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! DISCLAIMER !

Top500 is significative for the HPC 
trends.

However, keep in mind that does not 
represent many company and data-

centric clusters.
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Why Ethernet is currently preferred?

Only a few companies provide InfiniBand
solutions → risk of vendor lock-in

Increasing interest in Ethernet solutions.

However, Ethernet protocols 
have limitations.
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• Benchmarks a single connection. 

• We expect to saturate theoretical 
bandwidth.

Peer-To-Peer

• Real-world operations that stress the whole 
interconnect.

• The network must manage the traffic.

Collectives

• Real-world unbalanced situation.

• Congestion control must manage traffic 
and achieve the theoretical peak.

Incast

ETH headers are ~3x larger than IB headers 
(RoCEv2) [2]. On all tests, we expect better IB 
performance on small messages. 

General for all tests

[2] Hoefler et al., "Data Center Ethernet and Remote Direct Memory Access: Issues at Hyperscale," in 
Computer.



Experimental results: ETH vs IB 

11

Peer-To-Peer Incast All-To-All

ETH vs IB 

comparison

System 

benchmark



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.0045 % 0.0074 % 60.18 %
8B 0.04 % 0.06 % 60.03 %
512B 01.61 % 02.20 % 73.10 %
32KiB 23.40 % 24.32 % 96.21 %
2MiB 93.49 % 95.86 % 97.53 %
16MiB 97.45 % 98.71 % 98.72 %
128MiB 97.94 % 99.07 % 98.86 %

Results – ETH vs IB

Peer-To-Peer comparison:
• The test saturates the nominal bandwidth;
• Approximatively same large message 

performance;
• IB outperforms ETH over small messages.

Peer-To-Peer communication

12



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.0045 % 0.0074 % 60.18 %
8B 0.04 % 0.06 % 60.03 %
512B 01.61 % 02.20 % 73.10 %
32KiB 23.40 % 24.32 % 96.21 %
2MiB 93.49 % 95.86 % 97.53 %
16MiB 97.45 % 98.71 % 98.72 %
128MiB 97.94 % 99.07 % 98.86 %

Results – ETH vs IB

Peer-To-Peer comparison:
• The test saturates the nominal bandwidth;
• Approximatively same large message 

performance;
• IB outperforms ETH over small messages.

Peer-To-Peer communication

12



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.0045 % 0.0074 % 60.18 %
8B 0.04 % 0.06 % 60.03 %
512B 01.61 % 02.20 % 73.10 %
32KiB 23.40 % 24.32 % 96.21 %
2MiB 93.49 % 95.86 % 97.53 %
16MiB 97.45 % 98.71 % 98.72 %
128MiB 97.94 % 99.07 % 98.86 %

Results – ETH vs IB

Peer-To-Peer comparison:
• The test saturates the nominal bandwidth;
• Approximatively same large message 

performance;
• IB outperforms ETH over small messages.

Peer-To-Peer communication

12



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.0045 % 0.0074 % 60.18 %
8B 0.04 % 0.06 % 60.03 %
512B 01.61 % 02.20 % 73.10 %
32KiB 23.40 % 24.32 % 96.21 %
2MiB 93.49 % 95.86 % 97.53 %
16MiB 97.45 % 98.71 % 98.72 %
128MiB 97.94 % 99.07 % 98.86 %

Results – ETH vs IB

Peer-To-Peer comparison:
• The test saturates the nominal bandwidth;
• Approximatively same large message 

performance;
• IB outperforms ETH over small messages.

Peer-To-Peer communication

12

< 4%



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.0045 % 0.0074 % 60.18 %
8B 0.04 % 0.06 % 60.03 %
512B 01.61 % 02.20 % 73.10 %
32KiB 23.40 % 24.32 % 96.21 %
2MiB 93.49 % 95.86 % 97.53 %
16MiB 97.45 % 98.71 % 98.72 %
128MiB 97.94 % 99.07 % 98.86 %

Results – ETH vs IB

Peer-To-Peer comparison:
• The test saturates the nominal bandwidth;
• Approximatively same large message 

performance;
• IB outperforms ETH over small messages.

Peer-To-Peer communication

12

< 4%

> 30%



Experimental results: ETH vs IB 

13

Peer-To-Peer Incast All-To-All

ETH vs IB 

comparison

System 

benchmark



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14

~ same

< 20%



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14

~ same

< 20%



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14

~ same

< 20%



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14

~ same

< 20%

From an Eager to a 
Rendezvous protocol.



Size cn-ETH 
(peak%)

cn-IB 
(peak%)

ETH/IB 
ratio

1B 0.07 % 0.09 % 81.20 %
8B 0.59 % 0.69 % 85.89 %
512B 15.66 % 15.06 % 103.92 %
32KiB 35.27 % 35.15 % 100.33 %
2MiB 94.66 % 94.98 % 99.67 %
16MiB 97.53 % 97.25 % 100.29 %
128MiB 97.97 % 97.65 % 100.33 %

Results – ETH vs IB

Incast comparison:
• Also Incast exposes the expected results. 
• Wrt Peer-To-Peer, Incast communication:

• Performed slightly better.
• Is more sensitive to algorithm change.

Incast communication

14

~ same

< 20%

Theoretically hard to 
predictable results



Experimental results: ETH vs IB 

15

Peer-To-Peer Incast All-To-All

ETH vs IB 

comparison

System 

benchmark



Size cn-ETH
(peak%)

cn-IB
(peak%) ETH/IB ratio

1B 0.0095 % 0.012 % 77.3 %
8B 0.08 % 0.1 % 79.1 %
512B 3.9 % 4.7 % 82.7 %
32KiB 56.6 % 59.5 % 95.1 %
2MiB 86.6 % 89 % 97.3 %
16MiB 84 % 86.4 % 97.7 %
128MiB 58.1 % 81.6 % 71.2 %

Results – ETH vs IB

All-To-All comparison:
• The performance drop on 128 MiB buffer size 

still under  investigation. 
• On the other large buffer cases the 

performance gap is tight.

All-To-All collective

16



Size cn-ETH
(peak%)

cn-IB
(peak%) ETH/IB ratio

1B 0.0095 % 0.012 % 77.3 %
8B 0.08 % 0.1 % 79.1 %
512B 3.9 % 4.7 % 82.7 %
32KiB 56.6 % 59.5 % 95.1 %
2MiB 86.6 % 89 % 97.3 %
16MiB 84 % 86.4 % 97.7 %
128MiB 58.1 % 81.6 % 71.2 %

Results – ETH vs IB

All-To-All comparison:
• The performance drop on 128 MiB buffer size 

still under  investigation. 
• On the other large buffer cases the 

performance gap is tight.

All-To-All collective

16



Size cn-ETH
(peak%)

cn-IB
(peak%) ETH/IB ratio

1B 0.0095 % 0.012 % 77.3 %
8B 0.08 % 0.1 % 79.1 %
512B 3.9 % 4.7 % 82.7 %
32KiB 56.6 % 59.5 % 95.1 %
2MiB 86.6 % 89 % 97.3 %
16MiB 84 % 86.4 % 97.7 %
128MiB 58.1 % 81.6 % 71.2 %

Results – ETH vs IB

All-To-All comparison:
• The performance drop on 128 MiB buffer size 

still under  investigation. 
• On the other large buffer cases the 

performance gap is tight.

All-To-All collective

16

< 5%



Experimental results: switch crossing

17

Peer-To-Peer Incast All-To-All

ETH vs IB 

comparison

System 

benchmark



Spine-switch overhead:
• We estimate the latency for crossing one link 

and one switch as 1.11 μs;
• Buffer larger than 32KiB amortize the spine-

switch overhead.

Size
p2p ic

Runtime (μs)
Slow-dw

Runtime (μs)
Slow-dw

Intra- Inter- Intra- Inter-
1B 2.35 4.58 1.96 x 1.21 2.33 2.07 x
8B 2.36 4.60 1.95 x 1.22 2.33 2.04 x
512B 3.01 5.33 1.79 x 1.67 2.77 1.83 x
32KiB 10.7 14.7 1.36 x 8.79 8.44 0.95 x
2MiB 94.1 101 1.07 x 209 217 1.03 x
16MiB 696 709 1.02 x 1563 1592 1.01 x
128MiB 550 556 1.01 x 12397 12573 1.01 x

Results – System benchmark Peer-To-Peer communication

Incast communication
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Whole cluster performances:
• All-To-All grows until 66% of the peak.
• Incast saturate the bandwidth also on the 

whole cluster.
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16MiB 27.21 95.24 % 132.46 66.23 %
128MiB 27.51 96.30 % 124.36 62.18 %
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Conclusions

Considering the upcoming UltraEthernet standards, we expect growth in Ethernet 
solutions like the benchmarked Lossless Ethernet.

Our main findings are:
• From a bandwidth perspective Lossless Ethernet has approximately the same 

performance as InfiniBand.
• From a latency perspective InfiniBand still outperformed Ethernet.

Given the promising results:
• We plan larger-scale benchmarks;
• Characterization of specific workloads.
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Thank you
for your attention

Questions are welcome
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