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Agenda (AM)

Arrival: Breakfast and Networking

Welcome: Mike Bartley, Tessolve Semiconductor Ltd

Keynote Speakers
Hemendra Talesar (Startups (Bitstar Technologies, Plandpesign, otherg)

User Top Verification Challenges
Vijay Kanumuri (Renesas Electronics)

Paul Graykowski (Cadence Design Systems)
Refreshments and Networking

Multi-Track Session

Track 1- CPU User Presentatiorisonestar Ballroont, Salon A+B]
11:30 Mike Thompson (OpenHW Group)
11:50 Varun Koyyalagunta (Tenstorrent)
12:10 Vibarajan Viswanathan (Condor Computing)

Track 2- TrainingSessioril [Lonestar Ballroont, Salon C]

11:30 Doug Smith (Doulos)

Track3 - UVM for AMS VerificationLonestar Ballroont Salon D]
11:30 Peter Grove & Steven Holloway (Reneseas)

Lunch and Networking
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Adnan Hamid (Breker Verification System)
Dilip Kumar (TessolveDTS Inc)

Larry Lapides (Synopsys)

Vikram Khosa (ARM)

Refreshments and Networking

Multi-Track Session

Track 1¢ Latest Topics iverification [Lonestar Ballroont Salon A+B]
15:30 Nianhang Hu (University of NebrasKancoln)
15:50 Rahul Kande (Texas A&M University)
16:10 Ishaq Unwala (University of Houston Clear Lake)

Track 2- TrainingSessior? [Lonestar Ballroonx, Salon C]

15:30 Doug Smith (Doulos)

Track3 ¢¢ VHDLVerification [Lonestar Ballroony, Salon D]
15:30 Espen TallaksefEmLogic)

Event Closes
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CALL FORAPERS

Whatever your specialty, Verification Futures provides an excellent opportunity to share your
experiences and insights on the key technical and industry challemgésce in erification.

Submit an Astract for VR2025

We are now seeking submissions forpresentations and paperslescribing interesting and
innovative experiences related tchallenges faced in hardware verificatiohhese submissions
should include a brief description of tH&SIC, SoC and FPGA verification challenges that need to
be addresses and/or innovative solutions to improving verification. Abstracts should be targeted
toward a technical audience of hardware verification engineekbstracts may also address the
safety and security issues relating to verification.

Submission Dates

1 Call for Papers OperndK & USA 12 September2024
1 Final Presentations Requir&K 31 March2025
1 Final Presentations Required USA  30June2025

Abstract Submissions

Abstract submissions should be no mahan 2,5®@ characters andhclude a short biography of
the speaker All abstracts will be reviewed and notice of acceptance will be sent via email.

To submit your abstract pleasent to¢ mike.bartley@tessolve.com@and for guidance please visit
https://www.tessolve.com/verificatioAfutures/

About Verification Futures 2P5

Verification Futures is a unique oty conference, exhibition and industry networking event
organizedby Tessolveto discuss the challenges faced in hardware verificatidhe event gives
the opportunity for end users to define their current and future verification challenges and

O2fft 102N US 6AGK GUKS OSYR2NA (2 ONBIGS &2t dzia

catch up with other verification engineers acr@ssrope& USA.


mailto:mike.bartley@tessolve.com
https://www.tessolve.com/verification-futures/
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Mike Bartley

Tessolve Semiconductor Ltd
Senior Vice PresideqtVLSI Design

Welcome Message

Biography

Dr Mike Bartley has over 30 years of experience in software testing and hardware
verification. He has built and managed statethe-art test and verification teams inside a
number of companies (including STMicroelectronics, Infineon, Panasonic aneustart
ClearSpeed) and also advised a number of companies on organisational verification
strategies (ARM, NXP and multiple stapis).

Mike successfully founded and grew a software test and hardware verification services
company to 450+ engineers globally, delivering services and solutions to over 50+ clients in
a wide range of technologies and industries. The company was acquired by Tessolve
Semiconductors, a global company with 3000+ employees supporting clients in VLSI, silicon
test and qualification, PCB and embedded product development in multiple vertical
industries.

Mike is currently a Senior VP at Tessolve supporting VLSI globally with a focus on helping
companies to incorporate the latest verification techniques and strategies into their
verification flows and building verification teams to support these companies implement
them on IP and SoC projects. He is also responsible for the Tessolve Centres of excellence
running all R&D project with Tessolve, including building a new Al capability across all
Tessolve products and services.

aAlS KIFHa | tK5 Ay alOaKSYFragAada o.NmRadgdgz2ft !
including management (MBA), software engineering, computer security robotics and Al,
corporate finance, and blockchain and digital currency. He is currently studyingrpart

for an MSc in quantum computing with the University of Sussex and for the use of
technology in healthcare with the University of Glasgow.

Tessolvewould like to thank the sponsors and participants of the
2024 Verification Futures Conference

A HERO ELECTRONIX VENTURE
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Hemendra Talesara

Startups (Bitstar Technologies, Planorama Design, others)
Advisor

Rethinking Verification Leadership: Ready or Not, Here
Comes Generative Al

Keynote Speaker

Abstract

The scale and evencreasing complexity of chip design in the semiconductor industry
have always posed a challenge for verification. We are all too familiar with the escalating
costs of missed defects and long verification cycles. Project timelines have made
leadership stick to legacy methods and often risk aversive. Unfortunately, sticking to only
tried and true methods can put you out of the game. Generative Al is a -gaa@ger
technology. Its a disruptive force that will transform chip verification practices. From
automation to augmentation, it will complement and enhance our most advanced method
available today. We will look at how everything can be accelerated, from brainstorming,
test planning, design verification reviews, scenario generation, and improved coverage to
finding corner cases. It does have challenges, but nothing unsurmountable. Its time to push
boundaries. Let's explore and rethink verification.

Biography

Hemendra is a known name in verification with over 35 years of experience. He worked for
IBM, Synopsys, AMD, and many others and led many projects through the entire
verification life cycle, from initial architecture exploration to design implementation to
tapeout. His projects included CPUs, GPUs, Wireless, Networking, Telecom, Solid State
Drive, and various peripheral IPs. He is a Certified Corporate Director, Advisor, and Mentor
to startups. He is deeply into disruptive and transformative technology's technical and
societal impact. He will explore the implications of ngeneration Al on Verification
Processes.

. PLANORAMA :
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RETHINKING -
VERIFICATION I
LEADERSHIP & -

READY OR NOT, HERE COMESABEN

Hemendra Talesara
Verification Startups ; - PL AN OR A M A .
" DESIGN technologies
— ~—
= :
L WHY GENAI IS A GAME CHANGER? /1

A WAY BEYOND AI/ML ANALYSIS
A CREATES NEW CONTENT WITHOUT PROGRAMMING AND INSTRUCTION
A OUT OF THE BOX THINKING/SOLUTIONS
A FEEDS ON DIGITAL DATA (IT IS PLENTIFUL NOW), RECOGNIZES PATTERNS
A FOR EXAMPLE, CHATGPT HAS DIGESTED
A ALL PUBLIC DOMAIN INFORMATION ON WEB AVAILBALE ON THE (NEH@¥ CR
A MILLIONS OF BOOKS/PUBLICATIONS IN DIGITAL
A PLENTY OF PROOF POINTS
A PRODUCTIVITY BOOSTER Q
A ROUTINE AUTOMATION TO CREATIVE NEW IDEA
A A COLLABORATOR/PARTNER
=

A TOP 4 ROI INCLUDES
A (1)SW ENGINEERING (2) R ANEBPCUSTOMER OPERATIONS (3) MARKETING AND SALES
o A

=

- ~—"
= ' Q
" WHY GENAI IS A GAME CHANGER? /2

A Al IS EVERYWHERE
A GENERAL PURPOSE TECHNOLOGY
A MULTITUDE OF APPLICATIONS
A SPEED AND SCALE ARE UNPRECEDENTED

A GET ON BOARD
A YOUR COMPETITION HAS
A DONT BE LEFT BEHIND

A FASTEN YOUR SEAT BELT o
A GUARD RAILS ARE A MUST
A MANAGE RISKS (THERE IS PLENTY TO WORRY ALSO) J
J
~ 9 )
- ~—

= Q

L WHAT DO WE CARE ABOUT?

GOALS MEANS
AAFIRST PASS SILICON ATESTS, REGRESSIONS AND DEBUG
ANO SHOWSTOPPER BUG A COVERAGE CLOSURE
AWITHIN SHRINKING SCHEDULE ACOMPLI ANCE TO REQUI REME
AWITH RESOURCES AVAILABLE ALEGACY AND REUSE
AWITHIN BUDGET ? A DOCUMENTATION, REVIEWS AND SIGNOFF
8)
HOW CAN GEM\I / LLM HELP? /
R~ &

— { /.
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o LLMS LIMITATIONS AND WORKAROUND

A LINGUISTICALLY COHERENT
A WORLD IS AMAZED AT ITS OUTPUT

A TRAINED ON BIG DATA; A LLMS CAN BE TAUGHT TO REASON TO A DGREE OR
A TRILLIONS OF TOKENS DO IT WELL AND QUICKLY GENERATE IMPROVE ACCURACY
CElEE =L A DECOMPOSE AND STEPWISE PLANNING, BACKTRACKING
A PERFORM MEMORIZATION A ASK IT TO REFLECT ON ITS OUTPUT
A SOMETIMES COHERENT RESULTS COULD APPEAR AS REASON A HUMAN FEEDBACK, CLARIFYING QUESTIONS
BECAUSE DATA PATTERNS MADE IT POSSIBLE A GROUNDING (WITH CONTEXT ABOUT EXTERNAL
A PROBABILSTIC PREDICTION COULD BE ABSURD (HALLUCINATIC WORLD)
A BIASED A BETTER TRAINING WITH HIGH QUALITY DATA
A NOT REASON CONSISTENTLY A RAG3 IMPROVES ACCURACY, REDUCE HALLUCINATIONS
A THEY CAN NOT IDENTIFY STRUCTURES FOR DOMAIN SPECIFIC TASKEN THOUGH,
A THEY DONST HAVE ANY SEMANTIC UN FUNDAMENTAL REASONING ABILITY REMAINS LIMITED FOR
& THEY DONT THINK SLOW A OTHER ENRICHMENT METHODS >
A THEY DONT DO MATH
A THEY DONST REASON DEDUCTIVELY J

& ®' o) )

o GENAI WORKFLOW

B ——————————

Monitoring

Fine Tuned Model

Training /

b —— Tuning /.
‘ Validatio o

Foundation Model /

& A FEW GEM\I TERMS

>

PROMPT ENGINEERIBGEACH LLM TO RESPOND TO A QUERY (WITH GUIDANCE)

>

RAG (RETRIEVAL AUGMENTED GENERABIBNPING KNOWLEDGE FROM EXTERNAL SOURCE (OUR PDF, SPETS), PLANS E

REINFORCEMENT LEARNING WITH HUMAN FEEDRROKFSI T6 S A WAY TO ALI GN AN Al AGENT TO HJ
MONITORING THE OUTPUT AND PROVIDING THE FEEDBACK.

FINE TUNING IMPROVING A PRIRAINED FOUNDATION MODEL WITH NEW EXAMPISEEEEGTC TASKS OR USE CASE
TRAININGS (OR PRERAINING) RETRAIN OR CREATE A NEW MODEL TO MEEEFSEXRENSIVE)

>

B >

LARGE (OR SMALL?) LANGUAGE MODEL @BM)EXT GENERAT(DIRE AUTGOMPLETE ON YOUR PHDMODEL THAT LEARNS PROBAILISTIC
RELATIONSHIP OF WORDS DURING A VERY COMPUTE INTENSIVE TRAMIWSSIVE AMMOUNT OF DATA. IT PREDICTS THE NEXT WORI]|
(AKA TOKEN) STARTING FROM YOUR INPUT TEXT (PROMPT) EG.LANHTGHEMINI ETC.

FOUNDATION MODELSAME AS LLM, DIFFERENCE IS IN SCOPE AND USE. LLMS ARE £SNBEEERED FOUNDATION MODEL. WHILE
LLM PROCESS LANGUAGE, FOUNDATION MODEL ALSO INCLUDES MDIRTAVEMIZH AS VOICE, IMAGES AND SO ON.

Y o\ Ji

>

PROMPT ENGINEERING

APRIMING

A STYLE AND TONE INSTRUCTIONS
AHANDLING ERRORS AND EDGE CASES
ADYNAMIC CONTENT

AOUTPUT FORMATTING




FINE TUNING

RETRIEVAL AUGMENTED GENERATION
(RAG)

RETRIEVAL AUGMENTED GENERATION
(RAG)

FINE TUNING




AGENTIC REASONING

BY ANDREW NG

AGENT PATTERNS

BY ANDREW NG

—

VERIFICATION: WHERE IS THE DATA?

DATA IS EVERYWHERE

Verification
Plan

Strategy Plan / Testbench Verify Signoff




VERIFICATION GBINPROOF POINTS

A PLANORAMA DESIGN (BASED IN AUSTIN, TEXAS) CEO, MATT GENOVESE
A BEST DEMONSTRATES USE OF RAG, FINETUNING, PROMPT ENGARRRES ERIFICATIORETHODOLOGY
A RISE DEMO ON YOU TURENK)

A ABILITY TO ACCESS DISPERSED DATA ACROSS THE DEPARTMENT
A RISC 5 INSTRUCTION TEST GENERATION
A STRUCTURED TEST PLAN REVIEW
A FINDING GAPS BETWEEN SPEC AND THE PLAN
A FINDING BUG IN RTL
A FAST INFORMATION RETRIEVAL RELATED TO BUG AND SPECS
A VERILOG CODE GENERATION
A ABRAINSTORMING PARTNER
A EDA AUTOMATION RETHINK
A WORKING WITH SEMICONDUCTOR ORGS
A TO ENABLE CUSTOMIZED-GEM.OW FOR DESIGN AND VERIFICATION

APPLICATION OF THE G¥N
ADVANCED CONCPETS TO VERIFICATION

ATBD

VERIFICATION GEAINPROOF POINTS

1. QUALCOMM'S ADRIVEN VERIFICATION:
A QUALCOMM USES Al TO ACCELERATE COVERAGE CLOSURE IN CHERIBESGRN
A AUTOMATING THE GENERATION OF TESTBENCH STIMULI
A PROVIDING ANALYTICS TO ENHANCE TESTBENCH QUALITY

2. AWS GENERATIV FOR SEMICONDUCTOR DESIGN
A AUTOMATING TASKS LIKE CODING, DEBUGGING

3. NVIDIA
A USING Al IN VERIFICATION AND DESIGN

4. GOOGLE
A USING Al TO DESIGN NEW CHIPS

VERIFICATION GBANPROOF POINTS

AUVM AND SYSTEM VERILOG TESTBENCH

A TRIALS OF USING GENERATIVE Al FORAPB UVM TESTBENCH GENERATION BY DIANA
DRANGA , ROMANIAN JOURNAL OF INFORMATION TECHNOLOGY AND AUTOMATIC CONTROLVOL. 34, NO. 2, 784, 2024

A SYSTEM VERILOG GPT
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e RETHINK VERIFICATION EADERSHIP ~
ot Al CHALLENGES

i RETHINK VERIFICATION EADERSHIP bt
i Al CHALLENGES

o TAKEAWAYS

Vv BIG ACCELERATION OF
V SPEC/PLAN GAPS REVIEW
V TEST GENERATION
V COVERAGE CLOSURE
\2 IMPROVED PROCESS AUTOMATION
FUTURE PROOF VERIFICATION ARCHITECTURE

ESKILL AN o
&

CONTACT US

IGN,

TALESARA@PLANORAMA.DESIGN

WWW.BITSTARECH.COM

” HEMENDRA TALESARA@




Vijay Kanumuri

Renesas Electronics
SeniorPrincipal

Challenges in Verification for Automotive Applications

ChallengePaper

Abstract

Design verification targeted for Automotive SoCs provides several challenges spanning
technical, compute, safety, reliability, advanced technologies emaplexity of modern
vehicles. We will discuss these aspects as part of presentation.

Biography

Vijay has a rich 16 years of experience in leading Design Verification teams across SOC
Design Verification, Platform IP Design Verification, HSIO/Networking/Infrastructure IPs
domains. In various capacity as Design Verification lead, he has led verification across
many breakthrough products and platform definition in Automotive and Industrial space.
1S 22AYySR ¢SElIAE LyadNHzySyda FFFGSNI KAa 3INIF
UT Austin. In his role starting in IP development and leading SOC DV, he has been
instrumental in developing a platform methodology for verification across multiple product
lines as well as leading eitd-end SOC DV execution for successful 16nm Automotive
ADAS SOCs including pedicon Test development. He led vendor Technical Review
Meetings, evaluating, onboarding new tools, and driving architecture, test plan reviews
and execution for first pass silicon success. In his previous role as Design Manager
responsible for HSIO/Networking/Infrastructure IPs, he was leading the architecture for
low-cost platform and networking IPs, IP procurement and Management Review meetings
with external vendors to drive roadmap decision and alignment.

LENESAS
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AUTOMOTIVE
VERIFICATION
CHALLENGES

VIJAY KANUMURI

Senior PrincipalRenesas

AUTOMOTIVE VERIFICATION HOTSPOTS

77N

Safety &
Compliance

Verification
Challenges
—"
© 2023 Renesas Elctons Corporton Al g esenve Page RENESAS

SAFETY & COMPLIANCE

Warket Product Fallure modes
Requirements. Requirements. and an

Emulation Verification

AIS026262 certification
AMapping req to testcases /
Traceabiity | ADV Requirements and coverage collection

ATest planning and test pass/fail criteria
ATool certification
Vietodaioay| ASafety Aware verification

APermanent Fault Injection
ATransient Fault Injection
[Faultinjection| ATest case for high fault coverage

PERFORMANCE & LATENCY

AAI/ Video / Display / APU performance i High bandwidth
ADDR Performance and efficiency

A Structural Latency calculation across multiple NoCs

Aln built monitors in VIPs or EDA tools that gather
ADAS AlLong simulation times for usecase traffic

AReal Time deadlines and latency measurement
AMix of real time and non-real time traffic scenarios
ADMA performance with peripherals (UART/CAN..)
Gateway ABuilt-in monitor to flag error for failing deadlines
Domain Controller | A Accuracy of measurements and modeling of variability
MCU Y




LOW POWER

AUnderstanding System requirements and breaking it down to Unit and SoC verification
APower domain dependencies and validation of the spec
APower measurement using EDA tools from waveform and annotation to gates
Functional A Custom VIP development and checkers for state transitions. Need scalability across hierarchies
Verification A Clock gating complexity for dynamic power reduction
) ) 0
ALate in the design cycle
Alsolation values and spec content need to be done ahead of UPF sims
A Slower run times and tool dependencies with x-prop and UPF enabled
UPF APower domain definition (i i ies) and i intent
A Library support for Power Aware RTL
Power Aware J
PP RR———— Paoes RENESAS

2023 Rensa ElcsoisCopeaion. AL i e, RENESAS




Paul Graykowski

Cadence Design Systems
Product Marketing Director

Al and GenAl fowerification Productivity

Platinum Sponsor

Abstract

The chip and system design industry faces a growing productivity challenge, with
complexity on pace to increase 100X over the next decade. The complexity is outpacing the
A Y Rdza (i NB @adin newbehdinkeiisg predeting companies with substantial risk. Al is
being actively applied to the productivity challenge, showing great promise in improving
efficiency by ten times or more. Cadence is further addressing this challenge through a
series of advancements, which include accelerated compute, application ofspegd
engines, and optimization with Al and Generative Al. EDA can benefit greatly by applying Al
with the engineefin-thef 22 LJ | LILINRF OK® ¢ KA & LINBaSydl daAa
accelerators for debug and formal proof analysis. In addition, we will also examine how a
RetrievalAugmented Generation (RAG) integrated with large Language Models (LLMs) can
significantly reduce LLM hallucinations. Finally, we will delve into the application of
copilots for assisting verification engineers with documentation, specifications, and
planning.

Biography

Paul has over 25 years of expertise in the design and verification of SoCs. His diverse career
encompasses technical roles in corporate and field application engineering as well as
technical and product marketing. Currently, Paul is focused on product marketing and
YIEYyF3SYSyd F2N) / F RSyOSQa - OSt Adzy {AYdzZ I G2
IPXACT and Network on Chip at Arteris. During higea® tenure at Synopsys, Paul
specialized in Verification IP and methodologies, evolving from Vera and VMM to
SystemVerilog and UVM. His professional journey also includes positions at Compaq (HP),
Intel, and Cirrus Logic. Paul earned his BSEE from Texas A&M.

cadence
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KI and GenAl for Verification Productivity

Paul Graykowski, Product Marketing Director, System and Verification Group
September 2024 cadence

Productivity Challenge in Chip and System Design

Not Enough
Engineers

Engineering Talent Shortage Now
Top Risk Factor

Over the
Next Decade

FEBRUARY 29TH, X1 BY

cadence’
Al — Accelerating System Design Productivity
AI-DRIVEN
SYSTEM
DESIGN
AUTOMATED
RTL DESIGN
AUTOMATED REUSE
CELL-BASED
AUTOMATED DESIGN
TRANSISTOR-
LEVEL DESIGN
MANUAL
CIRCUIT
DESIGN
2030 e
cadence

Cadence Al Strategy

Accelerated Compute

&

cadence’




Power of Al-Driven Solutions
Catalyze the engineer

Human
Intuition,
Judgement,
Experience

Al Driven

z

£

3

=

g

8

o Al Algorithms

8 Parallelism,

Access,

Classification

Data Volume
cadence’

Verisium Al-Driven Verification Platform

Verisium™ Al-Driven Verification

[__PinDown il _ wavettiner il _AutoTriage
Verisium Copilot SpecMiner

| Formaial W Simal | Ongoing Research TBD

Jasper™ Xcelium™ Palladium® Protium™ Helium™
Formal Simulation Emulation Prototyping Virtual Platform

cadence’

Major Al Flows for Verification

cadence’

Verisium Al-Driven Debug Apps

(D
signal rst @ T=432dns
3x reduction post- 6h vs. 1 week 30x faster root
regression failure to debug 95 cause
triage failures

Al source code hot
spot analysis = .
- . cadence




Verisium SimAl

Regression
Compression

Stimul
- Relatad hits
to target

New bins covered
2x fewer sims

z =

Qualcomm — “We observe as much -
as 20x reduction in CPU cycles and ‘Em =

find SimAl very useful for hard to hit

o
P o
cross coverage bins.’ P
CadenceLive Silicon Valley 2024 =
"
o men 20,000 G0 0000 100,000 120,000
Number of Simulations

cadence’

FormalAl: Smart Proof Automation Framework

Proof Success Rate
A 50% 5% 1.2x

a nt
Proof Profiling Data Proof Caching Mutt

6% 1.0x
+ Keep engine-level * Reuse existing * Use Reinforcement 2% 24x
settings that result if constraints Learning to find :’; ::‘
worked before and COI best macro-level ik b
unchanged settings .
LY X J
Y ) 3
Optimi gressi Obti t-of-the-box proofs

R Find more bugs /Em Better convergence (4 Faster proofs

[

cadence’

Resource Optimization

cadence’

An enhanced flow with AutoFocus

Verisium Manager Regression

Targeted Verisium
Manager Regression

oFocus

run_202 @

a6

Make Changes

{

Module 4

Design Snapshot
cadence’




SmartRun

+ The goal of Smart Run is to provide the fastest turn around time for a regression and improving
verification throughput

* Flow
Learning the typical run durations for tests

- Reports that allow the user to decide what queuing policy and farm resources to apply to optimize the
regression throughput.

- Reshuffle and launch new regressions using the new queuing policies.

Regression wi singie que In vai_order.

Tumeround e is 26
TAT=26

Reqression by vaif order,
N — e
TAT=16

Fegression by lonp2short_leamed,
Tumsrcund time is 14

cadence’

TAT 14

Generative Al for Verification

cadence’

LLM Expectations and Reality

Write formal properties for my
3 channel round robin arbiter

Now the magic happens...

cadence’

Mitigating Hallucinations with RAG and LLM as Judge
Retrieval Augmented Generation

Groundedness ~, S
v cadence




Generative Al Flow for SVA

- Syntax issues
- Equivalence

- Intersection

- Implication

- Conflicts

- Ranking

- Clustering

Copilot Qualify

cadence’

Verisium SpecMiner: Al Driven Verification Generation
Ongoing Research

Co2
() | —
Team >
Review SVA
= — 5
Specification vPlan

LLM / NLP pipeline extracts

features from specification

documents Specialised LLM Agents O e
uvm

Past Projects = >
cadence

Verisium Copilot Capabilities

Cadence®
JedAl SpecMiner -
Infrastructure ~ —— :
—— Scripting o
ser | i

Docs search #mat is monitor

P~

1,

Follow-up Questions

cadence’

;
:

Summary

cadence’




Verisium Al-Driven Verification Platform

Verisium™ Al-Driven Verification
[ inooun [l wavottner—|
[ Spechiner |

FormalAl l  simaAl | Ongoing Research TBD

t /8 /%) 8\ 1¢

Jasper™ Xcelium™ Palladium® Protium™ Helium™
Formal Simulaticn Emulation Prototyping Virtual Platform

cadence’

cadence




Track Session

CPU User Presentations
Lonestar Ballroont Salon A+B
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We would be grateful if you could move to the track session as quickly as possible
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Mike Thompson

OpenHW Group
Director of Engineering, Verification Task Group

Accelerate your adoption of RISCwith CORE/-VERIF

UserPaper

Abstract

CORB/-VERIF is an opaource project supported by the OpenHW Group. Its goal is to
provide an opersource environment and workow that can be deployed onto any RISC
processor core. Since December of 2020, OpenHW Group members have successfully used
CORB/-VERIF for entb-end verification of more than six RESores.

Biography

Mike is a functional verification engineer and manager who has been involved in all
aspects of the discipline: simulation, emulation, prototyping and formal verification. He is
strong proponent of coverage driven processes in the pursuit oftfirg-right silicon.
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OpenHW Group

Proven Processor IP

Accelerate your adoption
of RISC-V with CORE-V-VERIF

Mike Thompson

mike@openhwaroup.org

© OpenHW Group

N

b N

Objectives cormy

Is Open Source for You?

Introduce the OpenHW Group, who we are and what we do, with specific emphasis
on functional verification of RTL models of RISC-V cores.

Introduce “CORE-V":

CORE-V (pronounced “core five") is the family of RISC-V processor cores curated by the OpenHW
Group.

Written in SystemVerilog.

Permissively licensed open-source code and documentation.

Quantitative verification metrics.

Take-aways:

The OpenHW Group applies industry leading tools and methodologies to fully verify its open-source
RTLIP.

CORE-V-VERIF is an op SVIUVM for RISC-V cores.
CORE-V-VERIF can be used as-is, or by using select components such an Instruction Stream
Generator, UVM Bus Agents, Assertion Libraries and Functional Coverage.

OPENHW

arous

oPENHW* and a%, CORE-V*

The OpenHW Group is a not-for-profit, global organization.

The OpenHW ecosystem is driven by members (corporate & academic) bringing
together HW and SW designers collaborate in developing open-source cores,
related IP and SW.

Primary focus is the CORE-V Family of open-source RISC-V processors.

International footprint with developers in North America, Europe and Asia.

Strong support from industry, academia and individual contributors worldwide.

" OPENHW © OpenHW Group 3

e Permissively licensed open-source IP provides the “freedom to innovate™

Reduces the barrier to adoption.

Enables proprietary extensions of open-source reference implementations.
Promotes “competitive collaboration” through sharing of development resources.
Reduces productization costs.

e Open-Source does not mean “free lunch™

You will need commercial tools to run CORE-V-VERIF.
Engineers do not work for free.
Closing coverage requires tens-to-hundreds of thousands of compute-hours.

o CORE-V benefits those organizations that:

Do not view processor IP as a differentiator for their business.
Can take advantage of potential cost savings of using open-source |P.
Wish to develop or technical biliti

OPENHW
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OPENHW

A Different Kind of Open Source Company ¥,

e The OpenHW Group is all about Industrial Grade practises for Industrial Grade

Products:
Use of commercial EDA tools and methodologies.
Compi ive and usable di ion.

Well implemented RTL
Quantitative verification metrics

e You get out what you put in:
The OpenHW Group does not employ a large staff of design, verification and implementation
engineers.
95% of the engineering effort, EDA tooling and compute infrastructure used to develop CORE-V IP
comes from our Members.

! OPENHW

Task Assignment, Execution and ClI S\

CORE-V

Committers:
- assign new tasks
or issues to Contributors
- review and merge pull-requests

Run CI
Regression on
the Cloud

MemberCo 1

Each Contributor uses
their Company’s
compute and tools

OPENHW ® OpentW Groug
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Qualitative Quality: The TRL Scale %
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Quantitative Quality: TRL-5

o An OpenHW development project has achieved TRL-5 when it has completed all the
deliverables defined in the OpenHW Group TRL5 for COREV RTL IP Template checklist:
Find it on GitHub at https:/github.com/openhwgroup/programs (link)

e This is a spreadsheet with worksheets for:
Documentation
IP Licensing
RTL Design
Simulation Verification
Formal Verification
Software Requirements

OPENHW

What is CORE-V-VERIF?

e AGitHub repository!
Directly supports verification of most
CORE-V cores.

e Three usage models: P:ors-evert
Direct - instantiate your RTL directly - - N "
into CORE-V-VERIF. : e
Indirect - clone CORE-V-VERIF
structure into your environment.
Library - re-use select components as

desired
' OPENHW b
CORE-V-VERIF Implementation
| Test-program and Environment configuration (YAML)
UVM Testcase
Debug r Interrupt 1
| Virtual Sequences | - Virtual Sequences. |
2 e Cowll wlz"l'w‘ B ———
Generator | T — =) o = ;. Feou Cig |
; || Virt. Segs. - | I ISACOV
Toolchain 1 ~ Agent
E configuration | . 42 s
_ GNUorLLvM _|_| & &
Toolchain Fetch T |
— o E L+ Scoreboard
corav-av _—
RM Cig |
OPEN H‘W SystemVerilog UVM Environment

Important Points

e Everything represented in the previous slide is permissively licensed open-source:
RTL code for the core.
User Manual for the core.
Testbench code.
Agents
Testcases
Assertions.
Functional coverage.

e The Reference Model is the exception:
Commercial Option: ImperasDV from Synopsys.
Open-Source Option: custom Spike extension

OPENHW




Usage Models: Direct

Add a new “core-specific” directory in
CORE-V-VERIF for your specific core.

Create a core-specific testbench layer.

Add core-specific extensions.

Pros:

Gets you up and runhing fast *
Reuse extensively library of scriptware for running -
simulations, regressions, etc. >
80% of the way there for 20% of the effort. - o

e Cons:
Verfication environment is not in the same repo as
RTL
That 20% is a lot of work!

csnn vins

OPENHW e

Direct use of CORE-V-VERIF

...everything marked with a “%" can be a core-specific extension.

| Test-program and (VAML)
UVM Testcase
|* Debug ®  Interrupt
Virtual Sequences .1 Virtual Sequences |
: e lenjlcg) A ‘ )
G = Debug  Intemupt Feov Cfg
et ‘ Peripheral il i o
1| GVirt. Seqs. ", ISACOV
Toolchain w Tk | #Agent
E onturnon | | 1. [y [SVA
GNU or LLYM e : I
T Tedkchan ﬁ*wm T4 Memory - | | ot £
— orev Y [ 1
corev-dv h L 17 Agent(s) conEY g! Scoreboard
* Load8Store | RTL
Virt. Seq.
*
—r DPI
e B RISC
-
OPEN r—fW SystemVerilog UVM Environment

Usage Models: Indirect

repository. 2" @

Allows for more customization.

Foo i vt
e Currently only used by the CVAB, whichisa  » we [P

highly parameterizable, application-class

core. e i

serFRwDETR

' OPENHW"

Use CORE-V-VERIF as a Library

Mem Cfg —_—
¥l | ‘ R =)
L e RISC M mE | sacov

3 nt
corev-dv Age

' OPENHW




Summary / Wrap-up

CORE-V

e CORE-V is a family of permissively licensed open-source RISC-V cores curated by the
OpenHW Group.

e CORE-V IPis Industrial Grade.
e “There is no they”: benefitting from open-source means getting involved.

e CORE-V-VERIF is the SV/UVM verification environment for CORE-V |P.

Thank You

1 OPENHW
i,
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Varun Koyyalagunta

Tenstorrent
Design Verification Engineer

Accelerating RIS¥ testbench development with open
source RIS RTL and emulation

UserPaper

Abstract

¢2RIF&Qa &aK2NISN) LINRPRdzOG GAYS G2 YINJSOG
Tenstorrent is working on CPUs based on RI&chitecture for many Al applications.

Since this is an emerging processor environment having RTL ready is not an easy task. Once
RTL is available the testbench should be ready for both simulation and emulation
workloads. Also, we should have all test collaterals ready to go, which involves firmware,
drivers, applications etc.

Biography

¢C2RIFI2Qa&a &aK2NISNI LINPRdAzOGO GAYS G2 YINJSQ
Tenstorrent is working on CPUs based on RISé&chitecture for many Al
applications. Since this is an emerging processor environment having RTL ready is
not an easy task. Once RTL is available the testbench should be ready for both
simulation and emulation workloads. Also, we should have all test collaterals ready
to go, which involves firmware, drivers, applications etc.

At Tenstorrent we solved this problem by adopting RTL from-RI§@&=n source.
This enabled us to shift left the emulation and simulation testbench creation. We
use a standard memory interface, AXI, standard instruction interface;\RF&@mal
Interface (RVFI), and the open source @VRISE&/ cpu to develop testbench
architecture and collateral in advance with full architectural instructign
instruction checking.

' tenstorrent

&



This helped us complete the testbench development and test infrastructure ready
without our custom CPU RTL. When the inhouse RTL is ready, we could be able to
replace our custom CPU RTL with open source@pfAcessor.

This methodology helped us significantly shift left the testbench and test
infrastructure readiness. Due to this, we could able to innovate in the area of test
collateral creation, making emulation ready infrastructure and were confident to
run application level tests the minute RTL was available. We used ZeBu for
emulation work on this accelerated testbench creation with open source RTL.



Accelerating RISC-V
testbench
development with open
source RTL and
emulation

Varun Koyysiegunta, or Anoos, Jishen Zhang

‘ tenstorrent

Introduction
« Tenstorrent seeks to develop a high performance RISC-V core and bring it
market ASAP

+ Emulation is key to that effort
— Emulation is a must for software development and function verification

» How do we keep DV out of the critical path?
— Tenstorrent is starting infrastructure, DV, and RTL from scratch
— No prior in-house emulator setup

I tenstorrent

Agenda

« Typical testbench bringup cycle on emulation

* What can we leverage from previous work to accelerate bringup.
— Common protocols (AXI, RVFI)
— Open source code (RISC-V soft cores)

« Overview of testbench developed based on those components

' tenstorrent

Goal: Boot Linux on a Custom RISC-V Core

Typical Order of Events

RIL Development

fm——
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Shift left verification using open source
Accelerate testbench development

+ RISC-V has a rich library of off-the-shelf free IP and VIP

= A testbench can reuse free VIP and be built around free IP
— Allows the testbench and test development to be done in parallel with RTL development

— Atestbench with free IP can achieve goals like booting Linux without waiting on any custom
RTL

* When the custom RTL IP is ready, it can be dropped into the existing testbench
— Testbench functionality and bugs have already been flushed out on the free IP

Shift left using Open Source RISC-V Core

Errulation Sringup

RISC-V Open Source IP and VIP

-IP
— CVAB core with AXI to memory

= VIP

— Instruction Set Simulators
— swerv-issiwhisper
— CVAB harness has RVFI for checking

= All the components needed to develop and test a RISC-V CPU testbench

= Custom RISC-V core can be dropped-in later

CVA6 RISC-V Open Source IP

» From the openhwgroup

« 6 stage in-order single-issue CPU

« Compiles into 67k LUTs: Fraction of 1 FPGA

« Enables fast compile iterations to debug testbench

o

tenstorrent




rv_tester Testbench

To be open-sourced

AV TESTER

rv_tester Testbench

» Multi-threaded, asynchronous, message-passing based testbench built for
configurability and maximum performance on emulation and simulation

» RVFI and AXI packets from CVAB are transferred over DPI to C++ code
» These packets are asynchronously dispatched to components that subscribe to them

« Components (bridge, clint, etc) are configurable through a registry
~ Enabled or disabled based on DUT's configuration

« Test chaining on emulation is supported by reconstructing the registry between tests
— “Warm reset” of the testbench
— Saves ~2 minutes of overhead between tests

P

tenstorrent

Connecting HW and SW in the Testbench
Example YAML code

Optimizing Transactions for Performance

Example C++ code that can subscribe to that transaction

= Called asynchronously on a separate thread, so that the emulator thread is not
waiting




ulation Results

« Testbench iteration time drastically reduced
- Emulator builds on the Open-SourceCVA6 are much faster than our custom core
- ~1 hour vs ~12 hours
- 67k LUTs vs 15M LUTs
~ Single issue in-order core vs 8 wide out-of-order custom RISC-V core
* Bugs found and fixed in emulation while custom core is brought up
— Tools issues - SV constructs not fully supported in emulator
— Testbench issues - various checker bugs missed in simulation
— Verilog issues
- 1 testbench tracing bug in cvaé
- 1 RTL bug in cvaé
— Linux image issues - throwing out unneeded features to speed-up boot
« Performance for custom RISC-V core on Linux boot: <5 minutes to boot
— Full instruction checking: 990 kHz (working to improve)
— No instruction checking: 1.5MHz (working to improve)

tenstorrent

Conclusion

Accelerated testbench bring-up on Open-Source CVAG prior to custom core

* 4 months of saved DV development time after RTL is ready!

.

Testbench is ready to run billions of cycles every day to run regressions




Vibarajan Viswanathan

CondorComputing
Sr.Principal DV Lead

Memory Patternsc¢ Reusable Stimulus for RISC V Memory
Subsystem Verification

UserPaper

Abstract

Verifying Memory Subsystem in CPU is hard. The design blocks span from Load store to
caches, NOCs and to the memory. In RISC, the max access size is 8 bytes at the Load Stor
Unit. The caches operate on whole 64bytes (32byte) cache line size. DV challenges span
across a) Coherency: The verification of Hit or Miss, Snoops on L1, L2 and L3. b) Memory
ordering between LD, ST c¢) Data Forwarding from ST to LD, d) Aligned vs unaligned
transfers e) NOC Latency modelling f) Complex address patterns. This presentation
proposes a reusable Memory Pattern generator that can stress the memory subsystem
from Unit level to full core level.

Biography

Vibarajan (Viba) Viswanathan has over 25 Years of experience in Semiconductor and EDA
AYRdAzZZAGNE S Yz2adufe Ay 5SaAdy +SNAFAOLIOGAZ2Y®
Communication Engg., and a PG Diploma from UT Austin on AIML. His work experience
spans across companies that includén(esign Automation, Synopsys, Mentor Graphics,
Marvell Semiconductor, Samsung, Centaur and Microsoft. He was part of the pioneering
GSIFY 2y 1 3aSNIA2ya FyR ! aaSNOA2y Ltaszx C2
domain expertise includes RISCV CPU/GPU Memory Subsystem, Load Store, Cache
Coherency, Memory Ordering, Shader Core, Coherent Interconnects, CHI, DDR/LPDDR
Memory Controllers. Viba is an avid follower of conferences and the various Verification
Methodologies that include Constrained Random, Formal Property Verification, Assembly
level instruction generation and AIML DV Use cases.
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MSS Verification
Scope

Load Store Unit Level (Single Core, Mulii Slice)

LSURTL LSURTL LSURTL LSURTL

L1RTL

BFM (VIP)

Bus Latency 12 Cache
Mod odel
UVM/SY




L1 Cache

SET
0
1
2
3
4
5
TAG Valid Dirty Enable

v ) Virtual Address = 39,48,57 (
Physical Address = 44-52 Bits SV39,5V48,SV57)

TAG  valid Dity g:‘:ble

g S

CL [5:0) = 64 Bytes
SetAddr [12:6] = 128 Sets
TAG [63:13)

CL Data = 64Bytes, 512bits!

8 Banks
Way 0
Way 1
Way 2
Way 3

Way 0
Way 1
Way 2
Way 3

Way 0
Way 1
Way 2
Way 3

CPU Memory Subsystem (Full Core Level)

MSS Verification Scope

Load Store

Loads, Stores, Atomics (Near/Far), 10 Access
CL Aligned . Unaligned (Cross Cacheline)
Bank Aligned, Unaligned (Cross Data Bank)

MMU: Page Tables. TLBs, Exceptions, Hypervisor,
Virtualization

Risc V Size : 2. 4. 8 Byles (Max)
ROB Replay:

Speculative Execution (LD Pushed ahead
when ST Address Unknown)

granch Misprediction
Data Forwarding. Memory Ordering, Coherency

How will you handie when muttiple STs,
LDs to same cacheiine outstanding?

OO Responses from BUS Interface (DDR)
How fo model OO0 Responses

Multicore Coherency

Two cores writing to same cache line

co

+1

Correct Sequence:

c

1

2

12

13

23

33

34

+10

Incorrect Sequence 35

36
37
38
39
40
41
51
52

DRAM DRAM

+  Cache Hit, Miss, Snoops. Evictions,
LRU Schemes,

« Hit: 248 Bytes
*  Miss: Full Cacheline (64Bytes)
+  Coherency

Cache Hit, Miss. Snoops, Snoop Filter,
Evictions, LRU Schemes

+  Access Size : Full Cacheline (64Bytes)
-+ Coherency
+  Faratomics

Multiple modified copies

co c1

L1 (M) ST tosame CL (Snoop)
L2 (M)
13 (M)

Which is most recent modified
data?




Memory Ordering — Within a Core

* Same Cache Line Stores (STO, STO, STO,..ST0)
» Order needs to be maintained
* Same Cache Line Loads (LDO, LDO, LDO,..LDO)
Follow on Loads could reuse the return data of the first load
* Store to load forward : STO,LDO
= Different Cache Line Address Loads/Stores: (STO,LD1,5T2,573,LD4)
* No ordering restrictions
* Same Cache line, Mixed Loads and Stores, Non-Overlapping bytes
= No ordering restrictions
Same Cache line, Mixed Loads and Stores, Same/Overlapping bytes (ST0,LD0,ST0,STO,LDO)
= AllLDs, STs have to be in order

STs will be merged in order before LD data is written to Physical Register

Memory Ordering - Multicore

= Core0-810,Corel-Ld1, Core2-

Ld2,Core3-Ld3 (Different Cacheline) *  ARM, RISC V: No Ordering
= AtL3:1D1.LD2STO,LD3,LD4,LD5 = STOLD3.LDI1,LD2
= Intel (TSO): Total Store Order = LD3,LD2ST0LDI
= LD1,LD25ST0,LD3,LD4,LDS « LD3,LD2LD1,sT0
LD2,LD1,STO,LD4,LD3,LD5 = LD1,sTOLD2LD3
. D1,LD2,STO,LD3,LD5,LD4 « LDI,LD3STOLD2
= LD2LD1,STOLD5,LD4,LD3 .

CONDOIR

Memory Patterns
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Load / Store Instructions (RVé4,I,M,A,C,F,D,ZICSR) = §?

= LB,LBU,LH,LHU,LW,LWU,LD ABY (RV128l inst)
= SB,SH,SW,SD
= Sizes

= B-Byte (8 Bits)

* H-Half Word (16 Bits)

= W -Word (32 Bits)

= D -Double Word (64 Bits)




Load Register/Address level Dependency

Address dependency
Sample Scenario
addirdo, rs1, 0xSa;
sbrl, offset(rd0);
sb r2, offset(rd0);

addirdl, rsl, Oxdead;
addirdz, rs1, Oxdead;

* Register dependencies
* RAW, WAR, WAW

* Single

addirdo, rsl, 0xSa;
Ib r0, offset(rd0);
b rl, offset(r0);
Ib r2, offset{rl);
Ib r3, offset(r2);

®*  Multiple

Ib rb, offset{ra+8);

sb r4, offset({rd1);
sbrs, offset(rd2);

addird, rs1, 0x5a
//immediate value;

Same type Load, Continuous Address

addird, rs1, 0xa5

//immediate

Ib rd, offset{ra+64);
sh rd, offset(rb);

Hent

addird, rs1, Oxdeadbeef

value: //immediate value;

lor1, 0frd): b r1. offset(rd): Ibort.offset(id);

Ibri, 1(rd); Ibrl, offset(rd+1); Ibri, offset(rd-1);

lor1, 2(rd); b r1, offset{rd+2); Iorlosstiet2):

Ibrl, 3(rd); Ibr1, offset(rd+3); Ibrl, offset(rd-3):

lor1, 4(rd); b r1, offset(rd+4); Ibor, offset(rd-4);

lorl, 5(rd): Ibrl, offset(rd+5); Ibr1, offset(rd-5);
//Upto 5 or 10 Cacheline  // Up to 5 or 10 Cacheline size // UP fo 5 or 10 Cacheline size

size and put them in loop

and put them in loop

and put them in loop

Mixed Loads or Stores: Continuous Address

addird, rs1, imm value;

//Up

lbr1, offset(rd);

Ihrl, offset(rd+1):
Ibu rl, offset(rd+1+2);
Ihu 1, offset(rd+1+3);
Iw r1, offset(rd+2+4);
Iw offset(rd+4+6);

to 5 or 10 Cacheline

//size and put them in loop

addira, rs1, imm value;

sb rd, offset(ra);
shrd, offset(ra+1);
sw rd, offset(ra+2+4)
sw rd, offset(ra+4+6)

// Up to 5 or 10 Cacheline size
// and put them in loop

Mixed Loads and Stores, Continuous Address

addira,
addird,

rs1, imm address;
rs1, imm data;

Ihrd, offset(ra+1+2);
shu rd, offset(ra+1+3);

sb rd, offset(ra);
Ib rd, offset(ra);
shrd, offset(ra+1);
Ih rd, offset(ra+1);

sbu rd, offset(ra+1+2);

lhu rd,

offset(ra+1+3);

sw rd, offset(ra+2+4);
Iw rd, offset(ra+2+4);
sw rd, offset(ra+4+6);
Iw rd, offset(ra+4+6);

// Up to 5 or 10 Cacheline size and

put the

m in loop




Loads & Stores, Continuous Address, two level dependencies

addiraO, rs1, imm addr; Ib rb, offset(ra+1+3);
addirdo, rs1, imm data; Ihrd, offset(ra+1+3);
lb ra, offset(ra0); shu rd, offset(rb);

Ib rd, offset(rd0); Ibrb, offset(ra+2+4);

Ihrd, offset(ra+2+4);
sw rd, offset(rb);

Ib rb, offset(ra+4+6);
Ihrd, offset(ra+4+¢);
sw rd, offset(ra+4+6);

sb rd, offset(ra);

Ib rb, offset(ra+1);

b rd, offset(ra+1);
sh rd, offset(rb);
Ibrb, offset(ra+1+2);

lhrdofisefftaslte); // Up to 5 or 10 Cacheline size
sbu rd, offset(rb); and put them inloop

Base Patterns - Overlapping Addresses

addird, rs1, immediate value;
Ihrl, offset(rd);
Ihrl, offset(rd+2 - 2/2);
Iw rl, offset(rd+4 — 4/2);
lhrl, offset(rd+8 — 2/2);
Iw rl, offset(rd+10 - 4/2);
Iwrl, offset(rd+14 - 4/2);

// Up to 5 or 10 Cacheline size and put them in loop

Read / Write Collision : Bank Size is 8 Bytes.

= No overlapping bytes , Overlapping

Byte level overlapping

Word level overlapping

Dword level overlapping
= Same Cacheline different Bytes (No Collision)
= Same Cacheline same bytes (Collision)

CONDOIR
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Test Compose Strategy 1: "Base Patterns”

= Instruction Types:
o Loads, Stores, Mixed Loads/Stores, Compressed Loads, Stores
= LB,LBU,LH,LHU,LW,LWU.LD
= SB,SH.SW.SD
= Patterns:
> Address, Register Dependency
Single level, Multi level,
o Increment, Decrement, Overlapping, Repeat (Same Address)

LIy

Test Compose Strategy 2 : “Address Pattern, Step Size”

=  Address Patterns :

Random or Selective patterns

Selective Patterns
Increment, Decrement, Repeat

= Continuous, Overlapping

Step Size
Same step size (Repeat / Same Address)
Variable Step Size
Fixed Step Sizes : Byte(8Bits), Half Word(16), Word(32), Dword(64)
CL, SET, TAG Sizes

Overlapping Variants:
Byte level Overlapping Addresses
Word level , dword level overlapping

LI

Test Compose Strategy 3: “Test Options”

= Aligned/unadligned:

« How to create unaligned : Using offsets or addresses.
= Testlength (No of Transactions)
= One time run or Repeat Count

Ly

How to compose a test ?

= Final Test = Pick a "Base Pattern™ + Pick a “Type of Address
Pattern” + Pick a “Test Option”

LIy
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Results/Conclusion

Condor Computing Allnghts reserved. Copyght 2123

Conclusion

= Scalable Stimulus:
= Generated Configurable, Reusable Assembly code

» Same patterns could be generated for Unit level and Subsystem
Level: LSU, L2, L3

= Results (LSU)
200+ Generated Tests
100+ Explicit tests
60% Fails on Generated, 40% fails on Explicit tests
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Signing Off with Formal

Gold Sponsor

Abstract

If you have only used formal apps or verified a few properties using modeling checking,
then how do you sigioff on a project using formal just like a simulatibased verification
environment? The answer is a good formal methodology and objective formal coverage. In
this tutorial, we will have a look at both and discuss different types of formal coverage and
how to interpret them.

Biography

Doug Smith is a verification engineer and instructor for Doulos based in the Austin Texas
area with expertise in UVM and formal technologies. He has been using formal technology
for several decades, performing formal verification on many kinds of designs and formal
applications. Likewise, he has provided formal application support at both Jasper and
Mentor/Siemens EDA. At Mentor/Siemens EDA, he served as a formal specialist and
verification consultant, where he provided both formal consulting and developed an
automotive functional safety formal app for performing formal fault campaigns. At Doulos,
he delivers training in verification methodologies like UVM, SystemVerilog, and formal
technology.

Doug holds a masters degree in Computer Engineering from the University of Cincinnati
and a bachelors degree in Physics and Biology from Northern Kentucky University.
Currently, he resides in Paige Texas with his wife and family on a small farm where he
raises bees, cows, horses, chickens, and pigs and loves driving a tractor.
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