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What use is a pricing scheme for quality of ser-
vice (QoS) in data communications that has all the
right economic and engineering properties, but is
completely unsaleable to consumers? Congestion
pricing combined with a flat subscription fee is just
such a scheme. But we demonstrate that it is the
only scheme that a wholesale communications op-
erator will need at the heart of its operations.

The incentive compatibility of congestion avoidance
pricing has been proven in the seminal work of
Kelly [8], building on [9]. Briefly, congestion avoid-
ance charges shadow the externality between users.
And operators can recover their sunk costs by top-
ping up fixed fees with congestion charges. Incen-
tives are correct both for rate control and routing.
Congestion pricing is also practical to engineer —
a fixed price is applied to packet markings already
standardised into the Internet protocol, called ex-
plicit congestion notification (ECN[11]). Metering
costs are low, whether at an access or interconnect
interface. But despite near-perfection in both eco-
nomic and engineering terms, numerous user stud-
ies [10, 2, 1] show that no ordinary consumer wants
the unpredictability of congestion pricing.

Previously, researchers have been preoccupied with
schemes for QoS that were both technically fea-
sible and acceptable to consumers. However, in
2000 the Market Managed Multi-service Internet
(M3I) project set out to enable a “Tussle in Cy-
berspace” [4] — to define a space in which pricing
models could evolve — to build for unpredictable
outcomes. This space had to embody the under-
lying economics of networking: fixed fee plus con-
gestion pricing. Its non-marketability didn’t mat-
ter; from this rudimentary scheme, we showed how
a variety of other schemes more acceptable to the
market could be synthesised:

• An Internet-wide reserved capacity scheme. To
participate, operators need only deploy a gate-
way (based on [5]) between their access net-
work and the wider Internet. Strong per-
flow guarantees are possible across the con-

nectionless, congestion-priced Internet within
the ring of gateways, with no need for over-
provisioning.[7]

• A differentiated service scheme weighted by a
constant willingness to pay. Again gateways
are used to isolate consumers from dynamic
pricing. We also demonstrated convergence
across fixed and wireless congestion.[12]

• A base case, with raw retail congestion pricing,
handled by an agent on the end-system able to
synthesise any conceivable response to pricing
under policy control, whether for a constant
rate stream or a networked game.

As unattended processes (eg. peer-to-peer) grow as
a proportion of demand, we predict that this last
case will become prevalent — unlike humans, soft-
ware can react to avoid unpredictable pricing. How-
ever, for us mere mortals, the familiar retail services
above will still be synthesised by the operator from
congestion pricing.

Rather than re-thinking the end to end principle [3],
we have restored trust in the end system using pric-
ing [6]. But further still, we have designed for QoS
control to be movable between the network and the
end-system, depending on the outcome of tussles in
the marketplace.

So fixed fee plus congestion pricing is near-perfect
in economic, engineering and market terms.
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