
THE GAME THEORY 
BEHIND RUNNING 

CUBIC AND BBR ON 
THE INTERNET

I E T F  1 1 2

Ayush Mishra1, Jingzhi Zhang2, Melodies Sim1, Sean Ng1, 

Raj Joshi1, Ben Leong1

1 National University of Singapore
2 Wuhan University



A lot of websites have made the performance 
driven decision to switch to BBR.

It has been reported that switching to BBR has 

improved throughput and reduced delay
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Close to 18% of the Alexa Top 20,000 
websites run BBR
This share is even larger among websites 

that are more popular or have a higher 

share of the downstream traffic
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Where is this evolution headed?

[2001] Padhya et al. [2011] Yang et al. [2019] Mishra et al.

Reno Taho Others
BIC/CUBIC Reno Others BBR CUBIC Others

?

What is the next paradigm shift in the Internet’s congestion control 

landscape going to look like?
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Given this performance 
improvement, how do we expect the 

Internet to evolve?

Is it reasonable to expect everyone to switch from CUBIC to BBR? 

A P N E T    2 0 2 1
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Given this performance 
improvement, how do we expect the 

Internet to evolve?

Is it reasonable to expect everyone to switch from CUBIC to BBR? 

We have some players that can maximize some utility

All the players have strategies (CUBIC/BBR) available to them to 

maximize their utility.

It’s a Normal Form Game!
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Key Insight:



Given some network, we can calculate 
the Nash Equilibrium CC distribution.

TCP CUBIC

TCP BBR

Bottleneck 

buffer
Bottleneck 

buffer

CC Distribution:

Alex

Bandwidth shares 

after Alex 

switches CCA

If everyone does worse after 

making a switch, then the 

given CC Distribution is the 

Nash Equilibrium.

If everyone on the Internet 

chooses between CUBIC and 

BBR based on throughput, this 

Nash Equilibrium distribution is 

our best estimate of the future 

of the congestion control 

landscape.
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We think that there will always be a 
Nash Equilibrium in a network with 
CUBIC and BBR flows.

[2019] Ware et al.

A small number of BBR flows can get a 

disproportionately high share of the 

bottleneck bandwidth

When all the flows at the 

bottleneck are BBR flows, 

they will utilize the 

bottleneck link

Each point of 

intersection is a 

Nash Equilibrium 

distribution!

Combined 

throughput of 

all the BBR 

flows

Percentage of flows running 

BBR at the bottleneck

A

B
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CUBIC flow 

switches to 

BBR

BBR flows 

do worse!

BBR flow 

switches to 

CUBIC

CUBIC flows 

do worse!

Combined 

throughput 

of all the 

BBR flows

Percentage of 

flows running BBR 

at the bottleneck

We think that there will always be a 
Nash Equilibrium in a network with 
CUBIC and BBR flows.
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We can exhaustively prove a NE will 
always exist when 2 flows compete.

The proof is based on simple observations made by other measurement 

papers on how CUBIC and BBR compete.
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Empirical validation
Checking the claims of this conjecture in a limited state space

■ NE was computed in 6, 9 and 12 flow systems with each third of the flows 
having RTTs 20, 50 and 80 ms respectively. All flows shared a common 
bottleneck with a fixed link speed.

■ For a given number of flows and a network configuration we ran all the 
possible combinations of flows running either CUBIC or BBR.

CBC
Is the NE if:

In BBC, flow 1 gets worse throughput

In CCC, flow 2 gets worse throughput

In CBB, flow 3 gets worse throughput
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Properties of observed NE

■ In each case, we observed exactly one Nash Equilibrium

■ In each Nash Equilibrium, when the flows were sorted by the RTT, CUBIC was 
always picked by the smallest RTT flows

■ That is, if the NE for 6 flows is when 50% of the flows are running CUBIC, the 
NE is at:

(CCC…)(…BBB)
m flows                              (n-m) flows

C C C B B B
RTTs:   20 ms      50 ms      80 ms  
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Effect of buffer size and link speed 
on the NE

Predictably, buffer size had the biggest impact on the CC distribution at the NE
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Effect of RTT distribution on the NE

RTT distribution had little effect of the where the NE was

14



Conclusion

■ Despite BBR’s current throughput benefits, CUBIC is unlikely to disappear soon 
from the Internet

■ The Internet is likely to remain a heterogeneous mix of congestion control 
algorithms

■ TCP performance is highly contextual

■ However, the Internet does not follow economic game theory – it is not a given 
than the Internet will move towards the Nash Equilibrium.
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Future work

■ Formal proof for NE is a general n-flow game

■ The effect of more complex network utility functions (delay, jitter)

■ Effect on the NE in the presence of BBRv2, multi-hop paths, and AQMs

■ NE in very deep buffers and a large number of flows:
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Thank you for your time!

Please feel free to get in touch with me at

ayush@comp.nus.edu.sg
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Extra slides
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