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AWS ParallelCluster
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x86 Instance Snapshot for Weather and Climate

Hpc6a.48xlarge
 AMD Milan CPU, up to
3.6GHz frequency
* 96 cores/instance
« 384 GiB/instance

* 100 Gbps Networking
Bandwidth w/ EFA

Hpc6a.48xlarge
* OD: 3c/core-hr
1Y AURI: 2.21/core-hr
* 3Y AURI: 1.41¢c/core-hr

C6i.32xlarge
Intel Icelake CPU, up
to 3.5GHz frequency
64 cores/instance
256 GiB/instance

50 Gbps Networking
Bandwidth w/ EFA

C6i.32xlarge
OD: 8.5¢c/core-hr
1Y AURI: 5.43c/core-hr
3Y AURI: 3.26¢/core-hr

C5n.18xlarge
Intel Skylake CPU, up
to 3.5GHz frequency
36 cores/instance
192 GiB/instance

100 Gbps Networking
Bandwidth w/ EFA

C5n.18xlarge
OD: 10.8c/core-hr
1Y AURI: 6.35¢/core-hr
3Y AURI: 3.41c/core-hr

* OD == On-Demand * AURI == All Upfront Reserved Instances * All pricing info is for Ohio (us-east-2) Region aws
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v Libfabric core supports
wide array of MPIs and
NCCL

Elastic Fabric Adapter
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ECMP-enabled packet spraying and
cloud-scale congestion control

Iterations per minute
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Elastic Fabric Adapter — Networks built to scale

1.4B cell Siemens Simcenter STAR-CCM+
automotive CFD simulation
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At ~40,000 cores (400 nodes), Hpc6a+EFA shows
nearly 100% scaling efficiency
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https://aws.amazon.com/hpc/efa/

15-minutes to create a HPC Cluster
B AWS ParallelCluster Manager & seaam@amazoncom v useast2 ¥ Create_CIUSter

X Clusters (7) I + Create Cluster | lea rd

Q 1

Home

Clusters

Name Status Version
Custom Images

accounting @ CREATE COMPLETE
Official Images

(o] weather-spack-cache © CREATE COMPLETE

Gromacs © UPDATE COMPLETE . CO nn ect Vi a t h e
aWS cfd © CREATE COMPLETE browser (Or SSH)

weather-2 @ CREATE COMPLETE

Users

hpcéa © UPDATE COMPLETE

Details Instances Storage Job Scheduling ack Events Logs

Properties

cloudformationStackArn clusterStatus lastUpdatedTime
arn:aws:cloudformation:us-east- @ CREATE COMPLETE 4/4/2022,10:21:07 AM
2:822857487308:stack/weather-spack-
cache/feac5c80-b443-11ec-8822-0a7eca5ee532 [4 computeFleetStatus region

&) RUNNING us-east-2

Stop a cluster (preserve all data)

Then resume later aws
N’



Slurm
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: stuem Slurm is the built-in scheduler with ParallelCluster.

- : general

= : hpcba
: hpcba.48xlarge

0 We have specified O nodes
e running by default.

: true

— subnet-XXXXXXXXXXXX

: true
[ec2-user@ip-172-31-21-227 ~]$ sinfo
PARTITION AVAIIL TIMELIMIT NODES STATE NODELIST Use Sl_urm's power management.

general¥* up infinite 200 1idle~ general-dy-hpc6a-[1-200]
[ec2-user@ip-172-31-21-227 ~]$
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Installing Software

... AND WE HAVE A
SPECIAL INSURANCE
OVER

$ 100,000,000
FOR THE CASE THAT
SOMETHING
HAPPENS TO JIM

Common ways

e Custom Amazon Machine Image (AMI)
via packer

» Package managers (Spack, Easybuild, ...)
e By hand
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https://geek-and-poke.com/geekandpoke/2010/5/14/how-to-become-invaluable.html

HOW TO BECOME
INVALUABLE



https://geek-and-poke.com/geekandpoke/2010/5/14/how-to-become-invaluable.html

Spack - Package Manager

We are going to use Spack! to install all our packages.

[ XON ] € spack — Spack 0.18.0.dev0 doc X | +

&~ C O O & https://spack.readthedocs.iofen/latest/ i W @ &= @ =

expo rt =/S hared/spac k Docs » Spack © Edit on GitHub
git clone -c feature.manyFiles=true https://github.com/spack/spack @ spack

echo >> / .bashrc
echo >> /.bashrc latest Spack

source / .bashrc _

g s w NP
v »r »n »r

These are docs for the Spack package manager. For sphere packing, see pyspack.

Spack is a package management tool designed to support multiple versions and
Feature Overview configurations of software on a wide variety of platforms and environments. It was
designed for large supercomputing centers, where many users and application teams

Getting Started b A ) A ) )
share common installations of software on clusters with exotic architectures, using

e :
S a C k b I l I a r C a C I l e Sl libraries that do not have a standard ABI. Spack is non-destructive: installing a new
Tutorial: Spack 101 version does not break existing installations, so many configurations can coexist on the
Using Spack to Replace same system.

https://binaries.spack.io/develop e sampioas

Most importantly, Spack is simple. It offers a simple spec syntax so that users can specify

versions and configuration options concisely. Spack is also simple for package authors:

Configuration Files package files are written in pure Python, and specs allow package authors to maintain a
1 $ spack mirror add binary mirror https://binaries.spack.io/develop Basic Settings R eI TS A DET D EE 252
. . Build Customization
2 $ Sp ack bul ldc ache ke ys —=—1ns ta ll ——tru St See the Feature Overview for examples and highlights.
Environments
Container Images Get spack from the github repository and install your first package:
Monitoring
Mirrors $ git clone -c feature.manyFiles=true https://github.com/spack/spack.git
$ cd spack/bin
Modules

$ ./spack install libelf
Package Repositories
Build Caches If you're new to spack and want to start using it, see Getting Started, or refer to the full

Command Reference manual below.

& Read the Docs - Basics

1. Todd Gamblin, Matthew P. LeGendre, Michael R. Collette, Gregory L. Lee, Adam Moody, Bronis R. de Supinski, and W. Scott Futral.
The Spack Package Manager: Bringing Order to HPC Software Chaos.
In Supercomputing 2015 (SC’15), Austin, Texas, November 15-20 2015. LLNL-CONF-669890.
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https://www.computer.org/csdl/proceedings/sc/2015/3723/00/2807623.pdf
https://binaries.spack.io/develop

Spack External Packages

We define the external packages in $SPACK_ROOT/etc/spack/packages.yaml

1

2

3 : fabrics=efa, tcp,udp,sockets,verbs, shm,mrail, rxd, rxm

4

5 — : libfabric@l.16.0 fabrics=efa, tcp,udp, sockets,verbs, shm,mrail, rxd, rxm
6 : /opt/amazon/efa

7 : False
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UFS Weather Model

Version 2.0.0

Global C768 with 65 vertical levels
2 day forecast

Model timestep is 150 seconds

C768 — 768 cells per direction per face — 13 km

resolution

dWs



Building UFS Weather Model With Spack

spack install —j 12 ufs-weather-model%intel*intel-oneapi-mpi+external-libfabric

Spack Arguments and Flags Description

install Install a package.

-j 12 Parallel build with 12 cores.
ufs-weather-model The package to install.

%intel Specify the Intel compiler (icc and ifort).
Aintel-oneapi-mpi Use the Intel OneAPI MPI library.

+external-libfabric Use an external fabric for MPI.




Running UFS Weather Model

I_MPI_OFI_LIBRARY_INTERNAL must be

set to O before loading Intel MPI

\ 4 A 4

Specify EFA as the fabric adaptor

Confirm EFA is used, when
|_MPI_DEBUG=4
(slurm job output text)

\ 4
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19
20
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24

#!/bin/bash

export =4

export =ofi

export =0
export =efa
export =omp

export =compact

export \DS=4

spack load intel-oneapi-mpi
spack load ufs-weather-model
module load libfabric-aws
set -x

ulimit -s unlimited

ulimit -a

time mpiexec.hydra ufs weather model

[0] MPI startup(): libfabric version: 1.16.0~amzn3.0
[0] MPTI startup(): libfabric provider: efa

dWS
N



Scale Up Performance

Time to Results
UFS v2.0.0, C768, 2 day forecast
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Scale Up Cost

12

Cost to Results
UFS v2.0.0, C768, 2 day forecast
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Weather Workshops https://weather.hpcworkshops.com

[ ] @ AWS HPC Workshops :: AWS Hi X +

&« C O O 8 http eather.hpcworkshops.com

N WELCOME TO THE
NUMERICAL WEATHER
PREDICTION (NWP)

Part | - Create an HPC Cluster

Part Il - Weather Research and WO R KS H O P

Forecasting (WRF)

Part Il - Model for Prediction

Across Scales (MPAS) REAL-TIME WRF ok 2019-11-26_120000
Vel 2019-11-26_2210000

Part IV - Unified Forecast System
(FV3GFS)

MORE

© Github

R AWS - HPC

« External Worshops

& Conferences Worshops
& Authors

== Feedback / Questions?

W Tags

*D Clear History

Sea Level Pressure Contours: 900 to 1100 by 4

[ sir 50 ¥ Fonc s
Surface Temperature (F)
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OUTPUT FROM WIRF V4.3.3 MODEL
WE = 425 ;SN = 300 ; Levels = 80 ; Diz » 12am ; Phys Opt = 8 ; PBL Opt =2 Cu Opl = 6
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https://weather.hpcworkshops.com/

Thank you

If you have any additional questions, please feel free to reach out.

Timothy Brown, Sean Smith
aws-hpc-weather@amazon.com
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Weather Models Run On AWS

« WRF ARW

« MPAS Atmosphere

« UFS Atmosphere (FV3GFS)
 Unified Model

« Harmonie

 |[CON
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