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INDUSTRY TRENDS AND
CHALLENGES FOR FPGA
DEVELOPMENT



FPGA Verification Project Time

FPGA verification consumes majority of project time
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Percentage of FPGA Project Time Spent in Verification

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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Number of FPGA Bug Escapes to Production

Bugs found late in the development cycle are exponentially more expensive
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30% 78% of FPGA design projects
have non-trivial bugs that

25% escape into productions

20%

15%

Design Projects

10%

5%

0%

0 1 2 3 4 5 6 or More
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Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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Biggest FPGA Verification Challenges

Sufficient testing and improving debug efficiency are the biggest challenges

Other

DEFINING APPROPRIATE COVERAGE METRICS

TIME TO DISCOVER THE NEXT BUG

MANAGING THE VERIFICATION PROCESS

KNOWING MY VERIFICATION COVERAGE

CREATING SUFFICIENT TESTS TO VERIFY THE DESIGN
(Coverage Closure)

Biggest Verification Challenges

TIME TO ISOLATE AND RESOLVE A BUG “

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

Verification must evolve to keep pace with design innovations

m FPGA vendors continue with design innovations A S
— Hardened blocks — Reuse (&) g s
— IP-Reuse @ H ‘_ﬁg
— SOC - Reuse S orosogn &
. . ; r ivity
— Graphical system builders - Automation 5w g
— HLS - Abstraction g 8 Verification
. . . i 1 1 1 1 )
m 'Design Productivity” alone # faster “Time to Market”
— Designs must also work and be of high quality to gain adoption
— TTM depends on maximizing design and verification productivity
m Verification must similarly evolve to keep pace
— Maximize reuse .
— Improve automation £ |
— Raise the level of abstraction 2
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STAYING COMPETITIVE
WITH ADVANCED
VERIFICATION



How Do You Improve Verification Productivity?
Reuse, automation and abstraction to the rescue

Where do spend your time for FPGA verification?

/

@ Maximize Reuse
— Reuse test environments from project to project
— Minimizes time spent developing TB environments
— Minimizes TB debug time

Maximize Debug
Efficiency

— VIP for bus protocols & memory models = Debug
ergggteio'll;est m Creating Test and Running
6@? Improve Automation Maximize Testing Simulation

W™ _  Automate TB creation
— Automate regressions
— Automate results/metrics collection and analysis
— Automatic testing with Formal Apps
— Accelerate coverage closure with Formal Apps
— Automate requirements tracing

m Testbench Development

B Test Planning
® Other

Minimize TB
Development

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

m Raise Abstraction Level
— Improve TB creation efficiency with object oriented and TLM
— Write tests at scenario level to match system
— Debug at a higher level than pin wiggles
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Improving with Advanced Verification
From the lab to the modern age for better guality and productivity

Advantages

SystemVerilog

More testing

Constrained —
Verification Management Qﬂmproved quality

Random
FC Methodology
A ovet.rage Reuse Planning Find bugs early
ssertions o : o
. UVM Regressions Exhaustive Verlﬁcatlon IP I%Sreater insight
Object Framework . Testi
Oriented |\R4etrICS & esting Accelerated Faster debug
eportin -
Rez ) en:Jent -Iglemdlej ain g DeveIOpment Greater reuse
ulr .
Traceability | APPS Easy Stimulus Shorter cycles
CDC Protocol I!( o
Assurance Schedule predictability
Reuse
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FPGA Verification Language Adoption Trends

SystemVerilog is now the leading FPGA verification language

70%

60% m 2012
m 2014
m 2016

50%

® Next Year

40%

30%

Design Projects

20%

10%

0%
VHDL Verilog Synopsys Vera SystemC SystemVerilog | Specman e C/C++ OTHER
Testbench
Languages Used for Verification (Testbenches) * Multiple answers possible
Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study .
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FPGA Testbench Methodology Adoption Trends
UVM is the clear leader in FPGA testbench methodologies
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Mentor AVM  Synopsys VMM Synopsys RVM Cadence eRM  Cadence URM  None/Other

FPGA Methodologies and Testbench Base-Class Libraries * Multiple answers possible

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study
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FPGA Dynamic Verification Adoption Trends

Adoption of advanced verification techniques continue to grow for FPGA verification

Code coverage

Assertions

Functional coverage

Constrained-Random Simulation Rt

4 ) gam;

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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Questa Simulation

Verification Productivity with High Performance Simulation at its Core

m Complete Solution with Mentor
. - . _Questa Questa Verification Vi li Deb
Enterprise Verification Platform R 5 Management SUAES

m Most Comprehensive Support of
Methodologies for Increased
Verification Productivity

2

A
v

Questa VIP, UVM Support and Low Power Verification

— Assertion-Based Verification

A A A A A
— SV-UVM ™ ™ v w
— Coverage/Plan Driven Verification
= - Slrital Forizl QU S tion Rl
— Regression Creation and Management | #rotoiyo= Simulation | EIGLOLYPE

— Test Bench Automation
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Mentor UVM Framework (UVMF) for Easier UVM
Making the transition to UVM possible

UVM Jumpstart

e Immediately productive while learning UVM

e Layer on top of UVM that hides UVM details

e Allows team to focus on verifying product features
e Promotes reuse increasing productivity

UVM Testbench Generators

¢ Code generators to create a UVM testbench in minutes
¢ Saves 3-4 weeks of effort on every project
e UVMF is open source and no cost — Delivered in Questa

Helped over 40 companies adopt UVM

* 75% are FPGA customers
¢ Over half are in mil-aero industry
e Majority use VHDL for design and have no SystemVerilog experience
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o
UVMF-Generator Flow UVM

| -

|
| [ 1 File for each DUT interface ] UVMF production Environment
Interface hdl_top test_top extends uvmf_test_base extends uvm_test
oy N GMBRY UVMF generator (module) onfi o (o)
7 int_if()
V int_driver_bf In_agent virtual in_if
m_if() agent_config —>
. ) M|l D out_agent
int_monitor_
Environment bfm_if() < - >
config virtual out_i D M
74 hvl_top top_level_sequence
(module) (uvm_sequence)
initial
run_test()
TestBench ) .
config Output files includes:
7 Package Declaration, class definitions, interface definitions, file lists and Makefiles
o . gﬁ%;ﬁg F%CDESZE%SdMentor, A Siemens Business Menb'w
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Working Simulation Out Of The Box

m ‘make debug’ to bring up interactive simulation

J—
& ‘ursive Coverage Aggregation) - Default = [ [ [E3 Jif “fe ] ] = # & x| gl Wave - Default + & x|
¥|Instance |‘-—' A
= uvm_root 4
= uvm_test_top 4 = txn_stream
=ha :nvlr:n&l}ent . : :":E' o4 unique_transaction_id <Inactive>
=)@ wb_U1_agen . nter... i .
@ wb_Ul_agent_monitor “ string Inter ::';r‘f :::::::::
i whb_U1_agent_driver 4 Vari... Inter... -

( 1 | : wb:Ul:agent:ccuerage 4 m_stream_handle Inter iHE :Inact.rve:-
i 28 sequencer 4 m_children_by_handle aram. .. Inter... - R (Inauwe}
=4 ahb_U1_agent 4 ildren {"ahb_ gen... .. Inter.. op -:Inact!ve:-

'+ 4 sequencer 4 uvm... Inter... read complete ‘Inad!\"b
4 ahb_U1_agent_monitor 04 Int Inter... slave_op_started <Inactive>
& ahb_U1_agent_driver P Bit -4 slave_op_complete <Inactive=
o ahb_U1_agent_coverage 4 pri 2 wb_Ul bus
= hvl_top . ) ; . " ¥ Tk
. #INITIAL#23 I 22 covergroups e & X rst
=4 hdl_top 1 [ */Name Coverage  |Goal  |% of Goal |Status inta
et A dk-_r[—h ' =8 /ahb_pkafahb_configuration cye
T*"‘ rstifh +- 4l Tves ahb_configuration_cg 0.0% 100 ool — sth
i A ahb_U1 bus -4 wb_pkgiwb_configuration adr
|~2 wb_U1_bus =+ /ahb_pkg/ahb_transaction_coverage e
oo ahb—m—m"”—t:ﬁ“ ’ = Tve= ahb_transaction_cg 22.9% 100 22.90%E .
%: :‘:EUJI-’;::—:ﬁ: ’ =l CVP ahb_transaction_cg::op 100 | —
g U1 arv b 8 CVP ahb_transaction_cg::data 0.6% 100 [Ty
t: gz__rUI_drv_b m -8 CVP ahb_transaction_cg::addr 14% 100 LY —
53 uvm_pkg + 8 /wb_pkg/wb_transaction_coverage
+- ol reset_pkg :
+-dl clock oka - |
] I P = [ =
Files I€ Instance | glly Call Stack ] & sim riﬂ & Locals | #g Covergroups | RILY|
—

1. Complete Dual Top UVM environment compiles & simulates
2. Monitor transactions automatically added to the wave window
3. Covergroups automatically created and collect coverage
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Verification IP Enables Rapid Testbench Development
Enabling verification of your custom application without deep protocol expertise or effort

FPGA

Model

) | s o | o

= “istom DSP48 Cust(\ A AVYT IIADT T/N
Memor __ — Y :] D rﬁ :]
MOde|y v, L") A cudstom DSP48 Custc ~ = w—
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SATA
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100GbE
VIP

—— o oo J )

HMC
Model
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UART
Model
Model
Model
USB
VIP
DP
VIP
Ethernet
VIP
PCle
VIP

Custom Logic Standard Protocol Verification IP
\ \ \ Copyright © 2018 Mentor, A Siemens Business
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Verification IP: Off The Shelf Protocol Test Environments
"Protocol Expertise” Reduces Time, Effort & Risk for IP Centric Designs

Coverage Test
Models Plans

i fn Doy Tu i P e

m  What is Verification IP? Test

Suites

— Reusable test environments
— Built around standard protocols

m Reduces Verification Effort
— Provides completed TB at standard interfaces

— Provides functionality to create and run tests g.?_sg\ ~
— Less time creating TB and more time testing Zeand / Protocol
m Eliminates Protocol Expertise b e

— Deep protocol knowledge not needed for TB creation ,

— Provides out of the box protocol stimulus and checking ‘g\

— Enhanced debug productivity with transactions and assertions w b
m VIP Reduces Risk

— Re-usable VIP building blocks

: ; Interface
— Common design architectures & protocols _
— Complete protocol assurance e
DUT
C ight © 2018 Mentor, A Si Busi ® |
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A Complete VIP Solution for FPGA Designs

Mentor Graphics Questa Verification IP Library

Questa VIP Protocols

Automotive
Family

CAN-FD

5G Family

Serial
Family

Ethernet
Family

200/400G JTAG

25/50G SmartCard
12C

MRIOV LL

@

C

MPHY CSl-2/CSI-3

CPRI
JESD204B

PCle 4.0 DisplayPort
PCle 3.1

Storage
Family

SATA

PCle 2.1 V-by-One

PCle 1.1

Automotive

_weov ) wc J) ssc ) w |
| poeat | o ) ewo  RJ  wewy

Questa Memory Library

DRAM Flash
Family Family

LPDDR4 SDCard 4.2

LPDDR3

LPDDR2
DDR4

Toggle

ParalleINOR

Serial NOR

=5
=
(2]

Mil-Aero
Family

Spacewire

Hyperbus

Hyperflash

NVMe over
Fabric
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Debug Faster with Questa Verification IP
QVIP Improves debug abstraction and automation to boost productivity

m Transaction recording o
— Debug at a higher level with mtegrated
transactions
— Quickly understand and analyze bus activity
— Automatically links transactions to signals

File Edit View Add Fomat Tools Window
[DEE4@ 1 RBU2 AES ]| SuRE|tes F U ABDX BPERUM|| So e o d ¥

IREECRY: R 1] B

size: AXI_ BYTES 4
burst AXI_INCR
lock: &XI_NORMAL

cache: #3|_NONCACHE_NONBUF
prot AXI_NORM_SEC_DATA

id: 10
burst_length: 1111

Relationship
works BOTH

Highlighting shows '
which signals and
WHEN

=
Now: 10 us Delta: 3 [0 Y

[ 4600 ns to 5620 s

21 SC, Advanced Verification for FPGAs, SEFUW, April 2018

m Protocol assertions

¥ 3G
- - ; S
?in"qu"
— Integrated assertions automate protocol checking
— Protocol assertions immediately pinpoint source of

failure
— Quickly understand integration of your design with IP

4] Messape Viewar <Filterad= i
¥|Messages A|Time | Objects |Process  |Region |File Infa

fmy * Errar: (vsim-G0074) Adaptor @ 34185 ns:
Aopdaxi_it AX]_read:

ARI_EX_RD_RESP_MISMATCHED_WITH_EXPECT
ED_RESP:144 - Expected response to this exclusive
read did not matched with the actual response. 34165 ns
Expected response for the heat no 0 is
AXI_EXOKAY and Actual received response is
AXI_OKAY far the ID 0b00{see AMBA AX] and ACE
Frotocol Specification IHI0DZ2D section A7.2.3

AX|_adaptor.cy(1545)

Sopfaxi_iffax]_read:321 fopdasi_if

Assertion details why it
failed and what it was
expecting to pass

Eile Edit ¥iew Add Format Tools Bookmarks Window

Assertion shows
exact time of
violation at the
interface
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Questa Verification Management
Productivity in Tool Execution, Data Management, Analysis and Tracking

-------

m Test Plan Tracking e =
— Lifts the lid on simulation, formal, CDC °

* Chapter 1: T«
¢ Chapter 2: F

DESCRIPTION:

FRERERRERAREEESS

— See progress day by day === ||

— Have I done enough testing?
— Am I ready to freeze the RTL?

m Trend Metrics —
— Monitor progress throughout the project
— Mitigate verification risks
— Help improve future project timescale
estimations

m Results Analysis
— Quickly Identify and Organize Results
— Improve debug turn-around time

m Verification Run Manager
— Automate all regression tasks and reporting
— One interface to control all

EEE PR PR E
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Jenkins & Questa Verification Run Management
Continuous integration and reporting for advanced regressions management

Test Result

Project Ethmac

Ethemet MAC Contraller

[Zedit description

D A
Disable Project

Test Result Trend

HTML Reports

VRM & Coverage

Latest Questa VRM Report
Al Tosts

L [P Cwntn P o sy
|| Latest Questa Coverage Report | == e
Workspace ] ——

=
|=## Recent Changes
=

Trend Graphs

Test results

Build times

Coverage code/functional

Test Resu Its G Latest Test Result (3 failures [ +2) .

Native Jenkins w Latest Regression Result (no non-test failures)
Full Questa VRM

fmins

Questa Results Summary

Build Duration  Passed Failed Skipped Total CPU Time Total Coverage Testplan Coverage

#213 6 min 9 sec 139 3 1 143 3 hr 4 min 69.3561 56.3910
#212 6min 17 sec 126 1 128 2 hr 51 min 69.3561 57.5431
211 4min 13sec 105 0 105 2 hr 25 min 69.3588 576413
#210 5min 46 sec 88 0 90 2 hr 57 min 69.3605 56.4361
#2089 7min 26 sec 84 0

Build Summary 90 2 hr 22 min 69.4030 ZdSEHBM

Expandable Permalinks

F583 2 op 5 El B R

+ Last build #213). 1 day 2 hr ago *"§Ngimg**wﬁéaﬁggéﬂgﬁgs@%%%53
+ Last stable build (#211) 22 days ago — Assertions — Branches — Covergroups D

« Last build (#213) 1 day 2 hr ago Testplan Coverage - Total Coverage

« Last failed build (#191). 2 mo 4 days ago enlarge
« Last unstable build (#213). 1 day 2 hr ago Attribute Graphs /

Coverage Result Trend

2t

l@

e J

@ N oo o

Coverage %

Custom Trends
Any user attribute

+ Last build (#213). 1 day 2 hr ago
o Last build (#213). 1 day 2 hr ago £

Formal

Simulation
Emulation
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FINAL THOUGHTS



Proven Benefits from Advanced Verification
FPGA customers realize the benefits of evolving their verification methodologies

Systemver”og e Constrained random for better testing FPG A Cu Stomer

e Functional coverage for better insight

UVM/UVMF [ Success Stories

Increased business due to shorter design cycles

* Protocol expertise 400% ROI after adopting UVM and VIP

Veriﬁcati()n IP e Reduces TB development effort

* Risk reduction 5 straight FPGA's without a bug

Zero bugs found in lab since moving to UVM

e Find bugs at design time 3x Speed up verification cycle with Formal Apps

FOI"mal e Identify unreachable code

e Exhaustive testing

Higher quality code
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Where Can You Go To Learn More?

UVM Cookbook

m Verification Academy T —

— https://verificationacademy.com/ S “1;",;'" e
— Most comprehensive verification resource in industry i ouT/Comection  QUCLEECD
— Free online courses, verification cookbooks, discussion Y

forums . e

— More than 40,000 members R S

SCOFGbO&r( unctional verimcatuon

m Functional Verification at www.mentor.com )

— https://www.mentor.com/products/fv/ i Gootvoon ol T :
— Learn more about tools to enable methodologies
— Simulation, SV/UVM, Formal, Verification IP e L et s
— Training catalog S
— Success Stories
— https://www.mentor.com/products/fv/success/ i
iﬁ%ﬁg Fisi%SdMentor, A Siemens Business Menbr@
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