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Congestion Control Background

(/] - N users share a network link

Users —— \ /Blmcer / - 1z, : sending rate of user n
- up(zy) @ utility of user n

- C': capacity of bottleneck link
Bottleneck Link O / buffer draining rate

Maximize overall utility subject to capacity constraints

loss-based CC adapts the rate according to the experienced losses
delay-based CC adapts the rate according to the experienced delay
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Delay Sensitive Applications
Delay sensitive applications (e.g, VolP applications) aim at operating

at low delay, therefore they must use a delay-based congestion
control algorithm.
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Delay Sensitive Applications

Delay sensitive applications (e.g, VolP applications) aim at operating
at low delay, therefore they must use a delay-based congestion
control algorithm.
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Rate-Delay Tradeoff for Delay-based CC

single link with capacity C' and buffer siye Quax

Single User vs Loss-based vs Delay-based
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Which equilibrium point should be picked?
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Rate-Delay Tradeoff for Delay-based CC

single link with capacity C' and buffer siye Quax

Single User vs Loss-based vs Delay-based
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Which equilibrium point should be picked?

- define utility to model the communication: u(z, d)
- pick the equilibrium point that maximizes this metric
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Network Sensing

delay [ms]
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How to sense the network:

- fix sending rate - might
degrade network service

- fix delay at equilibrium -
might degrade user
satisfaction

- fix rate-delay sensitivity by
discounting the experience
delay by dy - good tradeoff

aptive Controlle

Esumate network response
Select CC rate-delay sensitivity

Equilibrium
Rate-delay

New delay

Delay-based CC Sensitivity

Update Sending Rate
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Network Response Model

infer the network response from point-wise observations

24 600
true network response
®  samples
2.0 500
400
300
200
05
100
0.0 — y < + 04— - - - - -
0 50 100 150 200 0 100 200 300 400 500
sensitivity [ms] sensitivity [ms]

LTS4 - EPFL



Network Response Model

infer the network response from point-wise observations
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Network Response Model

infer the network response from point-wise observations
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By assuming a prior belief on the parameters 8, (and 8,) after
observing an equilibrium point, we can infer the posterior belief

p(0|%b5a dbl)
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Bandit Problem

bl
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Bandit Problem

bl

maximize E,g) [u(zeq(doi; 0), deq(doi; 04))]
bl

U(dy|,p(0))
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Bandit Problem

maximize u(teq(dsi; 0x), deq(dot; 04))
bl

maxdimize Ep(g) [u(weq(dbﬁ 01)7 deq(dbli ed))]
bl

U(dy|,p(0))

™ obs’ “obs

maximize lEp( 4t Y (40 D20 U (7(p'(6)),p°(6))]
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Bandit Problem

maximize u(teq(dsi; 0x), deq(dot; 04))
bl

maxdimize Ep(g) [u(weq(dbﬁ 91)7 deq(dbli ed))]
bl

U(dy|,p(0))

maximize Ep( 4t Y (40 D20 U (7(p'(6)),p°(6))]

™ obs’ “obs

Receding horizon approximation
look one step ahead in the future:

maxdiglnize Z/{(dé“pt(g)) + ﬁEPt(xobs,dobs‘dél) [ * (pt(0|xct)bsa dct)bsa dél))]
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Implementation
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Results - |

Single user scenario - self inflicted delay for different values of

capacity C
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the proposed method is able to achieve a low self-inflected delay for
wide range of capacity values
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Results - 1l

Competing against a TCP flow - sharing ratio for different values of
capacity C and buffer siye Quax
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the proposed method can reach a fair rate allocation in all the
different scenarios
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Conclusions

Main advantages:

- model explicitly the communication utility
- estimate a "global” network response
- take actions to maximize long term utility
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Conclusions

Main advantages:

- model explicitly the communication utility
- estimate a "global” network response
- take actions to maximize long term utility

Future directions/open problems:

- investigate performance in more complex network/scenarios

- investigate theoretical guarantees regarding equilibrium point
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Questions?

S. D'Aronco and P. Frossard
stefano.daroncoaepfl.ch
Signal Processing Laboratory (LTS4)
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