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THE ERA OF DIGITAL INTELLIGENCE



Everything Connected and in the Cloud

More Connected Devices Than People

World
Population 6.3 Billion 6.8 Billion 7.2 Billion 7.6 Billion
IBM Investor Briefing
Smarter Planet describes the emerging era of computing
Connected InStrum{ - - S -
Devices Evans, CTO of Stringify, says 30 billion connected devices by 2020
Intercor Ericsson figures on 28 billion by 2020
Connected - = g -
Biiices _ HIS Markit projects 30.7 billion IoT devices by2020
Per Person Intelllgc

Cartner expects 20.8 billion by 2020

\bibioceriol IDC anticipates 28.1 billion by 2020
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Advantages of FPGA-Based Accelerator Platforms
Competitive Advantage Through Low Latency and Faster Compute
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Throughput vs Latency in Software (red) and Hardware (green)

Latency vs Development Time for Software and FPGA

Source: A low-latency library in FPGA hardware for High-Frequency Trading (HFT),
2012 IEEE 20% Annual Symposium on High-Performance Interconnect
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The Need to Shift Left

Characteristics of Projects Who Meet or Exceed Schedule

40%

2012: 67% behind schedule e==World 2012
2014: 59% behind schedule e==World 2014
30% 2016: 65% behind schedule e==World 2016

35%

25%

20%

15%

10%

FPGA Design Projects

5%

0%
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Actual FPGA design project completion compared to project's original schedule

Ahead of schedule Behind Schedule

Source: Wilson Research Group and Mentor Graphics, 2014 Functional Verification Study - - '
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The Need to Be Green

Characteristics of Projects Without Bug Escapes

35%

30% 78% of FPGA design projects
have non-trivial bugs that

25%
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159%

Design Projects
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5%

0%
0 1 2 3 4 5 6 or More

2016 FPGA Non-Trivial Bug Escapes to Production

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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Flaws Contributing to FPGA Rework

60%

50%

40%

30%

Design Projects

20%

10%

0%
LOGIC OR CLOCKING TUNING CROSSTALK POWER MIXED-SIGNAL TIMING — PATH FIRMWARE TIMING —PATH OTHER
FUNCTIONAL ANALOG CONSUMPTION INTERFACE TOO SLOW TOO FAST
CIRCUIT
- - - X i i
Trends in Types of Flaws Resulting in Rework Multiple answers possible

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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RISING VERIFICATION COMPLEXITY
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Layers of Requirements

HF, Demystifying FPGA Design and Verification, STAC 2017

The Emergence of New Layers of Verification
Requirements Brought on by the System Era

Software Domains

Power Domains

Functional Domains
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Demand for Design Engineers Grows Slowly

12
CAGR Designers 3.6%
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Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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But what about Verification Productivity?

12
CAGR Designers 3.6%
CAGR Verifiers 10.4%
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Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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About a 1-to-1 Ratio of FPGA Verification and Design Engineers

6

1.8% CAGR between 2012 and 2014 for FPGA design engineers
8.48% CAGR between 2012 and 2014 for FPGA verification engineers

AN

M Design Engineers
W Verification Engineers

FPGA Mean Peak Number of
Engineers
N

0
2012 2014 2016

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study - - '
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What Makes Functional Verification Difficult?

Data Link Layer

ple, concurrent data streams
Cross bar

Bus traffic controller

DMA controller

Standard I/F (e.g., PCle)

Sequential data streams Concurrent data streams
Ix number of bugs 5x number of bugs

-Ted Scardamalia, internal IBM study © Mentor Graphics Corporation Menbor: '
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Verifying Concurrency Requires Appropriate Solutions

Packet-Based Design

Tx Transaction

From Layer Packet
Fabric Reformater

_ , 10
Retry Buffer Arbiter PHY

Data Link
Layer Packet
Reformater

RXx

]
From Rx
Channel -
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Finding Corner Case Bugs Requires Appropriate Solutions

Directed-test-based simulation finds the bugs
you can think of...

Constrained-random simulation finds the bugs
you nhever anticipated!
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VERIFICATION BEST PRACTICES



Simulation-Based Techniques

— Fundamental verification technique in use today
— Generally scales well
— Testing all possible states is generally incomplete

Measure Coverage

g em—

Generate
Stimulus

Assertions can be used to check results and measure coverage
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FPGA Projects are Maturing their Verification Processes

Code coverage

Assertions

Functional coverage

H World 2012
M World 2014

Constrained-Random W World 2016

Simulation

0% 10% 20% 30% 40% 50% 60% 70%
FPGA Design Projects

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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FPGA Verification Technology Adoption and Bug Escapes

Data suggest organizations that are less mature in their verification processes experience more bugs

Code coverage

Assertions

Functional coverage

Constrained-Random
Simulation

® Bug Escapes

® No Bug Escapes

0% 10% 20% 30%

40% 50% 60% 70% 80%

FPGA Design Projects

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study

20 HF, Demystifying FPGA Design and Verification, STAC 2017

© Mentor Graphics Corporation

Menbr

A Siemens Business



Formal-Based Techniques

— Does not require a testbench or input stimulus!

— Automatically uses algorithms to verify the functionality
— Verification can be complete

— Complements simulation-based techniques

Assertions
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FPGA Formal Technology Adoption Trends

25%
® World 2012
M World 2014
20% = World 2016

15%

5%

FPGA Design Projects
2
X

0%

Formal property checking Automatic formal verification
Static Verification Technique

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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Proven Benefits from Advanced Verification
FPGA customers realize the benefits of evolving their verification methodologies

e Constrained random for better testing

SYStemVerilog e Functional coverage for better insight

¢ Assertions to improve debug efficiency

e Enables benefits of SystemVerilog
e Provides consistent methodology
e Promotes reuse for productivity boost

¢ Protocol expertise

Vel"iﬁcation IP e Reduces TB development effort

23

e Risk reduction

HF, Demystifying FPGA Design and Verification, STAC 2017

FPGA Customer
Success Stories

Increased business due to shorter design cycles

400% ROI after adopting UVM and VIP

5 straight FPGA's without a bug

Zero bugs found in lab since moving to UVM

Reduced expensive lab equipment

100x faster to debug vs lab
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IMPROVING VERIFICATION SKILLS



The Most Comprehensive Verification Resource Around
Free Resource Available to You!

Register-BasediAnalysis Components
» The register model mirror is used by analysis
components
« Scoreboards to check current DUT configuration
- Where this may affect the checking algorithm

» Functional coverage monitors
- What is the configuration at a triggered sample?

m Online Courses

» Analysis components use the register model

passively [VETRFRT
* get() - :
» Backdool Test Environment Test Stimulus

+ Alternativ ‘
values us Config B
¢ uvm_reg,
* uvm_reg.
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Interfaces Sequences

DUT / Connection

m Verification Cookbooks

==

Verification IP

driver seq

mon AP

m Discussion Forums -}
scoreboafdi,:::m

nam=femun

interface

‘ Examples Analysis / Checking

= Bus Base Class Library J

: UVM Cookbook

m Patterns Library

Functional
o
Coverage
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Verification Academy Membership Trend
Free Resource Available to You!

45000

42582

40000

35000

30000

25000

20000

15000

10000

5000
1543

%

2009 2010 2011 2012 2013 2014 2015 2016 2017 (February)

© Mentor Graphics Corporation Meanw |
HF, Demystifying FPGA Design and Verification, STAC 2017 A Siemens Business



WWW.VERIFICATIONACADEMY.COM



Learn More About Mentor’s FPGA Design &
Verification Tools and Solutions

m Pete LaFauci, Senior Account Manager
— Pete_LaFauci@Mentor.com

m Ted Lin, Technical Account Manager S~

COVERAGE

— Ted_Lin@Mentor.com

m Harry Foster, Chief Scientist Verification
— Harry_Foster@Mentor.com
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