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Why pricing? 9 Is a tool for managing network traffic
Why now? 9 Customer traffic has been increasing very fast

What is there to discuss? ™2 Flat (pricing) or not?
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Flat rate pricing

Pros and cons:

® is nice and simple (+)
® but unfair for end customers (—)

® unsustainable in the (not so) long run for access ISPs (—)

Telefénica I+D 2

Yelefonica




The economic puzzle of an access ISP

FLAT revenues USAGE-BASED costs

ADSL

Teonologia

Local loop

National
:> backbone

International
transit

/
/,
/

Telefénica I+D 3 Wm




Starting point for revising pricing

Vs

Knowing the contribution of individual customers

1. We need to formalize in a way that is intuitive

® No complex congestion based pricing

7. We need to guanti& using real data
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coalition S player i

N a set of customers

v(S) costs due to coalition (subset) S

v(S) v(SU{})

v(SU{T}) — v(S) the “Marginal contributions” of player 7

Shapley value @ (v) => / should pay its the average marginal contribution
over all subsets S of the giant coalition NV

Properties: Individual fairness, efficiency, symmetry, additivity
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Mapping Shapley to network pricing

How do my downloads impact the network costs of my access ISP?

Transit costs ™9 I might increase the 95-percentile paid to the transit provider

® depends on how I inject traffic

® also depends on how others inject traffic (95-percentile computed on aggregate traffic)

We use the 95-percentile as our cost function ()
1. Compute their aggregate transit traffic x(5) from a set of customers (based on data)
2. Set v(8)=q,(x(S))
3. Compute the resulting Shapley value for each customer

> Capture the average contribution of each customer to the overall cost of the ISP
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Traffic profiles from 10K ADSL users over a month

Computed approximate Shapley value for each one of them

® Marginal contribution over & instead of O(N/) coalition orders

® For k=1000 the relative standard error is below 10% for users with high Shapley

value

normalized Shapley value of user i

Use as our main metric p, = : :
normalized byte - count of user i

Is there discrepancy between Shapley and volume based pricing?
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frequency
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P = normalized(Shapley value)/normalized(byte—counters)
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Volume based pricing Is unfair

... because it totaﬂy disregards the “time of consumption”
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Shapley is fair but hard to use in practice

Can simple hour—of—day tariffs approximate Shapley?

0.015
obtained using non negative
N7 / least square fitting
O B _
o 0.01 Fits pretty well!
Q even simpler binary tariffs fit well
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Alternative 2: Combine flat rates & incentives

Yes, indeed we can have flat-rate compatible incentive scheme

® Jt’s flat

® Still it incentivizes customers to avoid the peak hour

The key is to offer customers the power of two choices

rate

10F

(2]
T

Traffic (Kbps)

time-of-day
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Alternative 3: Trade & Cap

Pushes the idea of flat-rate compatible incentives to its limits
® Flat payments

® All users get an equal number of tokens

® Users decide how to split the ISP resources

1. Bid for allocating interactive traffic

2. Use left over tokens to allocate bulk traffic
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For more detalls
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