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Congestion control algorithms

- New protocols and congestion control algorithms
are continuously being developed

— |t Is Impossible to take their interactions with
other protocols and algorithms into account
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Goal

Improve fairness between all flows present on a
switch by grouping them based on their congestion
control algorithm

- from within the data-plane

— and by taking into account
limitations on actions and/or

Memaory aCCeSSES
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Packet queuing and schedulin
(Round robin)
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P4air algorithm (ingress) Packet queuing and scheduling | P4air algorithm (egress)
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P4air

P4air algorithm (ingress)

@ Fingerprinting

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

A J

\ B /

gggim

\ 4

@ Fingerprinting

=]
[am]
=)
[wm]
[sm]

Yy ¥y

o
I (e
=] [ws)
[m] (wm]
[n] (wm]

]
(wm]
(sm]
(w=]
(wm]
(

Yy




P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)
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P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

Packet queuing and scheduling
(Round robin)
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group <— mice
CALCULATERTT
else_if { — start > rtt then
f group = mice and
SLOWSTARTEND then]
group < delay
ASSIGNQUEUE(id)
nd _if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

Packet queuing and scheduling
(Round robin)
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group 4— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay

ASSIGNQUEUE(d)
end if

UPDATEBWEST(stats, id)
UPDATEGROUP(stats. id)
RESET(num_pkts, id)

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

@ Fingerprinting

] UPDATE(enq_len, id)
110 »| | if L_start > rif then
000 - UPDATEAGGR(stats, id)

o UPDATEGROUP(stats, id)
> ESET(enq_len, i
| [ 00 > RESET(enq_len, id)
D000 > start <—t
000 _ || end if
0000o; >
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00000 = >

end if
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group 4— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(d)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats. id)
RESET(num_pkts, id)
end if

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, 1d)
RESET(num_pkts, id)
end if

9 Reallocation

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group — mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats. id)
RESET(num_pkts. id)

9 Reallocation

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)
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@ Reallocation

if group is changed then
id +— LAST(old_group)
UPDATELAST(group)
RECIRCULATE

end if




P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group — mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if

9 Reallocation

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

UPDATEGROUP(stats, 1d

RESET(num_pkts, id)
end if

@ Fingerprinting
UPDATE(eng_len, id)
if t — start > rtt then
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@ Reallocation

if group is changed then
id +— LAST(old_group)
UPDATELAST(group)
RECIRCULATE

end if




P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group 4— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

Reallocation

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

@ Fingerprinting
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)

Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)
end if

Packet queuing and scheduling
(Round robin)

end if

P4air algorithm (egress)

@ Fingerprinting

] UPDATE(enq_len, id)
110 || if t —start > rtt then
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P4air algorithm (ingress)

Packet queuing and scheduling

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

P4air algorithm (egress)

Reallocation (Round robin)

if recirculated then
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@ Fingerprinting

UPDATE(enqg_len, id)
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group <— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)

Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)
end if

Packet queuing and scheduling
(Round robin)

end if

P4air algorithm (egress)

@ Fingerprinting

] UPDATE(enq_len, id)
110 || if t —start > rtt then
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group 4 mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(d)
end if
UprDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts. id)
end if

@ Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)

end if
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@ Fingerprinting

UPDATE(enq_len, id)

if t — start > rtt then
UPDATEAGGR(stats, id)
UPDATEGROUP(stats, id)
RESET(eng_len, id)
start <t

end if
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- Purely loss-based —
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9 Reallocation

if group is changed then
id <— LAsT(old_group)
UPDATELAST(group)
RECIRCULATE

end if




P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group 4— mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group <+ delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, 1d)
UPDATEGROUP(stats, 1d)
RESET(num_pkts, id)
end if

Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)
end if

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

@ Fingerprinting

UPDATE(enqg_len. id)

if t — start > rtt then
UPDATEAGGR(stats, id)
UPDATEGROUP(stats, id)
RESET(enq_len, id)
start <t

end if
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9 Reallocation
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P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = 0 then
group < mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group < delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

4@ Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)
end if

Packet queuing and scheduling

(Round robin)

P4air algorithm (egress)

© Apply actions
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@ Fingerprinting

UPDATE(enq_len, id)

if t — start > rtt then
UPDATEAGGR(stats, id)
UPDATEGROUP(stats, id)
RESET(enq_len, id)
start <t

end if

- Loss-delay >
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- Model-based =——

9 Reallocation

if group is changed then
id < LAsT(old_group)
UPDATELAST(group)
RECIRCULATE

end if




P4air

P4air algorithm (ingress)

@ Fingerprinting
UPDATE(num_pkts, id)
if rtt = O then
group < mice
CALCULATERTT
else if t — start > rtt then
if group = mice and
SLOWSTARTEND then
group 4+ delay
ASSIGNQUEUE(id)
end if
UPDATEBWEST(stats, id)
UPDATEGROUP(stats, id)
RESET(num_pkts, id)
end if

-l>e Reallocation

if recirculated then
UPDATE(group, id)
REALLOCATION(groups)
end if

Packet queuing and scheduling
(Round robin)

P4air algorithm (egress)

© Apply actions

switch group do

case delay
DELAYPACKET
case loss, loss — delay
DROPPACKET
case model
ADIJUSTWINDOW
end switch

@ Fingerprinting

UPDATE(enq_len, id)

if t — start > rtt then
UPDATEAGGR(stats, id)
UPDATEGROUP(stats, id)
RESET(enq_len, id)
start «+— t

end if
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Loss-delay >
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@ Reallocation

if group is changed then
id < LAST(old_group)
UPDATELAST(group)
RECIRCULATE

end if
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 Details on tuning in the paper!
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Evaluation — inter- and intra-fairness
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Evaluation — RTT-fairness
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Conclusion



Conclusion

» Distributing flows to queues based on their
congestion control group can significantly
Improves fairness in network resource utilization



