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Distributed Systems 2008/9

Wireless: Many mobile phones today have WLAN

P2P: Olympic games live-broadcast over
peer-to-peer networks

„Social“ networks: Facebook, Xing, Twitter...
E.g. US elections 2008: Obama makes extensive 
use of Internet technologies
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Different Stakeholders

• Distributed systems often consist of different participants
and stakeholders
- e.g., BitTorrent swarm similar to a small society
- e.g., different strategies define the set of ISP routing rules

• Many distributed systems rely on 
collaboration and resource contributions

Incentives for „efficient“ collaboration
in selfish milieus?
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The Socio-economic Complexity (Ch. Papadimitriou STOC 2001)

„The Internet is unique among all computer systems in that
it is built, operated, and used by a multitude of diverse 
economic interests, in  varying relationships of collaboration
and competition with each other.“

„This suggests that the mathematical tools and insights most
appropriate for understanding the Internet may come from a 
fusion of algorithmic ideas with concepts and techniques from
Mathematical Economics and Game Theory.“

Triggered much research!
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Monetary Mechanism Design?

• Many economic solutions rely on monetary payments

• This may not be realistic in open distributed systems
- Open: e.g., peer-to-peer system, wireless network, etc.
- Anonymous participants
- No currency available
- ...

• A „hot topic“
- Distributed mechanism design
- Solutions with punishments?
- Money burning mechanisms? (pay with e.g., bandwidth?)
- Tit-for-tat solutions (e.g., BitTorrent)...

[Interesting work by Papadimitriou, Parkes, Roughgarden, Shenker, etc.]
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Our Research

Observation: Cooperation can be
fostered through a trusted entity
who makes monetary promises to 
individual players for certain outcomes. 

Sometimes, cooperation / outcomes can be improved
significantly with only a small amount of money, sometimes
even for free (i.e., with mere „creditability“).
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Our Research

Observation: Cooperation can be
fostered through a trusted entity
who makes monetary promises to 
individual players for certain outcomes. 

Sometimes, cooperation / outcomes can be improved
significantly with only a small amount of money, sometimes
even for free (i.e., with mere „creditability“).

Can be regarded as
an insurance.
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Mechanism Design by „Creditability“

Reliable third party
- Promises players payments for certain outcomes
- Selfish players take this into account
- Sometimes, little or no money is sufficient to influence much!

Goal: Implement* best free
profile, implement social

optimum at minimal cost, ...

Model by Monderer and Tennenholtz

Solution Concept
- Minimal rationality assumption:
non-dominated strategies

* Implement = make players
choose this strategy profile
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„Creditability“ in a Prisoner‘s Dilemma

• Two robbers, can say truth (t) or lie (l)

• Matrix shows utilities (e.g., number of saved years in prison)

Social optimum

Unique Nash equilibrium
(dominant strategy profile)
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„Creditability“ in a Prisoner‘s Dilemma

• Third party makes the following promises:

Now, lying is the only Nash equilibrium.
The social welfare is 6 (instead of 2),

while the third party only pays 2!
Sometimes, better outcomes without

any payments at all!

4 4
2

2



Stefan Schmid @ INFOCOM, 2009 11

The Throughput Game

• A simple network: n players want to 
communicate from site A to site B over m parallel channels
- Each player must choose one channel; utility = throughput or demand
- Throughput is shared among players on same channel

Channel capacities:
c1 ,...,cm

Player demands:
d1 ,...,dn

Site A Site B
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The Throughput Game

The goal of the mechanism designer
is to distribute the selfish players „well“

among the channels!

Channel capacities:
c1 ,...,cm

Player demands:
d1 ,...,dn

Site A Site B
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Leverage: Benefit of Creditability

Worst-case leverage: Players choose worst non-dominated profile!
- Non-dominated: no strategy is always better, independently of 
other players

- Leverage = how much can be achieved with creditability
relative to the social optimum (unbounded in absolute numbers)

·

 

1 as U(x) · U(OPT)

Worst non-dominated profile Payments
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The Throughput Game

Worst-case leverage: Players choose worst non-dominated profile!
- Non-dominated: no strategy is always better, independently of 
other players („weakest rational choice“)

- Leverage captures how much can be achieved with creditability
relative to the social optimum (unbounded in absolute numbers)

Take into account
costs of implementation.
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Formal Results (1)

Appetizer: Can we always implement a unique profile for free? 

- Initially, non-dominated profile may not be unique!

But yes: every Nash equilibrium can be
implemented for free!

- The throughput game always has a (pure) Nash equilibrium.

- Thus, we can e.g., third party can implement
the best Nash equilibrium!
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Formal Results (2)

• Which profile is optimal, which profile is the best that
can be 0-implemented, ...?

• What do I need to pay to implement a certain outcome?
- Simple and fast computations, e.g., for social opt implementation. 

• Bounds for the leverage

• See paper...
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Simulation: Impact of Number of Players (Constant)

• Worst-case leverage is almost 1 for 
both 0- and OPT-implementations
- Reason: bad non-dominated profiles
- For few players, little contention

• Assume: 16 and 32 channels with
capacity 100, player demand 100

• Average-case leverage (random
non-dominated profile) is lower, peak 
approx. at n=m
- Reason: random non-dominated
profile quite good (third party
cannot do much)

• Study of two objectives: free profiles 
and social optimum

32 channels

16 channels
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Simulation: Impact of Number of Players (Constant)

• Worst-case leverage is almost 1 for 
both 0- and OPT- implementations
- Reason: bad non-dominated profiles
- For few players, little contention

• Assume: 16 and 32 channels with
capacity 100, player demand 100

• Average-case leverage (random
non-dominated profile) is lower, peak 
approx. at n=m
- Reason: random non-dominated
profile quite good (third party
cannot do much)

• Study of two objectives: free profiles 
and social optimum

32 channels

16 channels

0-leverage and OPT-leverage
similar magnitude.

AVG: if n<<m and n>>m, players are
likely to use channels well. If n=m, 

mechanism can help to prevent
unnecessary multiple channel use.
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Simulation: Impact of Number of Players (Uniform)

• As before, but channel capacity 
uniform at random from [1...100]
rather than constant
- variance: there are bad channels

• Interesting phenomenon: similar
but at around n=m, there is a drop
for OPT-implementations
- Reason: Need to implement

bad channels (costly and little benefit)

16 channels

32 channels

• It‘s generally better to implement free 
profiles rather than the social optimum!
(taking implementation cost into account)
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Simulation: Impact of Number of Players (Uniform)

Reason: In the social optimum, in order to 
make players use the remaining weak 

channels, large payments are required!

• For n<<m, it‘s cheap to put players on good channels
• For n>>m, it‘s cheap again, as channels are shared by many
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Additional Simulation Results in the Paper

What is the „impact of scale“ W, 
i.e., if n = W · m?

What is the impact of the
players‘ demands?

What is the leverage at saturation 
throughput? (Fixed load, but

different number of players / 
demands.)

Many phenomena and bounds on the leverage can also be
explained formally (see paper for derivations).

Max leverage for W=1,
namely 1/e. 



Stefan Schmid @ INFOCOM, 2009 22

Conclusion

• Alternative solutions to mechanism design with payments?

• This paper: Creditability (= insurance?) can help „for free“.
- Sometimes better than implementing social optimum

• New insights may have implications for other money-less markets
- E.g., due to ethical or institutional considerations
(e.g., market for organ donations)

• Open questions:
- In which settings is such a insurance realistic?
(Not only money problems!)

- dynamic games, risk-averse behavior, etc.
- general implementations? (beyond zero and optimal)
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Muito obrigado!
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Nash Equilibria can be implemented for free!

• Two player example:

Pure Nash equilibrium
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Nash Equilibria can be implemented for free!

• Two player example:

Pure Nash equilibrium

Utilities of player 1
cannot be larger
than in Nash equilibrium
here!
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Nash Equilibria can be implemented for free!

• Two player example:

Pure Nash equilibrium

In order to make this
the only non-dominated
strategy, promise
much money here –
it‘s free!
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Nash Equilibria can be implemented for free!

• Two player example:

The same can be done

with
the second player, a

nd

hence the claim
follows.
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Mechanism Design without Money

• Arrow‘s theorem: Limited impact only

• There are situations where it is still useful

• Approaches today:
- Punishments for non-cooperative behavior (e.g., jamming)
- Tit-for-tat solutions (e.g., BitTorrent)
- Money burning mechanisms: pay by computations or bandwidth

• Further reading (our approach):
„k-Implementation“ by Monderer and Tennenholtz
- related to correlated equilibria (but with money)
- indeed: all correlated equilibria are 0-implementable
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