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The problem

Capacity of the core of the Internet is growing from tens of Gbits/s
to hundreds and thousands of Ghits/s

Not too far in future, the access too will have matching capacities

Tremendous volumes of traf ¢
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The problem

Capacity of the core of the Internet is growing from tens of Gbits/s
to hundreds and thousands of Ghits/s

Not too far in future, the access too will have matching capacities

Tremendous volumes of traf ¢

The maximum packet size is still 1500 bytes!
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Our focus

@ XLFrames (XLFs): Packets of size 9000B, 12000B, 150008,
20000B etc.

@ What happens when XLFs are introduced in a network?
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Our focus

@ XLFrames (XLFs): Packets of size 9000B, 12000B, 150008,
20000B etc.

@ What happens when XLFs are introduced in a network?
@ Assuming small packets continue to exist
TCP ctrl and ACKs, small ows, delay constrained ows over

Mbps access etc.

@ Positives and negatives
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]
Outline

@ Motivation and related work
@ Tangible gains

@ The negatives

@ Negating the negatives

@ Other issues
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Motivations for XLFs - the future

@ “When we sit down with the lab folks and say what happens at
400G, they come back and say, there's so much power
consumption that everything melts .. We need to fundamentally
rethink how routing is done on the Internet. We have to
fundamentally reshape it” - AT&T CTO

) Future demands greener n/w interconnects [1]
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Motivations for XLFs - the future

@ “When we sit down with the lab folks and say what happens at
400G, they come back and say, there's so much power
consumption that everything melts .. We need to fundamentally
rethink how routing is done on the Internet. We have to
fundamentally reshape it” - AT&T CTO

) Future demands greener n/w interconnects [1]

@ Processing power and memory speed grow slower than link
capacity
) Maximizing throughput, when processing becomes bottleneck

@ At end-hosts: )
Minimize protocol processing and interrupt handling,

save CPU cycles for other applications.

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 5/25



Earlier works

@ Concept of jumbo frames for improving end-host performance [2]
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Earlier works

@ Concept of jumbo frames for improving end-host performance [2]

@ Research networks (ESNet, Internet2, GEANT) support large-size
packets

@ Early Ethernet barrier no more exists

@ JumboGen: dynamic encapsulation/decapsulation at
egress/ingress [3].

@ Similar to OBS
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Simulation setup

@ Performed using NS-2
@ End-host C; = 1 Gbps. Bottleneck C, = 1 Ghps
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Figure: Single bottleneck dumbbell topology
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Processing gain

@ TCP ow sizes generated using Pareto (= 1:2)
@ Elephants switched in rocks (XLF size =13 1500)
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Figure: Numerical study: comparison of packet counts
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Processing gain (cont'd)

@ Reduces no. of data units as well as ACKs

@ Dominating part of power consumption at router proportional to
search operations

@ With XLFs, packet headers reduced to 10%

@ Mix of XLFs and packets allow the TCAMs to cool down.
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Throughput gain

@ Processing delay = Transmission delay
@ 1 Gbps bottleneck
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The negatives: (1) Throughput

@ Current Internet scenario (Processing not a bottleneck)
@ Using FCFS scheduling in a Droptail queue

200

XLF-switched flows —+—
180 packet-switched flows —6— 1
160
140

Throughput (in Mbps)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
XLF size (in number of packets)

Figure: Five XLF-switched ows, ve packet-switched ow
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The negatives: (1) Throughput (cont'd)
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Figure: Nine XLF-switched ows, one packet-switched ow

@ Packet-switched ows get lesser bandwidth with increasing
number of XLF-switched ows.
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The negatives: (1) Throughput — analysis

@ Assuming drop probability per arriving bit is constant,
packet loss rate / S, packet size

@ From throughput apFProxinE)ation [4],
throughput, / S= S= S

@ Analysis using simulated traf ¢ from 50 ows
@ Packet sizes were linearly spaced from 1000B to 20000B.
@ Capacity of each source and bottleneck ! 1 Gbps
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The negatives: (1) Throughput — analysis
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The negatives: (1) Throughput — analysis
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The negatives: (2) Losses

@ Loss analysis using a Markov model
@ F ! XLF size in packets

@ XLF arrival causes a jump to F states ahead
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The negatives: (2) Losses

@ Volume of data brought by packets equal to that brought by XLFs
@ Load kept constant
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The negatives: (2) Losses

@ Analysis using simulated ows in NS-2
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Negating the negatives: (1) Throughput

@ Using DRR (De cit Round Robin) scheduling
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Figure: Nine XLF-switched ows, one packet-switched ow
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Negating the negatives: (2) Losses

@ Using ECN (Explicit Congestion Noti cation) to reduce loss es

14 L ' ' ' ' ' l‘:ran'l‘e-sm‘/itche‘d fldws T B
Packet-switched flow —&—
Total traffic —8—
12 + 3
w 10 -
)
x
g 8r
s
g ol
(]

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Frame size (in number of packets)

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 20/ 25



Negating the negatives: (2) Losses

@ Using ECN (Explicit Congestion Noti cation) to reduce loss es
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@ ECN + DRR good enough to integrate XLFs in current network.
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In wireless with block FEC

@ For a given bit error rate, goodput bounds the maximum packet
size
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XLFs in wireless

In wireless with block FEC
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size
) Either packets be put into XLF after access, or lower layer
coding required to reduce bit error rate
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In wireless with block FEC

@ For a given bit error rate, goodput bounds the maximum packet
size
) Either packets be put into XLF after access, or lower layer
coding required to reduce bit error rate

@ Block FEC

@ N ! Totalno. of TUs, R! No. ofredundantTUs, K =N R

@ Probability ofﬂpsing more than R TUs,
Pem=1 RN p@ pN'i
(R;N) i=o i P P

@ Throughput, gy = Min 27 Ti:m;%c
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XLFs in wireless

In wireless: Throughput using block FEC

@ TU = 100 bytes, Np = 15, N = 200
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Summary

@ Integration of XLFs in current network brings tangible gains

(INRIA, Alcatel-Lucent Bell-labs) XLFrames Networking '09, a3th May 23/25



Summary

@ Integration of XLFs in current network brings tangible gains

@ Results in reduction in number of packets to 8% at the equipments

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 23/25



Summary

@ Integration of XLFs in current network brings tangible gains

@ Results in reduction in number of packets to 8% at the equipments

@ Brings savings in power, reduces time required for making
arbitration decision

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 23/25



Summary

@ Integration of XLFs in current network brings tangible gains

@ Results in reduction in number of packets to 8% at the equipments

@ Brings savings in power, reduces time required for making
arbitration decision

@ Unfairness introduced, unless a simple fair queueing scheduling
policy (say, DRR) is used

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 23/25



Summary

@ Integration of XLFs in current network brings tangible gains

@ Results in reduction in number of packets to 8% at the equipments

@ Brings savings in power, reduces time required for making
arbitration decision

@ Unfairness introduced, unless a simple fair queueing scheduling
policy (say, DRR) is used

@ Losses alleviated by the use of ECN

(INRIA, Alcatel-Lucent Bell-labs) Networking '09, 13th May 23/25



Summary

@ Integration of XLFs in current network brings tangible gains

@ Results in reduction in number of packets to 8% at the equipments

@ Brings savings in power, reduces time required for making
arbitration decision

@ Unfairness introduced, unless a simple fair queueing scheduling
policy (say, DRR) is used

@ Losses alleviated by the use of ECN

@ Block FEC in XLFs helps attaining high throughput in wireless.
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Conclusions

Thank you!
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