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The Internet Congestion Control Landscape 
is already very heterogeneous.

Managing this heterogeneity is an 
important problem.
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The introduction of just 
one new Congestion 
Control Algorithm 
(CCA) back in 2016 
forced us to rethink 
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Buffer Sizing,
Fairness,
& Stability.



This heterogeneity risks being increased
with the deployment of QUIC
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There is a low barrier to the modification of 
these re-implementations of standard CCAs.



Earlier investigations into mvfst and 
Chromium have already shown this is true 
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Using a new metric called the Performance Envelope, 
we uncovered modified implementations of CUBIC in 

Chromium and BBR in mvfst

[ IMC ’22 ]



Our goals in this measurement study
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1. Conduct a more extensive measurement study 
of all the actively deployed open source QUIC 
stacks.

2. Make improvements to the Performance 
Envelope metric

3. Provide hints on fixing implementations with low 
conformance.



1. A more extensive measurement study
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Benchmarked all QUIC stacks that were deployed, open source, 
and implemented some congestion control algorithm.



2. Improving the Performance Envelope metric
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Recap:

The Performance Envelope (PE) 
was a way to capture the 

throughput-delay trace-off space 
for an implementation in a given 

network environment.
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2. Improving the Performance Envelope metric
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Remove outliers 
and construct a 

convex hull around 
the remaining data 

points.
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2. Improving the Performance Envelope metric
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2. Improving the Performance Envelope metric
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Conformance
The measure of 

similarity

defined as the ratio of 
points inside the 

overlapping region of the 
two PEs and the total 

number of sampled points

Conformance
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2. Improving the Performance Envelope metric



2. Improving the Performance Envelope metric

There is a clear problem with 
having only one convex hull 

per PE.

The overlap captured can 
often not be very meaningful.

The old definition can often 
overestimate how conformant 

an implementation is.Conf = 0.63
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2. Improving the Performance Envelope metric

Conf = 0.63 Conf = 0.12

Having multiple clusters solves this problem!



Determining a PE’s natural number of clusters
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knee



We found 5 new QUIC CCA implementations 
showing low conformance. 
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a: old definition of Conformance
b: already shown to be non-conformant by a previous study.

The new definition of Conformance is a 
lot better at highlighting non-
conformant implementations, 

especially for quiche CUBIC and 
xquic BBR.



We found 5 new QUIC CCA implementations 
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a: old definition of Conformance
b: already shown to be non-conformant by a previous study.

The new definition of Conformance is a 
lot better at highlighting non-
conformant implementations, 

especially for quiche CUBIC and 
xquic BBR.

All CCA implementations in the 
xquic stack show low conformance, 
pointing to a possible stack-level 

issue.



We found 5 new QUIC CCA implementations 
showing low conformance. 
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a: old definition of Conformance
b: already shown to be non-conformant by a previous study.

But why does this 
non-conformance 

matter?

Is there a case for 
containing it?



General unfairness
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Non-Conformant implementations of 
CUBIC introduce unfairness



General unfairness
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Non-Conformant implementations of 
CUBIC introduce unfairness

The same is true for Reno

But in this case, the non-
conformant implementation of 

xquic Reno starves.



Subversion of Expectations
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Well-known trend when CUBIC competes with BBR:
CUBIC gets more bandwidth in deep buffers, 
BBR gets more bandwidth in shallow buffers

But this trend can change depending on which QUIC implementation you use!

1 BDP buffer (expected to be red) 5 BDP buffer (expected to be blue)



Containing the Cambrian Explosion
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Original 
mvfst BBR

Can we compute the 
translation needed 
and then use it to 

inform the correction?
Modified 

mvfst BBR
gain = 1.25 gain = 1 

Correction Translation



Conformance post-translation
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PE of some 
implementation with low 

conformance.

Compute the new 
conformance as 
Conformance-T

or Conformance post-
translation.

∆d

∆T
p

Compute the translation 
needed to maximize the 

overlap between the two PEs.

(∆d, ∆Tp) is the
Translation Vector



Conformance post-translation
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A large improvement in Conformance-T would indicate that it is possible 
to improve the Conformance of that implementation via simple 

parameter tuning.

In other instances, it would help narrowing down the possible issues with 
an implementation (incorrectly set gains, larger cwnd than usual)



Fixing xquic BBR
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xquic BBR original
Conformance = 0.15

xquic BBR modified
Conformance = 0.38

Before and after changing xquic BBR’s pacing gain from 1.5 to 1



Fixing quiche CUBIC
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quiche CUBIC original
Conformance = 0.08

quiche CUBIC modified
Conformance = 0.55

Before and After disabling quiche CUBIC’s spurious loss detection



Summary
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We benchmarked the CCA implementations of 11 actively deployed QUIC stacks

We improved and Performance Envelope metric and used it to identify 5 new 
CCA implementations showing low Conformance

We introduced a new metric called Conformance-T that can help developers 
improve the conformance of a CCA implementation

We identified implementation-level differences and improved the Conformance 
of 2 of the 5 newly identified low-conformance CCA implementations.



Thank you!

29

Run the code Read the paper
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