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Characterizing Service Requirements

Utility function U,.(x,).

Ur (X r)




Demand Function

e Network charges price u per unit transmission rate.

e Total Utility: U,(z,) — uz,
D, (u) = arg mgéc{Ur(x) — ux}, u >0
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Market-Based Resource Allocation

Internet Congestion Control
Wireless Local Area Networks

Cellular Wireless Networks



Ad-Hoc Networks




Pricing to Stimulate Co-operation

Nodes are
e rewarded for forwarding packets (providing resources)
e charged for sending packets (using resources)
Nodes decide on
e how many packets to send (transmission rate)
e how many packets to forward

e how much to charge for forwarding packets



Issues

Issues
e Routing
e Protocol
e Security

e Network Performance



Other Applications of this Model

Peer-to-Peer Computing
Content Delivery Networks
Application Service Providers

and other Peer-to-Peer Applications

10



Model/Terminology

e Routes are Fixed
e (,: Capacity of Node r

e U,(z,): Utility Function of Node r
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Centralized Network Manager

Optimization Problem:

max > Ur(z)

subject to T, + wa < (., r=1,...
xr > 0, r=1,...

Maximizes social welfare.
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Model/Terminology

z,. Transmission Rate of Node r

y,: Traffic forwarded by Node r

pr: Price Node r charges for forwarding Packets
Ar: Price Node r has to pay for sending Packets

D..(p): Demand Function of Node r

D, (p) = arg max {Ur(wr) - wrp}, p>0.

I.(pr, i—r): Incoming Traffic at Node r under Price p.
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Total Utility

o U,(x,): Utility of Node r
e y,.u,: Revenue for forwarding Packets

o —z,.)\,: Cost of Sending Packets
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Objective Function

Given Ar, p_

subject to

1IMax
Tr,Yr iy >0

{Ur(xr) — T A + yrur},

T, +yr < Cp
Yr < Ir(ﬂ'raﬂ—r)
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User Adaptation Model

Step 1: Given AR i) and uq(ak), choose ") and yff"“)
Casel: "™V = argmax {U(@0) + (Cr = ) — 2,20 ]
Case2 o) = argmax {Ur(or) + i — X}
Case 3: )

Step 2: Choose A

(1) = [u®) 4 o D, (A®) 4 pP) 440 — ;) ’
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Network Performance in Equilibrium

If demand is very elastic, i.e. if

‘ D, (p)
Dy (p)
then, in equilibrium, the bandwidth allocation maximizes the
social welfare,

max Z U,(x)

subject to the capacity constraints
xr—i_yrSCra r=1,..,R
This implies that

e bandwidth allocation (z7, ..., %) is unique

e price vector (uj, ..., 45) is not necessarily unique
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More Precise
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Bandwidth Allocation

Optimization Problem:

max Z <U,,~(:C,,~) — T Z fﬁ?r/)

subject to Ty + Z . < Cp,
zr 2 0,
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Numerical ExamPle with 25 Nodes
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Transmission Rate z,
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Price p, for Forwarding Packets
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Conclusions/Extensions

Resource Allocation in Peer-to-Peer Systems
Maximizes Social Welfare

Battery Power
max {UT(ICT) + Ypr by — xr>\r - pr(xr + yr)}a

Interference
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