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Aims

Provide a Shared Bottleneck Detection (SBD) mechanism that:

» can potentially handle sender and receiver grouped bottlenecks

» Initially draft will outline it in terms of sender oriented grouped
bottlenecks.
» requires minimal feedback
» requires no changes to the network or particular congestion
control behaviour

» can handle future advances

» e.g. changes in networks and new signals
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Sender—Receiver Communication

Initialisation
» list of summary statistics to be gathered
» define interval T, and numbers of intervals N & M

Regular Communication
» Summary statistics every T
» eventually also relevant receiver detected SBNs
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Summary Statistics

Why summary statistics?
» To limit feedback from receivers
» To deal with noise
» To deal with lag

Statistics Used
» variance — Packet Delay Variation (PDV)
» skewness (skew_est)
» oscillation (freq_est)
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Skew est

skew_est =

sum_T(OWD < E_N(E_T(OWD)))—sum_T(OWD > E_N(E_T(OWD)))

num_T(OWD)
where
if (OWD < E_N(E_T(OWD)) 1 else 0
if (OWD > E_N(E_T(OWD)) 1 else 0

for grouping average over N intervals:

E_N(skew_est) = sum_N(skew_est) /N
David Hayes
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Skew est
long term mean over N intervals

skew_est =
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Skew est
or long term mean over M < N intervals

skew_est =

sum_T(OWD < E_M(E_T(OWD)))—sum_T(OWD > E_M(E_T(OWD)))
num_T(OWD)

where
if (OWD < E_N(E_T(OWD)) 1 else 0
if (OWD > E_N(E_T(OWD)) 1 else 0

for grouping average over N intervals:

E_N(skew_est) = sum_N(skew_est) /N
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Skew_est
test each OWD sample as it arrives

skew_est =

sum_T(OWD < E_N(E_T(OWD)))—sum_T(OWD > E_N(E_T(OWD)))

num_T(OWD)
where
if (OWD < E_N(E_T(OWD)) 1 else 0
if (OWD > E_N(E_T(OWD)) 1 else 0

for grouping average over N intervals:

E_N(skew_est) = sum_N(skew_est) /N
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Skew est
keep running sum of test results in T

skew_est =

sum_T(OWD < E_N(E_T(OWD)))—sum_T(OWD > E_N(E_T(OWD)))

num_T(OWD)
where
if (OWD < E_N(E_T(OWD)) 1 else 0
if (OWD > E_N(E_T(OWD)) 1 else 0

for grouping average over N intervals:

E_N(skew_est) = sum_N(skew_est) /N
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Skew est
every T, normalise difference of sums

skew_est =

sum_T(OWD < E_N(E_T(OWD)))—sum_T(OWD > E_N(E_T(OWD)))

num_T(OWD)
where
if (OWD < E_N(E_T(OWD)) 1 else 0
if (OWD > E_N(E_T(OWD)) 1 else 0

for grouping average over N intervals:

E_N(skew_est) = sum_N(skew_est) /N
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PDV
PDV_max = (max_T(OWD) - E_T(OWD))

or
PDV_min = (min_T(OWD) - E_T(OWD))

for grouping average over N intervals:

E_N(PDV) = sum_N(PDV) /N
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Freq_est
freq_est = number_of crossings /N

where
a crossing is E_T(OWD) that crosses the E_N(E_T(OWD)) extending
a further p_v * E_N(PDV). (incrementally calculated every T)
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Freq_est
freq_est = number_of crossings /N

where
a crossing is E_T(OWD) that crosses the E_M(E_T(OWD)) extending
a further p_v * E_N(PDV). (incrementally calculated every T)
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Freq_est
freq_est = number_of crossings /N

where
a crossing is E_T(OWD) that crosses the E_N(E_T(OWD)) extending
a further p_v * E_N(PDV). (incrementally calculated every T)

I /\/\Am ~~~~~~ /\ ffffff frr
o b NS V\/\/f 777777 \/

David Hayes IETF'91 8/16



UiO ¢ University of Oslo

Freq_est
freq_est = number_of crossings /N

where
a crossing is E_T(OWD) that crosses the E_N(E_T(OWD)) extending
a further p_v * E_N(PDV). (incrementally calculated every T)
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» freq_est=10/50 = 0.2
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Flow grouping

» Simple example algorithm given.
» sufficient for RMCAT
» not required to be common
» Basic algorithm:
» Group flows experiencing congestion (based on skew_est)

» are summary statistics strong enough to be grouped?
» use of hysteresis

» divide based on freq_est
» divide based on PDV
» divide based on skew_est
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Some example results using the
algorithm

Simulation results

» Skew_est

» relation to congestion
» hysteresis

» Varying path delays

Network results
» Nornet (https://www.nntb.no/)

» Same SBD parameter settings as
simulations
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Simulation setup

g

Test sink

2@7
3!'3
4@73

Test sources

Tmix background traffic

Bottlenecks

David Hayes IETF'91 11/16



UiO ¢ University of Oslo

Simulation setup
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» Background traffic based on real traffic traces
» >90%
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Simulation setup

Test sink

Test sources

» Background traffic based on real traffic traces
» >90%

» Flows 1 & 2 send at twice the rate of 3 & 4
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Simulation setup

Test sink

Test sources

Tmix background traffic
Bottlenecks

» Background traffic based on real traffic traces
» >90%

» Flows 1 & 2 send at twice the rate of 3 & 4
» Various combinations of bottlenecks activated
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Real network experiments

Bottleneck “ground truth”

» cannot be known with 100 % certainty.
» Find thinnest shared link
» STAB and traceroute

» Load link with distant Internet sources to
create bottleneck
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Real network experiments

Bottleneck “ground truth”

» cannot be known with 100 % certainty.
» Find thinnest shared link
» STAB and traceroute

» Load link with distant Internet sources to
create bottleneck

What are we testing?

» Robustness in unpredictable “real”
environments
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Real network experiments with N©. RNET

(A) Sweden  (B) Spitsbergen

(C) Kristiansand

Flows: ((( .)))

1,234 A-e
(I) Operator —
-

@

Flows: Interne
5,6,7,8 e

Operator

(

(D) Germany

https://www.nntb.no/
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Real network experiments with N©. RNET

(A) Sweden  (B) Spitsbergen

Background Traffic

» A Exponential

(C) stiansand » B& CLRD
(Hurst=0.8)

» Bottlenecks mostly
on 3G link

»> majority

(D) Germany

&
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Real network experiments with N©. RNET

(A) Sweden  (B) Spitsbergen

Background Traffic
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NorNet results

Grouping
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Grouping
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Conclusions and plans

» Define sender receiver interaction
» Evaluate the effect of time resolution
» Extend tests to wifi

» Journal

» algorithm refinements
» quantitative tests
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MM1K PDV
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