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Abstract

Suitable pricing models for Internet services represent
one of the main prerequisites for a successfully running
implementation of a charging and accounting tool. This
paper introduces general aspects influencing the choice of
a pricing model and presents a survey of relevant
approaches to be found in the scientific literature. Based
on cost model investigations some detailed insight into
price and cost issues from an Internet Service Provider’s
(ISP) point of view is given. Moreover, current challenges
as well as problems are discussed in a practical context
as investigated in the Swiss National Science Foundation
project CATI – Charging and Accounting Technology for
the Internet.

1 Introduction

It is expected that many Electronic Commerce appli-
cations will make use of the Internet as a transport infra-
structure. In contrast to more traditional communication
networks such as the Public Switched Telephone Network
(PSTN), the current public Internet lacks well-defined
pricing models and cost recovery schemes, both between
Internet Service Providers (ISPs) and their clients and
between interconnecting ISPs.

As Electronic Commerce becomes more widespread,
businesses will increasingly recognize the impact of the
quality of the Internet infrastructure for revenue. This will
spur a competition for improved Internet service between
connected businesses, which will in turn lead to differen-
tiated Internet service offerings from ISPs. As the Internet
will move away from a pure “best-effort” service to such
a more differentiated service network, new schemes for
pricing and Service Level Agreements (SLAs) will neces-
sarily evolve. A major goal of this work is to anticipate
and investigate such schemes.

As the variety of Internet services, such as native IP
(Internet Protocol) service, Mbone service, WWW
(World Wide Web) services, or FTP (File Transfer Proto-
col) service, show extremely different traffic characteris-
tics, sensible pricing models for integrated and
differentiated services and for multicast traffic in the
Internet are essential. Therefore, the development of
appropriate SLAs, pricing models, and suggested settle-
ment schemes for inter-provider connections (peerings)

become a key issue. For example, the costs of operat
of the Internet for Swiss universities and research has
be recovered almost entirely from its users. This requir
clearly defined methods for charging and accounting
Internet services as well as sound cost-sharing mod
and appropriate pricing schemes. Improvements on
existing model of cost sharing are required to achieve t
level of detail for all involved cost factors of a given IP
network. This includes various refinements to optimiz
resource usage in the Internet. In addition, various co
nected sites, organizations, and enterprises on the Inte
have expressed a need for better cost attribution with
their local administrative domain with respect to utilize
IP services.

This paper is organized as follows. While Section
highlights pricing models in practice, Section 2 deals wi
a classification scheme for Internet pricing models
terms of scientific research. An overview of significan
related scientific work can be found in Section 4. Base
on this background, a concrete approach for the co
recovery of an ISP is discussed in Section 5. Final
Section 6 summarizes the work and focuses on requi
ments on economically viable and technically efficien
approaches for pricing models and cost recovery schem
as investigated in the framework of the project CATI.

2 Pricing Models in Practice

Only a few pricing schemes seem to be in wider u
on the Internet today – especially form the ISP’s point
view. Dial-up access to the Internet is often sold for
fixed monthly fee, including either unlimited use or a lim
ited duration of the connection. Additional use of the con
nection is then billed at a per-hour fee. Volume-depende
charges have been used by some providers in the past,
seem to have lost popularity in recent years.

The price of a fixed Internet connection is usually
monthly charge depending on the bandwidth of the co
nection. In many cases the customer has to provide
circuit to the Internet service provider's nearest point
presence. In most cases, this circuit will be a leased lin
which adds another bandwidth-dependent recurring f
with an additional distance component.

For fixed connections, volume-based charging is mo
common, especially outside North America. There is us
ally still a fixed recurring component based on acce
IEW’99: 2nd Internet Economics Workshop, Berlin, Germany, May 28-29, 1999.
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capacity, but an additional cost per Megabyte (mostly
with volume discounts) of data transferred over the con-
nection. Such offers vary widely in the distribution
between fixed and volume-dependent components, price/
volume curves, and other parameters such as whether
both directions of traffic are considered for the volume
fee. In most cases, the bandwidth-based fixed part of the
price includes some positive amount of volume that can
be transmitted without charge.

Another variant that seems to have become popular
recently is a “bursty” rate, where the Internet service pro-
vider periodically,e.g.,every hour, measures the volume
of data transferred over the connection. For each charging
interval,e.g., every month), all samples are sorted by vol-
ume, a fixed percentage,e.g., 5%, of the highest samples
are discarded to eliminate unusual peaks, and the highest
remaining sample is used to define the bandwidth at
which the connection is charged.

It is quite rare to see further differentiation of usage-
based charging, such as short and long distance, or peak
and off-peak rates. Notable examples of those are vol-
ume-based charges on specific bottleneck links such as
the trans-oceanic connections of New Zealand's and Brit-
ain's research networks [1], [12].

3 Pricing Model Classification

The classification of pricing models must encounter at
least four basic dimensions, to allow for (1) a clear ser-
vice dependency in terms of the technical network type,
(2) a suitable distinction of price components that need to
be considered for pricing models, (3) a selection of
parameters applicable to charging, and (4) identification
of pricing intentions.

3.1 Dimensions

In order to classify, characterize, and distinguish the
different proposals for Internet pricing and charging
mechanisms, four dimensions have been identified. In
addition, a general research type is introduced. They can
be thought of as being almost independent of each other,
thus creating the domain within which any discussion on
pricing and charging issues has to be placed.

3.1.1  Service Categories
Among the proposals there is an apparent distinction

between connection-oriented and connectionless
approaches. In the history of Internet pricing,packet-
based modelswere the first to distinguish between several
qualities of service, focussing mainly on single packets as
being the entity to be charged. Quality-of-Service (QoS)
levels are only designed in the form of relative best effort
service classes. Adding guarantees to the QoS classes has
lead to theDiffServapproach. Here, the focus is on ser-
vice classes characterized by guarantee parameters (aban-

doning the per packet view). DiffServ is commonly base
on IP technology, i.e. connectionless and hence at le
questionable w.r.t. real-time applications. In contrast, t
IntServ approach has changed to connection-orient
mechanisms, thus allowing high level QoS as now use
may be rejected during times of heavy traffic. But IntSe
can no longer be run by IP as a reservation-based one
RSVP is necessary.

Note that another terminology distinguishes betwe
soft QoSpapers (proposing different service categorie
for connectionless traffic) andhard QoSpapers (focus-
sing only on real-time connection-oriented approaches

3.1.2  Price Components
Common telecommunication pricing consists of thre

basic elements, i.e. access fees, setup fees and usage
Combining these three leads to a classification of prici
mechanisms as flat fee, usage-based, reservation-ba
volume-based, service class-based, bandwidth-based
In the same way, there is a couple of basic approaches
Internet pricing mechanisms to be distinguished, like fl
rate, usage sensitive or volume-based pricing, packet
flow auctions, service or user profile-based mechanism
edge pricing versus multilateral contracts.

3.1.3  Charging Parameters
This dimension concerns the question of whic

parameters are or should be available for use in charg
and pricing mechanisms, starting from priority flags an
packet tagging over peak, nominal bit or average flo
rates as well as effective bandwidths to parameters l
expected path and congestion cost or dynamic bid-pric
per packet or resource unit, to name but a few.

3.1.4  Pricing Classification
Here, the basic function of pricing has to be invest

gated. Pricing may be used for reasons of network e
ciency, i.e. maximizing the utilization of resource
(bandwidth, buffer space), or of economical efficienc
i.e. value to the user. Hence pricing maximizes either pr
vider revenue (by efficient resource sharing and acce
control) or user satisfaction. Incentive compatibility is
further aspect to be considered here.

3.1.5  Type of Research
A last dimension may describe whether the research

conducted from a more theoretical or more practical a
application-oriented point of view. Both types of researc
are able to deliver important input especially for th
development of an architecture general enough for imp
menting different pricing models.

3.2 Further Aspects and Requirements

Beyond such general dimensions, there are mu
more aspects and requirements to be considered w
looking for viable pricing models, reaching from differen
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types of applications (e.g., burstiness issues) over techno-
logical and economical issues (e.g., sender or receiver
based payment, marginal cost, congestion/responsive
pricing) to more practical ones (e.g., like transparence,
predictability, practicability, fairness, user acceptance and
user friendliness) and will later be investigated in detail.

4 Related Work on Pricing Models

Although the issue of pricing Internet services has
gained its actuality only recently, there is already a couple
of related work to be found in the scientific literature.
First ideas during the early 90‘s usually preferred some
simple sort of service priority models, until in 1994, [10]
introduced the idea of using auction mechanisms. In
1995, [13] formulated an important model based on the
intserv approach. Both those papers provided major stim-
uli to the research of the following years (cf. especially
the collection of relevant papers in [11]), but it was not
until 1997/98 that first steps towards designing “real
world” charging mechanisms took place, mainly based on
the RSVP protocol. The following section contains an
overview of important Internet pricing models as investi-
gated over the last five years. It presents the idea of edge
pricing, concentrates on different types of auction mecha-
nisms, deals with user and service profiles, and concludes
with an outlook on practically oriented approaches.

4.1 Edge Pricing

The fundamental idea of edge pricing [3], [14] is to
charge the user only by the first network provider along a
data path that might use also services from other provid-
ers. The charge to be paid includes expenses for all differ-
ent providers handling the respective data. Thus,
multilateral contracts are reduced towards a sequence of
bilateral ones, the complexity is reduced enormously and
user transparence is provided. In the basic approach, the
user defines the maximal total price she is willing to pay
as a sender or a receiver of data, respectively, as well as an
upper bound for the maximal number of hops. The charg-
ing information can be transmitted as part of a signalling
protocol,e.g., the RSVP header [4], [5].

4.2 Auction Mechanisms

The seminal work of [10] deals with the question of
how an efficient pricing structure allows to manage con-
gestion, encourage network growth and guide resources
to their most valuable use. As the marginal cost for trans-
porting packets over the network is essentially zero as
long as the network is not congested, usage-sensitive pric-
ing schemes appear to be a good candidate for congestion
control mechanisms, as they approach the allocation of
scarce Internet resources in an economic context. Note
that the objective is not to raise profits, but to find a pric-

ing mechanism yielding most efficient usage of existin
resources. Current pricing schemes usually offer
incentives to flatten peaks or mechanisms for bandwid
allocation during congestion, whereas ideal prices shou
reflect the resource costs that the user generates so
she can make informed decisions about resource utili
tion. Such costs include fixed costs for network infra
structure, costs of connecting to the network as well
sending extra packets, and finally the social costs
delaying other users’ packets during congestion perio
A congestion pricing scheme (where packets are charg
if and only if the network is congested) could be imple
mented by using a “smart market” where the price fo
sending a packet varies on a very short time-scale, th
reflecting the current degree of network congestion. Ea
packet header contains a bid field, and the packet
admitted if the bid exceeds the current marginal cost
transportation. Note that the user does not pay the act
bid but only the (lower) market-clearing price. In this kind
of “second-bid” auction (Vickrey auction) the optima
strategy for the user is to bid her true evaluations - foolin
the market results only in disadvantages. Alas, the mec
nism guarantees only relative priority, no absolute Qo
Other critical issues include the question of how accoun
ing should be done without yielding too much an ove
head, how bursts will be handled and how the user w
react to maybe rapidly fluctuating bandwidth prices.

The model [8] allows guaranteeing multiple QoS
(especially for inelastic traffic) by scheduling resources
advance. In order to maximize the sum of user utilities,
routing problem has to be solved by standard multi-com
modity flow techniques. The notion of “effective band
width” allows to aggregate a broad range of source typ
in form of a one-dimensional bandwidth reservation
Decoupling routing and usage optimization and solvin
the resulting linear problem and its dual, the latter allow
interpreting the optimal solution in terms of spot price
for inserting (or extracting, respectively) traffic at a ce
tain node. This allows to express the marginal system c
for traffic from node A to node B in terms of only two
numbers: the nodal spot price for the source and for t
sink of the flow; the user no longer needs to know abo
the optimal route. Note, however, that finding the optim
spot prices still requires solving the full central plannin
problem. Decentralization requires that the users tru
fully reveal their preferences so that an Pareto efficie
allocation can be calculated. The mechanism proposed
again a “smart market”, i.e. generalized Vickrey auction
(GVA), as presented in [10].

A related approach of using auctions as a prop
method for decentralizing the decision-making in packe
switched multiservice integrated networks is presented
[7]. Here, Vickrey auctions are generalized yielding
mechanism that is designed to be stable, simple, effici
and fair. While the original “smart market” proposal [10
uses one-dimensional bids (price per packet) and th
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requires the central setting of the market clearing price
based on explicitly assumed utility functions for the users,
this approach requires the possibility of per-flow resource
reservations. The resulting two-dimensional bids (price
and quantity) allow to determine the clearing price
directly from the bids only. Instead of dividing the
resource into many small units and handling each of them
as an indivisible object subject to a Vickrey auction
(which yields a considerable loss of flexibility and scal-
ability), here allocations are assumed for arbitrary shares
of the total available resource quantity. Player preferences
are given in the utility function describing the individual
“value” of quantity/price vectors for the individual user.
The Progressive Second Price (PSP) rule generalizes the
idea of Vickrey auctions: you pay a price per unit which is
calculated from all other players’ bids, where each of
them is weighted by how much the allocation of that
player is decreased by the existence of your bid. Hence,
for each infinitesimal share of the resource, the player
who is getting it pays the maximum amount which the
player who is denied it would have been willing to pay for
it). This rule can be shown to have a number of nice prop-
erties, ultimately leading to the existence of a fair and effi-
cient Nash equilibrium.

Summarizing the approaches described, second price
auctions appear to be a useful concept for determining
actual market prices in case of network congestion which
is one of the main prerequisites for a truly dynamic pric-
ing scheme. However, it must be noted that these papers
are kept rather theoretically and may need major adapta-
tions before using their ideas for practical purposes.

4.3 Profiles and Classes

[2] deals with the question of how to provide different
QoS with high predictability while still running usual best
effort. Instead of allocating capacity to users by explicit
reservations, the “Expected Capacity” framework defines
service profiles for each user and separates demands into
those within the profiles and those outside. Treating these
two types of packets differently (i.e. favoring traffic that
obeys the respective profile) allows the network to offer
different levels of service with high predictability. In such
a scheme, packets from a user that behaves correctly are
tagged “in”, whereas packets from a user exceeding her
profile are tagged “out”. During congestion a suitable
dropping scheme is used to preferentially drop “out”
packets. Note that this approach prevents traffic being
separated at the routers into different flows or queues.

In contrast, [6] does not classify users but services.
Inside each service class every customer receives equal

service, but higher service classes offer significantly be
ter service than any lower service classes and are the
fore charged higher prices. The nominal bit rate (NBR
provides the underlying parameter for a monthly fe
Congestion is recognized by monitoring the load level
output buffers in the nodes; the system reacts by disca
ing some packets, preferably from flows with actual b
rate to NBR ratio being high. Each packet carries dro
preference and delay indication bits, based upon whi
the system decides about the discarding of packets.

4.4 Charging Framework for RSVP

[4] deals with the question of how to enhance th
Resource Reservation Protocol RSVP with informatio
for payment and prices. Here, one major aspect is th
depending on the underlying economic model, this info
mation may be interpreted in different ways. The idea
to use the PATH messages (path messages are dire
from senders to receivers and contain a sender-offered
of QoS specifications for a flow) and RESV messag
(reservation messages are directed from receivers to se
ers and contain the requested QoS specification for o
flow) of RSVP in order to transmit price information
Extended PATH messages carry a field with price info
mation that is initially set to zero. At each hop with a
outgoing link, the current market price for the requeste
QoS is added to the price field. Hence, if the PATH me
sage has arrived at the receiver, an approximate picture
the market situation is delivered, albeit the final price ma
still vary slightly, due to small changes on the marke
Finally, the RESV messages are sent back and show
actual price to the sender. Those messages may also
used for payment information, i.e. the PATH messag
may contain sender provided payment, whereas t
RESV messages may carry receiver provided payment

5 Cost Recovery within SWITCH

SWITCH is an Internet service provider for researc
and higher education being organized as a non-pro
foundation with little centralized funding. In yearly bud
get discussions, representatives of foundation memb
define a charging scheme for the next year. These char
are set to recover all operating costs for the network.

In recent years, the tariff for leased line connection
consisted of an access charge based on the capacity o
connection, and a charge per Giga-Byte of data tran
ferred from SWITCH towards the connected organiz
tion. The fixed charge and volume-based charge were
to account for about one third and two thirds of the tota
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The reasons for only counting traffic towards custom-
ers are as follows: The underlying transmission links of
the network are always sold symmetrically, but more traf-
fic flows towards the universities than from them. Thus,
there is usually no congestion in the outbound direction.
Secondly, the pricing is set to encourage sharing of infor-
mation.

The large part of usage-based charges has caused a
high level of awareness of the costs of network usage
within the organizations connected to SWITCH. Several
creative methods have been devised by universities to
reduce the amount of traffic and control the cost associ-
ated with their network connection. This includes reduc-
ing WWW bandwidth consumption by use of caching
proxy servers (in some cases made mandatory through
blocking of direct connections), or converting USENET
News feeds from “push” to “pull” mode.

Some of these measures to reduce traffic volume have
actually been counterproductive in the sense that they
reduced traffic only on those lines that were not congested
anyway, so they did n0t actually reduce cost of operation.
In some cases, efforts to save volume even made the ser-
vice more expensive for everyone because or increased
load on servers.

If the concept of volume-based charging is maintained
in the future, it is likely that the prices will have to be fur-
ther differentiated to encourage bandwidth savings in a
way that is more focused to the expensive and congested
or highly sollicited parts of the networks – currently the
international links and in particular the connection to the
U.S.

SWITCH participants have often expressed their
intention to charge individual users (or organizational
units such as departments or institutes) for the volume of
network traffic generated. So far, the technical and admin-
istrative complexity involved with this has prevented
them from doing so. A few universities provide tools
through which individual users can inform themselves
about their amount of network usage. This has been found
very useful and could obviate the need of performing
actually accounting and billing within such organizations.

5.1 Cost Structure of SWITCH’s Services

In many respects, SWITCH is not exactly representa-
tive of Internet service providers: the essentially closed
user group, organizational structure as a non-profit foun-
dation, and emphasis on the communication needs of the
academic community make it different from most ISPs
which operate on a commercial basis and offer services to
a wide range of individual or corporate users in a very
competitive market. However, the cost structure of operat-
ing SWITCH's network service is quite similar to those of
other large providers with mainly leased-line customers.

SWITCH operates a national backbone to transport
data between connected sites. This national backbone is

built from routers operated by SWITCH, connected wit
leased lines or ATM connections. For both types of co
nections, SWITCH pays monthly volume-independe
fees to carriers.

For traffic between SWITCH-connected sites an
other networks, there are two different cases: Some p
viders' networks are reachable at low cost because
“peering agreement” permits mutual exchange of traffic
no charge. In those cases, the router ports and lines c
necting the two networks are the only costs involve
Where peering agreements cannot be establish
SWITCH has to pay other networks for “transit” to othe
parts of the Internet. Currently, SWITCH uses transit se
vice from a commercial ISP in the USA and leases i
own line (actually an ATM virtual circuit) to New York.
This transit subscription and leased line represents a v
significant fraction of the cost of operating SWITCH.

Because international circuits are much more expe
sive than domestic ones, the costs for international co
nectivity exceed the costs for the national backbon
Since international transit connections are used to ens
connectivity to those parts of the Internet that cannot
reached by peerings, there is a strong incentive to p
with other networks to which there is significant traffic.

5.2 Peering Agreements

This explains why Internet service providers agree
exchange mutual traffic without settlements. Howeve
such agreements are hindered by the fact that the savi
are usually not perfectly balanced, i.e. one of the potent
peers would benefit from the peering more than the oth
An ISP who believes that the potential peer would rea
larger benefits may see the peering as counter-produc
because it would make the other ISP more competitive
the first one's expense.

In cases where a difference in benefits is perceive
the peering parties usually negotiate some kind of co
pensation, such as one party paying for the entire li
between the two networks, or the provision of free trans
to a third network by one of the potential peers. Where t
benefits are seen as widely differing, the provider wi
only small perceived benefits will likely not go through
the effort of setting up the peering.

Assessing the mutual benefits of existing peerings
often done when upgrades have to be negotiated. T
metric that is used most often is the amount of traffi
flowing in both directions. Traffic sent from ISP A to ISP
B is generally thought of as beneficial to ISP B, becau
presumably it represents data that has been requeste
ISP B's customers. This crude measure still correspon
to the prevalent ways the Internet is used today. Howev
it may be challenged by the emergence of unsolicit
information such as bulk e-mail or paid advertisements

While this metric is useful enough to serve in argu
ments on establishing or upgrading settlement-free pe
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ings, it would probably not be sufficient as a basis for
settlements between peering ISPs. In fact, peering with
settlements doesn't seem to be popular at all. The only
scheme used in practice is, that one (smaller) ISP pays
another (larger) one to connect to their network, but with-
out the right to transit to other networks. The authors are
not aware of cases where settlements between peers are
set in both directions and based on a common metric.

6 Summary and Remaining Issues

This paper provides a brief review of a large variety of
possible pricing schemes that could be used in the context
of Internet pricing and cost models. Moreover, major rele-
vant issues concerning cost structures and cost recovery
have also been enlightened from an Internet Service Pro-
vider’s point of view. This is espcially important for judg-
ing the practical relevance of research work in a business
environment.

As most of the work on pricing schemes so far is kept
rather theoretically, the next step is to validate their practi-
cal applicability. Having future general Internet develop-
ments in mind, in our opinion an ideal implementation of
a pricing model requires the essential integration of the
following concepts:

• Sufficient support of temporal pricing aspects;

• Using some sort of second-price auction approach for
dynamic pricing, but refining it in a way that the
auctions and, therefore, the final price become more
transparent to the user;

• Simplifying tariffs by offering a suitably defined
traffic classification;

• Extending pricing models and the corresponding
technical protocol-based signalling to the case of
multiprovider networks;

• Keeping pricing and charging issues as far as possible
at the border of the ISP networks.

Creating a platform that allows testing and using dif-
ferent pricing models in a practical multiprovider envi-
ronment integrating both the IntServ and DiffServ worlds
is one of the major goals of the SNF project CATI. The
prototype currently developed focuses on a working
charging and accounting framework to be used,e.g., for
tariffing IP telephony. The cooperation with the Swiss ISP
SWITCH thereby guarantees that the project results will
fit closely the features required by practical users of an
Internet charging and accounting tool.
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