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Use-case for long-distance RDMA

"The biggest issue we are now having is not a compute glut, but it’s power... " — Satya Nadella

"We had to scale to more compute, and that compute was not available as part of one cluster.
We had to go to multi-cluster training..." — from OpenAl's "Pre-Training GPT-4.5"

Thousands of km
of lossy channel

Datacenter 1 Datacenter 2
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The diversity of long-distance RDMA links

Large latency variability
Livermore to Oak Ridge 26ms
Lugano to Julich 5ms

Thousands of kilometers =
Milliseconds of latency

0 Drop probabilities vary considerably based on the distance, used cable, and other traffic.
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Private deployments with optimized cables can reach 102 [1]

[1] Understanding and mitigating packet corruption in data center networks. Danyang Zhuo, Monia Ghobadi, Ratul Mahajan, Klaus-Tycho
Forster, Arvind Krishnamurthy, and Thomas Anderson. 2017 SIGCOMM
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Reliability challenge
Selective Repeat (SR)

Default in modern NICs
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o Speedup of EC over SR up to 6.9
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Reliability challenge

Selective Repeat (SR) Erasure Coding (EC) o Speedup of EC over SR up to 6.9
Default in modern NICs Not available in hardware
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Software-Defined Reliability (SDR)

Inter-DC MPI/CCLs

Reliable Messaging

Each packet is mapped to a user exposed

Application-aware ,
bitmap through packet chunks

reliability layer

0 SDR splits writes into single MTU packet writes
and maps it to a backend bitmap

UC/UD-like endpoint

RDMA Engine

SDR leverages unreliable transport QPs
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Software-Defined Reliability

Inter-DC MPI/CCLs

Reliable Messaging

Example: 8-packet SDR write, 1 bitmap chunk = 2 packets

Application buffer in CPU or accelerator memory

Reliability layer polls bitmap and handles drops

Application-aware
reliability layer

UC/UD-like endpoint

RDMA Engine
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SDR protocol design

Receive QP

Send QP Backend Frontend
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Offloaded implementation

into MTU writes and We leverage NVIDIA BF3

bitmap processing are expensive on the CPU

Datapath Accelerator for offloading

Receiver host
Expose Bitmap

Sender
Send single-packet Writes

Receiver offloading
Process Transport Immediate

Bluefield DPA

UC QP co Thread

oror JH.
UC QP Q Thread

Load/Store

0 Round Robin packets across QPs
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Offloaded implementation

0 Splitting messages into MTU writes and
bitmap processing are expensive on the CPU

We leverage NVIDIA BF3

Datapath Accelerator for offloading

l l
Sender | Receiver offloading ! Receiver host

How many DPA threads can sustain the line rate?

0 Round Robin packets across QPs
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Offloading performance Israel-1 supercomputer with 400Gbit BF3 NICs

o Line rate achieved with

repost overhead

just 20/256 threads

-5' 269 ib-write-bw 377 377 377 45 400 1 ib-write-bw 377 _?77
2 oo/ 16 MiB buffer 2 |16RXthreads =
S 234 S
0 £ 10 S5 200
=9 124 =15
o 100 O
z Z

"(1.4) (2.8) (4,16) (8,32)(16.64) T e ® % © 2

r Numlgmer of hFA tl‘lrrEEldE : (Ob:p cb@ (0(0@ q,@ \S\\
on TX and RX sides \9’ \ ‘o\’

Write size



n @spcl

, @spcl_eth

AL

spcl.ethz.ch

@ecscs ETH:zurich

Impact of reliability on ring Allreduce 0 Theoretical model to quantify SDR-based EC

0 Inefficiencies stack over the stages Overheads like in the P2P case
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Reliability is lower bounded by

per-stage cost times the number of stages.

e Compare other schemes such as

different erasure coding strategies.
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Use-case for long-distance RDMA

"The biggest issue we are now having is not a compute glut, but it's power... " — Satya Nadella

"We had to scale to more compute, and that compute was not available as part of one cluster.
We had to go to multi-cluster training..." — from OpenAl’s "Pre-Training GPT-4.5"

Thousands of km
of lossy channel

Datacenter 1 Datacenter 2
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Software-Defined Reliability (SDR)

Reliable Messaging

Each packet is mapped to a user exposed

Application-aware ;
bitmap through packet chunks

reliability layer

o SDR splits writes into single MTU packet writes
and maps it to a backend bitmap

o SDR leverages unreliable transport QPs

UC/UD-like endpoint
RDMA Engine
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Reliability challenge
Selective Repeat (SR)

Default in modern NICs
Sender Receiver

Erasure Coding (EC)

Not available in hardware
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o Speedup of EC over SR up to 6.9

35 Mean speedup
2 08B0B0B80909090909091.01.01.11.00.70.8

0.8080809101.11.11.11.214151.81.3090.9
0B0809091.1141.414141.720251.5091.0
0909090911161 8181 82]128351.7091.0
0.90909101.115242929304454221.01.0
'LDLﬂLnlﬂll132131333#45541J1ﬂ1ﬂ
1.0101010101.21830363.744653.71.01.0
J1.010101.0101.11.4243.73843664.91.01.0
1.010101010101.11.526384155671.01.0
1.01.01.01.01.01.01.11.31.9344049691.01.0
11.01.01.01.01.01.01.01.11.5263.945691.01.0
1.01.01.01.01.01.01.01.01.1152.74.05.71.01.0
{1.01.01.010101.01.01.01.11.32.03.65.01.01.0
1.01.01.0101.01.01.01.01.01.11628451.01.0
17 1.010101010101.010101.11.32.1381.01.0

10~°| 107 10-°> 10-3| 107!
Avoids timeouts Pdrop

rJ
w
P

Recover
from
Parity

P
rJ
<]

Write size [Bytes]
R
L =]

P
hJ
[

v v

21 RTT to selectively repeat
Millisecond RTTs!

r|| r B ]
hASEE'_ E gf:j_m xg-'l cscs ETH:zurich

Impact of reliability on ring Allreduce 0 Theoretical model to quantify SDR-based EC
o Overheads like in the P2P case

128MiB 4 datacenters
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different erasure coding strategies.

Reliability is lower bounded by
per-stage cost times the number of stages.
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More of SPCL’s research:
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3.8K+ Stars
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github.com/spcl/sdr-rdma-artifact



	Slide 1: SDR-RDMA: Software-Defined Reliability Architecture  for Planetary Scale RDMA Communication
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

