
.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Elasticity Detection:
A Building Block for Internet Congestion Control[4]

King-Siong Si

Institute of Multimedia Knowledge Fusion and Engineering,
Xi’an JiaoTong University

sjsinx@stu.xjtu.edu.cn

January 24, 2024

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

1 Background

2 Methodology

3 Experiment

4 Other Details

5 References

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 2 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

1 Background

2 Methodology

3 Experiment

4 Other Details

5 References

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 3 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput

• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
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• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.

• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.

• Poor throughput against deployed algorithms like Cubic[5],
NewReno[6], BBR[3], etc.

• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.

• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.

• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.

• High queueing delay even when cross-traffic is not aggressive
• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.

• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.
• Adjust CC behavior based on the nature of cross traffic.

• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.
• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.

• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

To Be, Or Not to Be?

• Delay-Based Algorithms: Low Throughput
• Examples: Vegas[2], Copa[1], etc.
• Achieve lower delays.
• Poor throughput against deployed algorithms like Cubic[5],

NewReno[6], BBR[3], etc.
• Deployed Algorithms: High Delay

• Examples: Cubic, NewReno, etc.
• Compete well for throughput.
• High queueing delay even when cross-traffic is not aggressive

• Information about cross traffic can improve CC.
• Adjust CC behavior based on the nature of cross traffic.
• Use Cubic when cross traffic is competing.
• Use delay-based CC algorithms otherwise.

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 4 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

1 Background

2 Methodology

3 Experiment

4 Other Details

5 References

K. Si, sjsinx@stu.xjtu.edu.cn IMKFE, XJTU
Elasticity Detection 5 / 19

mailto:sjsinx@stu.xjtu.edu.cn


.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Background Methodology Experiment Other Details References

Qeustions

• Question 1: What kind of information?

• Elasticity
• Elastic cross traffic: If contains any elastic flow.

• Elastic flow: Adjust sending rate in response to available
bandwidth.

• Inelastic flow: Otherwise.

• If cross traffic is inelastic then,

• Use delay-controlling mode, like Vegas, Copa, etc.

• Otherwise,

• Use TCP-competitive mode, like Cubic, BBR, etc.

• Switch between two modes to achieve

• Low delays
• Same throughtput as the deployed TCP-competitive CC

algorithms
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• Switch between two modes to achieve

• Low delays

• Same throughtput as the deployed TCP-competitive CC
algorithms
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Qeustions

• Question 2: How to detect elasticity?

• Strawman: Compare total queueing delay and “self-inflicted”
delay.

Figure 1: Instantaneous delay measurements do not reveal elasticity.1

• Nimbus

• Modulate sending rate to create variations in available
bandwidth.

• Monitor how the cross traffic responds to these variations.

1From Figure 2 in [4].
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Qeustions

• Question 2: How to detect elasticity?
• Strawman: Compare total queueing delay and “self-inflicted”

delay.

Figure 1: Instantaneous delay measurements do not reveal elasticity.1
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• Modulate sending rate to create variations in available

bandwidth.
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Steps

• Step 1: Measure rate of the cross traffic.

Cross Traffic
Senders

Bottleneck link
(rate= µ)

Cross Traffic
Receivers

z(t) µz(t) µ− R(t)

Sender Receiver

S(t) R(t)

• Input: S(t)
S(t)+z(t) ,

Output: R(t)
µ , ⇒ S(t)

S(t)+z(t) =
R(t)
µ

• ⇒ ẑ(t) = µ S(t)
R(t) − S(t)
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Steps

• Step 2: Create variations in available bandwidth.

• Send packets in pulses.
• S(t) = Sexpected(t) + A sin(2πft).

Figure 2: Cross traffic’s reaction to pulses.1

1From Figure 3 in [4].
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Steps

• Step 3: Classify cross traffic elasticity.

• Measure the cross-correlation between S(t) and z(t).

(×)

• Align S(t) and z(t) is challenging.
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• Step 3: Classify cross traffic elasticity.
• Measure the cross-correlation between S(t) and z(t).
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Steps

• Step 3: Classify cross traffic elasticity.

• From time to frequency domain

Figure 3: Cross traffic FFT for elastic and inelastic traffic.1

• Elastic cross traffic exhibits a pronounced peak at fp compared
to the neighboring frequencies.

• No need to know RTT of cross traffic.

1From Figure 4 in [4].
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• From time to frequency domain
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to the neighboring frequencies.
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Experiment

• Setup
• Bottleneck rate: 96 Mbit/s,
• Minimum RTT: 50 ms
• Buffer: 2 BDP
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Experiment

Figure 4: Performance of NimbusCC.1

1From Figure 7 in [4].
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Multiple NimbusCC Flows

• NimbusCC fails if all the NimbusCC flows pulse at the same
frequency(fp).

• Set the pulser and the watchers.
• The pulser: Use two different frequencies,

• fpc in TCP-competitive mode, and
• fpd in delay-control mode.

• A watcher: Infers whether the pulser is pulsing at frequency
fpc or frequency fpd by

• computing the FFT of its receive rate, R, at these two
frequencies.

• Pulser election: A distributed and randomized election decides
which flow is the pulser and which are watchers.

• Similar to CSMA
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Thanks!
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