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Motivation

e Current Internet offers
— single class of “best-effort” service.
— Flat-rate pricing
— Congestion is observed
— Incentive to overuse the network
— Does not allow service differentiation
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Current Internet

e Current applications are “elastic” applications.

— Rates can be reduced when congestion arises.
— FTP, SMTP,etc.

e Emerging real-time multimedia applications are “non-elastic”
— High delay in the current Internet - high packet lost rate
— Poor performances from traditional resources
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Internet and Congestion Control

Sender Receiver

e UDP

(User Datagram Protocol)
-connectionless
lrar

-unreliable data transfer
Withdraws letler %
from mailbox or

post office e - TCP
(Transmission Control Protocol)
-connection-oriented

-reliable data transfer
-congestion control mechanism

Dirives leter to
post office
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Internet and Congestion Control

(1)Window with a small value
of window size 12

(2)Increase window size

exponentially (slow start) threshold

threshold

(3)Window size grows linearly
(congestion avoidance)

Congestion window (In segments)

(4)Reset to one after time-out
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Hybrid System Control

Mumber of transtmissions
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Different Pricing Schemes

e Current Pricing Scheme: Flat-rate

e Different Pricing Schemes
— Smart Market, first scheme with second price auction
— Paris Metro Pricing: networks into sub-networks
— Pricing based on transfer rates and shadow prices
— Priority Pricing among different classes.
— Auctioning: Progressive Second-Price Auction
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> Second-Price Auction

« Auctions is everywhere: internet auctions, spectrum
licenses, drilling rights, etc.

e Second Price Auction (Vickery Auction)
— winner pays the highest of the remaining bids
— Truth-revealing: everybody tends to bid their true valuation.

— Equivalent to English Auction
FilthA nnual
Silent Auction
." December 1 @

Federal
('ch) Communications

Commission
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Progressive Second-Price Auction

e PSP: Iterative Second-Price Auction for divisible commodities

e Intended to alleviate the signal burden of packet auctions in
smart market.

(1) Stability: there exists an e-Nash equilibrium.
(2) Incentive Compatible: there exists a truthful e-best reply
(3) Efficiency: the dynamic game converges efficiently to a

truthful e-Nash equilibrium.

Under the assumptions of

(1) 9;(0) =0;

(2) q; is differentiable;

(3) g, > 0, is non-increasing and continuous;

(4) 39, > 0,vz >0,9,(z) >0=Vh <z,0,(2) <q,(h)—g,(z —h)
(concavity assuption up to a point where the curve becomes flat).

(5) No budget constraints
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Progressive Second-Price Auction
A

KSeIIers calculate

Allocation Rule
T al(s') = min(g;, Q, (g} ;s%))
k(aij Gl VI ijj Qiy:isl)=0)- > all' vy >0Vvi,jel,

(allocation, cost)

“Buyer's bids ) = Sl 051 al(sls ) i
(quantity, price) -
@', p)), Vi=j New Bid Calculation
- J | | |
- v ~ P (z) = inf(yZO:q; —k%lyfm zz]

Buyers respond to seller's ,
allocation with new bid v/ = SUIO12 >0:0;(z) > P/(z)and fPij (h)dh < bi}
(quantity, price) e 0
;0
w) =q,(v})

(Qij’pij)k+l = (vi,w}), Vi Ij/
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PSP Example

Ps 2Py =Ps 2P, 2Py
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Allocation decision for buyer 3:
a3: q3
calga
nﬁ?ll c,: difference under the area
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PSP Example

p52p42p32p22p1,p0|20,620

Second-round bidding:
V3 : q2

uiﬂ?‘l w,: P,
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PSP Model used for Networks

Class 2 ISP
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Hybrid System Models of Computer Networks

Dynamical systems with interacting continuous dynamics
and discrete-event dynamics

Cf. Packet-level model simulation
(1) Improves the computation requirement
for large scale of simulations
(2) Alleviate the difficulty in understanding
network parameters affecting overall performance

Cf. Fluid Model

(1) Captures the transient dynamics
(2) Provides flexibility in modeling
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Future Subsequent Work

e Hybrid Model of TCP
— Moadification on the previous model by adding modes such as
time-out, congestion avoidance, and congestion delay.
e Pricing Model from a System Perspective
— Incorporate PSP into the model
— Simulation on simple network topologies

e |Improvements of PSP
— Cases in which equal bids are possible
— Asynchronous bidding
— Reserve prices
— Admission prices
— Demand functions
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