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30+ Years of Engineering Innovation

CAMBRIDGE ARM
APPLE NEWTON BARN HQ TODAY

WORLD

A DNA OF POWER EFFICIENCY o ureR

PLATFORM
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Arm Technology is Defining
the Future of Computing

A microprocessor design and software
platform company

Arm-based chips
shipped to date

30 Billion

Arm-based chips use p,rod ucts and’ servmé‘s

pedin 2022 poWe"‘i’é’ﬂ ﬁV‘Arm tecﬁn 3@7

Active licensees, growing
by 50+ every year
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Arm has Diversified and Delive

Total Compute
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CONNECTIVITY SCIENCE

AND DATA AND POLITICS
&) 14.75B /~ Moore’s Law
“bs 1B (.) Sustainability
& 1207B &Y Politics

As of 2023
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The Shift to Specialized Processing

2018

2023

Common Software Ecosystem

GENERAL
PURPOSE

205W TDP

arm

128 Core

CLOUD NATIVE
250W
CORE DENSITY

100

maore cores

HPC
~250W1
MEMORY BW

~3.3X

more bandwidth

arm

32 Core

EDGE
58W
PERF PER WATT

~4x

more perf/watt

DPU
35W
HOST OFFLOAD

30%

more capacity

arm
28 Core

5G
60W
DATA EFFICIENCY

/2%

less power

Source: http://www.specbench.org/cpu2017//results/res2018q2/cpu2017-20180612-06879.html
1. Per die, including LPDDR5 memory sub-system
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Greater Demand Means Greater Costs & Complexity
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Greater Demand Means Greater Costs & Complexity n
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Technology Leadership: From CPU to Systems

-~ CPU ~— INTERCONNECT
{ 9 O
arm arm
NEOVERSE NEOVERSE
arm
NEOVERSE ¢ & ®
— arm arm
NEOVERSE NEOVERSE
{ C O
PERFORMANCE SCALE OUT CORE
PER WATT CONNECTIVITY
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Technology Leadership: From CPU to Systems

-~ CPU |

1.8x 2X @

Workloads®  point Performance®  thread performance

arm
NEOVERSE

PER WATT

More Vector Better Floating- Scaling for high single-

&>

Built on Arm Scalable Vector
Extension (SVE) foundation

__

|

PERFORMANCE |
__

|

© 2023 Arm
*Source: Arm Data. Comparison to previous generation Neoverse platforms.



Technology Leadership: From CPU to Systems

-~ CPU | |
Roadmap that matches the pace of Innovation

I Neoverse V-series Neoverse N-series Neoverse E-series
Maximum Performance and Efficient Performance Efficient Throughput
q rm Optimal TCO
NEOVERSE T Performance T Performance per watt T Throughput Efficiency
arm arm arm
NEOVERSE NEOVERSE NEOVERSE
V Series N Series E Series
arm Next arm Next arm Next
NEOVERSE NEOVERSE NEOVERSE
—:— arm V2 2023+ arm N2 2023+ arm E2 2023+
NEOVERSE NEOVERSE NEOVERSE
V1 N1 E1
2020 2019 2020
PERFORMANCE
PER WATT | |
© 2023 Arm l
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*Source: Arm Data. Comparison to previous generation Neoverse platforms.



Technology Leadership: From CPU to Systems

| .
~~ INTERCONNECT | N
Custom core counts increase power efficiency
[ < ]
| Higngerforrnance
_|_ Enterprise il
NI?‘.)SIIEE‘SE ng)CIIEpSE Networking 32-256 cores
(«uﬁu») 5G 12-36 cores e e e e
¢ & * o a e e i
arm arm 8-16 cores e e PRl P
NEOVERSE NEOVERSE o n n a Cn n e P e e
20-35W Power 30-80WV Power 80-350W Power
C < O

Arm Neoverse Core Scalability .

y

CONNECTIVITY

|
|
SCALE OUT CORE |
|
|
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Technology Leadership: From CPU to Systems

—— INTERCONNECT | |
High performance and standard interconnect
across die and chip boundaries
[ L 4
_l_
arm arm |
= Aad
NEOVERSE NEOVERSE Il'l .l.. Il'l N N : ;
-C -
] l ] {%} - ED—DE L SRR
< =i I ==
NI%SEE‘SE NI%SEE‘SE Trw EE L______1__EIN » = AL,
= O00|00|00 Lk
I | | - o,
[ & g v v a EL_TIH;
Bl Buci Arm AMBA CHI
- C L=

SCALE OUT CORE
CONNECTIVITY

Supports up to 4 Terabits/sec bandwidth

Universal Chiplet
Interconnect Express
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Technology Leadership: From CPU to Systems

. COMPUTE

' SUB SYSTEMS

arm
NEOVERSE

arm
NEOVERSE

arm
NEOVERSE

arm
NEOVERSE

MEMORY

SECURITY

SYSTEM

INTEGRATED &
VALIDATED
SYSTEMS
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Configured Validated

TO TARGET PROCESS
NODE

Integrated

COMPUTE, INTERCONNECT,
CACHE, PERIPHERALS,
CONTROLLERS, INTERFACES

CORES, CACHE, 10

PCle/CXL ~  PCle/CXL

PCle/CXL

e 16-128 Neoverse CPUs

e 16-128 lanes of PCle, CXL, = Neoverse Neoverse
CCIX CPU CPU

e 4-12 channels of DDR5

na
0095-4ad

DDR5-5600

||
— = * Optional die-to-die ol C
8 interface ol 2
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Arm Neoverse Enabling Industry Firsts Innovation

FUJITSU

AMPERE

A

AMPERE.
Altra..

NVIDIA

MARVELL

M

MARVELL
OCTEON Fusion

R ————

CONNECT 5G

FIRST FIRST FIRST FIRST FIRST FIRST
1TB/S MEM BW >100 CORES PER LPDDR5X MEM 5nm DPUs OPEN SOURCE 5G >500 PFLOPS/S
CPU EPC
o o | [ o o
[ [ [ [ [ |
AWS ALIBABA NVIDIA SOLIDRUN SUNSEA INNOVIUM
SUNSEA: Innovium

FIRST
DDR5 PCIE GEN5.0

FIRST
>500 ON SPECINT

FIRST
DPU WITH >400GB/S

FIRST
SW DEFINED DPU

FIRST
CLOUD BASE
STATION

TERALYNX 8

FIRST
SWITCH @ 25.6TBPS
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Scalable Efficiency Through High Core Counts A

Case Study from Ampere Computing — An Arm Silicon Partner AM PERE@_:_
—-— SoC Level -~ Rack Level ~— Data Center Level |
<
g ~
>
<
S~ °©°F =
128 Cores 64 Cores 32 CPUs 82 CPUs 1 Rack 3 Racks
>2X more 2.5X greater perf 2/39 |ess footprint
workloads than legacy per datacenter
o B Ampere(Arm-based) B Legacy architectures
arm

Source: Ampere Computing; amperecomputing.com



Scalable Efficiency Through SoC Level Innovation ;

NVIDIA Grace’s groundbreaking performance with system level interconnects . |

| CPUs and GPUs inside the chips are linked with NVIDIA’s
| NVLink-C2C (Supporting Arm’s AMBA CHI)

| Deliver up to a 10x performance leap in Al’'s most
B GRS

144 Arm Neoverse V2 cores with up to 960GB of LPDDR5x
| memory and 1 TB/sec of memory bandwidth

CPU LPU

LPDDR5x LPDDRSx

o arm



Scalable Efficiency Through SoC Level Innovation ;

NVIDIA Grace’s groundbreaking performance with system level interconnects

Grace Superchip Performance and Energy Savings

4,00
3.5X
3.50
3.00
L 2.5X 2.4X 24X
c 250
CPU = CPU = 2.0X
LPDDRSx LPDDRSx E - | 8X | 8x
a 1.5X
E 150
1.00
0.50
0.00
OpenFOAM ME MO WRF BWWA
CPU CPU ® Speed-up ® Energy Savings

LPDDR5x LPDDRSx
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DPUs Are the Heart of Data-Centric Computing +

CPUs, GPUs, FPGAs and storage become composable assets . o+

-- COMPUTE CENTRIC ARCHITECTURE

C/\ NETWORK

Al/ML
ACCELERATOR

B arm



DPUs Are the Heart of Data-Centric Computing +

CPUs, GPUs, FPGAs and storage become composable assets

-- COMPUTE CENTRIC ARCHITECTURE -~ DATA CENTRIC ARCHITECTURE

C/\ NETWORK C/-\ NETWORK

1 1
Al/ML ] i Al/ML
ACCELERATOR H 1 ACCELERATOR
1 1
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DPUs Are the Heart of Data-Centric Computing +

assets

DATA CENTRIC ARCHITECTURE

Intel Mt Evans DPU C_/'\
deployed by Google NETWORK
T T NE e T

| coresandcanhandle
|- data transfers of up to

200 million
packets/second

Al/ML
ACCELERATOR
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assets ; E

DATA CENTRIC ARCHITECTURE

Nitro v5 O/ 0/ 0/
eeeeeeeeeeeeeee
| NETWORK

AWS Nitro, powered by DD
Arm Neoverse, delivers
40% better

performance/watt

Al/ML
ACCELERATOR
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Arm Neoverse Powered Clouds: Value to the End User

UP TO

45% Cost-Performance

Gains

For on-demand cloud instance pricing

a)

Google Cloud
&> Tencent Cloud

é) CLOUDFLARE
(-] Alibaba Cloud

0

JD Cloud

a)

Google Cloud
&> Tencent Cloud

éﬁ CLOUDFLARE
(- Alibaba Cloud

B Microsoft ™ Microsoft
CPU W Azure W Azure
00 (T (1)
DPU Bai®&E Bai W &EE Bai W&
ORACLE ORACLE ORACLE
aAWSsS aWs adWs aAWSsS
N— N— N N—
e e e e
| | | |
2019 2020 2021 2022

© 2023 Arm

*Source: The Next Platform - https://www.nextplatform.com/2022/07/15/google-follows-suit-with-microsoft-on-ampere-arm-instances/
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Arm Software Ecosystem

redis ® IAN
S & amew  RAPIDD 00K b
K3S \
ciay = Couch DB & s openstack. =GO @%@ n ‘@d o
OpenSSL
& i €
de(biaan GraalVV: AKVM =Java Jil:)hﬁ-:
o) Gra fa na Jenkins
MarioDB cCyLLA puppet ‘ﬁﬁ' CentOS ZIG p::on
O ) < II A
&@ P fl l e 8.: Cl | lum @ QLOIQG %SE GFS’ d FreeBSD,
envoy L} anne Drone.io

o Fuchsia “. crowpsTrIke a__l_L Istio Swift  NGMX+ @mongo fedora @

© 2023 Arm

DATADOG

GitHub
Action
S

A

python

¢ )KEYDB

ORACLE

Linux

arm



Arm Neoverse Sustainability Impact A

Case Study from Ampere Computing — An Arm Silicon Partner
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(Average)
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Source: Ampere Computing; amperecomputing.com a rm



Running Arm EDA Iin the Cloud...on Arm +

Improved | Reduced Enhanced
Productivity : Costs i Sustainability

60% o0% 300

FASTER EDA LOWER CLOUD EDA HOMES POWERED BY
JOB RUNTIMES COSTS ON ARM > ARM EDA ENERGY
' SAVINGS

Arm cloud vs. x86 on-prem Arm cloud vs. x86 cloud j  Armcloud vs. x86 on-prem

arm



The Future of Computing Infrastructure
_| |

SOFTWARE
ECOSYSTEM

COMPUTE
SUBSYSTEM

PARTNER
INNOVATION

SILICON
ECOSYSTEM

© 2023 Arm

APPLICATIONS

MIDDLEWARE,
LIBRARIES

OS, FIRMWARE

STANDARDS

arm
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STANDARDS

P MODELLING
& DESIGN
FOUNDRY EDA

Technology Leadership

CPU PERFORMANCE & EFFICIENCY

Freedom to Innovate

MAXIMIZING PARTNER LEVERAGE

Scalable Efficiency

SUSTAINABLE COMPUTING AT EVERY POINT
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The Future of Computing Infrastructure
_| |

APPLICATIONS

MIDDLEWARE,
SOFTWARE LIBRARIES

ECOSYSTEM
OS, FIRMWARE

STANDARDS

- - , |
COMPUTE NgCE‘RSE Nscocgnkss §
SUBSYSTEM = = qrm
NEOVERSE
NEOVERSE NEOVERSE &
MEMORY IO - —|_
PARTNER
innvovation | NN I
I
SILICON P MODELLING
ECOSYSTEM & DESIGN
FOUNDRY EDA
I
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The Arm trademarks featured in this presentation are registered
trademarks or trademarks of Arm Limited (or its subsidiaries) in
the US and/or elsewhere. All rights reserved. All other marks
featured may be trademarks of their respective owners.

www.arm.com/company/policies/trademarks
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