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Simple competitive Internet pricing

By Robin A. Ma son

Department of Economics, University of Southampton, High¯eld,
Southampton SO17 1BJ, UK (robin.mason@soton.ac.uk)

This paper aims to show that economics can make an important contribution to the
question of how to price the Internet. It argues that any pricing scheme must be
robust to strategic behaviour, in the sense that the scheme must be supportable as
an equilibrium between ­ rms or individuals. The paper analyses the implications of
this restriction for interconnection agreements between networks, and for end-user
pricing.

Keywords: Internet pricing; network e® ects; nonlinear pricing

1. Introduction

The aim of this paper is to show that economics can make an important contribution
to the current debate about the appropriate way in which to price the public Internet.
The paper will not maintain that the only relevant questions are economic ones.
Instead, a multi-disciplinary approach is required in which engineering, statistics and
economics are combined to devise feasible, stable and competitive charging schemes.

The argument proceeds by illustrating the economic issues that arise at two pricing
interfaces. The ­ rst is between networks; the economic question of interest here is:
what incentives do networks have to interconnect? To non-economists, this can seem
a peculiar question: after all, what is the Internet without widespread connectivity?
As the nature of the Internet continues to change from its original academic origin to
a commercial market place, however, the issue of interconnection agreements between
asymmetric networks is becoming increasingly relevant. The second is between net-
works and end-users; the question is: how will pro­ t-maximizing networks price for
network usage? There are many aspects to this question. This paper concentrates on
two: simplicity and robustness to competition. Early economic proposals for Internet
pricing were (rightly) criticized for their complexity. Subsequent work, in striving for
simplicity, has neglected to consider whether the schemes proposed would be used by
pro­ t-maximizing networks competing for customers. These questions are clearest in
the current market debate about whether usage prices should be employed at all.

The emphasis throughout the paper is the determination of pricing schemes that
can be supported as an equilibriumy between ­ rms or individuals. The restriction to
equilibrium has real bite when the players involved are sel­ sh, aiming rationally to

y The equilibrium concept used is Nash, or some re­ nement of Nash. If there is a set of strategies
with the property that no player can bene­ t by changing his/her strategy while the other players keep
their strategies unchanged, then that set of strategies and the corresponding pay-o¬s constitute the Nash
equilibrium. In other words, no player has a unilateral incentive to move away from a Nash equilibrium,
since, given what the other players are doing, each individual player is doing as well as it can.
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maximize their own pro­ t or utility; and when the number of players is relatively
small. In such situations, any pricing scheme must be robust to strategic behaviour.

The rest of the paper is structured as follows. Interconnection agreements between
networks are considered in x 2, the prices charged by networks to end-users are exam-
ined in x 3, and conclusions are drawn in x 4.

2. Network interconnection

In the early years of the Internet, networks operated a `bill-and-keep’ or peering
system, in which no settlement payments were made. (See Srinagesh (1997) for a
discussion of interconnection arrangements between packet-based networks making
up the Internet.) Each network carried others’ tra¯ c without charge, the underlying
assumptions being that either ®ows were roughly symmetric, or any other arrange-
ment would stunt the growth of the Internet. The transition of the Internet from
academic to commercial, large increases in tra¯ c volumes, and the unequal develop-
ment of networks have put this system under considerable stress.

In 1996, the extensive peering arrangements agreed under the Commercial Internet
Exchange (CIX) started to dissolve. Large networks argued that they received little
bene­ t, yet incurred substantial costs, from interconnection with small networks;
this contrasted with the net bene­ ts gained by the smaller networks from access to
the customer base of the larger networks. Large networks began to apply pressure on
smaller networks to change the relationship from peers to supplier{customer; instead
of bill-and-keep, small networks would make settlement payments to larger networks.
In 1997, UUNet, a large Internet Service Provider (ISP), informed 15 smaller ISPs
that their peering arrangements would be cancelled; this was followed by UUNet’s
withdrawal from the CIX. At the same time, MCI and BBN, two other large ISPs,
left the CIX agreement, meaning that three out the four largest networks in the
US were no longer part of the CIX.y The larger networks continue to interconnect
between themselves on a peering (no-settlement) basis.

The gulf between large and small networks has widened progressively with the
consolidation taking place in the ISP industry. By November 1997, it was estimated
that the US’s four largest networks (UUNet, MCI, BBN and Sprint) accounted for
between 85 and 95% of total backbone (i.e. core) Internet tra¯ c, with the remaining
volume carried by upwards of 40 other, small networks; see OECD (1998). There
is a growing fear in the industry that large networks will use their size to limit
competition in the ISP market by excluding smaller networks from interconnection
agreements. See Cŕemer et al . (1998) for a consideration of the possible impact on
the Internet of the recent merger between MCI and WorldCom.

In order to understand the economic incentives involved in interconnection, it is
necessary to distinguish between two dimensions of service o¬ered by a network.
(Other dimensions might be relevant; but for current purposes, it is enough to con-
centrate on the broad features of networks which carry each others’ tra¯ c.) Internet
networks may be horizontally di® erentiated : that is, when two networks are of equal
size and charge the same price, some users prefer one network, and others the other.

y UUNet responded to criticism about its policy by publishing guidelines stating when UUNet was
prepared to interconnect with a smaller network; the guidelines are reported in OECD (1998). UUNet
reserved the right, however, to refuse interconnection with another network, even if that network meets
the criteria laid down in the guidelines.
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Simple competitive Internet pricing 2311

This can be for a variety of reasons. Some networks are regional in their coverage
(although others are national); horizontal di¬erentiation in this case is geographi-
cally based. More importantly, networks di¬er in the content and services provided
on their networks. Moreover, networks often bundle Internet access with access to
other communication networks (such as telephone and television); arguably cable
access, with higher bandwidth but lower quality services, is horizontally di¬erenti-
ated from traditional twisted copper pair access, which has lower bandwidth but
greater reliability. (See Foros & Hansen (1999) for a fuller discussion.) Networks are
also vertically di® erentiated : when the networks o¬er the same content, are located
at the same place, etc., and charge the same price, typically the larger network is
preferred: each user gains greater bene­ t from belonging to a network with more
members.y While all users value belonging to a large network, some value it more
than others, i.e. users have heterogeneous preferences towards the vertical di¬eren-
tiation of networks.

Interconnection has two e¬ects. First, it decreases the degree of vertical di¬erenti-
ation between networks of di¬erent sizes. In the limit when interconnection is perfect
and costless, consumers are indi¬erent about which network they join (ignoring for
the moment horizontal preferences), and the networks are pure price competitors.
Competition between networks is therefore intensi­ ed by interconnection, and pro­ ts
may fall as a result. The reverse side is that interconnection makes size less impor-
tant for horizontally di¬erentiated networks. When networks are not interconnected,
the `quality’ of a network is entirely dependent on that network’s size. Since a larger
(higher quality) network is more pro­ table than a smaller (lower quality) network,
the networks are more willing to undercut their rival’s price in order to attract mar-
ket share. Consequently, competition for market share is intense. Interconnection
reduces the importance of the network’s size, and consumers do not then mind join-
ing a small network, since they receive the full bene­ t not only from other consumers
on their network, but also from consumers on other networks. Hence, interconnection
decreases competition.

Which e¬ect dominates depends on the relative importance of the horizontal and
vertical aspects. There are three possible cases. In the ­ rst, vertical aspects are rel-
atively important, and the net e¬ect of interconnection is to lower the pro­ ts of the
networks. In the third, horizontal aspects are relatively important, and interconnec-
tion raises networks’ pro­ ts. In the second, intermediate region, it will be seen below
that the situation is asymmetric: there is a larger network and a smaller network; the
larger network does not wish to interconnect, while the smaller network does wish
to interconnect.

Figure 1 illustrates the result. The ­ gure plots equilibrium pro­ ts º i, prices pi and
size Qi of two networks i = 1; 2, against a parameter ­ that measures the relative
importance of horizontal and vertical aspects. When ­ is high (close to 1), horizon-
tal aspects are most important; when ­ is low (close to 0), vertical aspects are most
important. (The ­ gure assumes that the function is linear in ­ . This is, of course, not
the case; Mason (1999) contains the complete analysis.) The heaviest solid line gives

y When the utility that a user derives from consumption of the good increases with the number of
other agents consuming the good, a `positive network externality’ is said to exist. Standard examples are
physically connected computer networks and telecommunications systems. But the feature arises also in
many other cases: for example, fans of live entertainment prefer big cities because the large market for
entertainment assures a full variety of acts.
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the level of these variables when the networks interconnect; the lighter solid line,
and the heavier dashed line, give equilibrium variables when the networks do not
interconnect. For ­ < ­ 1, both networks prefer not to interconnect. In this region,
interconnection causes a net reduction in di¬erentiation between the networks; con-
sequently, competition is intensi­ ed by interconnection, and pro­ ts decrease. For
­ 1 6 ­ < ­ 2, network 2 (the smaller network) prefers to interconnect, but net-
work 1 does not. In this region, therefore, the networks have con®icting incentives
towards interconnection. Finally, for ­ > ­ 2, both networks prefer to interconnect.
In this third region, interconnection decreases the extent of competition between the
networks.

At the same time, the networks’ sizes become more equal as ­ increases. When
­ = 0, network 1 is signi­ cantly larger; by the time that ­ has increased to 1, the
networks are symmetric. Note that the networks are not assumed to be asymmetric:
it is inherent in this situation that the networks are of di¬erent sizes (except when ­
is exactly 1). Put more formally, in the unique Nash equilibrium (in pure strategies)
between the pro­ t-maximizing networks, the determined variables of prices, sizes
and pro­ ts di¬er between the networks when ­ < 1.

3. End-user pricing

(a) A survey

A full survey of the many Internet end-user pricing proposals is not possible here
(see, for example, Gupta et al . 1997; Kelly et al . 1998; Mackie-Mason & Varian 1997;
Odlyzko 1997). This section looks at three schemes to illustrate the range. Two issues
are particularly important. First, the (economic) incentives that users and networks
face must be recognized; in particular, pricing schemes must be viable in a setting in
which networks compete and maximize pro­ ts. Secondly, any scheme must be simple
enough to implement at reasonable cost.

The `smart market’ of Mackie-Mason & Varian (1997) is perhaps the best known
of the economic Internet pricing schemes. The proposal involves a zero usage price
when network resources are not congested. At congested parts of the network, packets
are prioritized based on the bids attached to them by users. Users whose packets are
transmitted are not charged the amount that they bid, but rather the bid of the
highest priority packet that is not admitted to the network. This n + 1-price, or
Vickrey (1961), auction scheme has the well-known desirable features of

(i) provision of the right incentives for users to reveal their true willingness-to-pay
for priority; and

(ii) generation of the socially optimal level of revenues for network expansion.

There are several criticisms of this scheme. The ­ rst is that it fails to take into
account dynamic factors: often users are interested not only in instantaneous resource
allocation, but also the allocation over the entire duration of a communication. For
recent work on this question, see Cŕemer & Hariton (1999). Secondly, the smart
market is generally viewed as being too complex to implement. The requirement
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Figure 1. Illustrative network pro¯ts, prices and size.

that a bid is attached to every packet imposes large burdens on both users and
already-congested resources (especially routers).y

Until 15 years ago, users of the Paris Metro were o¬ered a choice of travelling
in ­ rst or second class carriages. The only di¬erence between the two carriages was
the price charged: both carriages had the same number and quality of seats, and
(obviously) both reached the destination at the same time. The ­ rst class carriage
was, however, more expensive, and consequently (on average) had fewer passengers
in it. Those users with a strong preference for, for example, obtaining a seat were
willing to pay the higher price; others, content to travel in a more congested carriage
(on average), paid the lower second class fare.

Odlyzko (1997) has proposed that the same scheme be applied to the Internet.
In the Paris Metro pricing (PMP) proposal, networks are partitioned into separate
logical networks, with di¬erent usage charges applied on each sub-network. No guar-
antees of service quality are o¬ered; but on average, networks charging higher prices
are less congested. Users sort themselves according to their preferences for conges-
tion and the prices charged on the sub-networks. The attraction of this scheme is its
simplicity.

y The average packet size in TCP/IP, the suite of transport and application protocols used widely
on the Internet, is 1600 bits. So a short email generates two or three packets; the PostScript version of
this paper requires over 200 packets for ­ le transfer; a 5 min telephone conversation generates around
1500 packets. Kelly et al . (1998) have proposed the `proportionally fair pricing’ scheme as a simpler
alternative to the smart market that possesses several attractive features.
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Even the simple PMP scheme is far removed from current practice. The question
for ISPs is not what auction scheme should be used, but rather whether usage prices
should be employed at all. The emerging market consensus for dial-up access to the
Internet is a ®at rate pricing structure: unlimited access for a ­ xed monthly fee.
Leased-line access is charged according to the capacity of the line. The majority of
users therefore face a marginal usage price of zero. There are, however, examples
of usage pricing on the Internet. Users of NZGate, New Zealand’s Internet gateway
managed by Waikato University, are charged according to the volume of their traf-
­ c. Brownlee (1997) discusses the system, noting that the overheads of charging are
signi­ cant. JANET, the UK academic network, charges users for incoming transat-
lantic trā c. The con­ guration of JANET means that measurement of tra¯ c to
and from North America is relatively inexpensive. Zero usage prices are more ­ rmly
established in the US.

(b) An economic analysis

There are two important economic considerations for networks maximizing pro­ ts.
The desire to discriminate between consumers with heterogeneous valuations drives
networks to form separate sub-networks (in Odlyzko’s proposal) or to charge di¬erent
prices (in a nonlinear pricing scheme). This is known as a `segmentation e¬ect’: by
di¬erentiating a service or product, a ­ rm can increase the gross surplus received by
consumers, which can then be extracted to form pro­ t. O¬setting this is any increase
in competition between networks which results from the use of another sub-network
or price; this is the `competition’ (in the terms of Champsaur & Rochet (1989)) or
`expansion’ (Shaked & Sutton 1990) e¬ect.

Gibbens et al . (1998) show that PMP may not survive in equilibrium between
competing ­ rms. In their model, the competition e¬ect always outweighs the segmen-
tation e¬ect: both networks in a duopoly earn lower pro­ ts in any PMP equilibrium
than in the non-PMP equilibrium. A more speci­ c description follows.

(1) There is only one possible equilibrium when one ­ rm o¬ers two sub-networks,
while the other o¬ers one. Both ­ rms earn lower pro­ ts in this equilibrium
than in the non-PMP equilibrium.

(2) No PMP equilibrium exists when both ­ rms in a duopoly o¬er two sub-
networks. That is, given any combination of sub-networks and prices, one or
other of the ­ rms can increase its pro­ t by changing its number of sub-networks
and/or prices charged. The ­ rms never settle in a stable (i.e. equilibrium) point
in which both o¬er two sub-networks.

(These analytical ­ ndings are similar to the numerical results of Wilson (1989), who
shows the same for priority supply classes of electricity.)

The same two economic e¬ects come into play when considering ®at rate (or `bu¬et
pricing’) or nonlinear (e.g. a combination of a ­ xed plus usage) pricing. Traditional
explanations of bu¬et pricing have focused on pure cost (see, for example, Nahata et
al . 1999) or uncertainty (see, for example, Fishburn et al . 1997) factors. (A full survey
of bu¬et pricing is not possible here; see Nahata et al . (1999) for many examples.)
But strategic reasons are equally important.

The following model is used to demonstrate this. Consumers are able to buy a
variable amount of a product from one of two ­ rms. The ­ rms charge up to two

Phil. Trans. R. Soc. Lond. A (2000)

 rsta.royalsocietypublishing.orgDownloaded from 

http://rsta.royalsocietypublishing.org/


Simple competitive Internet pricing 2315

prices for their product: a ­ xed charge (like a membership or subscription fee) that
is independent of the amount of the product bought by the consumer; and a per
unit charge. The ­ rms are horizontally di¬erentiated, in the sense that when they
charge the same prices, some consumers prefer one ­ rm, other consumers prefer
the other. Finally, there are positive network e¬ects: each consumer values a ­ rm’s
product more when that product is sold widely. To capture these features, suppose
that consumers are distributed uniformly along the unit interval. Each consumer has
a linear demand for a ­ rm’s product: with a usage price of p per unit, the consumer
demands 1 ¡ p units of the product. (The fact that this number lies between 0 and 1
is just a normalization.) There are two ­ rms, labelled 0 and 1, located respectively at
0 and 1 on the line. A consumer located at 0 6 x 6 1 receives a utility from buying
from ­ rm i of

U(x; i) = V + t[ix + (1 ¡ i)(1 ¡ x)] + 1
2
(1 ¡ pi)

2 + nDi ¡ fi: (3.1)

In this equation, V is a positive constant representing a common utility received by
all consumers from either ­ rm’s product. The term t[ix + (1 ¡ i)(1 ¡ x)] represents
the `transport cost’ element of the consumer’s utility: a consumer located at zero
receives a utility component of t from buying ­ rm 0’s product; a consumer located
at x > 0 receives a utility component of t(1 ¡ x). Similarly, a consumer located at
1 (x) receives a utility component of t (tx) from buying ­ rm 1’s product. t > 0 is a
parameter measuring the strength of this component of utility. (See below for further
comment.) The third term is the surplus gained by the consumer from consumption
of ­ rm i’s product when the usage price is pi. It is straightforward to show (see, for
example, Varian 1994) that the appropriate measure of this surplus is the area under
the demand function 1 ¡ pi and above the price line pi.y This area is 1

2
(1 ¡ pi)

2.
The fourth term nDi > 0 is a network e¬ect term, where Di is the total demand of
consumers who buy from ­ rm i, and n 2 [0; t] is a constant measuring the level of
network e¬ects. When n is high, there are strong positive bene­ ts to each user on a
network from other consumers’ use of the network. When n is low (but still positive),
these bene­ ts are lower; this will be the case when there is congestion. Finally, fi is
the ­ xed price charged by ­ rm i.

The two ­ rms have identical production costs: a ­ xed cost k per customer (e.g.
of installing a ­ xed link); a cost c per unit of demand (e.g. the marginal cost of
transporting a ­ xed amount of data); and a ­ xed cost of m if a two-part tari¬ is
employed, but not if a ®at rate scheme is used (e.g. the cost of equipment to count
packets on the Internet).

Note three things. First, the presence of a `transport cost’ captures horizontal
di¬erentiation: when the ­ rms have equal demand and charge the same price, the
consumers located near zero on the line prefer to buy ­ rm 0’s product, while con-
sumers near the other end of the line prefer to buy ­ rm 1’s product. Secondly, the
network e¬ects depend only on ­ rm 0’s demand and not on ­ rm 1’s; in e¬ect, the
­ rm’s products are assumed to be incompatible. At ­ rst, this may seem a strange
assumption to make in the context of the Internet: after all, the Internet is noth-
ing more than a `network of networks’, de­ ned by widespread connectivity between

y To understand why, note that the consumer would have been willing to buy some units of the
product at a higher price ·pi > pi ; call the demand at this price ·q ² 1 ¡ ·pi . Then at the lower price
pi , the consumer is buying the ·q units for less than (s)he would be willing to pay for them, and hence
receives a surplus. Performing this comparison across all of the units bought by the consumer leaves the
area stated in the text as the measure of total surplus.
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multiple networks. As the previous section argued, however, the changing nature of
the Internet is bringing interconnection agreements between asymmetric networks
into question. In addition, if the ­ rms’ products in this model are interpreted as
communication services (e.g. voice telephony or video conferencing), then lack of
compatibility can arise through the use of proprietary standards in the communica-
tion applications. This section does not analyse the compatibility question. Instead,
it assumes that compatibility is less than perfect; and, to simplify matters, that there
is complete incompatibility. Allowing for partial compatibility would produce no sub-
stantial change in the model’s results, but only complicate the calculations. Finally,
it is assumed that positive network e¬ects dominate, so that n > 0. Congestion in
this model is equivalent to a reduction in n, but with n remaining non-negative.

The analysis is restricted to considering whether ­ rms choose ®at rates or two-
part tari¬s in equilibrium to maximize pro­ ts. This is in order to obtain the simplest
possible assessment of whether it is possible for equilibrium to involve only volume-
independent prices. There are two aspects to the restriction. First, even when prices
do not depend on usage, they may nevertheless be nonlinear; for example, current
Internet pricing schemes rarely depend on volume, but often are nonlinear in the
maximum bandwidth available. Secondly, a full analysis would compare volume-
dependent and volume-independent pricing schemes more generally (see, for example,
Stole 1995; Armstrong & Vickers 1998; Rochet & Stole 1999).

The game has two stages. In the ­ rst stage, the ­ rms choose what type of pricing
scheme to employ (a ®at rate or a two-part tari¬) and the level of price(s) simul-
taneously. (The results are not sensitive to this order of choices; in fact, they are
strengthened if the ­ rms choose the type of pricing scheme before the price levels.)
In the second stage, consumers choose which ­ rm to buy from and how much to buy.
The analysis concentrates on symmetric Nash equilibria in pure strategies. There are
therefore two possible equilibria to consider: a ®at rate equilibrium and a two-part
tari¬ equilibrium.

Figure 2 illustrates the results of this model, showing the regions in (m; n) space
in which di¬erent equilibrium outcomes hold.y The two-part tari¬ solution can be an
equilibrium only if the ­ xed cost of charging usage prices is not too large: m < m̂.
Conversely, the ®at rate solution can be an equilibrium only if the ­ xed cost of
charging usage prices is su¯ ciently large (m > ~m).z In particular, the ®at rate
equilibrium does not exist when m = 0. In this case it can be shown that, when one
­ rm charges a ®at rate, the other ­ rm’s best response is always to choose a two-part
tari¬.

The ­ gure also indicates that there may be zero, one or two possible equilibria,
depending on the values of m and n, and the various critical levels. When an equi-
librium exists, the ®at rate is the unique equilibrium for `high’ values of m (greater
than m̂), and the two-part tari¬ the unique equilibrium for `low’ values of m (lower
than ~m). For `intermediate’ values of m (between ~m and m̂), multiple equilibria can
arise for su¯ ciently low n, while no equilibrium exists for su¯ ciently large n. Note,
however, that the ­ gure shows only the case in which m̂ > ~m. It is possible that
m̂ < ~m, in which case multiple equilibria do not arise.

y In fact, the ­ gure simpli­ es the situation substantially. Nevertheless, the ­ gure shows some of the
general features of equilibrium.

z This is true for the example illustrated in the ­ gure; see Mason (2000) for the general condition.
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Figure 2. Equilibrium existence.

A particular example demonstrates the results even more starkly. Suppose that
t = 1; c = 0:04 and m = 0:003. The absolute values of these variables are not
important, only that m is an order of magnitude less than c.y Then for n < 0:3026,
in the unique symmetric Nash equilibrium ­ rms do not use two-part tari¬s, but
instead charge ®at rates. Surprisingly, this suggests that the presence of congestion
(i.e. a low n) makes it more likely that the unique equilibrium involves ®at rates.

The explanation of this result uses again the segmentation and competition e¬ects.
A monopolist (weakly) prefers to use a nonlinear pricing scheme, since this increases
consumers’ gross surplus to be extracted as pro­ t. But in a competitive market,
­ rms must recognize that nonlinear prices can cause competition to be more ­ erce
than when ®at rates are used. With two-part tari¬s, ­ rms have two dimensions over
which they can compete: they can cut both their ­ xed price and their usage price. In
some situations, this latter competition e¬ect can outweigh the segmentation e¬ect.
As a result, even a very small cost of implementing a pricing scheme with a usage
component can make a large di¬erence to the equilibrium outcome.

4. Conclusions

This paper has discussed some of the economic issues that arise in network intercon-
nection and end-user pricing in the Internet. Previous work on Internet pricing has
identi­ ed the need to have schemes that are `e¯ cient’ (although this word is used in
a variety of ways), stable (i.e. have desirable statistical properties), and simple. This
paper has argued that these criteria need to be supplemented by the requirement
of equilibrium: that interconnection agreements and pricing schemes be sustainable
when ­ rms maximize pro­ t and individuals maximize utility.

y In this case, ~n = 0:6803, n̂ = 0:7370, ·n = 0:7406, and n¤ = 0:7492; and ~m = 4:8 £ 10 ¡ 6 and
·m = 0:1157.
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A relatively small number of economic principles have been discussed. In deter-
mining network interconnection, the relative importance of horizontal and vertical
aspects proved to be a key determinant of whether networks wish to interconnect. In
considering equilibrium pricing schemes, the analysis emphasized the segmentation
and competition e¬ects. These forces are always present and so, in this sense, are
robust to various modelling assumptions. Of course, the exact balance between the
forces depends on the situation in hand.
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