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Remote Direct Memory
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High throughput, 4 &Ll S -
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Fabric

High throughput,
low latency!
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Fabric

High throughput,
low latency!

Standard
hardware
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Warp speed

High throughput,

low latency! Ultra
Ethernet

Tramspor‘t

Standard
hardware
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Fabric

High throughput, [ _ .
low latency! T \\\\% J#| Improved transport!

Ethernet ultraethernet.or
'TramSpOVt

Standard
hardware


http://ultraethernet.org
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<IYdomaapN pusdog —>

Backend NICs
(IB, RoCEV2)

i< AomMQopN pPuojuoi4 —>

Frontend NICs
(Ethernet)
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Frontend network

NIC NIC

3 14

NIC NIC NIC
5 16

NIC

NIC

Frontend Ethernet NIC
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Frontend network

NIC NIC NIC

3 14

NIC NIC
5 16

NIC

NIC

Frontend Ethernet NIC
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SAN/Datastore

Training data ingestion,
logging, checkpointing
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Backend network

NIC B NIC
| 2

NIC
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Backend NICs
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Backend network

Backend NICs
(IB, RoCEVv?2)
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Backend network

Training, Inference

Backend NICs
(IB, RoCEVv?2)
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Collective communications (Coommmrrinna

[ Deepspeed, PyTorch, ete. J
@ids @ids
[ Network Device (Infiniband or RoCE)
NIC NIC NIC
17
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Collective communications (e

Deepspeed, PyTorch, ete.

Message

NIC NIC NIC NIC
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GPU GPU GPU GPU GPU GPU GPU
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Collective communications (e

Deepspeed, PyTorch, ete.

_&NCCL (Mvidia Collective Communications Library) g
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Collective communications (e
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Traditional networks

Al networks
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Traditional networks

Al networks
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Traditional networks

Minimal delays
Best performance

Al networks
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Traditional networks

Al networks
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50%
link util
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> 30 % of total job completion time
Is spent on networking!

Compute [ Eéﬂ
4——Profile of 1 L :: ‘ o
3 N .
| ® B
Source: AMD
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All-reduce

8 “  (Components of the sum get passed around

r———

 Sum is computed then passed around

[ ] NCCL ring 5]

: 22
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All-reduce

8 “  (Components of the sum get passed around

r———

 Sum is computed then passed around

[ ] NCCL ring 5]

: 22
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All-reduce

Finish time I1s based on
the sum of the latencies
In the ring!

[ ] NCCL ring 3
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Communicate

Pit crew Is not done
until the slowest member is done.
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GPU’s won’t proceed to next step

until all synchronize partial results.

CLOCKWORK.IO

Communicate

Pit crew Is not done

until the slowest member is done.
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Slowest flow
determines completion time.

CLOCKWORK.IO

Slowest member
determines speed.
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Tribble on
Deep Space Explorer
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4. Key Takeawaysyg
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Challenges

CLOCKWORK.IO
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Challenges
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Lack of visibility
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Lack of visibility

Ve

6 months ago...

CLOCKWORK.IO
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Lack of visibility

The ToR has down links
but | don’t know why!

oG

6 months ago... Toqay

CLOCKWORK.IO
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Lack of visibility

> Lack of fine grained metrics

> |nability to identify root cause
quickly

CLOCKWORK.IO
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Huygens clock synchronization

»  Software, probe mesh based

>~ High precision at scale

usenix

é" THE ADVANCED N

COMPUTING SYSTEMS
ASSOCIATION

Exploiting a Natural Network Effect for Scalable,

Fine-grained Clock Synchronization
Yilong Geng, Shiyu Liu, and Zi Yin, Stanford University; Ashish Naik, Google Inc.;

Balaji Prabhakar and Mendel Rosenblum, Stanford University; Amin Vahdat, Google Inc.

https://www.usenix.org/conference/nsdi18/presentation/geng

CLOCKWORK.IO
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Huygens clock synchronization

»  Software, probe mesh based

> High precision at scale
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. Demo Disclaimer /!

DEMO DISCLAIMER

The upcoming demo
may not be
warp-speed thrilling...

-~
' '\-Ar. {{{{

rrda N

unless you really, really love networking.

(If you do, you're in for a treat!)

BUCKLE UP
FOR SOME

NETWORKING
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Visibility demo

e IB Mesh Y Filte ‘= [ Last2 minutes Select Workspace v
Control Navigate Monitoring Mode NIC Alerts
j_,—_-'- @ Workload Fleet Inbound Outbound
il |
Healthy/Total NICs Average NIC Throughput Control Running Jobs
64/64 2.96Mbps Disabled 0]

1] NIC [1] Unhealthy NIC == NCCL Job Probe Delay: <5us em» > 5us e

IN the same rack

ecmp4 v ecmpb v ecmpb6 v ecmp/ v

SO000 0OO0 DOOo

TITHEITIITIE T
: TITHRITIITTE T
& TTTERITITTIEITY

)
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Lack of reliability

N7

- wr
7N

Link flapped 10 times!
Send technicians
to swap cables!
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Lack of reliability

One of the most common problems encountered is Infiniband/RoCE link failure. Even if
each NIC to leaf switch link had a mean time to failure rate of 5 years, due to the high

number of transceivers, it would only take 26.28 minutes for the first job failure on a
brand new, working cluster.

Estimated Time to First Job Failure (Minutes)

Mean Time to Failure
: 4 years
Per Link i

Number of GPUs _
10,000 210.2 : 525.6
20,000 : 7 : 262.8
50,000 : 105.1

100,000 : 52.6

Source: www.semianalysis.com

: 34
CLOCKWORK.IO


https://www.semianalysis.com/p/100000-h100-clusters-power-network

Lack of reliability

One of the most common problems encountered is Infiniband/RoCE link failure. Even if
each NIC to leaf switch link had a mean time to failure rate of 5 years, due to the high

number of transceivers, it would only take 26.28 minutes for the first job failure on a
brand new, working cluster.

Estimated Time to First Job Failure (Minutes)

Mean Time to Failure
. 4 years
Per Link s

|

Number of GPUs _
10,000 210.2 : 525.6
20,000 : 7 : 262.8
50,000 : 105.1

100,000 : 52.6

Source: www.semianalysis.com

: 34
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https://www.semianalysis.com/p/100000-h100-clusters-power-network

What is link flapping?

* Network link temporarily drops. (up => down)
* |t can last in the order of seconds.
* A few seconds => may self heal and recover from it if < timeout.

* > a few seconds => collective communication times out => job falls.

CLOCKWORK.IO
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What is link flapping?

* Network link temporarily drops. (up => down)
* |t can last in the order of seconds.
* A few seconds => may self heal and recover from it if < timeout.

* > a few seconds => collective communication times out => job falls.
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Lack of reliability

36
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Lack of reliability

> Fall back to previous checkpoint

» Lost T &

36
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Poll

= If your cluster had a personality, which would it be?

*The Ghoster =/ (drops connections without warning)

*The Zen Master 4 (always stable)



Lack of reliability

v

»
Pulling out an c;PticaI transceiver




Lack of reliability
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Pulling out an c;PticaI transceiver




Flapping demo

e IB Mesh Y Filter a = [ Last2minutes Select Workspace v
Control Navigate Monitoring Mode NIC Alerts
j_f @ Workload Fleet Inbound Qutbound
M
Healthy/Total NICs Average NIC Throughput Control Running Jobs
64/64 2.96Mbps Disabled 0]
e Unhealthy NIC === NCCL Job Probe Delay: <5us @ > 5ys ¢
O,
ecmp4d v ecmpb v ecmp6 v ecmp?/ v

0800 82680 880 88806
0060 8060 008068 80688
8 0006 806060 00068 oG8
© E000
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Flapping demo
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NIC Flaps in a cluster on Oracle Cloud

Node Inbound Throughput

\ \ \
\ \

\ \ \ \

\ \ \ -
\ \ \ \ \

\ \ \ \
\ \ \ \ \

\ \ \
\ \ \ \
\ \ \ \ ..

\ \ \ \

\ -
.\ -
L W S Y W N \
1.60 Tb/s -
b Ned Nd Nd Nd N\ -
\

1.40 Tb/s V

1.20 Tb/s

1Tb/s

800 Gb/s

600 Gb/s

400 Gb/s

200 Gb/s L

0 b/s I
12:30:30 12:31:00 12:31:30 12:32:00 12:32:30

Run 1: No Failure Run 2: NIC Failure Run 3: A solution
(What happens today) NIC Failure + Auto recovery
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NIC Flaps in a cluster on Oracle Cloud

Node Inbound Throughput

\ \ \ \ \ \
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\ \ \ \ \ \ \ \. .
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\ \ \ \ & \ \ - -
\ \ \ \ \ \ >
\ \ \ \ \ \ \ \
1.60 Tb/s O -
® v \ \ \ \ \ \ \ (-
. \ N . \
1.40 Tb/s V m

1.20 Tb/s

1Tb/s

800 Gb/s

600 Gb/s

400 Gb/s

200 Gb/s

0 b/s |
12:30:30 12:31:00 12:31:30 12:32:00 12:32:30

\ | %4

12:33:00 2= =) 12:34:00

Run 1: No Failure Run 2: NIC Failure Run 3: A solution
(What happens today) NIC Failure + Auto recovery
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NIC Flaps in a cluster on Oracle Cloud

Node Inbound Throughput NIC Fails: j\llt():Fl?eViveS:
O ecovers

Job Continues Original Throughput

1.60 Tb/s pe
1.40 Tb/s / / PJ

1.20 Tb/s /

1Tb/s
800 Gb/s
600 Gb/s
400 Gb/s
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0 b/s I V m
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Run 1: No Failure Run 2: NIC Failure Run 3: A solution
(What happens today) NIC Failure + Auto recovery
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NIC Flaps in a cluster on Oracle Cloud

Node Inbound Throughput NIC Fails: j\llgFlieViveS:
O ecovers

Job Continues/ Original Throughput
Y
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1Tb/s
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. Choice of

when/if to fix
flapped NIC

600 Gb/s
400 Gb/s

200 Gb/s

B
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\_ J N Y,
N N v Y, N

Run 1: No Failure Run 2: NIC Failure Run 3: A solution
(What happens today) NIC Failure + Auto recovery
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NIC Flaps in a cluster on Oracle Cloud

Node Inbound Throughput NIC Fails: j\llgFlieViveS:
O ecovers

Job Continues/ Original Throughput

1.60 Tb/s
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800 Gb/s

. Run

/ .
PoD Bbrs till next

400 Gb/s ChECprint

200 Gb/s ! E
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Run 1: No Failure Run 2: NIC Failure Run 3: A solution
(What happens today) NIC Failure + Auto recovery
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Contention demo

Q IB Mesh Y

Q
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©
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64/64

1] NIC [1] Unhealthy NIC == NCCL Job Probe Delay: <5us @ > 5us emm
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Contention on ECMP Test Bed

Node Outbound Throughput

UG 1st All-to-All

80 Gb/s

84 Gbps

60 Gb/s
40 Gb/s

20 Gb/s

0 b/s
11:49:30

HW One-Way Delay

200 us

150 ps

100 us

1:49:30
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Contention on ECMP Test Bed

' Node Outbound Throughput
. Lower

UG 1st All-to-All

80 Gb/s

Throughput!
84 Gbps

60 Gb/s
40 Gb/s

20 Gb/s

0 b/s
11:49:30

W Queue pairs with

HW One-Way Delay
high one way delays!

200 us

1:49:30
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Contention on ECMP Test Bed

Node Outbound Throughput
Q Lower
100/eofs 1st All-to-All

Throughput!
84 Gbps

E 44 Gbps
39 Gbps

2nd All-to-All

11:49:30 11:50:00 11:50:30
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high one way delays HW One-Way Delay .
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Contention on ECMP Test Bed

Node Outbound Throughput A Solution

100 Gbrs 1st All-to-All __
80 Gb/ T
) 84 Gbps / 92 Gbps

60 Gb/s

44 Gbps
40 Gb/s e e Throughput@

39 Gbps
2nd All-to-All

11:49:30 11:50:00 11:50:30 11:51:00 11:51:30 11:52:00 11:52:30

20 Gb/s

0 b/s

HW One-Way Delay .
Two jobs contend:

200 ps OWD shoots up

150 s ':*/Qw OWDs reduced

100 us

50 us

11:51:00 11:51:30 11:52:00 11:52:30
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Poll

= If you could wave a magic wand » and get rid of a
networking pain forever, which would you choose?

*No more link flaps

oSelf-healing NICs



Key lakeaways

»- Lack of visibility
Into queue pairs

slows down diagnosis.

sibility

CLOCKWORK.IO
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Key lakeaways

»- Lack of visibility
Into queue pairs

slows down diagnosis.

CLOCKWORK.IO

NIC/link flapping
cause jobs to crash.
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Key lakeaways

»- Lack of visibility
Into queue pairs

slows down diagnosis.

CLOCKWORK.IO

NIC/link flapping
cause jobs to crash.

& Reliability

“_ Delays in slowest flows
degrade throughput.

@ Performance

44
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