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Unstable, RTT Unfair, Bufferbloat, Crash on Changing Networks, ........

Point Solutions

+

Performance

Far from Optimal
4



TCP fails to achieve

consistent high performance




Why is it

so hard?




Reno 1 pkt loss
Scalable ACK
CUBIC Time pass 1ms

FAST RTT increase x%
HTCP 100 ACK

cwnd/2
cwnd+1

cwnd+f(t,cwn,rtt)

Reduce cwnd to f(x)%

cwnd+f(cwnd)/cwnd
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Hardwired Mapping

Event Action

Reno 1 pkt loss cwnd/2
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What is the right rate to send?

rate r

" == utility u

U= f(tpt, loss rate, latency, etc.)
e.g. U =tptx (1 - loss rate)
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What is the right rate to send?

rate rq

" == utilty U

U= f(tpt, loss rate, latency, etc.)
e.g. U =tpt x (1 — loss rate)

No matter how complex the network,
rate r — utility u

13



14



8

14



=3

14



=3

14



14

Uz



14



move
to 1

14



move
to 1

move
to .

14



Performance-oriented Congestion Control
move
to r1

l.l + U
|
. »UZ move

to ro

15



Performance-oriented Congestion Control

move
I to ry
u U
N
m + 2 move
to ro

Observe real
performance

15



Performance-oriented Congestion Control

move
to 1

- + us
..' » Up

move
to ro

Observe real Control based on
performance  empirical evidence

15



Performance-oriented Congestion Control

move
to 1

- + us
e » Uz

move
to ro

yields

Observe real Control based on Consistent
performance  empirical evidence high performance

15



this flow

causing
congestion

random

loss
move to

102 Mbps

16



Consistent High Performance

InterDC Satellite Networks Lossy Networks

Shallow
: IntraDC
RTT Unfairness Network Buffer Incast

Global Commercial

Rapidly Changing Networks A,
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A class of utility functions converge to
a fair and efficient Nash Equilibrium

u(x)="T, -x, * L
yi A R
throughput sending rate \

observed loss rate
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A class of utility functions converge to
a fair and efficient Nash Equilibrium

u,(x)=T, *sigmoid(L,—0.05)—x, * L,

-1,82

Cut off loss rate at 5%

78.865 9o 9.4 \8.06 0.88 6.1 0,12 08.14 0,16 0,18 y
L 1 1 1 l 1 1 1 1

Loss Rate
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PCC Dynamics

PCC does not need AIMD because it
looks at real performance

"Game Theory Force”

\U/ High Utility
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Convergence
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T /
Deployment

No hardwired support, packet header, protocol
change needed

Where to deploy
e CDN backbone, Inter-data center, dedicated

scientific nw
e “In the Wild“?
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o Different utility functions can be a solution

TCP Friendliness

e PCCSs default utility function is not TCP Friendly

AN
TCP vs vs PCC

30ms 60ms 90ms

10Mbit/s 0.94 0.75 0.67

B =10 50Mbit/s 0.74 0.73 0.81
90Mbit/s 0.89 0.91 1.01

10Mbit/s 0.71 0.58 0.63

B =100 50Mbit/s 0.56 0.58 0.54
90Mbit/s 0.63 0.62 0.88
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15X less buffer

17X vs Hybla :10X vs lllinois Shallow
Satellite Networks Lossy Networks Network Buffer
Similar to ICTCP_ Close to Optimal Solves
IntraDC Rapidly Changing RTT Unfairness
Incast Networks
4X vs lllinois 4X median vs CUBIC
1.23X vs UDT 1.48X vs UDT + 4X less loss
InterDC Global Commercial
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42Mbps
74% packet loss
800ms RTT
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BW: 10-100Mbps; RTT: 10-100ms; Loss Rate: 0-1%
Change every 5 seconds

Time(s)
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Rapidly Changing Networks
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Same Rate Control Algorithm

S
Different Utility Function

Flexibility
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Limitation and Future Work

e Understanding of Utility Function and Convergence
e Better Control Algorithm
e Better Scalability
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