Sharing Resources and Costs in
Grids
†

Costas Courcoubetis

InterPerf Workshop, VALUETOOLS 2008
Athens, Greece, 24 October, 2008
† Dept of Computer Science, Athens University of Economics and
Business
Joint work with Richard Weber

Motivation

How do we derive sensible resource allocation policies in shared
infrastructures (Grids, communication links) when participants
have private information?

Motivation

How do we derive sensible resource allocation policies in shared
infrastructures (Grids, communication links) when participants
have private information?
Key observation: system operating policies inﬂuence strategies of
agents.

Motivation

How do we derive sensible resource allocation policies in shared
infrastructures (Grids, communication links) when participants
have private information?
Key observation: system operating policies inﬂuence strategies of
agents.
Traditional policies may fail!

Motivation

How do we derive sensible resource allocation policies in shared
infrastructures (Grids, communication links) when participants
have private information?
Key observation: system operating policies inﬂuence strategies of
agents.
Traditional policies may fail!
Two main problems:


The way the system resolves resource conﬂicts depends on
declarations by agents.



Since facility cost must be shared, agents like to free-ride.
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How do we address these issues?
Are auction theory and Mechanism Design appropriate? And under
what assumptions on our model are these applicable?
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Easy when we know utilities of participants.



But in practice participants have private information! If the
policy of the system depends on this information, they will
disclose it to the best of their advantage.
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N agents will use a FCFS server, each generating a Poisson
stream of exponential jobs with diﬀerent mean.



Each agent suﬀers a linear delay cost that is private
information, but its distribution is public information.



Initially each agent i
contributes an amount yi , and the server
is build to size Q = yi (assume linear cost).



Lots of free ridding at the NE! How can we improve the
system?



Relate the scheduling of the server to the contribution of the
agents! E.g., processor sharing with coeﬃcients proportional
to the yi s.



Which is the optimal scheduling policy?
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If E[Vt ] > c, ﬁx payments pi,t = c/n. This may not work if
θi,t = θi for all t (it may not be ex-post rational).
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The distribution of the types of the agents?



If an agent declares its Fi , can we police it? i.e., punish him if
his subsequent declarations θi,t , t = 1, 2, . . . , are not
consistent with Fi ?



In a variation of the model, agents are on/oﬀ with a certain
probability. How do we obtain this information?
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Aim: design G so that at the Nash equilibrium the expected
net beneﬁt of the agents is maximized while recovering a cost
c/period in the long run.

The size Q of the system may be determined as part of the game,
for a given cost c(Q).
An agent should proﬁt more by participating in this system than by
building his own facility.
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The game G
1. System designer posts operating rules of the facility,
2. Participants chose contracts (*), i.e., decide on disclosing
certain information. They may make some initial payment
depending on contract chosen.
3. The facility operates in discrete slots t = 1, 2, . . .. At each
time t the agents derive value by accessing the facility and
may make further payments to cover the running cost. They
may also be asked to disclose some private information
regarding their utility of the service at time t (**).
4. The resource sharing and the payment policies take into
account the information provided in (*),(**).
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Ask the agents to reveal their θi,t . If θi,t > pi , the machine is
allocated to agent i (this cannot hold for both 1 and 2), and
he pays pi .



Choose b so that expected payment per slot becomes c.

Solution maximizes sum of expected agent utilities conditional on
recovering c on the average, is incentive compatible. Note that
agent 2 wins if θ2,t > θ1,t + b.
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Lets look at some other fun problems!
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Control policy is xi (θ, S), S= conﬂicting set of agents.



System planner posts {agent’s contribution, operating policy}
as a function of the θi s that the agents will declare.



Agents declare their θi s and system runs according to posted
policy.
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A large n result


Assume c(Q) = Q and n very large.



Then S will always be near its typical value and xi (θ, S)
become xi (θ).

The allocations should satisfy i αi xi (θ) ≤ Q.



It turns out that the solution of the Mechanism Design problem
implies a simple ‘eﬀective bandwith’ tariﬀ for type i agents:


System guarantees resource y for a contribution of αi y.



Agent i indirectly declares its θi by selecting y to maximize
maxy {θi u(y) − αi y}.



No information on Fi required!
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Open problem: how do these results generalize? How much
information is needed to determine the optimal s?

How bad is equal sharing?
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How bad is equal sharing?
Suppose agents have types θi = 1 and α1 > · · · > αn . Then only
agent 1 will have any incentive to contribute resources to the grid.
The problems that are to be solved by agents 1 and 2, respectively,
are to maximize with respect to q1 and q2

 n 
 n 
1 qi
1 qi
+ (1 − α2 )Eu
− q1 ,
nb1 (q) = α1 α2 Eu
M +2
M +1

 n 
 n 
1 qi
1 qi
+ (1 − α1 )Eu
− q2
nb2 (q) = α2 α1 Eu
M +2
M +1
where M = number of agents 3, . . . , n that are present. Since
α1 (1 − α2 ) > α2 (1 − α1 ) it follows that
∂
∂
∂q1 nb1 (q) = 0 =⇒ ∂q2 nb2 (q) < 0.
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s

Given f (t), one can recover the corresponding x(t) and y(t), by
taking q(s) = −f (s) + sf  (s) and u(x(s)) = f  (s). These tariﬀs
are incentive compatible.

An optimal control formulation for u(y) = y 1/k

When n is large we wish to design f (·) so as to maximize
1
0

f (s) ds

subject to a constraint that says that incoming contributions and
outgoing allocations are equal, i.e.,
1
0

[sx(s) − q(s)] ds =

1
0

[sf  (s)k + f (s) − sf  (s)] ds ≤ 0 .

An optimal control formulation for u(y) = y 1/k
Let z1 (t) = f (t), z2 (t) = f  (t). Our problem becomes
1

maximize
0

z1 (t) dt subject to

0=w+
z1 (t) = z2 (t)
z2 (t) = v(t)

z1 (t) ≥ 0
z2 (t) ≥ 0
w ≥ 0.

1
0

[sz2 (s)k + z1 (s) − sz2 (s)] ds

An optimal control formulation for u(y) = y 1/k
0.3
0.25
0.2
0.15
0.1
0.05
0.2

0.4

0.6

0.8

1

An optimal control formulation for u(y) = y 1/k
0.3
0.25
0.2
0.15
0.1
0.05
0.2

0.4

0.6

0.8

1

Agents with small α (less than α∗ = 0.1585) are prevented from
participating.

An optimal control formulation for u(y) = y 1/k
0.3
0.25
0.2
0.15
0.1
0.05
0.2

0.4

0.6

0.8

1

Agents with small α (less than α∗ = 0.1585) are prevented from
participating. Some agents may prefer self-provisioning.

An optimal control formulation for u(y) = y 1/k
0.3
0.25
0.2
0.15
0.1
0.05
0.2

0.4

0.6

0.8

1

Agents with small α (less than α∗ = 0.1585) are prevented from
participating. Some agents may prefer self-provisioning. Agents
with large αs beneﬁt more.
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THANK YOU!!

