Service Differentiation : Congestion Prici ng, Brokers and

Bandw idth Futures

Peter Key

Microsoft Research ,

St George House , 1 Guildhall Street,

Cambridge, CB2 3NH , UK peterkey@microsoft.co m

1 Background

In most Networ ks or System s , users co mpete for a

set of limited resources. Resources might be

point-to -point band width, buffer spac e , memor y ,

CPU cycles etc . and users can be humans,

applications or processes . Connection-oriented

T elecoms ser vices use either reservatio n, where

resources are booked in advanced or Ad mission

Control ˙ think of telep hony or AT M for example.

Packet-based services and Operating Systems rely

mainlyo n either priorityschemes , for instance

using simple priorityq ueues , or f lo w- c o ntrol

feedback mechanisms such as T CP. T he current

Internet uses flo w-control with an ad mit-all policy

that relies on secondar ymeasures, such as users´

willingness to tolerate current ser vice, to throttle

excess load. Within the IET F , IntServ is

attempting to define connection - o riented ad mission

control schemes whilst DiffServ is based on

connectio nless ideas, attempting to use priorities

and co mplex queuing disciplines to provide QoS

classes.

But if we step outside the Comp uter Science or

T elecommunication mindset, we see the same

problemoccurring in other areas, but solved using

resource pricing as a fundamental ingredient. For

example, think o f resources as airline seats, units of

(electrical) power or econo mic wealth. P ric es or

taxes are used to control the load , or to maximise

the retur n b yoffering differential ser vices at

different prices ˙ think for instance of po wer

companies who use price incentives and penalties ,

or a irlines .

We claimnot only that it is impossible to separate

service differentiation fro m pricing , but also that

so me use of resource pricing is the only sensible

way to proceed. T he first point is clear: if there are

two qualities which both cost the same , any rational

person will chose the higher quality! As an

example , mo st current DiffServ proposals a re

interesting but fundamentallyflawed, caused by

attempting to define technolo gies independently of

econo mics or implementatio n . T hey attemp t to

define local priorityschemes and scheduling

policies, whereas an application/user is interested in end-to -end perfor mance. Also, the cost and

complexity of scheduling policies is not addressed.

Even if the hard ware cost is not significant, there

are real management over heads. A salutar y

example is provided bythe ABR service of AT M:

this o nlyreally makes sense if ABR operates fro m

end-system to end-system , which no wlooks highly

unlikely. Moreover, despite being more co mplex to

implement, it wo uld have to be charged at a

cheaper tariff than say a CBR service operating at

the MCR, despite using the same band width.

(Other wise a smart user with delayinsensitive

traffic could just use CBR and overflo w excess

traffic to a best-effort traffic class that has be to an

order of magnitude cheaper).

T he Explicit Congestio n Notification (ECN) [ 1 ]

proposal within DiffServ looks attractive , and we

believe can be extended to give as much diversity

as is required. Our contribution is to break away

fro mshackles of mandator yT CP-like behaviour

inherent in the current E CN RFC. We can even

incorporate call admission co ntrol at the flo wor

micro-flo w level, an anathema to the current

DiffSer v!

2 Architecture and Framework

T he idea of Congestion Pricing has been explored

in a number of papers [ 2 , 3 ] , where the basic idea is

to signal back derivative information to the user

(the Lagrange multiplier of the co ngestion costs,

representing the mar ginal incremental costs). P rices

can be simply calculated b yeach resource ; if a

resource is lightly loaded, the price is zero, and

rises as the load increases. F eedback signals are

proportional to flo ws, enabling multiplicative

decrease . T h ere are links with the Vi c krey-auction

proposal of MacKie-Mason and Varian [ 4 ] , though

we use bounded costs, and no ex plicit signalling.

Marking only lost packets is not a sensible pricing

mechanism. With this framewo rk, co mplex

queuing sched uling is not needed: FIFO can be

used , with a suitable mar king scheme using

counters or adapting RED ideas.

T hese signals have to be co mmunicated to the user .

For IP based networks we advocate mar king at the

IP level, which then allo ws control to be exercised at anyhigher layer, or the IP layer itself. T his also

allo ws unresponsive applications or domains to co-

exist with responsive ones ˙ unresponsive flo ws

will in general incur higher charges. Other

approaches could be used elsewhere, such as a

virtual signalling channel.

T hen t he fundamental idea is to allo w end -systems

to react as theyplease, so users who are prepared to

^pay~ more receive more. T he onlyassumption

required is that theymust feel so me pain associated

with the feedback signals / mar ks. T wo possible

scenarios are

1.