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SPECcpu2017 Rate*
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Index Latency ’ . . 140%
Spark: Total Execution Time > 124%
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Efficiency from chip to grid

ers are responsible for the largest energy reduction, more
due to being more energy- efFC|ent and more h|ghly utilized

Cloud data centre facilities account for another 11% reduction
by using power and cooling systems that are more efficient, bringing
energy savings closer to 79%

100%

Enabing cloud service providers to source renewable
power for their energy needs would further reduce the

carbon footprint of workloads in the cloud

On-premises Workload Cloud Workload Carbon Footprint
Carbon Footprint
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AWS Graviton Technical Guide
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AWS Graviton Technical Guide

This repository provides technical guidance for users and developers using Amazon EC2 instances powered by AWS
Graviton pro (including the latest generation Graviton3 processors). While it calls out specific features of the
Graviton processors themselves, this repository is also generally useful for anyone running code on Arm-based
systems.

Contents

Transitioning to Graviton

Building for Graviton

Optimizing for Graviton

Taking advantage of Arm Advanced SIMD instructions
Recent software updates relevant to Grav

Language-specific considerations
o C/C++

o Python

o Rust
Containers on Graviton
Lambda on Graviton
Operating ms support

Third-party Software Vendors

© 2023, Amazon Web Services, Inc. or its affiliates.
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Transition to AWS Graviton2: what to consider

Security and monitoring agents Vulnerability scanning, log forwarding, and control plane artefacts

Other dependencies
Deployment artefacts and repositories AMI, container image, or application binary

Application source code Application source code and libraries

Software dependencies Languages, toolkits, runtime Interpreted and compiled languages, SDKs

Linux distribution or Windows

CPU architecture ARMv8, ARM64, AARCH64, x86, x86_64, AMD64

Hardware dependencies Processor brand AWS Graviton2, Xeon, or EPYC

Manufacturer AWS, Intel, or AMD

© 2023, Amazon Web Services, Inc. or its affiliates.
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Recent software updates relevant to Graviton

There is a huge amount of activity in the Arm software ecosystem and improvements are being made on a daily

basis. As a general rule later versions of compilers and language runtimes should be used whenever possible. The
table below includes known recent changes to popular packages that improve performance (if you know of others

please let us know).

Package Version

bazel 3.4+

HAProxy 2.4+

4215+
447+
5.0.0+

mongodb

8.0.23+

NET

OpenH264

PHP

pip

PyTorch

Improvements
Pre-built bazel binary for Graviton/Arm64. See below for installation.

Improved performance of libswscale by 50% with better NEON vectorization
which improves the performance and scalability of FFmpeg multi-thread
encoders. The changes are available in FFmpeg version 4.3, with further
improvements to scaling and motion estimation available in 5.1. Additional
improvements to both will be available in 5.2, which has not yet been released as
of November 2022. For more information about FFmpeg on Graviton, read the
blog post on AWS Open Source Blog, Optimized Video Encoding with FFmpeg on
AWS Graviton Processors.

A serious bug was fixed. Additionally, building with CPU=armv81 improves

HAProxy performance by 4x so please rebuild your code with this flag.

Improved performance on graviton, especially for internal JS engine. LSE support
added in SERVER-56347.

Improved spinlock behavior, compiled with -moutline-atomics if compiler supports

it.

.NET 5 significantly improved performance for ARM64. Here's an associated AWS

Blog with some performance results.
Pre-built Cisco OpenH264 binary for Graviton/Arm64.

Added NEON vectorization to PCRE's JIT to match first and pairs of characters.
This may improve performance of matching by up to 8x. This fixed version of the
library now is shipping with Ubuntu 20.04 and PHP 8.

PHP 7.4 includes a number of performance improvements that increase perf by up

to 30%
Enable installation of python wheel binaries on Graviton

Enable Arm64 compilation, Neon optimization for fp32. Install from source. Note:
Requires GCC9 or later for now. Recommend to use Ubuntu 20.xx

~\w

Name Version

Amazon Linux 2.26-35 or
2 later

20.04 LTS
Ubuntu
or later

18.04 LTS

156 SP2 or

SUSE later

Redhat
Enterprise
Linux

8.2 or later

AlmalLinux 8.4 or later

3127 or

Alpine Linux
later

8.2.2004 or

CentOS
later

CentOS
Stream

Debian

FreeBSD 12.1 or later

LSE
Support

Yes

Yes (*)

Planned

Yes

Yes (*)

No

Planned for
Debian 11

Kernel

page size

4KB

64KB (*)

\/ O)EE EIL‘.\

Metal support

Yes

bionic

MarketPlace

MarketPlace

Downloads

Community or

Yes
MarketPlace

Yes, as of Debian

Community or
10.7 (2020-12-

MarketPlace

Community or
MarketPlace

Operating Systems available for Graviton based instances

Comment

(*) needs apt install
libc6-1se

Supported on A1 instances
but not on Graviton2 based
ones

(*) LSE enablement
checked in version 3.14

(*) details to be confirmed
once AMI's are available

Supported on A1l instances
but not on Graviton2 based
ones

Device hotplug and API
shutdown don't work

https://github.com/aws/aws-graviton-getting-started/blob/main/os.md

https://github.com/aws/aws-graviton-getting-started#recent-software-updates-

relevant-to-graviton
S

N
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Porting Adviser for Graviton
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https://github.com/aws/porting-advisor-for-graviton
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Porting Advisor for Graviton

This is a fork of Porting advisor, an open source project by the ARM High Performance Computing group.
Originally, it was coded as a Python module that analyzed some known incompatibilities for C and Fortran code.

It is a command line tool that analyzes source code for known code patterns and dependency libraries. It then
generates a report with any incompatibilities with our Graviton processors. This tool provides suggestions of
minimal required and/or recommended versions to run on Graviton instances for both language runtime and
dependency libraries. It can run on non-ARM based machines (no Graviton processor needed). This tool does not
work on binaries, just source code. It does not make any code modifications, it doesn't make API level
recommendations, nor does it send data back to AWS.

cady have aarche
equivalents

urce files are already ported to aarched

This tool scans all files in a source tree, regardless of whether they are included by the build system or not. As
such it may erroneously report issues in files that appear in the source tree but are excluded by the build system.
Currently, the tool supports the following languages/dependencies:

* Python 3+

o Python version

o PIP version

o Dependency versions in requirements.txt file tingady
* Java 8+

o Java version .

artingadvise

o Dependency versions in pom.xml file -

o JAR scanning for native method calls (requires JAVA to be installed)
* Go 111+

o Go version

advi

tonportingady

o Dependency versions on go.mod file
* C, C++, Fortran

! ) . - tonportingadvisarcade'te
o Inline assembly with no corresponding aarch64 inline assembly. po 3 . v

aws
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https://github.com/aws/porting-advisor-for-graviton

BITDORATWYT - 3. 7R b

- Arm64 AMI H'S Graviton - > X5 > X =t E)

» Graviton 1 > XY > A CwEIX)\Ww T —>% 1 > A =)L L Custom AMI Z/ERk
» CloudFormation ¥ Ansible TE&{EL TL\D EfGE apom | svrrs—t
« VT2 3> OETA S
« CI/CD Y"BE#7X b E2E 7R bDEANELCH D EfEE
- 7T —23>DMET A B
« IJMeter VS RAIREERMT A MNRIENBLCH D LfGHE

HERFBROR

29b9bb9eca (64 £ k (Arm), uefi) v

Amazon Linux 2023 AMI 2023.0.20230315.0 arm64 HVM kernel-6.1

P7—F*TIF¥ T—hE—FR AMI ID
‘ 64 vk (Arm) & | uefi ami-00cd61829b9bb9eca RIEES 70O/ A 5—

64 'y  (Arm) v
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J—2O0— RAATRI 171 R

D —/20— ROFELERI (C1EE DFR1T/) 5 — >\ F1E

Casel : Graviton ZHR—bhUTWBVYR—I RU—EXZFIHUTL\DIES
<< DIFE. 1T DEEDH CHEITRIEE
I #—T2RFR NIERHET DNEN B D

Case2 : 72 U4H—33>h yum/apt SO\ H5—SVAR—Svv THIETERI5S
FI(F)WVIT—ZIR—2 v SR M=)L&EITV, 5% ZERE
BEND/I\TA - ANESNRWVEGES. V—XXO—RHrs5d> )\ AI)LICKDEEER LT Di5E

Case3 : Python ¥° Ruby. Java TP U —S3 b8 RENTWSIES
BEANCEFEDEFFAAITSENARELEN/NTA VAT A MNIMTOIREND D
M SFEREIE (OpenlDK 11 / Amazon Corretto 11 B E) THEER EDRHSND T —RXEHDIesH. FIFHEER
INI %2 Python-native €21 —I)LE. 171 T )I\AFUNMERAETNTVIIBSFEFIETBHANE
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J—2O0— RIA4TR B17H1 R
Case4 : C/C++. FORTRAN 732&. AI\LMILEITSBHEDLHDIIHES

- AWS Graviton Technical Guide Z##s5R L. HRBRIRE - I /\1MILAT>a> = EH

- Arm [T ICRBILESNZEES TS ThHD Arm Performance Libraries G {E Tz

=NTCL\D
(BLAS. LAPACK. FFT &E%&H/R—h)

Case5 : > FF7ZFIHUTWAIZS
- Case2/3/4 &£illifTU CHasY

- Graviton ECEI>FFH(EFIAETBIEICH. P—FFIF v &IC Docker A A—Z Rk
IDINENDD

Case6 : Microsoft Windows Server Lt CTEET DI 7TV —Sa > DiEsa

. 2023/3 B2 T Microsoft Windows Server (Cld Arm BRHDEEES
AWS Graviton TIZFIHTER0)

- Linux \NDBtEZ&RST. FJ= .NET core IRIBETHNIL Linux L TEENME
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C/C [CHITDOI\AILEFDFE A
GCCDI\—>3>

Graviton2 : GCC 9 BUfFZ=#t%E, Graviton3(E) : GCC 11 LI &iE
GCC [cBVFS Graviton2 EFHEEI > IINAILAT ST >

-march=armv8.2-a+fp16+rcpc+dotprod+crypto

Large-System Extensions D;&H

Graviton2, 3(E) Tl&. LSE (Large-System Extensions) ZH/R— kUL THD
POSIX thread ([CHITDEERRAL v REEHAR EZ it

I[7E(F Ubuntu 20.04 T LSE (CXSUTZ libcb-Ise 54T S UMBHENTED
EFEOAIINAIAT > 3>z ERUEYICY >DO%Z1TD 2 & THIAREE

HPC 7 U4 —=3>%Td OpenMP FIFERFICHERIRMNAEL)

https://agithub.com/aws/aws-graviton-getting-started/blob/main/c-c++.md
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AWS Graviton CTO1>57F|

Graviton %6 Docker MOF ) (X BIEE

Docker Image DERL

aarch64 (arm64) RDA A —=7=ERk
Docker Hub E CTEERA A—(FRDFHTN TS

N X
e ==
VST VAR W

X86 % MBI,
V=X T OF v ECA A= DERRDIE

= EDOXDICUTYIF 7 —FFTIF v (LT DN

https://hub.docker.com/u/aarch64/
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https://hub.docker.com/u/aarch64/
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AX=—2L 2 ARMUDNYILS

BUAITT. BEOOACFTFAAXA-—ZHR—- b

)’

=

7 F 7 Xt

@ o usak
1 AX—= (x86)

OS, App, ... (x86)

sample-app:v1-x86

A A== (arm)

OS, App, ... (arm)

sample-app:vl-arm

Manifest List

Manifest List 25 UL T

SEITENEEEe x86. arm WA ICHISTE BEICT S

T

sample-app:v1-x86

i

docker

A>T FRA S
(x86)

aws

sample-app:vl-arm
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(Graviton / arm)
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NIVF 7 —FFOF v O T EHDF

[AWS Black Belt Online Sem!nar] CON437 AWS Graviton2 C
SIVFT7—FFTO0F v DT YI)N)—)\ATS5A > %VERT D

O FFRBICBITBAVNILF I —FFT0F v EHNDIBIT

T FHFRIBICNILF T —F570F v 2B AT D/ \— R)LIFEN RIWNFTP—FF0Fv « AT FDAA—=VERl 9D
CodeBuild ( S docker manifest create ...

. Git Repo O{ . S docker manifest push ...
LA BMIUBXUVS2IALADHIIGICEKD, IRABIS>D . - M

T —FFOF v (U THEYGA XA —DhNERan 3 CodeBuild (x86) Xk 1

b == (x86) b A== (arm)

arm DI>FTFRA M, AT FAA=20E)L REBRED single-arch-app1:v1-x86  single-arch-app1:

OSHORTERICTOESI=>ITES
|

sample-app:v1

F—HTRRL—F—(CLD. RILFT—FFo0F v (LT ! s =
A A—SDd arm KRR NIFTOA I 37 EDRENTIEE — &l O>FFRR b &l o YTFARR b
\ (x86) (Graviton2 / )

https://aws.amazon.com/jp/blogs/news/aws-black-belt-online-seminar-con437 -
containers-delivery-graviton2/
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- AWS Graviton & (&

AWS DRt UJTE Arm R—ZXADHRLG LS U
INT A 2ANEL., ENNERHARLES., HRFFEUSF v (CEERM

- AWS Graviton Mg

Z < DNFR—> R —EXTHIHTIRE
XMHdd0S. VIRITT7. SATSUBILKH

- AWS Graviton A\NDO1T
J— 00— R ECHISES BN £33V R— RY—EXDBITH S,

1FZEI(HRY® Graviton A AR Z Ul LT, T A MEITD CENEE,
BFOBET X b IaC O NHDERL—XTY,
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AWS Graviton 7O0twvtH
https://aws.amazon.com/jp/ec2/graviton/

\
{

AWS Graviton Getting Started
https://agithub.com/aws/aws-graviton-gettting-started

White Paper: AWS Graviton2 for ISVs
https://docs.aws.amazon.com/whitepapers/latest/aws-graviton2-for-

isv/welcome.html

Porting Advisor for Graviton
https://aithub.com/aws/porting-advisor-for-graviton

Graviton Workshop
https://agraviton2-workshop.workshop.aws/en/
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https://aws.amazon.com/ip/premiumsupport/

AEEE COBBOEDEICEALEL T DRIV—HR— RO
PELEDOELIEEVY (IR A> MOV —)LAOOTA > ETY)

https://console.aws.amazon.com/support/home#/case/create?issuelype=customer-
service

BARMNIGEMFC I DB (E. B I DERIHRSZ R <TZS L)

C AR Twitter N1 )\ 250U TESFIALIZS0Y
#awsblackbelt
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JTEF—1IRE. AWS DANRY hCRT 21— IV EZTSRWITIEITET

https://aws.amazon.com/jp/events/

INOZXAAFTWY
https://aws.amazon.com/jp/aws-jp-introduction/aws-jp-webinar-hands-on/
AWS {ERItHER =
AWS DYV U1 —>23>7—FF70 M EESEVZEITERT

https://pages.awscloud.com/JAPAN-event-SP-Weekly-Sales-Consulting-Seminar-2021-reg-event.html
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