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Theme

Pricing in TCP/AQM networks

e affects the dynamic
e IS a dynamic
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3 lllustrations

e buffer vs. rate-based pricing
 RED pricing in hi-bandwidth links

e pricing with zero packet loss

3 October 2002 Allerton 2002



Fluid Model

W = window size N = 2Flows C'= link capacity

Sender OOOR OO0 | ) DOOMODOO  Receiver

A
p= marking p|:)b\ \ g = queue |ength

AQM

ODoomDO0O0 «<— RA=round-trip time <

: N
=2 -0 pt-R) =W -C

W =
R 2R R

R:%+R

3 October 2002 Allerton 2002



Closed-loop dynamic

TCP
dynamic
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1. Pricing Structures
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buffer-based
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rate-based
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stability margin trends
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2. RED and high-bandwidth links
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K,oq SCales with N/C?

TCP throughput formula

—A—
NZ
Po L7 X q,
b Kred DF B
h—l
2
plant gain [ CW

3 October 2002 Allerton 2002

13



g, Scales with C
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ns simulation
N = 50flows, T,=50ms, q, =
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3. Pricing with zero packet loss
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Nl’ Tpl

Pl router 1 Co, Uoref
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fixed point: C,= N,W,/R; + N,W./R,
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Rl = Tpl t qlref/C1 t q2ref/C2
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Example

Tpl — 50ms Cl = 4000pkt/8
Qirer = 100pkt
Pl router 1
T,, =50ms
2/\W2=p, +p,
2/W52=p,
C,= N,W,/R, + N,W,/R,
C,= N,W/R,
R = T + qlref/C + q2ref/C2
T 2t qlref/C
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C, = 1750pkt/s
O.er = 100pkt
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New fixed-point analysis

fixed point:
(Wi, Py, 92)
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N, = 50

T, = 50ms C, = 4000pkt/s
O,or = 100pkt PI WQ‘ZGFZ/'
Pl router 1 500 < C, < 2500pkt/s
N, = 50 O, = 100pkt
T,, =50ms
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fixed-point analysis
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ns sim
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To conclude

Pricing in TCP/AQM networks

e affects the dynamic
e IS a dynamic

3 lllustrations
e puffer vs. rate-based pricing
e« RED pricing in hi-bandwidth links

e pricing via packet loss or delay
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