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TCP fails to achieve
consistent high performance
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Long list of things we have done

but don’t have time to talk about

30

• More stories about the fact that TCP is broken

• Proof of Nash Equilibrium and Convergence

• Concrete Implementation of PCC


• Performance monitoring

• Details of learning control algorithm

• Implementation designs and optimizations


• Performance Evaluation

• Plaenetlab detailed explanation

• Satellite like network

• Lossy Links

• TCP friendliness

• RTT fairness

• Shallow buffer networks

• Inter data center networks

• small buffer networks

• Reactiveness and stability tradeoff

• Jain index fairness

• Benefit of Randomized Control Trials

• Details of TCP friendliness evaluation

• Emulated satellite networks

• Emulated datacenter networks

• Cure RTT unfairness

• Does not fundamentally harm short flow FCT

• Evaluation in the wild vs non-TCP protocols


• Flexibility by pluggable utility function



Cellular Networks


3131

• Deep queue and bufferbloat


• Highly dynamic available bandwidth

• Flexible (latency sensitive) utility function


• Handling small causality window

PCC




32

Flexible Utility Function
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Different Utility Function
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Flexible Utility Function




Latency Sensitive Utility Function
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Small Causality Window
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Small Causality Window


3535

Figure drawn using Mahimahi by K. Winstein et. al. (http://mahimahi.mit.edu/)

http://mahimahi.mit.edu/


Small Causality Window


3636

• Fast convergence to optimal in tiny causality window


• Fast reaction to causality disruption


• Handling noisy measurement

PCC V2




• Rate control based on empirically observed 
performance yields


• Consistent high performance


• Better stability than TCP


• Flexible performance objectives


• PCC V2 is coming

37
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speedier.net
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speedier.net/pcc
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• No hardwired support, packet header, protocol 
change needed


• Where to deploy

• CDN backbone, Inter-data center, dedicated 

scientific nw

• “In the Wild”?

Deployment

45



TCP Friendliness
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• Is PCC TCP-friendly?

TCP Friendliness
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• PCC’s default utility function is not TCP Friendly
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• PCC’s default utility function is not TCP Friendly


• Different utility functions can be a solution

TCP Friendliness
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• PCC’s default utility function is not TCP Friendly


• Different utility functions can be a solution

TCP Friendliness

ui (x) =
Ti * sigmoidα (Li − 0.05)* sigmoidβ (

rttn
rttn−1

−1)− xi *Li

rttn
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Deployability: Short Flow FCT
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Consistent High Performance
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Default utility 
function

Friendly Utility 
Function



Consistent High Performance
Global Commercial Internet
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Consistent High Performance
Global Commercial Internet
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1.48X Median

4X less loss



Consistent High Performance
Satellite Network

17X

WINDS System
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Consistent High Performance
Lossy Networks

100Mbps, 30ms, varying loss rate 
TCP’s throughput collapse 10X with 0.5% loss

19X

��

���

����

�� ����� ����� ����� ����� ����� �����

�
��
��
��
��
��
��
��
��

���������

���
������������
���������

57



Consistent High Performance
Treat RTT Unfairness

100Mbps, 10ms short RTT flow 
Varying RTT of long RTT one
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Consistent High Performance
A possible solution to the bufferbloat problem

100Mbps, 30ms Link

6 pkts, 90% tpt

90 pkts, 90% tpt
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Consistent High Performance
Inter Datacenter and Dedicated High Speed Network
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Consistent High Performance
Inter Datacenter and Dedicated High Speed Network

123%
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Consistent High Performance
Mitigate Incast
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Long list of things we have done

but don’t have time to talk about
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