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BBR: Bottleneck Bandwidth and Round-trip propagation time
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BBR: Bottleneck Bandwidth and Round-trip propagation time

Table 5: CCAs deployed by most popular websites on the

Internet by traffic-share.
Websites Traffic share [56] CCA

google domains 13.85% BBRv3
netflix.com 13.74% Reno
facebook.com 6.45% CUBIC
apple.com 4.59% AkamaiCC
disneyplus.com 4.49% CUBIC
amazon.com 4.24% BBRv1
tiktok.com 3.93% AkamaiCC
primevideo.com 2.67% BBRv2
hulu.com 2.44% AkamaiCC

*Mishra, et al,: Keeping an Eye on Congestion Control in the Wild with Nebby. ACM SIGCOMM 24



BBR: Bottleneck Bandwidth and Round-trip propagation time

Table 3: Classification results for websites by CDN websites. The values after the slashes are after a clustering step on traces
within each CDN.

&
CDN 23]
Akamai 470/491

Cloudflare 1233/1595
Cloudfront 530/545

Fastly 21/25
Google 29
Other CDN 28/32
No CDN 116/122
Total | 2427/2839

**Ware, et al,: CCAnalyzer: An Efficient and Nearly-Passive Congestion Control Classifier. ACM SIGCOMM (2024) 5



BBRv3: The new kid on the block (IETF 117)

Minor evolution of BBRv2
(IETF 105)

® Fix BW convergence
with/without loss and/or
ECN marks

® Performance tuning




BBRv3: The new kid on the block (IETF 117)

Minor evolution of BBRv2 Promises

(IETF 105) Fast throughput convergence
e Fix BW convergence Better coexistence with

with/without loss and/or CUBIC/Reno
ECN marks Lower retransmit rate

Reduced latency for different
buffer configurations

Performance tuning




Verifying CCA Performance
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Verifying CCA Performance
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Verifying CCA Performance

Copa: Practical Delay-Based Congestion Control for the Internet
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Analysis of CCA Performance

Outline a systematic and principled approach to evaluate a CCA
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Outline a systematic and principled approach to evaluate a CCA
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Analysis of CCA Performance

Outline a systematic and principled approach to evaluate a CCA
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Analysis of CCA Performance

Outline a systematic and principled approach to evaluate a CCA

Intra-CCA fairness  Bo BERGS

RTT fairness
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Analysis of CCA Performance

Outline a systematic and principled approach to evaluate a CCA

Intra-CCA fairness  Bo BERGS

RTT fairness

Coexistence with loss-based CCAs
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Evaluation: Testbed setup

— 100 Mbps Bottleneck
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Evaluation: Testbed setup

— 100 Mbps Bottleneck

*inet-bbrv3eval.mpi-inf.mpg.de

22



Is BBRv3 fair to itself?
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Two competing flows: Deep buffer (16xBDP)
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Two competing flows: Deep buffer (16xBDP)
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Two competing flows: Deep buffer (16xBDP)
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Flows with different RTTs
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RTT fairness
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RTT fairness
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RTT fairness
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RTT fairness
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RTT fairness
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RTT fairness
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RTT fairness
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Does BBRv3 coexist well with Cubic?
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Coexistence with Cubic: 1xBDP buffer
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Coexistence with Cubic: 1xBDP buffer
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Coexistence with Cubic
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Coexistence with Cubic
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Coexistence with Cubic

BBRv1
~100 —e— BBRv1 —e—_ Cubic
a
e
2 75
Nt
]
a
2 50
o
3
2 25
K
|—
0
1/4x 1/2x  1x 2X 4x 8x 16x
Queue Size (BDP)

—
(S3) ~ o
o Ul o

Throughput (Mbps)
N
w

BBRv2

—e— BBRv2 —e— Cubic

0
1/4x 1/2x  1x 2X 4x 8x 16x

Queue Size (BDP)

—
Ul ~ o
o (81 o

Throughput (Mbps)
N
(6]

BBRv3

—e— BBRv3 —e— Cubic

0
1/4x 1/2x  1x A 4x 8x 16X

Queue Size (BDP)

45



Coexistence with Cubic
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Single BBR flow competing with multiple Cubic flows
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Inter-CCA fairness: 1xBDP buffer

5

4

3

BBRv1 Flow(s) —

2

1

1 2 3 4 5
Cubic Flow(s) —

48



1xBDP buffer

BBRv1

Inter-CCA fairness

1.0
0.8

q

0.459

0.786 0.663 0.568 0.511

14

99.5,0.5 99.3,0.7 989,1.1 98.3,1.7 98.0,2.0

0.6

E

0.4

[4

0.2
0.0

0.673 0.478 0.382 0.318 0.282
T 85.3,14.7 83.8,16.2 81.9, 18.1 80.8, 19.2 79.1, 20.9

<~—(s)mo|4 1Ayggd

5

4

3

2

Cubic Flow(s) —

49



1xBDP buffer
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1xBDP buffer
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Inter-CCA fairness

q

<—(s)mol4 LAY¥ggd

s
4.7

0.6
85.3,

0.459

0.786 0.663 0.568 0.511

14

99.5,0.5 99.3,0.7 989,1.1 98.3,1.7 98.0,2.0

E

367 0.317

,3.0 96.5,3.5 96.3,3.7

0.682 0.526 0.43

98.8, 1.2 98.0,2.0

[4

Cubic flow(s)
Share (%)

0.2

e 0.282
~78.1 80.8, 19.2 79.1, 20.9
3

0.673 10.478 0.38

T 185.3,14.7B3.8, 1

0.0

*Ideal flow(s) Share =50%

5

4

2

Cubic Flow(s) —

51



1xBDP buffer

BBRv1

Inter-CCA fairness
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1xBDP buffer
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Inter-CCA fairness
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1xBDP buffer
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Inter-CCA fairness: 1xBDP buffer
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1xBDP buffer

Inter-CCA fairness
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BBRv1 Flow(s)
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Inter-CCA fairness: 1xBDP buffer
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Inter-CCA fairness: 1xBDP buffer
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BBRv1 Flow(s)
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Inter-CCA fairness: 1xBDP buffer
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Throughput (Mbps)

Inter-CCA fairness: Enabling ECN, 1xBDP buffer
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Throughput (Mbps)

Inter-CCA fairness: Enabling ECN, 1xBDP buffer
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BBRv3 with real-world network traffic
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Inter-CCA workload
BBRv1 vs. Cubic BBRv2 vs. Cubic BBRv3 vs. Cubic
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o« BBRv2, BBRv3: Fairness improved for short flows

o For long flows, unfairness persists similar to BBRv1
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Conclusion

Long Convergence time in deep buffer
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Conclusion

Long Convergence time in deep buffer Bias towards long-RTT flows
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Conclusion

Long Convergence time in deep buffer
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Backup Slides
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Cubic Internet Traffic Share

Table 4: Distribution of CCA variants among Alexa Top 20k websites measured from different viewpoints by Nebby.

Variant Ohio Paris Mumbai Singapore Sao Paulo
Websites Share Websites Share Websites Share Websites Share Websites Share

BBRv1 13% 1,900 9.5% 8% 2,541 12.7%
BBRv2 515 2.6% 373 1.9% 12 0.1% 251 1.3% 0 0%
RIC 712 3.5% 207 4% 837 42% 402 2% 997 .1
CUBIC 8,202 41% 8,406 42% 8,822 441 8,673 43.4% 6,982 34.3@

STCE 0 0% 0 0% 0 0% 0 0% 0 A
HTCP 583 2.9% 370 1.9% 522 2.6% 421 2.1% 363 1.8%
Ilinois 721 3.6% 684 3.4% 1,121 5.6% 625 3.1% 229 1.1%
New Reno 1,840 9.2% 1,509 7.5% 3,032 15.2% 2,093 10.5% 2,683 13.5%
Vegas 878 4.4% 421 2.1% 301 1.5% 526 2.6% 511 2.5%
Veno 112 0.6% 382 1.9% 52 0.3% 21 0.1% 11 0.1%
Westwood 201 1% 170 0.9% 0 0% 0 0% 0 0%
Scalable 18 0.1% 0 0% 0 0% 6 0% 0 0%
YeAh 123 0.6% 89 0.4% 64 0.3% 0 0% 112 0.6%
Unknown 3501 17.5% 4889 24.4% 3,602 18.1% 4441 22.2% 7,602 38%
Unresponsive 0 0% 0 0% 0 0% 0 0% 0 0%
Total 20,000 100% 20,000 100% 20,000 100% 20,000 100% 20,000 100%
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Convergence: BBRv1, BBRv2, 16xBDP
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BBR inter-CCA fairness
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BBRv3 inter-CCA fairness
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MAWI workload: 05 January 2023
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RTT fairness: Long-RTT flow starts first
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RTT fairness: short-RTT flow starts first
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RTT fairness: short-RTT flow starts first

10 vs. 160ms
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RTT fairness: short-RTT flow starts first
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