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From the Network 
of Networks to the 
System of Systems 

An End of History in 
Telecommunications Regulation? 

Eli M. Noam 

As 
telecommunications are moving inex- 

orably towards competition, deregulation, 
and fiber optics, the most fundamental 

questions for telecommunications policy are 
rarely asked: After competition, what? After 
deregulation, what? And after broadbanding, 
what? 

Most observers focus on the present bottle- 
necks-technological, regulatory, and financial. 
Yet in the United States, the day is not far off 
when entry will be wide open; when fiber is 
widespread in most stages of most networks (we 
are now just haggling over the dates); when 
radio-based carriers fill in the white spots in the 
map of telecommunications ubiquity; when for- 
eign carriers operate in America. In such an 
environment, what market structure can we 
expect? And what regulatory environment need 
we erect? 

This article will argue that a central institution 
of the emerging telecommunications environment 
will be systems integrators, which collectively will 
form an interconnected system of systems. The 
impact of such developments on traditional regula- 
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tion is the subject of this essay. 
The conventional scenario for the evolution of 

impact of such developments on traditional regula- 
tion is the subject of this essay.telecommunica- 
tions, offered by traditional state monopoly carriers 
around the world, is the inte-grated single super- 
pipe merging all communica-tions links into a sin- 
gle conduit controlled by themselves and intercon- 
nected internationally with similar territorially 
exclusive superpipes. This scenario of integration 
took no account of the organizational centrifugal 
forces that were exerting themselves, first in the 
United States and now increasingly in other coun- 
tries. Instead of consolidating, the network environ- 
ment keeps diversifying. 

Take as an example local transmission, which 
was widely considered to be a natural monopoly's 
natural monopoly. Yet today, we can identify a 
wide variety of other potential and credible partici- 
pants in rival local transmission: fiber-based metro- 
politan area networks; cable television providers; 
radio-based and cellular carriers; radio tails of elec- 
tric utilities; building based shared-tenant services; 
and other local exchange companies crossing fran- 
chise lines. 

Similar lists can be made for other segments of 
the network, whether they are in domestic long-dis- 
tance, international, mobile, or switching. These 
physical network elements become linked with 
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SYSTEMS OF SYSTEMS 

each other through various interconnection 
arrangements and form what I termed a few years 
ago the "network of networks." 

The Role of Systems Integration 

Yet this is not the end of the story. Competition 
begets diversity; diversity begets complexity; and 
complexity leads to efforts at simplification. This 
balkanized environment, so different from the tech- 
nologists' model of the single superpipe, must be 
structured for the telecommunication user's bene- 
fit. There are several ways to integrate the numer- 
ous network pieces into a usable whole. 

1. Users' self-integration. This is basically 
today's system for American residential users 
where choice is available. They arrange for their 
own long-distance company and equipment. Large 
users, too, often put together networks on their 
own, by leasing lines, buying and operating equip- 
ment, etc. Self-integration gets complicated very 
quickly as the number of carriers, services, prices, 
and equipment options multiplies. For most users, 
even large ones, it is not a practical option. A relat- 
ed technique is terminal-based integration, with the 
user's terminal equipment incorporating some 
built-in intelligence that can make the right choices 
among carriers on a real-time basis. The PBXs of 
large corporate users usually have a so-called "least 
cost routing" option. This concept has been extend- 
ed to the residential market by one of Japan's long- 
distance competitors, DDI, which has persuaded 
millions of Japanese to buy special terminals and 
receive a database that can automatically pick the 
cheapest carrier for any given call. But this method, 
too, still suffers from the associated transaction 
costs once it goes beyond basic transmission. 

2. Carriers' integration by expansion. Carriers 
could enter horizontally into new geographic mar- 
kets or vertically into new services-by expansion, 
merger, or acquisition. Realistically, it is hard to 
imagine today any company that is big and varied 
enough to offer successfully all types of facilities 
and services-telecommunications, computers, 
enhanced services, and equipment-locally, domes- 
tically, and internationally. This has led to a vari- 
ant, namely joint ventures among carriers, where 
several companies specializing in different market 
segments link up with each other through institu- 
tionalized cooperation. This is a likely scenario, 
and one which is emerging. We will discuss its 
problems further below. 

3. Integration by systems integrators. Perhaps 

the most promising scenario for putting together 
the various bits and pieces of networks and services 
is for a new category of "systems integrators" to 
emerge that provides the end user (corporate, gov- 
ernmental, affinity group) with access to a variety 
of services in a one-stop fashion. Such specialized 
integrators, whose predecessors are known as out- 
sourcers or managed data services providers, might 
typically assemble packages of various types of ser- 
vices and equipment, customizing the packages to 
the specific requirements of their customers. They 
could operate a least-cost-routing system, switching 
users around from carrier to carrier, depending on 
the best deal available for a given time and route. 
An international market in transmission capacity is 

The most promising scenario for putting 
together the various bits and pieces of 
networks and services is for a new cate- 
gory of "systems integrators" to emerge 
that provides the end user (corporate, 
governmental, affinity group) with 
access to a variety of services in a 
one-stop fashion. 

likely to emerge, consisting of future contracts and 
a spot market operating in real time. 

The characteristic of "pure" systems integra- 
tors-for there will be various hybrids-is that 
they do not own or operate the various sub-pro- 
duction activities but merely select optimal price 
and performance elements, package them, man- 
age the bundles, and offer them to the customer 
on a one-stop basis. Systems integrators are 
similar to general contractors in construction 
projects, travel packagers, or computer service 
firms. They relieve customers of the responsibil- 
ity of integration for which expertise is required. 
To these customers, the identity of the underly- 
ing carriers and their technology might be 
unknown as transmission becomes a commodi- 
ty. 

Who will be the telecommunications systems 
integrators? They are likely to range from today's 
resellers and value-added providers, computer sys- 
tems providers, defense contractors seeking diversi- 
fication, and corporate networks with excess capac- 
ity to carriers such as local exchange companies, 
long-distance and international telephone firms, 
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SYSTEMS OF SYSTEMS 

cable television operators, and metropolitan area 
networks. They are also likely to compete vigorous- 
ly with other systems integrators. 

Today, systems integrators exist only for large 
customers and customer groups, but tomorrow 
things may be quite different. The next step is 
for systems integrators to put together individu- 
alized networks for personal use, or personal 
networks. This means individually tailored "vir- 
tual" network arrangements that serve individu- 
alized communications needs and provide easy 
access to frequent personal and business con- 
tacts, data sources, transaction programs, video 
and audio publishers, data processing and stor- 
age, bulletin boards, and personal information 
screening. A systems integrator is also likely to 

What must now be addressed is the 
appropriate scope, if any, for continued 
regulation in the era of the systems inte- 
grators. 

provide to residential users a tele-rnailbox-a 
customer's telecommunications node at or near 
his premises-into which various communica- 
tions flows terminate. 

As these systems integrator-provided networks 
develop, they will access and interconnect into each 

other and form a complex interconnected whole 
sprawling across carriers, service providers, and 
national frontiers. The telecommunications envi- 
ronment evolves from the "network of networks," 
in which carriers interconnect, to a "system of sys- 
tems," in which systems integrators link up with 
each other. 

The Future of Regulation 

This arrangement of customized networks bundled 
together and managed by systems integrators will 
provoke widespread changes in government regula- 
tion of telecommunications. 

Regulation had been essential to the old system, 
partly to protect against monopoly, partly to pro- 
tect the monopoly itself. Those rationales for regu- 
lation evaporate as the transition to competition 
moves forward. What must now be addressed is the 
appropriate scope, if any, for continued regulation 
of the era of the systems integrators. 

Why do we have regulation of telecommunica- 
tions? To some it is merely an exercise in capture 
and rent-seeking by powerful interest groups. To 
others, it is based on underlying public policy goals, 
including restriction of market power, free flow of 
information across the economy and society, and 
technological innovation. There is truth in both 
views, and they are not mutually exclusive. To 
assure these objectives, regulators and courts insti- 
tuted a variety of regulatory policies, such as uni- 
versal service with rate subsidies, common car- 
riage, interconnection rules, quality standards, and 
limited carrier liability. But in a system of system 
integrators, the traditional forms of regulation may 
be outdated. New thinking is needed about which 
forms of regulation will remain, as well as what 
new regulatory issues may arise in the new envi- 
ronment. 

In telecommunications, government regula- 
tion existed partly to affect the balance of power 
between huge monopoly suppliers on the one 
hand and small and technically ignorant users 
on the other. The political and administrative 
process was used to alter market outcomes. In 
return, the dominant carriers received protec- 
tion from competition. Even where competition 
emerged with rival carriers, customers still had 
no expertise in dealing with a complex set of ser- 
vices and products. In a system of systems, on 
the other hand, the imbalance changes drastical- 
ly. Now, systems integrators, competing with 
each other for customers, act as users' agents 
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toward carriers. They can protect users against 
carriers' underperformance and power, and get 
them the best deal. This would largely resolve 
traditional problems of price, quality, market 
power, security, even privacy. Business commu- 
nications should be more effective than ever. 
Technological innovation is likely to be acceler- 
ated by knowledgeable buyers and marketers of 
services. Thus, assuming that users have a 
choice among systems integrators and that sys- 
tems integrators have a choice among non-col- 
luding suppliers of underlying services, the need 
for government intervention declines drastically. 

On the other hand, not all traditional policy 
goals are fully resolved in a system of systems. 

1. Universal service/affordable rates. The 
emerging systems of systems will exert competi- 
tive pressures on costs and therefore on many 
prices, thus making telecommunications more 
affordable to many. On the other hand, it will be 
impossible to maintain the traditional redistrib- 
utive system of generating subsidies and trans- 
ferring them internally within the same carrier 
from one class of users to another. Several 
things will disrupt this arrangement. In a net- 
work of competing carriers, an internal redistri- 
bution is not sustainable once other carriers 
without redistributive burdens target the subsi- 
dizing users as the most desirable customers. 
Furthermore, residential users may end up pay- 
ing a proportionally higher share than large 
users, because cost shares in the substantial 
joint costs end up allocated inverse to demand 
elasticity-the Ramsey pricing rule-and large 
users have more options and hence greater elas- 
ticity. Thus, the trend that at present is 
described as a "rebalancing" of prices towards 
cost would go much further, burdening inelastic 
customers disproportionately. Nor can one 
expect to continue to rely on a system of access 
charges to provide the source of subsidies, since 
those charges imply access into "the" network, 
which will be a meaningless concept where 
alternative transmission is easily available. 

Yet this need not spell the end of support 
schemes. If one wants to subsidize some cate- 
gories of service or users for various reasons of 
policy or politics, it is still possible to do so, only 
in different ways. For example, one alternative 
mechanism to finance desired subsidies might 
draw on general government revenue, or, more 
likely, on some form of communications 
charges. One possibility might be communica- 

tions value-added fees that would be neutral 
with respect to the extent of integration, the 
nature of the carrier, and geographic location. 
The revenues might go to a "universal service 
fund" which would be used to support certain 
network providers or categories of users. This 
charge would replace the present hidden tax sys- 
tem and would make it visible and accountable. 

Systems integrators, by aggregating the 

Assuming that users have a choice 
among systems integrators and that sys- 
tems integrators have a choice among 
non-colluding suppliers of underlying 
services, the need for government inter- 
vention declines drastically. 

demand of many small customers, can provide 
them with a higher demand elasticity with 
respect to carriers, and thereby generate low 
prices and low shares in fixed costs. Systems 
integrators thus serve, in effect, as arbitrageurs 
in demand elasticity. That is likely to increase 
their attractiveness to customers over staying as 
"self-integrating" direct customers of carriers, 
and thus to accelerate the move to systems inte- 
gration. On the other hand, those customers not 
able to obtain systems integrator service, per- 
haps because they are only reached by a monop- 
oly carrier, would end up bearing a greater cost 
share. Also, systems integrators will use differ- 
ential pricing, and charge, for example, rural 
customers a price that reflects the greater cost 
in serving them. Should the political system 
determine that the rural or poor customers 
should be supported, revenues for such a policy 
would have to be raised in other ways, as dis- 
cussed above. 

Reforming the redistributive system will be 
hard enough. Even so, it will be easier than deal- 
ing with the more fundamental problem of 
financing carriers in a system of systems. The 
advantage of systems integrators is that they pay 
to competing carriers a price based only on the 
latter's marginal costs and can pass that low 
cost on to their customers. Yet most costs in a 
capital-intensive industry such as telecommuni- 
cations networks are fixed, and would not get 
compensated in such an arrangement. Carriers 
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SYSTEMS OF SYSTEMS 

tomers. On the other hand, any customized service 
operation requires close attention to and contact 
with customers, and this factor does not favor 
large-scale firms. Generally, it is hard to imagine 
that the nature and shape of economies of scale are 
similar for each layer of the hierarchy of communi- 
cations services, from basic transmission up to 
computer-based applications. Thus, integrator 
power is unlikely. 

2. Carrier power? Traditional carriers have 
some advantages in systems integration. They 
include the coordination of planning, advance 
information, established goodwill, and reduced 
transaction costs for operations, all under one 
corporate roof. Carriers functioning as systems 
integrators could favor their own services or 
equipment. Furthermore, they have the founda- 
tion of a major transmission element. However, 
this base is also a burden. To be truly competi- 
tive as a systems integrator, a traditional carri- 
er's systems integration operation must be will- 
ing to compete against its own carrier, use alter- 
native carriers, etc., and in effect become inde- 
pendent. While this might be conceivable, it 
might require significant rethinking by these 
carriers. Such rethinking has recently begun in 
the telephone industry. The Rochester 
Telephone Co. has proposed to separate itself 
into a carrier (R-Net) open to all, and a services 
operator (R-Com); Ameritech proposed to sepa- 
rate its carrier from its switching functions, sub- 
ject to several conditions. 

Looking at the reverse side of a vertical rela- 
tionship, a carrier could conceivably provide 

To be truly competitive as a systems 
integrator, a traditional carrier's sys- 
tems integration operation must be will- 
ing to compete against its own carrier. 

preferential service to its own systems integra- 
tors. In a competitive environment in a com- 
modity service it is not economically rational to 
limit sales to one's own outlets. And where mar- 
ket power exists in the carrier's service segment, 
regulators are likely to assure nondiscriminatory 
service. 

Thus, the competitive advantage of the estab- 
lished reputation of traditional carriers should 
not be overestimated. One must resist the temp- 

tation to think in narrow telecommunications 
terms when it comes to integration. Traditional 
carriers may have the edge in basic transmission 
and switching. But as communications include 
more and more "upper level" services, they are 
more often than not in uncharted waters. A cus- 
tomer might well prefer a computer firm to a 
telecommunications carrier, reasoning that it is 
easier to migrate down rather than up the hier- 
archy of communications. This might be the 
reason why computer-based firms are serious 
players in the systems integration business, for 
example DEC, IBM, or Electronic Data Systems. 
DEC, for example, replaced Sprint as the sys- 
tems integrator for Citicorp's global network. 
Other systems integrators include high-technol- 
ogy firms such as General Electric, or defense 
contractors with a desire for civilian diversifica- 
tion and experience in large-scale turnkey pro- 
jects. For example, Martin Marietta was a bid- 
der for the federal government's huge FTS-2000 
network. 

In conclusion, it does not seem likely that a 
carrier would be dominant in systems integra- 
tion. At any rate, if extension of market power 
were to become a real problem, protections 
could be instituted. 

3. International asymmetry? The system of 
systems works as long as it is competitive in 
each of its stages, or as long as regulation estab- 
lishes nondiscrimination. However, in an inter- 
national setting neither of those conditions is 
likely to be met. Most countries lag behind the 
United States and Japan in the evolution of net- 
works. The traditional monopoly carrier is 
almost always firmly entrenched and operating 
in all stages of communications. Consequently, 
systems integrators cannot truly compete 
against governmental or semi-official Public 
Telecommunications Organizations (PTOs) in 
systems integration, except in market niches. 
This might be considered to be an internal issue 
for these countries, except that it has a global 
anticompetitive impact. That is because some of 
these PTOs are aggressively pursuing interna- 
tional systems integration themselves, while at 
the same time holding gate-keeper powers over 
entry into their own home markets. Thus, the 
PTO of an important European country could 
restrict the effectiveness of an American systems 
integrator to offer global services, while at the 
same time entering the more liberalized envi- 
ronment in America. It could also operate to 
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benefit the interests of allied equipment manufac- 
turers. 

Of course, other countries's PTOs can play the 
same game, and as a result, a new trend of interna- 
tional carrier collaboration has emerged in which 
major PTOs enter into joint ventures of systems 
integration. Potentially at least, these alliances of 
dominant national carriers could create interna- 
tional cartels, and barriers to competitive entry of 
other systems integrators, whether in their home 
countries or internationally. It has the anticompeti- 
tive potential of "whipsawing" in which a one-sided 
liberalization across frontiers permits the remain- 
ing monopolist to appropriate fully the previously 
shared monopoly profits. To prevent this it is essen- 
tial to press internationally for nondiscriminatory 
access, lease, and interconnection arrangements 
that are neutral as to the nature or the nationality 
of the systems integrator. The United States, being 
the largest and most interesting market for systems 
integrators, can exercise leadership in pressing for 
such reciprocity. 

Such an effort is likely to be aided by the open- 
ness of the evolving network system, which by not 
stopping at national frontiers will erode national 
regulation. Telecommunications will transcend the 
territorial concept, and the notion of each country 
having full territorial control over electronic com- 
munications will become anachronistic. As com- 
munications are becoming distance-insensitive, 
system integrators will reroute and arbitrage traffic 
in more cost-effective ways, thereby undermining 
attempts to set rules administratively for prices and 
service conditions. 

Conclusion 

The purpose of this article is not to analyze the 
various merits of policy options, but rather to 
point out that the introduction of vigorous com- 
petition will not be the "end of history" as far as 
regulation is concerned. Government is not like- 
ly to disappear from this area. In the 1980s, 
telecommunications policy was centered on 
open entry. That was correct then and now. But 
in the 1990s second-generation issues involving 
the integration of the various network parts will 
be at the forefront. 

The coming era of systems integration will 
demand changes on the part of regulators. 
Those changes include: 1) permitting a system 

of competitive systems integration to emerge 
and removing the roadblocks to its operation; 2) 
moving out of those areas of regulation which 
can be handled by the new system of systems 
itself; 3) restructuring traditional forms of regu- 
lation; and 4) identifying and dealing with 
potential problems in the system of systems, 
such as the free flow of information, intercon- 
nectivity, international reciprocity, and the via- 
bility of the underlying network infrastructure. 
Dealing with such issues is a unique undertak- 
ing because many of them are new. None of the 
developments anticipated in this article are hap- 
pening overnight, though some are already man- 
ifest. But that should not lead us to ignore them. 
Opening telecommunications competition will 
prove to have been the easy part. Dealing with 
the consequences will be the next and more dif- 
ficult challenge. 
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