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Industry Trends and Challenges
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Supply Chain Increased Multi- Balancing Power, Endineering Staffin Sustainability
Constraints and Party ASIC/SoC Performance, Area, 9 Shortg - 9 and ESH/ESG
Shortages Development Cost (PPAQ) 9

Electronic Design Automation, deployed on AWS Cloud, is helping to
address these challenges across the entire semiconductor supply chain
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Semiconductor supply chain
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Amazon is

Amazon develops and uses semiconductor devices for

a Fabless

Se 11 iCO n d u cto r « AWS data center infrastructure - Space and satellite infrastructure
« Amazon fulfillment centers « Autonomous vehicles

Company o Consumer devices « And more

« Robotics and Al

We design our own
silicon devices, and we
source from a global
supply chain
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We value our semiconductor and EDA industry partnerships
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Silicon innovation at AWS
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AWS Nitro System AWS Graviton2 AWS Inferentia
) AWS Nitro SSD AWS Graviton3 AWS Trainium
Hypervisor, network, Powerful and efficient, Machine learning, hardware, and
storage, and security modern applications software at scale
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Why EDA on AWS?
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Semiconductor design flow

Phase

Workloads

Characteristics

dws

N7

Frontend design and verification

Backend verification

Production and test

Design Design Physical Physical Power/signal Tape out/ Silicon
specification verification layout verification analysis manufacturing validation

RTL synthesis
DFT insertion

e Design capture Simulation .
e Design e Functional .
modeling e Formal
e Gate-level
e Mixed signal

e Globally distributed design teams

 Incorporating EDA tools and IP from 3"d-party
partners

e May include the use of external, contracted
design staff

e Millions of single threaded jobs

¢ Small file random, metadata intensive data
access patterns

* LVS/DRC/ERC ¢ Power
e Extraction e Thermal
e Timing

» |P/library char

* Floor planning
* Placement
* Routing

* Massive compute requirements for chip verification

* May be performed by 3"d-party design and
verification service companies

* Memory intensive, long run times
» Large sequential data access patterns

» Signal integrity ¢ Yield analysis

e TCAD e Chip tests

e OPC/metrology e Wafer tests

e Failure analysis
e Sort e Field tests

e Assembly

e Requires close collaboration
with fab and OSAT partners

e Computational lithography
* Big data analytics
e Al/ML and loT

Semiconductor flows require high performance computing and storage, and orchestration of many

diverse tasks with complex dependencies

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.




Semiconductor design infrastructure on AWS

On AWS, secure and

well-optimized clusters AWS Cloud
can be automatically —

created, operated, and /@
torn down in minutes Virtual Private Cloud on AWS K

oy

Remote Desktop Login Server

I HE @ User Access {@}

I —e— 5 —

]
=
= AWS Snowball LIRS Infrastructure @ @ -_'Er.-}l

= o Support e o e ) . Encryption can be enabled
— T D — icense Manager 'orkload Scheduler irectory Services . .
@ A il in transit and at rest.
AWS Direct Connect L_LT'] L_LTj @E/)
1 : ; Compute ~x
EC2 and Auto AWS Lambda Amazon EC2
C\ P Scaling Spot Instances

Fabrication, third- —
party IP providers, < — . = S A
collaborators = @ —> Machine Storage FSxe CIn
Learning and 9
ity . z Design data Scratch space Local disk
j;%; (\“) AWS Transit Gateway Analytics
o> —

Secure Collaboration
AWS PrivateLink
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Broadest choice of processors and accelerators

) adWsS
(ntes AMDZY =
INTEL Xeon AMD EPYC AWS Graviton
Scalable processors pProcessors processors
@ NVIDIA XILINX AMDA adWsS
N
Latest Tensor FPGAs for custom Radeon Pro AWS
Core GPUs hardware acceleration  graphics Processors  Inferentia/Trainium
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon EC2 Instances for EDA workloads

Latest Intel Ice Lake
based instances

(R6i/X2idn/X2iedn)

e« Upto 3.5 GHz all core turbo

« R6i instances offer up to 15% better
compute price performance over equivalent
Gen5 instances

o X2idn/X2iedn instances offer up to 50%
better price performance than X1 instances

o Offerupto1TB/2 TB/4 TB of memory

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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High-frequency
instances

(M5zn/z1d/X2iezn)

Up to 4.5 GHz all core turbo, fastest in the
cloud

M5zn instances offer up to 45% higher
compute performance over EC2 M5
instances

X2iezn instances offer up to 55% better
price performance than X1e instances
Offer up to 192 GB/384 GB/1.5 TB

of memory

AWS Graviton
based instances

(R6g/R6gd/X2gd)

Up to 40% better price/performance
over R5 instances

Offer up to 512 GB/1 TB of memory
Provide the lowest cost per GiB of

memory in Amazon EC2



Amazon EC2 X2iezn instances

High frequency processing for electronic design automation

Up to 4.5 GHz all core turbo frequency, the fastest Intel Xeon
Scalable processor in the cloud

L1 1
] —] — > 2x more performance per vCPU compared to X1e to reduce license
. costs by up to 50%
%

Cff\ X2iezn |4 s
Fiziziziy In

. —— X2iezn instances are a great fit for backend EDA workloads requiring
both high performance and high memory

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon EC2 M5zn/z1d instances

High frequency processing for electronic design automation

N I Up to 4.5 GHz all core turbo frequency, the fastest Intel Xeon
a R /_\ Scalable processor in the cloud
. \ \

~ ~ .

Reduce software license costs by right-sizing workloads on fewer
vCPUs with 45% better price performance than M5 instances

Great fit for frontend EDA workloads

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon EC2 X2idn/X2iedn instances

Next generation memory optimized instances

I VAN

‘XZidn —
(T o
I

Up to 64 CPU cores, 2 TiB memory, 80 Gbps Amazon EBS, and
100 Gbps networking

Up to 50% better price performance than previous generation
instances for memory intensive workloads

Ideal for in-memory databases, big data processing engines,
and electronic design automation (EDA)

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Up to 64 CPU cores, 4 TiB memory, 80 Gbps Amazon EBS,
and 100 Gbps networking

Up to 50% better price performance than previous
generation instances for memory intensive workloads

Ideal for large in-memory databases (SAP HANA), in-memory
analytics, and high-performance databases



ARM-based instances: M6g, C6g, R6g, Cégn,

Powered by AWS Graviton processors

Improved price performance

e 64-bit Arm Neoverse N1 cores with AWS designed silicon
« Up to 64 physical cores

« Upto 512 GiB DDR4 memory

« Enhanced networking, up to 100 Gbps throughput

« Up to 40% price/performance advantage over x86 gen 5
« M6g: 4GB/core, C6g/Cbgn: 2GB/core

« R6g: 8 GB/core, X2gd: 16 GB/core

e X2gd: 16 GB/core
« Tested and validated for major EDA applications

Featuring AWS Graviton Processor A

annapurnalabs

mazon company
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EDA stack on AWS
User Access
Remote Desktop Login Server
Infrastructure Support
License Manager Job Master Directory Services
Compute
| ' N .j"
i o
mhin N
EC2 and Auto Scaling Containers Amazon EC2
Spot Instances

Storage

Home FS (EFS) Scratch space

Local disk




AWS Graviton3 and Amazon EC2 C7g instances

Enabling the best price performance for workloads in Amazon EC2

Graviton3 | — |
T [

Up to 25% better performance compared to Graviton2

Up to 2x higher floating-point performance, up to 2x faster
cryptographic workload performance, and up to 3x better
machine learning performance compared to Graviton2

First in the cloud to feature DDR5 memory

60% more energy efficient over comparable EC2 instances

C7g instances provide the best price performance for
compute-intensive workloads in Amazon EC2

https://aws.amazon.com/blogs/aws/new-amazon-ec2-c7g-instances-powered-by-aws-graviton3-processors/

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N1


https://aws.amazon.com/blogs/aws/new-amazon-ec2-c7g-instances-powered-by-aws-graviton3-processors/
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Products Solutions Pricing Documentation Learn Partner Network AWS Marketplace Customer Enablement Events Explore More Q

AWS Solutions Library Industry v Organization Type v Technology ~ Resource Libraries »

AWS Solutions Library / AWS Solutions for Hi-Tech Electronics & Semiconductor / Design & Verification s

Electronic Design Automation s s,

Semiconductor companies require increasing amounts of compute and storage for electronic design automation (EDA). These companies face

challenges in setting up and maintaining hybrid or on-premise solutions. By contrast, cloud-based EDA reduces the effort customers require to
achieve their performance and cost goals for the design and verification of semiconductors. AWS Software Partners and AWS Systems Integrator

(S1) Partners offer solutions for EDA in the cloud, as well as guidance based on Scale-Out Computing on AWS.

https://aws.amazon.com/solutions/semiconductor-electronics/electronic-design-automation/

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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https://aws.amazon.com/solutions/semiconductor-electronics/electronic-design-automation/

AWS resources for semiconductor design

aws Crtniin St Eogtir g S [
. . T

Under “Resources” link

« White papers

« Blogs and articles

« Reference architectures

e Videos and webinars

e Technical tools and training

https://aws.com/semiconductor

gemm AWS Architecture Monthly §
—— N

cccccccc
upply chain
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" 70% of the world'’s * Mobile
population use Arm Revolution
processor technology

Semiconductor IP &
Solutions Business

arm

230bn+  29bn+

Arm-based chips Arm-based chips AWS Nitro AWS Graviton2 AWS Graviton3
shipped to-date shipped in 2021 (Cortex-A72) (Neoverse N1) (Neoverse V1)

Z(BWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Chip Creation Making a chip can cost $MM - design
has to be right the first time
CPU design

house (example, Requirements—» Design —» Validation —» Implementation—» Validation —» Tapeout —» Fabrication
Annapurna Labs)

""""""""" t -

éll;nJ P Pre-Validated | Physical Pre-Validated
CPU Block IP Cell Library
Prevalidated
Simulation Simulation Cell Library
(Frontend) (Backend)
[ T T 0 0 0 s |
: Design == Validation Design «=p Validation :
I I AWS
: \/ \/ I Ciagitoy
: : CPU
I R 1
: 10s-100s of Millions of CPU hours :
: spent in simulation to test designs |
1
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Why Cloud for Arm IP Design and Verification?

Unlock
Efficiency

Hardware efficiency

Scaling efficiency

aWS, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved

Innovate

Faster

Faster quality

Improve time-to-market

Reduce
Cost

Maximize productivity

Reduce TCO



AWS Graviton’s Expanding EC2 Portfolio i

Arm-based instance types deliver improved performance, price, and sustainability

EC2 Inst
AWS Graviton2 Tynpse: b AWS Graviton3

400/0 General Purpose Compute Optimized 2 5 0/0
. AP
Price/Performance’ = - 5 A Al Performance?
T4g - ‘ ‘ ‘ Céeg R :’ : C?g
- | | o

Meg| O | ©
m@

IEEER]

PeYPY

Ly
=
B

| 3.45x T RS I 3x
ML Performance?
60%

Less energy?

Performance/Watt’
Memory Optimized Storage Optimized

0 L e - s
= dielle atbetls |

11111

+ R6gd
Accelerated Computing
I
./_—% GSg§| /ﬁ:@ 1. Compared to 5t Gen x86 instances
- 2. Compared to AWS Graviton2
[ 3. Equal workload performance,
compared to x86
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. Source: https://aws.amazon.com/ecZ/qraV|ton/
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https://aws.amazon.com/ec2/graviton/

EDA Tools Availability for Arm

| - Frontend deS|gn

Design DeS|gn Phy5|ca Physical Power/Slgn Tapeout Silicon
Speuflcatlon Verification Layout Verification analysis anufacturingZ Validation

Backend de5|gn

T | . Productlon and test —»

Workloads | Simulation « OPC/
« Design « Functional, RTL Svnthesi » Floor » LVS/DRC/ERC || . power Metrology
Capture Formal . ynthesis planning » Extraction « Thermal . Yield Analysis « Chip Tests
« Design . Gate-level, « DFT Insertion || * Placement + Timing . Signal . Sort « Wafer Tests
Modeling Debug » Routing « Library char Integrity . Assembly
Functional Formal Debug Characterization/
Simulation Simulation
S\/"[]PS\/S VCS VC Formal Verdi SiliconSmart - PrimeLib, CustomSim, Hspice
B e T R Liberate Trio, Spectre Simulation
cadence Xcelium JasperGold Indago Platform, Spectre XPS
SIEMENS Questa Prime Questa PropCheck Solido

APL->RedHawk-SC

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



AWS Graviton3 price/performance for FE EDA

Questa Advanced

Xcelium JasperGold Simulator
o 100% 100% 100%
100%
82% 0
Run - 77% 80%
Time
(lower is 40%
better) 20%
0%
| Graviton2 c6g.16x c79.16x c6g.16x c79.16x c6g.16x c79.16x
raviton %
Ml Graviton3 o 100% 100% 100%
100% 880/0 820/0 850/0
80%
Cost
. 60%
(lower is .
better) .
0%
C6g.16Xx C79.16x C6g.16Xx C79.16x C6g.16x C79.16x
aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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AWS Graviton3 price/performance for BE EDA

Spectre Liberate APLDI PrimelLib
120%
100% 100% 100% 100%
100%
Run 80% 74% 75% Rl 74%
o 60%
Time
. 40%
(lower is -
better) ot
. Graviton2 €c6g.16x c7g.16x €6g.16x C79.16x €6g.16Xx Cc79.16x €6g.16Xx C79.16x
. Graviton3 100% 100% 100% 100%
100% 0,
80% Yt 79% i 78%
Cost 60%
(lower is 40%
better) 20%
0%
c6g.16x c7g.16x €6g.16Xx c/g.16x €6g.16Xx c/g.16x €6g.16x c/g.16x
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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EDA Tools Performance
AWS Graviton3 (C7g) vs. latest x86 (C6i)

# of simulation jobs completed for the same cost
(higher is better)

233%
197% T
147%
100% 100% 100% I 100%
C6i C79 C6i C79 c6i C7g C6i
Tool 1 Tool 2 Tool 3 Tool 4

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Ansys
cadence

SYNOPSYS

205%

100%

C6i
Tool 5




Price-performance gains with AWS Graviton

vCPU hours to complete List price to complete EDA workload
EDA workload $25.00

$20.00

800

700

T
50%

!

600

500

$15.00
400

300 $10.00
200
$5.00
100

$0.00

x86 Graviton x86 Graviton
Graviton achieving significant performance Graviton price/performance improvements
improvements with each new generation continue to surpass traditional architectures
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Physical IP design on cloud

Batch workloads on Arm Cloud

« Running production workloads on AWS
since 2019

« 80% of PDG's usage on AWS is
Graviton2 today

« Taking advantage of the performance and
cost using Arm-based Graviton 2 family

/Ansys  -APLDI

- » eLiberate «Spectre « Spectre
cadence Simulation XPS
Platform

«Solido

SYNOPSYS®  -PrimeLib «SiliconSmart «FineSim

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Implementation workloads
characteristics

« Project execution completely on cloud
« High run time and memory requirement

o Interactive session

Cloud foundation platform
« LSF on cloud
« On-prem-like latency for interactive sessions

« Compute instance available on cloud which
provide 3-24 TB of memory per host.



On-premises environment

opentext

IBM LSF
Cluster

Bg%

LDAP
Users
Compliance,
securlty License server
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Cloud Foundation: Running on-premises
applications in the cloud

On premises

FsX ONTAPR

IBM LSF
Cluster

server
Compliance,
security

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Choosing the best instance types

Cost of workload Runtime for different phases of an implementation workload

on-prem
R5

R5

R6i

R5

R6i
X2iezn
R5

R5

R5
X2iezn
R5
X2iezn
R6i

R6i

R6i

aws
~—

Lower is better Lower is better
on-prem
R5 ]
R5 |
R6i ]
R5 I
R6i |
X2iezn I
R5 |
R5 |
R5 |
X2iezn |
R5 |
X2iezn ]
R6i ]
R6i ]
R6i |

Dollars Time

Workload testing lets Arm identify the fastest instance and the instance
offering the best performance-per-dollar

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Optimizing Storage cost on cloud

Using right storage technology

« Various storage technologies available:
Amazon EBS, Amazon EFS, Amazon FsX for
Lustre, Amazon FsX ONTAP, Amazon S3

« FsX ONTAP found to be best suited for
metadata heavy EDA workloads

Purpose Technology

Local storage EBS

Shared FsX ONTAP + capacity pool

storage tier

Back up FsX ONTAP + capacity pool
tier

Archival S3

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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ONTAP cost reduction: 2.5X cost
reduction using 20% SSD versus 100%
SSD

$600

$500 --“

Cost per TB overall (Annual)

$400

$300

$200

$100

$0

100% SSD 50% SSD 20% SSD
®On-prem ®mAWS Cloud

Ireland region single AZ deployment
Estimates based on 100TB storage 128Mbps throughput



Impact of RTL verification in AWS

vCPU hours/month

180,000,000

160,000,000

140,000,000

120,000,000

100,000,000

80,000,000

60,000,000

40,000,000

20,000,000
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Case Study: Databricks

Machine hours Graviton?2
support
available

2000
1800
1600

/ )
1400 / N / ?
.“l {
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1000

800

600 !M'I
400 '

200

X 8
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‘50@'{509(1,0\\q,

S @ E S
S @ (& F <<Q’ @'Z’ @Q’ @'z’ & \rQ vQ vQ \rQ SRS AR I
NEF N PP © Q“f NS o Q® \Q Qq,@ SN SN v

—AArch64 —x86 —Total

09 ocb oq,\\?pcb (OQ;Q ,-er /\%Q,Q (-OQQ

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



Formal Flow IP Design in the Arm cloud

Arm data center
e Build container image
- ation
88% ~One-time prepal
\7 On-Premises Formal Runtime Environment - BlkFormal
Users
A est eXeCUt'
- 'on Package dependencies — Execute
= DI
o .-
=) >
O ////
0 7
Q aws <
[ AL il CloudRunner ! Eg?
= s3 Job control o=
w \ L — ---.Lambda RDS
l" ///, \*
Cloud Formal v .
Runtime Environnﬁent Controller T ) eSU\t ”ﬂ” ”ﬂ” ”ﬂ“
container ,’ Test 'l Workers
[ Prepare job H Run tests H Finalize ]7 .
Run Results
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Software developers experiences

Could take 30 days to get
a new VM provisioned

Single common
development environment

Once provisioned,
infrastructure is static

Hardware procurement
takes months to deliver

AWS

Benefit

s

&

Cloud VM provisioned in
seconds

\.

p
Flexibility of cloud allows software teams to have the
infrastructure they need, when they need it

s

-

Multiple environments
easy to deploy

-

\.

Teams can establish test environments for multiple
configurations of their software

-

&

Instance configuration can
be changed as needed

s

-

New technologies
available on tap

-

N

Occasional need for large memory can be satisfied
when required, but then return to cheaper instances

-

J

N

Brand new processor features, like SVE-enabled
Graviton3, can be integrated as soon as available

J

“So, allin all, I'd say we gained 5hrs/week/head with the switch to AWS. It felt like more than that, actually.”

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Arm'’s cloud ecosystem is rapidly expanding

Amazon

= e Amazon
0%, ElastiCache

= Aurora

Amazon Amazon
X A EC2
| Amazon AWS

S OpenSearch . Fargate . AmazogisCR

Service

B Amazon
A MemoryDB
for Redis

-1 Amazon
4| Neptune

Other cloud providers

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Summary

- Designing chips is resource intensive and expensive —
but the AWS cloud helps us improve productivity and
reduce cost

= We leverage AWS Graviton wherever we can (better
performance, lower cost than x86)

= We are looking to move more workloads to Graviton3
(+10-20% more perf/$ over Graviton2)

= With cloud, we can always find the optimal instance at
the best price for the job

= With cloud, we always have compute scalability which
improves throughput

= Our engineers are happier and more productive

- The EDA partners and tools ecosystem is ready for
Arm

- Arm is now in every major cloud

aws

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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333 AIPCwire

2022

EDITORS’ CHOICE
AWARDS

Best Use of
HPC in the Cloud

(Use Case)

By migrating EDAworkloads to AWS, Arm can now run more
than 53 million jobs per week and up to 9 million jobs per day
across more than 25,800 Amazon EC2 instances, thereby
optimizingicompute costs, resulting in‘increased engineering
productivity and accelerated speed to market for its products.

Awards Winner for 6 Years

L b b & 4h 4 ¢



CMP320

Marvell EDA on Cloud

Bill Cornwell

Vice President, CE — ASIC & Processor
\YETRYE

aws
~—
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Agenda

Design chaos

e!u'\.i‘("-:‘“‘

i.U»*’t’;'é:'

e, S e

Scaling smart

ATk TavakPaYakFa%Va NN\ N -

Innovate faster

dws
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Design Chaos

1.2 Counts in
Billions

Area Scaling
o O
()] o ol

O
IN

Instance

0.2 count
O [ I I I I
16FF 12FFC N7 N5P N3E
Axis Title
« Technology Scaling
« Increasing design complexity
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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# Instances

= Increasing demand
Machine Resources
Engineering



On-premises experience

On premises
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EDA On Cloud

= Looks and feels like on-premises data center

= |[nstantaneous deployment of additional compute
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FO re ca sti n g ‘:ZZ Available Peak Memory

600

500

Finding the balance 100 Dynamic

300

Memory (TB)

200

Static Machines 100 Static

= Available all the time Design Timeline

= Goal max utilization

450 Memory/% Month
Dynamic Machines 400

= Forecasted in Hours/Month 350

300
= Available 20 minutes 250

Dynamic
200

Memory (TB)

150

Storage 100
50 Static

= Desire high disk utilization without hitting 100%

Design Timeline
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Innovate faster

0

Beyond
YEIGILERY:Y
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Shared cloud

True partnership

Shared Design Environment

Direct Engagement
» RTL/netlist handoffs

= Report sharing
= Updates/ECOs

Joint team processing the design
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Cloud-optimized silicon

Every cloud application is unique

Social
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Cloud-optimized silicon is necessary

i -

Software/ Platform Form
General-Purpose firmware Factor
Performance .
features / Power | Footprint




Unique cloud-optimized silicon portfolio

Optical interconnecD

Switching >

|E| MARVELL

LiquidSecurity

Compute, security, storage, memory )
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Key Takeaways

®© ©®© O O

Run Wait TAT Productivity
times times
New machines Dynamic resources Time to market Innovate faster
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Successful partnership on your journey
on designing silicon in the cloud

Summary |
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Thank you!

[waeres] Please complete the session
'8

survey in the mobile app
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