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Artificial Intelligence isnot an end e

in itself but a means to achieve ﬁ‘_ .
transformative solutions forreal- * |
world challenges.
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Total Semiconductor Market and Al Semiconductor Market
In 2023 21% of semiconductor market associated with Al and grows to 73% by 2030
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Source: IBS Jan 2024 Report: First Generative Al Report: Impact of Generative Al on Semiconductor Industry
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Worldwide Spending for GenAl Infrastructure, Software, and Services
2022-2027 GenAl Spending and Growth Rate

$151.1

GenAl Growth Rate
Infrastructure 71.1% CAGR
Software 99.6% CAGR
Services 94.2% CAGR

Source: IDC Dec 2023 Report: Core IT and Spending for GenAl Forecast
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Disruptive trends in the global datasphere
Reshaping computing, networking, communication, security, and applications

148 = 1,000,000,000,000,000,000,000 (10%%) = 250 billion DVDs

Global Datasphere is a measure of how much data is created, captured, replicated, and consumed each year.

Source: IDC Apr 2023 Report: Worldwide IDC Global Datasphere Forecast, 2023-2027
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Macro trends in growing complexity
Reshaping computing, networking, communication, security, and applications
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Edge computingtrends o i t 6 s al | about | atency!
75% of data compute moves to the edge in the next few years

Ra

I

Collect

Verification 'challenges

o« Complexity on integration

o Real-time constraints

¢ Heterogeneous architectures
 Power and security

e Sufficient use case coverage
« HW-SW co-verification

Source: Application PerformancemaArticles, Digital Experience, Network Performance, Mar 24, 2022
AXIOS, Al drives explosion in edge computing, Feb 16, 2024
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Hyperconnected trends by 2030 (@)
44 billion devices connected to the internet by 2030, growing at a 12% CAGR A

Verification challengesiincludes
 Complexity of interconnections
 High data throughput

e Concurrency

e Latency and timing

 Power and security

o Scalability

Source: Exploding Topics: Number of 10T Devices (2024), Feb 19, 2024
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Hyperscale computing 6 i t 60s all about scalability! >
Cost-effectiveness, high performance, reliability and resilience, support big data

Process

Verification challenges includes
 Immense scale

e Stringent performance

« Complex concurrency

e Power requirements
 Robust security and reliability
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Security and Privacy in a Hyperconnected World
Security must be a foundational consideration, and verification key

8,214,886,660

Data breaches in 2023

$4,450,000

Average cost of major data breach

Source: IT Governance, List of Data Breaches and Cyber Attacks in 2023, Jan 5, 2024
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Environmental Sustainability
Data growth and energy consumption

Energy consumption link:
« Datacenters. al one"eonsUimes fa DEOSUSNSFNEE) 0
« Energy consumption will triple in the next decade

LLM Market

33.2% CAGR

Energy consumption and Al:
e Training GPT-3 consumed 1300 megawatt hours (MWh) of energy
* As much power consumed annually by 130 US homes

« Streaming an hour of Netflix requires around 0.8 kWh
Yo u' dirhegv e it 0. oW ASETC et M=t NS0 0 0 N _OWIRL 5

$6.4B 2024
$36.1B 2030

e

Low -power design and verification:
« Growing complexity in power-management
* Advanced low-power verification techniques and tools a necessity

Source: GlobalNewsWire, Global Large Language Model (LLM) Research, April 10, 2024 R
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Emerging Challenges
and Opportunities
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Industry Challenge for New Generation ICs
Ever-increasing Levels of Complexity

ASIC

Number of spins before production
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Decline in first silicon success combined with increasing wafer
and mask cost
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Source: Wilson Research Group and Siemens EDA, 2022 Functional Verification Study
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Fewer skilled workers available to meet demand
Requires significant increases in productivity to address this issue

80% of new technical openings go unfiled in the US alone by 2030

Jobs to Date Projected
.~ 67,680

coocsonesososoossosononasonanazants

450,000 " Unfiled jobs
CHIPS Act ’
g Industry to add
114,800 jobs
350,000 By 2030

300,000
250,000
200,000 40%
engineers

100,000

50,000

Semiconductor Technical Roles

0

2010-2022 2023-2030

Sources: US Bureau of Labor Statistics; National Science Foundation; American Society of Engineering Education; US Citizen and Immigration Services; BCG analysis (Dec 13, 2023)
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Design complexity driving cost!
Average cost for advanced design

Verification (21%)
s

$448.7M

Software (44%)

$248.6M

Advanced Design Cost ($M)

Validation (8%)

~ Design, other (27%)

$48.2M -
—

Source: IBS Report, Design Activities and Strategies Implications, July 2022
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Chiplets and 3DIC
Moving monolithic SoCs to 3DIC and chiplet-based design

Transistors

N3/N3E N2/N2P
2020 2023 2025 2027 2030
Source: WCCF Tech, TSMC Aims to Integrate Over 1 Trillion Transistors, Dec 2023
SIEMENS
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Chiplets and 3DIC
Moving monolithic SoCs to 3DIC and chiplet-based desi

Cost -effective scaling
e Alternative to traditional Moore’'s Law
Enhanced performance

* Increases processing power and speed by reducing interconnect

Reduce power consumption

« Shorter interconnects reduce power loss and improve energy efﬂmency

3 : k\ R \ i\ ;\_\:7 : ‘
-1 h SR AR NE 2NN NN ) ; ) " 3 == :
Interconnect protocol challenges = \g

« Verifying complex UCle 2.0 interconnect protocol adheres to specification
» Verifying compatibility between different chiplets from various vendors or design team
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Software defines and differentiates successful products
Development & validation must start as early as possible

Software Key Component of Chip Architecture

* Increasing transistor count

* Rise in workload-optimized chips

« High mask and fab costs; first silicon success is crucial

Software Dominates Costs

o Software is a key differentiator

* Delays in software readiness are costly
« Essential for silicon sales
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Chiplets and 3DIC
Moving monolithic SoCs to 3DIC and chiplet-based design

Transistors

N5/N4

N3/N3E N2/N2P A14 A1

2020

2023 2025 2027 2030

Design complexity driving cost!
Average cost for advanced design

Advanced Design Cost ($M)
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To tackle present and future cMIe
effectively, we need solutions that
enhance efficiency, boost productivity,

and iImprove cost-effectiveness. \ 7/ ,
\ b/ , |
; J
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So, where a
e ANy
of achieving this

101 0

g
W/
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Why now?
Test scores of Al systems on various capabilities relative to human performance

Data Source: Kiela et al. (2023) — with minor processing by Our World in Data
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Verification is Fundamentally a Data Problem DVCon US 2023 Paper
A survey of published research

Source: D. Yu, H. Foster, T. Fitzpatrick, AA survey 2023 machine | earning applications in functional ve

Source: D. Yu, et al ., iLarge Language Model for Veri f i2€2dti on: A Review and I|Its Application in Data A
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What 6s Required to Create an Al / NIL Sis
O ? = =

t em
Three critical elements © BN ‘ \

45 TB

text data

314 Zettaflops -
~%$4.6M if on AWS

174.6 B

parameters

Using GPT-3 as a cost reference
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Unleashing Al for EDA
Requires Expertise and Relavent Data for Success

N

N ({2
)l

EDA Expertise Data Al Expertise

Source: DALL-E 3
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Siemens Three Track Approach to Data and ML Innovation
Building on the strength of the larger Siemens organization

EDA Expertise

Ll

Al Expertise
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Three Primary Approaches to Using Al and Their Objectives

e Optimize
: y : Identify patterns and predict
_Turnlng _data lmee i future events based on historical
information and making S
rational decisions
A -
Solutions
Generate

Accelerate design creation,
system optimization, and
model abstraction
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What Are the Opportunities?
A verification cycle is a non-renewable resource—make sure everyone you use is effective!

Replacing heuristics and graph Enabling new creation, analysis Predictive technologies to stream-
analytics in core engines & tools  and debug capabilities line & accelerate verification

=
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Smart Verification
Exploring potential opportunities for improving productivity

Smart
Creatio

Analysi
S
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Smart Creation
How can Al/ML assist us to ...

... l earn
RTL, UVM and

PSS faster?
b -
—
Code 'R
Generation -~

Finetuned LLM outperforms
ChatGPT in niche language
knowledge to generate RTL,
UVM and PSS

Page 29
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how to use tool
features faster?

. imn

Documentation k=)
. -
Exploration

Natural language based
service portal with detailed
knowledge of all products to
accelerate tool usage

@
4
|
%
y 4
Faster
Engineers

answers

... accel er a
generation of
assertion code ?

on | i
45 4

Assertion

Generation

=)

Finetuned LLM enables the
automatic generation of SVA
to accelerate assertion based
methodologies
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Smart Regression
Accelerating Regressions

Creatio
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Smart Regression
How can Al/ML help ...

Fewer
Workload

No Prediction

Machine 1 ~20% FKaster
Machine 2

Machine 3
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Smart Analysis
Accelerate Verification Analysis

Creatio
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Smart Analysis :}—
How can AI/ML help ... yZ

Engincars

2500
CDC Violations
2000
53%
1500
= Original
m With Assist

1000

500
93%

Class 1 Class 2 Class 3
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Smart Engines
Accelerate Verification Engines

Creatio
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o
Smart Engines :3-
How can AI/ML help ... yZ

Faster
Engineers
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Smart Debug
Accelerate Debug Turn-around

Creatio
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_ =0
Smart Debug :}—
V4

How can Al/ML help ...

Faster
Engineers

Golden
Regression

Current
Regression
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Al Opportunities Verification Productivity h@l
A 4

Faster Engines, Faster Engineers and Fewer Workloads
UVM and PSS Generation

Documentation Exploration
Smart d Assertion Generation

Creatio

Failure Prediction
Smoke -test Prediction
Schedule Prediction

Bad Commit Prediction
Failure Signature Prediction
Root Cause Prediction N\

2%

% 1;176‘@1:!0 B g
_ Smart (T Smart
Coverage Acceleration “ Engine R Analysi
Progressive Performance S ~ S AN Pattern Analysis
Coverage Optimization Cross Hole Analysis

CDC/RDC Assist

T
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Software -Defined Products, and Design Productivity, and Digital Twins
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Digital Twins

Concept applied to the Apollo 13 Crisis, 1970

Term Digital Twin coined by Dr Michael Grieves 2002
NASA begin using Digital Twins explicitly in 2010
Siemens started focus on Digital Twins in 2012

EDA has been implementing partial Digital Twins for years

Today' s Digital Twins encompas P product
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Digital Twins Bridge the Gap Between Physical and Digital Worlds
A critical component of software-defined products to meet complex demands

Conceptual
Design

8]

N\

> D CONTINUOUS PRODUCT SIMULATION AND OPTIMIZATION > D
O
Lol F \ 0 'e)
o — DI i
ﬁ\ LQ . — Digital
Syst Certification & ) EEI
! Arcfit:cr:]tqusre RAMS (iio Qualification Manufacturing
Asset Operations

and Sustainment

T
SN

Requirements
Management

|

Multi-Domain

N

/LO/LOO

Manufacturing

Y

Supplier
Collaboration

Simulation Driven Product O Simulation Driven Operations &
Decisions Engineering O o 4 - Verification Execution
.
< < CLOSED-LOOP DIGITAL TWIN < <

Realtime Monitoring, Continuous Improvement, Personalization, and Innovation
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Veloce AI/ML Tools Empower Software -Defined Products & Digital Twins
Adaptive, efficient, and aligned with real-world conditions

Power results

.

Design mmmp
Liberty mmmp
Workload s

» Al-driven compile optimizers streamlines the » Al-enabled accurate and fast power profilesfor
process of compiling a design for emulation RTL designs, running real software workloads

 50% better compile time (RTLC phase) » 3-5% accuracy margin of power tools

e 100x Increase in runtime throughput o 200X faster than traditional power estimation

Page 42 Unrestricted | © Siemens 2024 | Siemens Digital Industries Software SI E M E N s




HLS Enables the Next Generation of Edge Al Accelerators
Unlocking design productivity with Catapult HLS

Accelerated Design Cycle Up to 4x Faster
» Transforms C++/SystemC models into optimized RTL

Higher Abstraction Level

« Simplifying complex system designs and enhancing productivity.

Automated Optimization
e Automatic pipelining, resource sharing, and power optimization.

Design Space Exploration
« Allows rapid exploration of multiple architectural options to find

the optimal balance between performance, power, and area.

Improved Verification
« Enabling early validation and reducing verification bottlenecks.
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Bug prevention through HLL and HLS

15-50 Bugs per 1000 Lines of Code

100 lines of HLL is equivalent
to 1000 lines of RTL

~

I

Expect a 10x reduction in the
average number of bugs

i

115 bugs for HLL design vs.
15i 50 bugs for equivalent RTL _=f
gdocifn = "

ok
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Summary
Harnessing Collective Wisdom Across Tools, Processes, and People

Al is a means to achieve transformation, not an end in itseilf

Macro Trends -

e Semiconductor transformation
« Data explosion changing everything e
« Movement to Software Defined Products e
» Decline in engineering talent demands smarter verification

« Sustainable solutions is no longer an option

Smart Verification
« Faster Engines, Faster Engineers, Fewer Workloads
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Harnessing Collective Wisdom Across Tools, Processes, and People

The future of verification requires the key elements

Scalable
Verification

Scaling verification of large, complex
designs with solutions that
accelerate closure and bring
automation enabling teams to do
more with less

3 Acceleration
3 Automation
3 Cloud

Data-Driven
Verification

Leveraging the power of data
through analytics to bring new
insights that improve productivity of
debug and verification closure

3 AlI/ML
3 Data mining
3 Traceability

Connected
Verification

Connecting users and tools to form a
cohesive verification ecosystem for a
comprehensive and seamless
verification experience

3 Inter-connected
3 Collaborative
3 Interoperable

Page 46 Unrestricted | © Siemens 2024 | Siemens Digital Industries Software

SIEMENS



|s this stuff real?
Questa Smart Verification

VIQ Coverage

Analyzer 3X
Sma.rt
CDC/RDC 90% / sreaten \
,@/ Vs
100x e :
VIQ Regression 2X
1Q
10x
2X
VIQ Engines Analysis
Debug I1Q DL
30% reduction in overall debug time
: 100x
uesta Sim
? 500x
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Harnessing Collective Wisdom Across Tools, Processes and People

Referenced Al/ML papers

Software -defined

Silicon -enabled
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Contact

Published by Siemens DISW

Harry Foster
Chief Scientist Verification, Siemens EDA Design Verification Technologies

E-mail harry.foster@siemens.com
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