a pan-European digital standard in the early 1980s,
decided in 1987/88 that GSM would become the European standard. This happened formally in 1992.

GSM, however, incorporated a later version of the original Scandinavian mobile standard, NMT (Nordic
Mobile Telephony) rather than continental European alternatives that were also proposed. This occurred
even though the Scandinavian standard was narrow band while the continental alternatives were broadband.
“This decision on the GSM standard was very important to the Scandinavian firms Ericsson and Nokia
because GSM is based on technical solutions they had already been pursuing. With this decision, they were
|eading the technical race, not closefollowers or imitators.” McKelvey and Texier (1999), p.16.
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that the fla rate for locd cdls was an inhibitor of the diffuson of mobile sarvices in the
US it is ironicd tha the same taiffing sysem provided a dgnificant boost for the
diffuson of the Internet and that attempts are currently being made in Europe and Japan
to imitate this sysem (even if a the cogt of Internet congestion as a result of the low price
of a scarce resource, namdy Internet access) Even more ironicd is the contrast between
the US's falure to generate a Ingle dominant sandard in mobile communications and
the same country’s superb success in generating not only US but dso globd standards for
the Internet, partidly documented earlier in this paper.

THE FOUR FORCES OF COMPETITION

Ealier in this chapter it was dated that the technologicd regime and the associaed
learning regime condituted one of the ‘engines driving the evolution of the Tdecoms
Industry. The technologica regime was defined in terms of the conditions surrounding
the creation of knowledge and the opportunities and condraints regarding the use of that
knowledge. The learning regime refers to the petterns and peths of learning that occur
under the technologicd regime.  One of the conditions ‘surrounding’ the credtion of
knowledge, which therefore is pat of the technologica regime, that has not been
emphassed until now is the forces of competition. It is these forces that Schumpeter had
in mind when he referred to the “fundamentd impulse that sets and keeps the capitdig
engine in motion”, quoted a the beginning of this chapter, such as new consumer goods
and new methods of production.

In the Infocommunications Indudry it is necessary to diginguish between four forces of
competition: between productysarvices, between networks, between technologies, and
between firms Examples of competition in each of these four areas are, respectively,
competition between teex, phone (mobile and fixed), fax, ard e-mal; competition
between copper cable’XDSL, opticd fibre, and fixed wirdess for locd access,
competition between TDMA and CDMA in sscond and third generdtion digitd mobile
and compstition between AT&T, WorldCom, and Qwest. Compstition in each of these
aess may occur independently of competition in the other areas dthough sometimes
there will be interdependencies between some or dl of the aress.

One aea where both network and technologicd compstition is srongest is in the loca
access maket (incduding Internet access).  Exhibit 14 shows the man competing
networks and technologies providing loca excess.



Exhibit 14. Competing Networksand Technologies
in the Local AccessMarket

NETWORK/TECHNOLOGY DESCRIPTION
Copper calgXDSC Broadband over twiSed pair copper cable,
Optica fibre Glass qoticd fibre cable
Cable Coaxid cable
Cdlular mobile Radio network, user mohile
Fixed wirdess access Radio nework, user not mobile
Sadlite Communication sadlites
Radio Sgnals St through reguiar
Power Line" electricity cables received through
electricity sockets
L aser access'* Uses low-powered laser beams

The cregtors of the knowledge embodied in networks and technologies in any of these
aress have to congantly do battle to keep up with parameters defined by the dternative
competing networks and technologies For example, second generation digital mobile
trangmits data a 9.6 kilobits per second.  Third generation digitd mobile sends data a 2
megabits per second, a Smilar speed to ADSL. However, TeraBeam cdams that its laser
access technology will send data a 2 gigabits per second.  This competitive environment
provides a poweful context, permeated by pressures and incentives, within which
knowledge creetion tekes place. And a changing knowledge base provides an important
engine of change. Moreover, as Schumpeter aso pointed out, “competition acts not only

"3 Power Lineinvolves the provision of datacommunications, including voice over the Internet and I nternet
access, through the electric power cables that are already connected to firms and homes, thus avoiding the
need to dig up streets (as with optical fibre cables) or establish radio base stations (as with mobile or fixed
radio access connections). Power Line works through radio frequencies being transmitted through electric
power cables. Relatively cheap enabling technology is required at the electricity substation (serving 250
homes) and at the customer’s electricity meter. The origina innovation was made by an engineer working
with Norweb, the electricity company that supplies the Manchester and Y orkshire areas of Britain. In the
event, Norweb obtained the commanding patents for Power Line. However, Norweb, lacking the
technological competencies, entered into a strategic aliance with Nortel which went on to develop the
necessary technology. Although it is too soon to tell whether this new technology will be a serious
substitute for other alternative local access technologies, Norweb and Nortel claim that it is significantly
cheaper than the other alternatives.

" |aser access is a technology that was announced in March, 2000 by a Seattle-based startup called
TeraBeam Networks. “The heart of TeraBeam’s technology is a transmitter/receiver that is about the size
of asmall satellite dish and can be made for $150. Mounted near the window inside an ordinary office, it
send and receives data, as light, at speeds of up to two gigabits asecond. TeraBeam does not require bulky
outdoor aerials or long drawn-out negotiations with building owners to gain rooftop access, unlike similar
microwave technologies. And because it does not operate in the radio spectrum auctioned by the Federal
Communications Commission, it can operate without licences. [The company claims that its] optical
transmission gear passes all |legislated safety tests: no danger of lasers frying the eyes of the unwary.” The
Economist, March 25", 2000, p.89.
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when in_bang but dso when it is medy an ever-present threet. It disciplines before it
attacks.” "

CONCLUSON

This chapter has focused on two questions How has the Telecoms Industry changed
snce the mid-1980s, when liberdisation began in Jgpan, the UK, and the US, and what
are the causes of this change? How has the Internet affected the Tdecoms Industry?

In andysng the causes of change, paticular emphess was placed on the changing
technologicd and learning regimes, that refer essentidly to the processes of knowledge
cregtion and use in the industry. However, while these regimes play the role of a
Schumpeterian ‘enging, powering the process of change, it was shown that finendd
markets and co-evolving consumer tades and preferences adso conditute important
engines of change in the Tdecoms Indudry. Furthermore, through the andyss of the
Internet, it was seen how a paradigmatic trandformation of the industry was brought about
by a sst of idess, and asociated technologies and services, that origindly emerged from
outsde the Tedecoms Indudry, idess tha a firs were vehemently rgected by the
industry’ s technologica representetives.

A laet theme in this chepter, tha has threed its way through the andyds of the
evolution of this indudry, rdaes to the ability of the indugtry’s participants to undersand
what is happening in the indudry, and, in the light of their underdanding, to adapt and at
in what they believe is an gppropricte way. At numerous junctures in the indudry’'s
evolution it was seen that the participants have confronted what was termed ‘interpretive
ambiguity’, when curretly avaldble information left ggnificat ambiguity regarding
what should inferred. Raher then ‘rationd’ and smooth adjugment to ‘given facts we
saw a mixture of responses.  These ranged from decisve actions based on srong
convictions, that subsequently turned out to be wrong (such as the origind views of
tdecoms engineers regarding packet switching), to more hedtat and tentative
condugons (such as those of some financid andyds). The importance of interpretive
ambiguity, and the role that it has played a key tuning points in the evolution of the
Tdecoms Indudry, suggests thet it might be necessary for us as economids to review the
way in which we underdand the decison-making processes that are, together with
sdection environments, the ultimate drivers of evolutionary economic processes.

S Schumpeter (1943), p.85.
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