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2020 Study Background

= Our worldwide study is highly respected and referenced

— Study pool not based on Mentor’s customer list
— Double blind study

m Sample frame for 2020: 1492 participants —

1738

— 7.4x larger than 2004 Ron Collett International study

1492

m Confidence interval 95%
— =*39%b0 Margin of Error
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2020 Study Demographics

North
America

Europe

India

East Asia

59%  Other

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation Menbr®
3 HF, 2020 Wilson Research Group Functional Verification Study, Oct 2020 Astemens Business



2018 vs 2020 Study Demographics
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2020 Study Participation by Market Segment

CPU / MCU / Microprocessor / Embedded Processors / etc.

GPU (graphics processors)

AI Processors (TPU, ANN, CNN, DNN, etc.)

PC / Workstation / Server / Mainframe

Peripherals (printers, monitors, storage devices, UPSs, etc.)
Office Equipment (copiers, etc.)

Wireless: Cellphones, wireless LANs, radios, pagers, PDAs
Wireless: base stations, satellite, TV transmission, radar
Networking: backbone routers, switches, other WAN products
Networking: Optical products

Networking: hubs, NIC, LAN routers, bridges, other LAN products
Networking: fax, modems, video-conferencing, set-top boxes, internet phones
Consumer Audio, Video (TVs, DVDs, cameras, etc.), Games
Automotive

Aerospace/Military

Medical equipment

Household Appliances

Industrial Controls

Other

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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2020 Study Participation by Job Title

Hardware designer
Verification engineer
Emulation engineer

FPGA prototyping engineer
Post-Silicon validation engineer
Product engineer

Test engineer

Safety engineer

System architect

Team leader

Software engineer
Manager

CAD support engineer
Other (Please specify)

I

0% 5% 10% 15%

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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PARTICIPANT'S CURRENT DESIGN



2020 Study Participation by Targeted Implementation
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Study Participation by Geometry Feature Size
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2020 ASIC Study Participation by Gate Count
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2020 ASIC Study Participants by Design Size

40%

36%

< 1M
m 1M-80M
m >80M

35% 339

31%

30%

25%

20%

Study Participants

15%
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ASIC Number of Embedded Microprocessors

40%
68% of designs contain embedded processors —)016
35% 48% of designs contain 2 or more processors —) (018
0% 17% of designs contain 8 or more processors =) (020
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Number of Embedded Microprocessors
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Mean Number of Embedded Processors

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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ASIC Mean Number of Embedded Microprocessors by Design Size

ASIC: Mean Number of Embedded Microprocessors by Design Size
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FPGA Number of Embedded Microprocessors
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Projects Incorporating Al Processors/Accelerators

FPGA

19%

Percentage of FPGA designs that
contain any artificial intelligence
processors or accelerators?

HF, 2020 Wilson Research Group Functional Verification Study, Oct 2020

ASIC/IC

Percentage of ASIC/IC designs that
contain any artificial intelligence
processors or accelerators?
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Projects Incorporating RISC-V Processors in Design

FPGA

23% N4

Percentage of FPGA designs that
contain a RISC-V processor in the
design.

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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ASIC/IC

23%

Percentage of ASIC/IC designs that
contain a RISC-V processor in the
design.
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ASIC Design Projects

ASIC Number of Embedded DSP Cores
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38% of ASICs contain an embedded DSP core
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FPGA Number of Embedded DSP Cores
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Design Projects Implementing Security Features

FPGA

43% Ka

Percentage of FPGA projects
implementing hardware security
features in your design that you must

verify.
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Percentage of ASIC/IC projects
implementing hardware security
features in your design that you must

verify.
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Projects Working on Safety Critical Design

FPGA
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Percentage of FPGA projects working
on a safety critical development
standard (e.g., DO-254, 1SO26262,
IEC60601, IEC61508, etc.)

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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ASIC/IC

Percentage of ASIC/IC projects
working on a safety critical
development standard (e.g., DO-254,
1SO26262, IEC60601, IEC61508, etc.)
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Adoption of Various Functional Safety Standards

DO-254 - Avionics

1S0O26262 - Automotive
IEC61508 - Industrial
IEC61511 - Process Industry
IEC61513 - Nuclear

IEC60601 - Medical

I‘!Ir]

EN50129 - Railway [
15025119 - Agriculture & Forestry h ® FPGA
MIL-STD-882 - Military e i m ASIC/IC
other R
0% 10% 20% 30% 40% 50% 60% 70%
Safety Critical Design Projects .
- ** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation Menbr®
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Biggest Functional Safety Project Challenge

Safety Analysis (FMEA, FMEDA, DFA, FTA, etc.)

Safety Architecture and Design

Safety Requirement definition, management, and traceability

Safety verification (Fault List Generation and Injection)

Safety Audit work product and safety case creation

m FPGA
Safety Debug
m ASIC
Other
0% 5% 10% 15% 20% 25% 30%
Projects Working on Safety Critical Designs
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation Menbr®
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PROJECT RESOURCES



Design Projects

Mean Peak Number of Engineers on an ASIC/IC Project

12.0

10.0

8.0

6.0

4.0

2.0

0.0

2007 2010 2012

2014

11.6

2016

............. 11.0

...................... 11.4

10.5

2018 2020

Mean Peak Number of Engineers on ASIC/IC Projects

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Mean Peak Number of Engineers By ASIC/IC Design Size
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Mean Peak Number of Engineers on a FPGA Project
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Mean Time ASIC/IC Design Engineer is Doing Design vs Verification

100%

80%

60%

40%

Design Projects

20%

0%

2014 2016 2018 2020

Mean Percentage Time ASIC/IC Design Engineer is Doing Design vs Verification

m Doing Design

m Doing Verification

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation
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Mean Time Design FPGA Engineer is Doing Design vs Verification
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® Doing Design
Doing Verification
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Mean Percentage of Time FPGA Design Engineer is Doing Design vs Verification
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Where ASIC/IC Verification Engineers Spend Their Time

m Test Planning

B Testbench Development

B Creating Test and Running Simulation

m Debug

H Other

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Where FPGA Verification Engineers Spend Their Time

W Test Planning
Testbench Development
Creating Test and Running Simulation

m Debug

m Other

18%

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Percentage of ASIC/IC Project Time Spent in Verification
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Percentage of FPGA Project Time Spent in Verification
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VERIFICATION RESULTS



ASIC Completion to Project's Original Schedule
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Actual ASIC design completion compared to project's original schedule
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FPGA Completion to Project's Original Schedule
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ASIC Number of Required Spins Before Production
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Design Projects

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Number of Non-trivial FPGA Bug Escapes into Production
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83% of FPGA design projects
have non-trivial bugs escape
into production
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Number of Non-trivial Bug Escapes into Production for Previous FPGA Project
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ASIC Type of Flaws Contributing to Respin
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FPGA Type of Flaws Contributing to a Production Issue
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Root Cause of ASIC Functional Flaws
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Root Cause of FPGA Functional Flaws
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LANGUAGES & METHODOLOGIES



43

ASIC/IC Design Language Adoption Next Twelve Months
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Design Projects

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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FPGA Design Language Adoption Next Twelve Months
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FPGA Designh Language Adoption in Europe
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ASIC/IC Verification Language Adoption Next Twelve Months
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FPGA Verification Language Adoption Next Twelve Months
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FPGA Verification Language Adoption Europe
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ASIC Methodologies and Testbench Base-Class Libraries
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FPGA Methodologies and Testbench Base-Class Libraries
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FPGA Methodologies and Testbench Base-Class Libraries Europe
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FPGA OSVVM and UVVM Trends
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ASIC Assertion Language Adoption Next Twelve Months
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FPGA Assertion Language Adoption Next Twelve Months
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POWER AND CLOCKING



ASIC/IC Number of Asynchronous Clock Domain
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FPGA Number of Asynchronous Clock Domain
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ASIC/IC Actively Manage Power by Design Size
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24% 19%
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Designs that Actively Manage Power by Design Size

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study

© 2020 Mentor Graphics Corporation Menbr@
58 HF, 2020 Wilson Research Group Functional Verification Study, Oct 2020 A Siemens Business



ASIC Power Management Features Verified

Hypervisor/OS control of power management - 22014
pplicationievel power management ‘ e

m2018

m 2020

Interactions between power domains

Hardware power control sequence generation

Transitions between system power states

Power domain state reset/restoration

Power domain power down/power up

0% 10% 20% 30% 40% 50% 60% 70% 80%

Design Projects
* Multiple answers possible

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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VERIFICATION TECHNIQUES



ASIC/IC Adoption of Formal Technology
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Design Projects

Formal Technology Adoption by ASIC/IC Design Size

60%

55%

50%

41%

40%
0% 26%
20%
10%
0%

Formal Property Checking

Formal Technology Adoption by ASIC/IC Design Size

HF, 2020 Wilson Research Group Functional Verification Study, Oct 2020

< 1M
m 1M-80M
44%, m >80M
24%
19% .
Formal Apps
© 2020 Mentor Graphics Corporation Menbr@

A Siemens Business



FPGA Adoption of Formal Technology
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ASIC Adoption of Dynamic Techniques
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Code coverage 0
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FPGA Adoption of Dynamic Techniques
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Design Projects

Emulation & FPGA Prototyping Adoption by Design Size
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Prototype Size in Terms of Number of FPGAs
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ASIC Signoff Criteria

When all tests documented in the verification plan are complete and pass
When the project plan schedule says sign-off, assuming verification ok
When the emulated or prototyped design is working in-lab

When code or functional coverage says we have achieved our target
When we can no-longer think of any more tests to write

When the rate of bugs found per week drops below a specified goal

HTHHI'HI

m 2014
When the project plan says sign-off, regardless of status m 2016
m 2018
Other m 2020
0% 10% 20% 30% 40% 50%

ASIC Design Projects

* Multiple answers possible
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FPGA Signoff Criteria

When all tests documented in the verification plan are complete and pass
When the project plan schedule says sign-off, assuming verification ok
When the emulated or prototyped design is working in-lab

When code or functional coverage says we have achieved our target
When we can no-longer think of any more tests to write

When the rate of bugs found per week drops below a specified goal
When the project plan says sign-off, regardless of status

Other

"'r'lllll

0% 10% 20% 30%

FPGA Design Projects

2014
m 2016
m 2018
m 2020

40% 50%

* Multiple answers possible

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation
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DOES THIS STUFF REALLY WORK?



Number of Non-trivial FPGA Bug Escapes into Production
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Design Projects

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Number of Non-trivial FPGA Bug Escapes into Production
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2020 FPGA Verification Technique Adoption and Bug Escapes

52%
Code Coverage

Functional Coverage
54%

Assertions
47%

Constrained-Random
37%
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Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation
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BIGGEST CHALLENGES



ASIC Biggest Functional Verification Challenge

CREATING SUFFICIENT TESTS TO VERIFY THE DESIGN (Coverage
Closure)

KNOWING MY VERIFICATION COVERAGE

MANAGING THE VERIFICATION PROCESS

TIME TO ISOLATE AND RESOLVE A BUG

TIME TO DISCOVER THE NEXT BUG

L

m 2014
DEFINING APPROPRIATE COVERAGE METRICS = 2016
m 2018
Other m 2020
0% 5% 10% 15% 20% 25% 30% 35% 40%
Design Projects
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study © 2020 Mentor Graphics Corporation Menbr®
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FPGA Biggest Functional Verification Challenge

CREATING SUFFICIENT TESTS TO VERIFY THE DESIGN (Coverage
Closure)

KNOWING MY VERIFICATION COVERAGE

MANAGING THE VERIFICATION PROCESS

TIME TO ISOLATE AND RESOLVE A BUG

TIME TO DISCOVER THE NEXT BUG

2014
DEFINING APPROPRIATE COVERAGE METRICS w2016
m 2018
Other = 2020
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Design Projects
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SUMMARY



Summary

m Increased requirements driving complexity

m IC/ASIC projects mature in their processes

m FPGA projects are being forced to mature
their processes

m Fewer bug escapes occur in project’s with
mature verification processes
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Verification Academy

The most comprehensive
resource for verification training

Industry Data and Surveys

Every two years, Mentor
Graphics commissions
Wilson Research Group to
conduct a broad, vendor-
independent survey of design verification
practices around the world. Results of the
functional verification study demonstrate an
ongoing convergence of design and verification
practices toward a common methodology.

INDUSTRY DATA

& SURVEYS

Acceleration

FPGA Verification

Harry Foster

Planning, Measurement and Analysis

Walk

Functional Verification Study - 2018

Harry Foster highlights the key
findings from the 2018 Wilson
Research Group Functional

memr - Verification Study, and provides his
interpretation and analysis behind today's emerging trends.

2018 Wilson Research Group
4" Functional Verification Study

Functional Verification Study - 2016

Number of FPGA Bug Escapes to Pr

Harry Foster discusses the results
from the 2016 Wilson Research
Group Functional Verification Study,
and provides some insight into its

findings.

ASIC/IC Trends in Functional Verification - 2014

Harry Foster discusses the ASIC/IC
verification trends from the 2014
Wilson Research Group Functional
Verification Study, and provides
some insight into its findings.

FPGA Trends in Functional Verification - 2014

Harry Foster discusses the FPGA
verification trends from the 2014
Wilson Research Group Functional
Verification Study, and provides
some insight into its findings.
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