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The Evolution of Digital Design & Verification
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Creating HUGE Verification Challenges
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Traditional Directed Test Flow....

VD

\4/\(@»3

Integrated Design alnd Verification

Mainly directed tests
— HDL and some C/C++

Ad hoc test planning
Code Coverage tools for advanced users
Manually inspected output files and waveforms

Problem: Creation of directed tests does NOT scale with increased complexity
— Number of tests directly linked to number of engineers writing tests
— Amount of testbench code becomes difficult to manage

NEED better way to create stimulus!

Problem: Code Coverage does not measure how well specifications are covered.
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When Is Verification Complete?
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Advanced Verification

Verification Plan

C-R Testbench

Sufficient
Coverage?

Coverage-Driven
Verification
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SystemVerilog

= Verilog 2001 base...
m Massive enhancements

Assertions

Functional
Coverage

Verilog
2001

Object
Oriented
Programming

Constrained
Randomization

Language
Enhancements
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The Verification Process

Functional
Specification
Verification Plan
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Questa Verification Platform

Best In Class Engines
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Questa Formal
Questa CDC

< s <
@ S @
= 2 =
(@) (®)
D
= B
@ ® O
- =5 I
~—t

UVM Connect Questa Codelink Questa Verification

UVM Express Management
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Questa Verification Platform
Best In Class Engines - Unified Front End Analysis & Compile
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Questa Verification Platform

m Comprehensive integrated SOC
verification platform

— Best in class engines

— Integrated
i - / INTELLIGENT '\
— Comprehensive debug analysis S v  Teeremd
= Industry Leading SOC Verification Solutions R

COVERAGE

— Coverage Closure Solution

— Low Power Verification Solution |
: pe e : N/ FORMAL
— Software Driven Verification Solution R ERiEICATIoN

m Standards Leadership

— Driving the evolution of IEEE
standards

— Major donations to Accellera UVM
— Accellera UCIS from Mentor UCDB
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What is an Assertion?

A concise description of [un]desired behavior

req

ack

Example intended behavior

“After the request signal is asserted, the
acknowledge signal must come 1 to 3 cycles later”
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SV Assertions

SV Assertion

req

N

Example intended behavior

ack

HDL Assertion
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Assertions Need to be Everywhere
Assertions Enable Higher Quality Designs

16

m Assertions provide
observability for
higher complexity
designs

m Assertions describe
(un)desired behavior — )

m Assertions
dramatically shorten
debug and repair

t] Bus Assertion Bus Assertion
ime Monitor Checkers Monitor Checkers

m Assertions stay on
during block, chi
and system-leve
tests

— Finds bugs you

Weren,t |00kin for © Mentor Graphics Corp.
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Payoff Is High: Assertions Find Bugs

Assertion Monitors
Cache Coherency Checkers
Register File Trace Compares
Memory State Compare
End-of-Run State Compare
PC Trace Compare
Self-Checking Test
Simulation Output Inspection
Simulation Hang

Other

Kantrowitz and Noack [DAC 1996]

34%
9%
8%
7%
6%
4%
11%
7%
6%
8%

Assartion Monitors
Ragistar NMiscomy:res
STMUIELHONEN O OYTESS
FC lliscamy:uz
VIEMOTYAStatENV ISCOMpErE!
vVianua SDECLIO
SelfiGheckingiest

Gache Coherency Gheck
SAVES Check

Taylor et al. [DAC 1998]

34% of all bugs found were identified by assertions on DEC
Alpha 21164 project
[Kantrowitz and Noack DAC 1996]

17% of all bugs found were identified by assertions on
Cyrix M3(p1) Project
[Kronik ’98]

25% of all bugs found were identified by assertions on DEC

Alpha 21264 project
[Taylor et al. DAC 1998]

50% of all bugs were identified by assertions on
Cyrix M3(p2) Project
[Kronik ’98]

85% of all bugs were found using over 4000 assertions
on HP Project
[Foster and Coelno HDLCon 2000]

10,000 assertions in Cisco project
[Sean Smith 2002]
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Formal Specification

Specification

Specl:

m  Weaknesses of natural language

specifications

— Ambiguity
— Including the ease of misinterpreting
Completeness

X
Spec2: \\\\
A\

R

N\

— Cannot be executed to verify
— Completeness
— Accuracy

m  SystemVerilog/PSL are a specification

languages
— Unambiguous
— Precise semantics
— No emotional (connotation) baggage
— Can be used to create executable
specification
— Coverage of properties (functionality, tests)
== — Accuracy of specification
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Total Coverage Model

19

m Functional
(specification-based)
— Checks that all functions of

the design are tested
— Created by verification team

m Structural

(implementation-based)

— Checks that all corner-cases
of the design are tested

— Created by designers

Implementation

© Mentor Graphics Corp.
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SV Coverage Models

/| States for a DRAM controller
enum {IDLE, MEM_ACC, SWITCH, RAS_CAS, OP_ACK, REF1, REF2} fsm_state;

covergroup dram_ctrl fsm_states @(posedge clk);

[ An impli

cl: covery

endgroup

20

covergroup dram_ctrl_fsm_transitions @(posedge clk);
cl: coverpoint fsm_state {
bins idle_bin = (IDLE => {REF1, MEM_ACC}) iff (Irst);
bins refl _bin = (REF1 => REF2 => IDLE) iff (Irst);
Il RAS_CAS can last one or two cycles depending on if
/[ memory access is a read or a write.
bins mem_acc_bin = (MEM_ACC => SWITCH =>
RAS CAS[*1:2] => OP_ACK => IDLE)
Iff ('rst);
bins rst2idle_bin = ({IDLE:REF2} => IDLE) iff (rst);
bins erroneous = default; // Catch undefined transitions

}

endgroup
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When is verification complete?

21

m Verification is effectively

metric-less

— Few designers know if
their strategy is
adequate or efficient

— Sign-off criteria are ad
hoc and vary by
company

— Code coverage is not a
functional verification
metric

m If it isn't verified, it's
broken
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Percent complete

22

When Is Verification Complete?
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Functional coverages
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The Verification Prg

23

Verification Plan

Functional

Specification

C-R Testbench ‘g

Sufficient
Coverage?

Coverage-Driven
Verification

Assertion Based
Verification
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Directed Tests

Specification

SPECL: ~m-mmmmmmmmm e

Spec2: E—

Spec3: /

Spec10,000:
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Functional Coverage and
Contrained Random Testing

m Randomness inherent in C-

m Ina dlrectec! test, the R allows unpredicted
coverage points are scenarios to be exercised
coded in the test itself — Exposes corner cases the

— Test writer must designer may not have
. considered
code ?aCh Spec'ﬁc — Testbench is an objective
scenario to specify description of intent against
intent explicitly which to check the design
— Must be able to — Kind of like an independent
predict interesting Ve_r'f'cat'on team
cases in order to m Functional Coverage tells
code them which features were
— Doesn't scale well exercised
C I C
2\ Ve
& ) &
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SV-OOP vs. Verilog

// Ethernet Packet Fields
bit[47:0] dest, src;

l payk”] l bit[15:0] 1len;
bit [7:0] payld [ ];

methods > // onboard methods

Definition
class ether packet extends packet;
dest | src ' \ P =

function new (int i) ;
payld = new[i]; len = i;
endfunction : new

function void display;
$displayh("\t src: ", src);

_// foreach (payld[i])
$display (“payld[i] = %d",i,payld[i]);
endfunction : display

In Verilog, a module is the only container that can
hold both the definition of the packet fields and all task transmit frame();
the methods needed to manipulate those fields. B

In SV, classes are infinitely better suited, because: function clone();
* Objects are dynamic, not static >
* Create or de_stroy_objects at will . =S ther packet
* Classes are inheritable, polymorphic etc.

© Mentor Graphics Corp.
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Tools and Technology Aren’t Enough

m EDA sells tools and "materials”

1\

m To build a bookcase, you need to

apply the tools and technologies
in useful ways

= What we need are Advanced
Methodologies
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Unified Verification Methodology

28

x UVM - Open-source framework
for reusable verification based
on SystemVerilog

s SystemVerilog Class Library

— Set of core building blocks for
effective, reusable verification
environments

— Library of common services

r

UVM

Documentation,
(examples, code snippets

SystemVerilog Language

IEEE 1800 Compliant

Simulator

© Mentor Graphics Corp.
www.mentor.com

GIIBAIS




UVM-based Testbench Architecture

29

Sequencers - generates
sequences of transactions

Analyzers - analyzes sequences
of transactions

Drivers - translate
transaction into signals

Monitors - translate signals
into transactions

© Mentor Graphics Corp.
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Coverage Data Overload

VIP reduces
testbench
development time
Increases verification

efficiency .
Project Manager

~ A R
................................. — -~
-~ VIP
Coverage

Coverage Files

Code/FSM
Verification

Giga/Tera Bytes of information

\M;u

K2R

Verlflcatlon Engineer

A 4

Functional coverage
enables intelligent

verification performance
Increases quality Enables re-usa

Assertions improve
debug time by 50%
Find hard bugs

Libral’y Increases quality

Constrained Random _
doubles productivity of Assertion
verification engineers
Greatly reduces the need
for directed tests

Thousands of tests “data explosion” lead to lack of process visibility

© Mentor Graphics Corp.
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Mentor’s Unique Advantage

Test
Code Functional | Assertion 0-in User Test

Coverage | Coverage | Engine Formal | Coverage | Specific FELT

Native UCDB Generation

0«00
: S - / Test Associated Merging
HTML Export

Unified
Coverage
Database

Test Ranking <

IdV M/ ad
IdVY dM / ad

7 B

Open Read And Write Test Plan Tracking & Analysis

API, ‘C’ Functions & CLI

UCDB Browser
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Managing Veri
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» Chapter 1: Transmitter

» Chapter 2: Pre-processor

= Chapter 3: Post-precessor

WEIGHT: 1
GOAL: 100
DESCRIPTION:

> 1 Bonding_Mode_0
» 2 Bonding_Mode_1

< 3 Bonding_Mode_2
WEIGHT: 1
GOAL: 100

The Post Processor extacts data ffom the frame store based on the selected mode of operation
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Types, We
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tedtplan

lestp\g

testplan
testplan

Coverage from all engines
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Functional coverage

Assertion coverage
User Defined metrics

-

vy

Test

Merging

) = testplan testplan 80.56% NN | 100% 1
41 =¥ Transmitter testplan dos7. ] 100% 2
11 =% Bonding_MODE_0 testplan ] I 100% 1
1.2 Y Bonding_MODE_1 testplan (154 I | 100% 1
1.3 % Bonding_MODE_2 testplan so- | 100% 1
14 =% Bonding_MODE_3 testplan ol 1 100% 1
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15 Jaﬁk FAW-Frame_Alignment_Word_Generation testplan ssson | 100% 1
16 £ CRC_Generation testplan 100% ] 100% 1
17 EpY Information_Channel_Generation testplan s3I | 100% 1 No
18 =¥ Frame_Counter_Generation testplan 58.35% | 100% 1 No
-8l feoncat_testerfmonitor_channel_data/F RAME coverpoint 75% I | 100% 1 No
1 fcomcat testerfmonitor_channel_data/chana/F RAME coverpoint piyd — 100% 1 Mo
@t testerﬂmomt mannel data/ohamb/FRAM coverpoint 754 100% 1 No
1 \-F @ 100% 1 No
19 F O O lar 100% 1 No
192 1&& FIFO Umderflow testplan 100% 100% 1 No
“-# fconcat_tester/monitor_fifo_writes/\Write_position coverpoint 100% T 100% 1 No
1.10 .nk Code_Cover: lestp\am 66% 10086 1 No
111 % Non_bonding| E 0| 1 Yes
2 7 Pre=protessor X C e O GO A 2 No
3 Jﬁﬁk Post-processor 552 100% 1 No
4 .nﬁk Frame_Store_Arbitrator lestp\am 100/5 100% 1 No
5 L’ﬁ Micro-processoj Ints faoe = testplan 7.06% 00% 1 No
5.1 =¥k Wiite, Reg\sl s u e ‘ @Ve r a B/ | S Mo
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Random13_1170764086,ucdb
@ Randoml4_1170764088.ucdb
@ Random15_1170764150.ucdb
@ Randoml6_1170764259,ucdb
@ Random17_1170764447 .ucdb
@ Random15_1170764450,ucdb
@ Random12_1170764662, ucdb
@ Random?_1170763822.ucdb
U] Randomé_1 170763858 ucdb
] Random3_1170764054.ucdb
@ TxDataTest1170763503 ucdb
@ VariableTest1 1707637588 .ucdb
@ concat_excel.ucdb

= merged.ucdb

ht3raCkaalsrage of
specific plan / tests

Randoml4_1170764088.ucdb
Randorn18_1170764450,ucdb
TxDataTest1170763503.ucdb

- 111 NataTest1 1 7N7A371 7 oordh

£2 Browser | v Tracker
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Add File. ..
Remove File
Test Plan Import. ..

Merge...

HTML Repart...
Test Rerun

-

-

15000000, 000000

Q000000, 000000
1930,000000
1930,000000
S000000,000000
S000000, 000000
S0000000,000000
1930,000000

Shiow Full Path
Save Current Column Yiew,..
Column Wiew Options. ..

TestMame UserMame TirneUnit SimTime CPUTime Date
IntialTest darronm 15000000,000000 ns 12750000 02/06{2007 12:08:20
ModeTwoTest darronm ns 14.312500 02/06/Z007 12:08:3

22,718750 02/06/2007 12:14:4«

40000000, 000
B000000, 00000
000000, 00000
42000000, 0000

Save As...
Load...

000000, 000000

5000000, 00000

CPUReqiskerTest1 170763746, ucdb

Invoke CoverageView Mode

S000000,000000
.000000

CPUReqisker,. .darronm

Randomi4  darronm
Randoml1d  darronm
TxDataTest  darronm
MataTesk darranm

15000000, 000000
33000000,000000
140000000, 000000
15000000, 000000
1ENANANN.ARONMN

ns
ns 0. 140625 D2/06/2007 12:14:4¢
ns 0,109375 02,1’06,1’200? 12: 144
ns 54, 796575 02/06/2007 12:15:4¢
ns 105, 156250 02/06/2007 12:17:3¢
ns 183.703125 02,1’06,1’200? 12:20:40
ns 0.218750 02J06/2007 12:20:4¢
Rank/Manage |
5
results K
1
ns T4 s/ S T e 200 T T 1
ns 12656250 02/06/2007 12:10:0:

- 0.000000 Ji- &
- -l

ns 17.687500 02/06/2007 12:09:4
ns 54, 796575 02,1'06,1'200? 12:15:48
ns 207.765625 02/06/2007 12124120
ns 14, 296875 02/06/2007 12:10:1¢
ns 11 ASARSN M2 NEMPONT 12085
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When Is Verification Complete?
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Functional coverages

| Section Testplan Section / Coverage Link [Type |Coverage  |Coverage graph  |Goal |Weight  [Unlinked |
=+ testplan testplan 30.56% NG | 100%, 1 Mo
1 _Hk Transritter testplan M7 100% 2 Mo
1.1 : _rifi Bonding_MODE_0 testplan ol ] 100% 1 Mo
1.2 ke Bonding_MODE_1 testplan A 100% i Mo
13 | =% Bonding_MODE_2 testplan so ] 100% 1 Mo
14 512& Bonding_MODE_3 testplan o 100% i Mo
it feoncat_tester CHIPBONDYproc instcover fsm_add ... cover A 100% 1 Mo
. - fconcat_tester! CHIPBONDY tiprac_insticover_fsm_idle_t... cover WA 100% i Mo
15 | =3k FAW-Frame_Alignment_Word_Generation testplan ssso 100% 1 No
16 I CRC_Generation testplan 100% 100% i Mo
17 _',riﬁk Information_Channel_Generation testplan sg3c% ] 100% 1 Mo
1.3 _riit Frame_Counter_Generation testplan s 100% i Mo
{1 fconcat_tester/monitor_channel_dataF RAME coverpoint 75% I | 100% 1 Mo
i o feoncat_testermonitor_channel_data/chana/F RAME coverpoint zen ] 100% 1 Mo
: o jconcat_tester'monitor_channel_datalchanb/F RAME coverpoint 75w | 100% i Mo
19 i _rift Transmit_FIFOs testplan gesw | 100% 1 Mo
1.9.1 : ' =+ FIFO_Overflow testplan ool ] 100% i Mo
192 : 'Ja:t FIFO_Underflow testplan 100% [ 100% 1 Mo
. ' -l fooncat_testerfmanitor_fifo_writes/\Write_position coverpoint A | 100% i Mo
1.10 i _rﬁ Code_Coverage testplan 75657 NG | 100% 1 Mo
1,11 “+% Non_bonding testplan - 100% i Yes
2 ¥k Pre—processor testplan 31.25% [N ] 30% 2 Mo
3 v Fost-processor testplan ss21 | 100% i Mo
4 _'Hk Frame_Store_Arbitrator testplan 100% [ 100% 1 Mo
5 _Mk Micro—processor_Interface testplan 7705% I ] 100% i Mo
5.1 | O Write_Registers testplan 98.15% [ | 95% 1 Mo
51,1 : _rift Bit0_Cross testplan 100% [ 100% 1 Mo
i --d jooncat_testerfrmonitor_registers/ RegXbit0 cross A | 100% i Mo
512 | @3 Bitl_Cross testplan 100% 100% 1 No
513 T Bit?_Cross testplan 100w 100% i Mo —
514 | w3k Bit3_Cross testplan 100% [ 100% 1 Mo
515 I Bitd_Cross testplan 100w 100% i Mo
5158 | w3k Bit5_Cross testplan 100% [ 100% 1 Mo
517 ik Bit6_Cross testplan 91 67% NN | 100% i Mo
513 | vk Bit7_Cross testplan 91.67% NG | 100% 1 Mo .
= T
2 Browser | ¥ Tracker K
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m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB InFact
— Questa Formal
— Questa Codelink
— Questa VIP
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The ReqTracer Solution

'INFRASTRUCTURE |

Standards

TRACEABILITY

INTEGRATION

G
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ReqTracer in your Process

Functionality & Verification Results Meet Requirements
m Capture
— Requirements from many interfaces &
formats
— Add documents to project

= Tag
— Link relationships & dependencies
— Dynamic linking

m Trace
— Requirements <> design <> , :
implementation <> verification

m  Monitor/Analyze
— Impact analysis on ECOs
— Completeness of requirements
— Extraneous code

= Validate /A
— Status of requirements against test plan :‘\;
m Report -

— Automated report generation ‘
— Simplifies design reviews/audits
— Wide variety of formats |

© Mentor Graphics Corp.
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= RegTRACER

Capture

m Projects
— Add documents to project
— Associate documents - define coverage relationships
— Design “covers” requirements
— Verification results “verify” test plan

N H #1| Acceptance Tests J
{ BugziIIaJ LE'E %ff’gn_J— E'ﬂ Integration Tests

| m Design RTL J‘7 Testbench RTL J

L! Verification I
R
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Tag 57 ReqIRACER

9(=11e
! Fle Edit View Insert Format Tools Table Window Help  webEx

m Configure ReqgTracer to
[ S . capture existing
2. TinyCache Transactions reQUirementS

2.1 CPU Read

E_:lj tinycache_functional_specification.doc - Microsoft Word

B Tan naw reaniiiraments

This is a read operation from the CPU. The
TinyCache will return the data at the address the
CPU requested

2.2 CPU Write

This is a write operation from the CPU through the
TinyCache to the Memory. The Tiny Cache will
accept the write from the CPU and then issue a wn’t1

transaction to the memaory

2.3 Memory Read

If there is a cache miss, the Tiny Cache will issue a
memory read transaction to the memory

2.4 Memory Write

If the CPU writes to the cache, the cache will turn
around and write to the memory.

Design
Specification

2.5 Reset

Return the state machine to the initial state and set
all cache locations to be invalid.

IE‘E B = >
Egraw' |Aut05hape5'\\|:|O|£4qt.d @El& g' E

Page 1 Sec 1 1/4 At 21.4am Ln 38 Col 1 REC TRK EXT

© Mentor Graphics Corp.
www.mentor.com i



< RegIRACER

COVERS

Cl]lH ments are

implemented and
tested?

Certification Hardware System
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Monitor/Analyze

COVERS

Hardware
Requireme

would it be if |
changed this?

System
Architect

= RegTRACER

still release now the design

on time?

Project Quality
Manager Manager

has changed?
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Validate

Ensure links

- Requirements « RTL
source

- Requirements < test plan
. Test plan < testbench

. Test plan < verification
results

m View “Coverage” of the
tests

m Determine Pass or Fall

— Does verification test result
satisfies the test plan?

41

i ReqTracer -

TinyCache®
File Edit Wiew Tools Reports Help

ﬁljlg ;I@ 0 Jﬁ ﬁﬁtﬂﬁ.%ﬁu‘?@ [ filker) - | fued

57 ReqTRACER

15 Management view ] 14 Coverage Analysis Yiew ] ' Impact Analysis View 81 raphical view IE Requirement Details ]

@ Requirements Specification

B 1. TinyCache Functional Specificatio
& 2. TinvCache Transactions
21 2.1 CPU Read

#JREQ_DM
5] 2.2 CPUWrite

=]
=]

= 2.2 Memory Read
2 2.4 Memary Write
B 25 Reset
[ 3. TinyCache Functions to be tested
B & TinyCache Waveforms

B cPU Read Cache Hit

) cPU Read Cache Miss

B cruwirite Cycle

=]

‘ ¥ 0esign  HDSDesign

B [Pftinyeache_lib
B cache_vhd_pky
ol tiny_cache_vhd

‘ﬂ'ﬂTestElench HDSTestBench

= CMinycache_lib
B cache_erv_pky

VB cache_if

#)TestPlan Test_Plan

B cache_th
VB cache_th_pko

8] 1. TinyCache Test Plan

2 2. Functions that rmust be

51 2.1 CPU Read Hit
#JREQ_TP_0M

=]

W tiny_cache_props
Wl ton

=] Reset =
a Bl E] 2.3 CPLUWrite
[(verification  Questa
%3 CPLI Read Hit
& CPLU YWrite
Selection
Attributes: / Text: Messages:

'f.F'ass V

Coverage = 100.00 Goal = 100.00 Weight =
1 I

Entity 'CPU Write' containg references to 1
requirement.

Verification  QuestafCPLU Write
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Summary

Requirements tracing is best as an active
process throughout the project
development

m ReqTracer
— Aggregates requirements from multiple
sources
— Traces requirements through the HW design
process
— Provides direct ECO impact analysis
— Automates report generation

— Interfaces with HDL Designer :::g
— HDL code, version management & o A
documentation ik
— Interfaces with Questa Y
— Validation of test plan ®83 L}j XM‘L‘
— Satisfies DO-254 needs for certification ™ —aSCl

© Mentor Graphics Corp.
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Agenda

43

m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa Formal
— Questa Codelink
— Questa VIP

m Rule Checking
m Precision
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Three Generations of Functional Verification

Testbench Evolution

44

Directed Tests

4 Quality - Engineer Directed
Vv Quantity - Engineer Limited
0 Good - But Not Scalable

10X

Faster
Coverage

10X

Higher
Coverage

Constrained Random Tests
4 Quantity - Time & CPU Limited

Vv Quality - Redundant

O Better - But Not Sufficient

Intelligent Tests
s Quantity - High

s Quality - High
. Directed Tests Random Tests Intelligent Tests
0 Best - Do More With Less 1,000's 1,000,000's 100,000°s

© Mentor Graphics Corp.
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Intelligent Testbench Automation
Using Questa inFact to Verify an AMBA AHB Bus Fabric

100

/ 100%

90 /
80

/

70 /
60

/ inFact 51%,

Coverage (%)

17 ~

T/ et

oL/ e
/f"'

——
10%
L e L o o o o o o o o e L i o o o o o o o o L o o e o o e LR e
©O O O O O ©O O O ©O O ©O O O © O O ©O O © O 0O ©O O ©O ©O O © O o © O o o o
©O O O O O O O O O O O O O O 0O O O O O o O o o O o O o o o o o o o
M © O N I 00 4 M O© O N I 0O d < N~ O M O 0O N O 0 d 3 ~~ O M O o0 N N
- 4 <4 N N N N OO MO O F T T 0O 10O 10O O ©O© © O M~ M~ M~ 0O 0 O 0o oo o O
Simulation Time After Initialization (ms)
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Applying iITBA

Incremental Change Results in >>10X Improvement

46

Re-Use Existing Testbench

m  No Change to Verification Language

m  No Change to Verification Methodology
m  No Change to Verification IP Blocks

Incremental Changes

m Top Level Testbench Only

m Describe Test Plan Functionality in a Graph
m Replace Existing Sequence Generator

InFact Simulation Results

m  Graph Controls VIP Blocks

m Removes, Reduces, or Keeps Redundancy
m Targets Coverage, Not Just Measures It

VY

|
A\ A 4

A A A

VY

© Mentor Graphics Corp. E
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Simplicity of iTBA

Top Layer is Described in a Standard Graph

Simplicity of Graphs

m These are standard - nothing new here

Used since 1960’s for compiler & software test

[
m Easy to write, read, and control - visual
m  Contain highly compressed information

Origin of Graphs
m Pre-date Verilog, VHDL, etc.

m John Backus - IBM Fellow in 1963
m Also invented Fortran and Algol

47

Start

wait_rdy

(setup_rd) (setup_wr)

(wa)(w2)(w)

Start = init repeat ( wait_rdy Rw_opts Rw_size ack);
Rw_opts = setup_rd | setup_wr ;

Rw_size = rw_1|w_2|rw 4 ;

© Mentor Graphics Corp.
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Power of iTBA

Questa inFact Adapts and Learns During Simulation

Power of Algorithms
m Original graph based test applications were limited to deterministic systems

m Used by many computer companies to test software & compilers
m But VLSI hardware systems are non-deterministic
|

How to automatically generate deterministic stimulus for non-deterministic
systems?

Uniqueness of Questa inFact
m Extend graph technology to VLSI design verification

m  Apply breakthroughs in automata based math wait_rdy

m Close coverage >>10X faster setup_rd

setup_wr

© Mentor Graphics Corp.
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Creating Graphs

Easy to Use

Interactive Development Environment
m Graphical User Interface

m  Automatically Generates Graphs from Text

ut - inFact IDE

Fie Edt Nevigate Seach Projct iFactTods Run Widow Help

Q- ip 5 G le

[ 25 ineact I0E |
(25 Project Esplorer 57

uart_scenario_generator.aut % )
8% - -
Ef=yy=1 g uart_scenario_generator.rules
.
=
M - - 18 st
1) wave.do action setiStopBit, set2StopBits:
i g T e CT I e

m Compile Testbenches e

iyt
= vt sor geeror [ gy o, us
B s gt meta action sebi6sBORFLfoThroord (1, 4, 8, 1417
19 uart_scenario_generator_ —rn ey
eymbol RunoneTest, RunTest:
L Setparity
u In rapns to vvaverorms - :

secParity:

m  Unmatched Debugging : :

o
(5 fact_ovm
&Gt

DUTspecificConfiguration

SetStopBits = (setiStopBit | set2StopBits):
oy SecParity = 1 setect
et
of 1/ tests
RunTest = (

SSUARTConfiguration

tag testLoophack testooppack
<

) consle £3., [ Problens| Z1esks BE A8 -0--0

T

PATE="/C/ kpps/ inFact/ inFact_2008.2.0.betal/Win32/gee_3.4.5/11b: $(PATH) " ; export PATH ; /C/Apps/inFact/inFact_2008.2.0.betal/V:

PATH="/C/ kpps/ inFact/ inFact_2008,2.0.betal/Uin32/gec_3 4.5/ 15h: § (PATH) " ; export PATH ; /C/Apps/inFact/inFact_2008.2.0.becal/V.

~17/C/Appa/ inFact/ inFact_2008.2.0 beral/include” ~1. uart_scenario_generator_if.cpp

G++ -shared -ouart_scenario_generator.dll uart_scenario_generator_if.o -L"/C/Apps/infact/inFact_2008.2.0.beval/Uindz/goc_3.4.5,

PATH-"/C/ Apps/ 1nFact/ inFact_2008.2.0.betal/Vind2/gec_3.4.5/11h:§(PTH) " ; export PATH ; "/C/Apps/inFact/inFact_2008.2.0.5etal/l
/C/ Apps/ inFact/inFact_2008.2.0.betal/ Uin32/ toole/ graphviz/bin: // Apps/inFact/ inFact_2008.2.0.hetal/Vindz/acipse/ re/bin/c

/G kpps/ nFact/ inFact_2008.2.0.betal/ Vin32/toola/ graphviz/bint/c/ Apps/ inFact/ inFact_2008.2,0 hetal/ind2/acipae/ re/bin/c

m vart_scenario_generator_Fules.

TR —

/el Amma/inFant /teathanches/TADT (N wart mm fasr-2ARANEAR/mart erenarin meneraror!
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inFact AXI Master
Rule Code, Expanded Graph, and Collapsed Graph

50

/

* infact_axi_master_engine.rules

R R R R R R R R R R R AR AR A A AR EEEAAEEEEE

rule_graph infact_axi_master_engine {

// System Actions
action transactor_reset, access_fabric;
action issue_axi_transaction;

// Coverage Labels

action create_coverages, check_coverages;
action cov_prot_oper_start, cov_prot_oper_end;
action cov_trans_start, cov_trans_end;

// AXI ID, read/write, addr/data, burst attrib, lock
action set_axi_id;

action dir_read;

action dir_write;

action config_slave_data;

action config_slave_addr;

action AXI_WRAP, AXI_INCR, AXI_FIXED;
meta_action burst_size[0..7];

meta_tag m_burst_size%d burst_size[0..7];
meta_action burst_length[l..16];

action AXI_NORMAL, AXI_EXCLUSIVE, AXI_LOCKED;

// AXI cache support
meta_action cache[ 0x0, //Non_cacheable_non_bufferable
0x1, //Bufferable_only;
0x2, //Cacheable_no_allocate;
— . , 0x3, //Cacheable_bufferable_no_alloca
// .... additional definitions ....
// High level graph definitions
Read_transaction = dir_read;
Write_transaction = dir_write;
ConfigReadWriteProt = cov_prot_oper_start
(tag write_prob Write_transaction |
tag read_prob Read_transaction)
Set_prot cov_prot_oper_end;
Exec_transaction =
cov_trans_start
fabric_slave_index
Set_lock_set_cache
Set_burst_type
Set_burst_length
Set_burst_size
cov_trans_end
ConfigReadWriteProt
set_axi_id
config_slave_addr
config_slave_data
issue_axi_transaction

Start_axiMasterTransactor =
transactor_reset
access_fabric
create_coverages
repeat{ Exec_transaction check_coverages };

infact_axi_master_engine = Start_axiMasterTransactor;

¥

i

Wiik_transacion Read_trarsacion

X\I/'/)
e

infact_axi_master_engine

3,379,200
xiMasterTransactor
3,379,200

Start_

1

1

create_coverages

1

3,379,200

Exec_transaction

3,379,200

1
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Intelligent Testbench Automation

Achieve Target Coverage >>10X Faster

51

Achieve Target Coverage in Less
Time
m Verify all functionality called out in test plan

m  Reduce or remove unwanted redundancy
m  Confirm test plan coverage with UCDB

Leave Time to Expand Coverage
m Add tests to cover more functionality

m Target test generation to desired areas

m  Hunt for bugs so they don't escape into mfg

© Mentor Graphics Corp.
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Agenda

52

m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa Formal
— Questa Codelink
— Questa VIP
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Questa Verification Platform

Best In Class Engines

53

Questa Formal
Questa CDC

< s <
@ S @
= 2 =
(@) (®)
D
= B
@ ® O
- =5 I
~—t

UVM Connect Questa Codelink Questa Verification

UVM Express Management
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Questa Verification Platform
Best In Class Engines - Unified Front End Analysis & Compile

B LA A

B D 8 A RS e R
=3
"

, - - Iy
-l _ L5 - M W
I I | - - ) N
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Questa Verification Platform

m Comprehensive integrated SOC
verification platform

— Best in class engines

— Integrated
] ] '/ INTELLIGENT '\
— Comprehensive debug analysis = , \ FUTORRTION
= Industry Leading SOC Verification Solutions SIMULATION

COVERAGE

— Coverage Closure Solution

— Low Power Verification Solution |
: pe e : N/ FORMAL
— Software Driven Verification Solution R ERiEICATIoN

m Standards Leadership

— Driving the evolution of IEEE
standards

— Major donations to Accellera UVM
— Accellera UCIS from Mentor UCDB

© Mentor Graphics Corp.
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Simulation Alone Is Insufficient

56

MYTH-

"If we only had a faster simulator, if we
only had a better coverage model,
things would have been better.”

s Simulation algorithms,
no matter how good,
have inherent
limitations

m O-In formal
verification directly
addresses these
limitations

assert always (A==B) <-> E;

A[31:0] n—
B [31:0] n—lp>

264 vectors * 1 vector every gs
= 584,941 years

© Mentor Graphics Corp.
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Simulation vs. Formal

57

= Simulation
— Let's see what happens if I apply this stimulus?
— Probabilistic whether or not stimulus exposes
interesting behavior

= Formal
— What stimulus do I have to apply to make this
happen?
— Use mathematics to solve for the stimulus

© Mentor Graphics Corp.
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Static Formal Verification

m Static Formal

— Takes a single start-state

— Performs exhaustive
verification of an
assertion(s)

— Provides proofs

— 0in_prove
— Provides

counterexamples
— 0in_confirm

m Can be used early in the

design cycles
— Does not require a
testbench
— Ensures critical
functionality is correct

58

Design Under Test

*: | Assertion Checkers |

Overflow error

Bus Arbiter
Corner cases proven

© Mentor Graphics Corp.
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Dynamic Formal Verification

59

N\

m Overcomes inherent limitation of formal techniques

m Combines formal verification and simulation to
cover more of the design

m Unified coverage ties techniques together

www.mentor.com

NSl



g

Unified Coverage Data Base

HTML Export

Test Ranking

Test
Code Functional | Assertion 0-in User Test Plan
Coverage | Coverage | Engine Formal | Coverage | Specific
Native UCDB Generation
0«00
/ Test Associated Merging

3 3
é ~
— > Database |3
>
T T

uCDB

Browser

60

/

Open Read And Write
API, ‘C’ Functions & CLI

4 v

Test Plan Tracking & Analysis
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Agenda

61

m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa Formal
— Questa CDC
— Questa Codelink
— Questa VIP
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Domains Require Special
Attention

Clock Domain Crossing signal

_TX

B
Clock domain A Clock domain B

Clock A J_ I—

Tx !

Clock B

AN
Setup/hold window
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Clock Domain Crossing (CDC) Signals
Cause Metastability

m When setup/hold conditions are violated, the
output of a storage element becomes
unpredictable

Setup/hold window

1

fclk X fin X 1d

MTBF =

Domain A

fax = Clock Frequency

f,, = Input Signal Frequency
ty = Duration of critical time window

Domain B

Metastability is UNAVOIDABLE in designs with

multiple asynchronous clocks

© Mentor Graphics Corp.
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Designers Use Synchronizers to
Isolate Metastability

e

Metastability window

T

i-1 i i+1 i +2

When metastability occurs, the delay through a

synchronizer becomes unpredictable

© Mentor Graphics Corp .
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Complete Anatomy of CDC Bugs

65

— Clock Domain A — | Clock Domain B

-“ .

B .
"
|

Synchronization (DC Protocol (DC Reconvergence
Error Error Error

@® @

1. Missing or incorrect synchronizer
2. Incorrectly implemented CDC protocol

3. Design does not account for nondeterministic delay
through synchronizers (a.k.a. reconvergence error)

© Mentor Graphics Corp.
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The Benchmark CDC Verification
Solution

66

— Clock Domain A

Synchronization (DC Protocol (DC Reconvergence
Error Error Error

@® @

1. Provides complete structural CDC analysis

2. Provides complete protocol verification to ensure
correct transfer of data across synchronizers

3. Supports metastability injection in simulation to
enable detection of reconvergence errors

© Mentor Graphics Corp.
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Step 1. Structural CDC Analysis

test_clk

Mode control

a_clk >/ ||

configB M

= Identify all primary asynchronous clocks

m Identify the clock distribution/control strategy
— Derived clocks, clock dividers
— Clock gating, on/off schemes

© Mentor Graphics Corp.
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Provides Automatic Protocol

Checks

m CDC protocols ensure
that data is predictably
transferred between two
clock domains

m The 0-In® CDC
verification solution
automatically generates
assertions to capture
these protocols

\ Protocol: When a transmitter's data select signal

' crosses a clock domain and drives the selectinput
of a data multiplexer in the receiver, it m',us"t be held
; stable long enough for the signal to be sampled

____________________________________________________________

Rx Data

X Lontro
:
Data-Mux (DMUX) Synchronizer

/

68
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Performs Static Reconvergence
Analysis

H Automatica”y Synchronizer 1
identifies potential £ 594 /
reconvergence T recomyrema o B
problems in logic ( TR Ee> g -
m Generates = -
metastability : =
injection assertions R ek
to be used in } N
simulation L\ o
| SUppOI‘tS both Synchronizer 2
combinational and
sequential
reconvergence

© Mentor Graphics Corp.
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Easy to Use Reporting and Debugging

m Provides a results overview window and details for all CDC
Issues

m Uses generated schematics (with user control) where
appropriate

m uktakara/demo/dacO7 icdc/sourcesdemo_top.y

Transcript
A Type Check
ik g Violadion (100
i Fifng (5]
- Fiting ||:|n1ux |1‘H
- Fiting Idultiple Bits cr
- Fiting Pulse Sunc H
£ Fifing Twa OFF Svnchroni...
- Fiting Twa OFF Synchranizer t
- Fiting Twa OFF Sunchronizer
fi N Unpromoted (2)
HiL R Mot Covered (3)

In # |

409 else

410 rx_masked_data <= dout_1;
411 end

412

413

414

415 // Clock muxing for scan

416
417@
418
419
420
421
422
423
424
428

=
%, Schematic 1 | |h] demo_top.y

assign cpu_clk = scan mode ? scan_clk
assign mac_clk = scan_mode ? scan_clk
assign core_clk = scan_mode ? scan_cll

endmodule

(-] Transcript | CDC Checks |

70

! % Schematic 2 |

demo_top
4
j 5 —
B o » » File
'é’ — _8 @ ——-[ > ne_check |
scan
core_cll
1336
& 434
15 pat 55 | iz
; | oo =
mac_clk_in D—J§§ I ‘
scan_mode [D—x” 3| | top demo_topua? deme_top.371
g _top demo_top.L:gs demo_tap.L: 360
| D1
Do Q-
cpu_clk_in[—> = o
! 5|
)
|
Q
(&)
=] ]
ikl
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Step 2. CDC Protocol Verification

Static CDC Analysis
~
| Protocol
RTL | Assertions 1
)

- Simulate assertions using
) existing testbench
\ / « 0-In® Formal verification
Unified Coverage Data Base $ Meastiioicoverage

 Create regression tests

} Protocol Verification

© Mentor Graphics Corp.
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Verifying Protocol Assertions in
Simulation

m All CDC protocol violations are shown in CDC
analysis window

m Debug is performed in simulation environment

— Highlights exactly where a
| Type | check | TXSignal | RX Sig protocol violation occurs
GG Violation (10)

il Fiting (%)
- Firing ||:|mu:-: |1H_mask_d
i Firing Hultiple Eits cre_seed[7:1]
- Firing Fulse Sync t_en
Firing Two OFF Synchroni...
- Firing Two DFF Swnchronizer #_eop
..... UF] Firing Two OFF Snchronizer tH_sop
fi. w Unpromoted (2
iR MotCovered (3)
k4
[ (-] Transcript l CDC Checks

72

| 458882 ps to 701888 ps |
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Coverage Metrics for Protocol

Assertions

73

Using assertions to capture CDC protocols enables
coverage metrics to be collected

¥ Instance | Graph | Coverage |
f3<fl Checkers (15)
----- Ml coc_sync two_dff_5840 (2) B =00
i gl cde_syne two_dff_81824 (2) B 500
il cde_syne tuo_dff_11314 (2} B 500
il cde_sync tuo_dff_S4238 (2) B 500
il cde_sync tuo_dff_52495 (2) [ 100.0
il cov_syne pulse_sync_13278 (2) B 500

-l cde_hamming_distance_one bus_two_dff_S0275 (1) [ 100.0
sl cde_hamming _distance_one bus_two_dff_84611 (1) [R] 100.0
sl cde_hamming_distance_one bus_two_dff_53361 (1)  [RR] 100.0
sl cde_hamming_distance_one bus_two_dff_62001 {1 [ERN] 100.0

sl cde_sample no_sync_47305 (5) B 500
i gl cde_sample no_sync_2628 {5) B 400
{ Evaluated _ 1000
g™ 8l O oo
g™ Al Zr [ 1000
\f All Zera to One oo
\f All One ta Zero oo
sl cde_sample no_sync_31547 (5) B 400
5 cole_sample multi_bits_7E265 (5) [ 1000
rp coc_dsel dmuws_30303 (2) B ]s00
o g ooc_dsel dmus_12402 (2) [ 100.0

X

Bl

Coverage metrics:

Ensure that all CDC paths
are exercised

Ensure that all protocol
corner cases are stressed

Enable regression test
development for full

coverage

© Mentor Graphics Corp.
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Step 3. Reconvergence

Verification
Static CDC Analysis
Metastability
RTL Assertions 1

Reconvergence Verification

[ - Simulate assertions using
existing testbench

* Measure coverage
Unified Coverage Data Base - Create regression tests

© Mentor Graphics Corp.
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Metastability In!'ection Assertions
Tx Data Rx Da Lk (-Metastability happens

Glitch Swallowed - o o . 2
) ! i-1 i i+l i+2 i+3

193[u

I Aujiqeiserdiy

Glitch Caught

Metastability injector randomly
sdoisacty aleyoléhieatelthe delay

~ ~

Coverage

Metastability injection assertions randomly modify the delays

through synchronizers (+1 or -1 cycle) when metastability
conditions are present in silicon

© Mentor Graphics Corp.
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Questa CDC Automatically Adds
Metastability Injection Assertions

m Only adds metastability injection assertions to
those synchronizers that might cause
reconvergence issues

m Random delay (+1 or -1 cycle) is only inserted
when metastability is possible

m Metastability injection assertions automatically
collect coverage data

Automatic metastability injection in simulation is the

only way to effectively verify your CDC
reconvergence ISsues

© Mentor Graphics Corp .
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Metrics for Metastability
Injection Assertions

Using assertions for metastability injection enables
coverage metrics to be collected

.‘ eetl:

@ fifo Oh¢y L

gl fifo_1_d (1)

Zp Checkers (21)
3 il cdc_fx zin_cde_fx_sim_check_en_r1_16 (3) ... 100 330
3 il cdc_fx zin_cdc_fx_sim_fifo_0_h_rp_s1_15(3) ... 100 1000
@ 7 cde_fx 2in_cde_fx_sim_fifo_0_h_wp_s1_14(3) 100.0
i ieyf Evaluated st 1000
§ lnf All Bits Metastable 5 100.0
{ g Loading While Clocks Aligned 24 100.0
_é_}» il cdc_fx zin_cde_fx_sim_fifo_1 _d_rp_s1_13(3) ... 100 1000
_tr i cdec_fx zin_cde_fx_sim_fifo_1 _d_wp_s1_12(3) ... 100 100.0
:} il cdc_fx zin_cde_fx_sim_crc_1_crc_16_11(3) ... 100 50.0
1» il cde_fx zin_cde_fx_sim_mask_10 (3} ... 100 1000
_-13 il cdc_fx zin_cdc_fx_sim_crc_1_scramble_9 (3) ... 100 100
1‘ cde_fx zin_cde_fx_sim_tx_en_r1_8 (3) ... 100 1000
3 il cdc_fx zin_cde_fx_sim_tx_mask_valid_t1_7 (3) ... 100 100.0
1 cde_fx zin_cde_fx_sim_tx_eop_r1_6 (3) .. 100 100.0
_é»_}-- il cdc_fx zin_cde_fx_sim_tx_sop_r1_5(3) ... 100 100.0
_tr M cde_fx zin_cde_fx_sim_pass_en0_r1_4 (3) 0D 330
{ _g il cdc_fx zin_cde_fx_sim_tx_mask_valid_3 (3) ... 100 330
:» il cdc_fx zin_cde_fx_sim_tx_en_2 (3) ... 100 330
3 il cdc_fx zin_cde_fx_sim_tx_state_0__1 (3) ... 100 330
i i cdc_fx zin_cde_fx_sim_init_done_r1_0{3) ... 100 330
bl assert zivar (2) .. 100 1000
i?"  cdc_fifo memory_sync_17786 (3) ... 100 330

o foalnt (Ll L L

7

Coverage metrics:
s Ensure that all CDC paths

are exercised

s Ensure that all protocol

corner cases are stressed

s Enable regression test

development for full

coverage
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Questa CDC Verification Delivers

‘/ m Structural CDC analysis

— Automatically recognizes a large set of synchronizers
— Comprehensive modal analysis

‘/ = Protocol verification

— Automatic generation of CDC protocol assertions
— These can either be proven with formal analysis or
verified through simulation

m Reconvergence verification
\/ — Complete structural analysis to identify potential
reconvergence issues
— Automatic metastability injection in simulation to
verify the design correctly handles reconvergence

© Mentor Graphics Corp.
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Agenda
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m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa CDC
— Questa Formal
— Questa Codelink
— Questa VIP
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Manually Linking Software with Simulation

80

m Must convert software binary to memory image file
= No source-level debug
m Slow, ~ 1 to 10 instructions/sec

Integrated Standards:

Debug VHDL, Veri_log,
Environ e SystemVerilog, !
PSL, SystemC
s \

g

Coverage- ‘
Driven System-Level

Verification

Testbench Assertion-
. . Automation Veﬁﬁigﬂon
software Verification
Developer Engineer

© Mentor Graphics Corp.
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Codelink Automates Software Testbenches

m Loads software binary
m Full source-level debug
m Significantly faster than full-functional model

Integrated Standards:
Debug VHDL, Verilog,

Environment | SystemVerilog,
PSL, SystemC
\ / “‘
- (¢ _— Coverage- \ \
* j——e Driven System-Level
@ Verification

Codelink

Assertion-
Based
Verification

Testbench

Automation

software
Developer

© Mentor Graphics Corp.
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Agenda
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m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa CDC
— Questa Formal
— Questa VIP

© Mentor Graphics Corp.
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What is Verification IP?

m SoC Design Trends
— More platform based designs
— Increasing reuse of Design IP
— Built around standard interfaces

m Complex verification environment
— reuse a necessity

= Verification IP
— Re-usable testbench building blocks
— Compliant with standard interfaces and protocols
— Built using standard languages and methodologies

© Mentor Graphics Corp. E
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Questa Verification IP

84

Verification Plan For AMBA AXI
# |Section Description Link |Type |Weight |Goal !"r

m Comprehensive verification IP == |

1 [REQUEST
111 [Operation [This covers the basic AMBA AX] operation types. This includes [rans._ cav-operation | CoverPant 1 100[Section 12
— Lompiete protocol coverage an ——
112 [burst_length [This covers no. of data transter that occurs in each burst. This _[rans._covburst Jen _|CoverPaint 1 to0fSection 22
includes length fiom 1 to 16. For wrapping bursts, the length

checking R

114 [wanster_si

- = - ‘ Contains 7 H ColumnnLayout F11GoTunns - |
— 115 [burstiype
¥|Section 2 |Testplan Section 7 Coverage Link |Type |Coverage  |CoverageGraph |Goal | fagsting_  |Descrigtion
0 =ik testplan testplan 100% [ 100%
[ [mmeloas] Sk AMBA AXI OFERATION testplan  100% [ 100%  testplan.
1 L)% REGUEST testplan  100% [ 100%  testplan.1 1

1
1
- - - 13.10 [read data ||| 1.2 13/ RESPONSE festplan  100% [ 100%  testplan.1.2
13 =il FEATURES testplan  100% [ 00%  testpland 3
. 1311 |data befon||| 131 © ey narrow_transfer testplan  100% [ 100%  testplan.1.3.. This covers whet)
1.3.2 i ;n:k unaligned_burst testplan  100% [ 100%  testplan.1.3.. This covers whet;
133 | sk multiple_outstanding_addresses_write testplan  100% [ 100%  testpland 3. This covers whet
134 ¢ e multinle outstanding addresses read testalan  100% R 100%  testaland 3. This covers whet
- 1.35 Eile Edt View Add Fomat Tools Window
138 SELErIEE CINES R[4 es B we BE MPERUY]| L Ly [
137
bl NI T IR
139 -
1

— Verification planning, constrained | " =
random, functional coverage U BB

i o
33 Browser o |
ARADOR 0000900000986} 173077000t | B——— 00100 5010 (50300 WS R0 VS ST (0

— Developed for OVM and UVM | ===

ports popular and leading edge

Su B
SoC standards =
— PCle, USB, AMBA, ethernet, ... /7 X\

Y000

4 RLAST

Open Verification Methodology

© Mentor Graphics Corp.
www.mentor.com G T



Questa Verification IP Features
Complete protocol test sequences and coverage

Title Description
AMBA AX| OPERATION

Test Sequencef et

Qperation This covers the basic AMBA AXI operation types. This includes
read and write operations(Section 1.2)

Yerification kManagement

‘ Contains | ., P “ ColumnLayout Allcolumns w| Precision |2

I
( -’Overag ¥|Sec 4| Testplan Section / Coverage Link |Coverage |Goal Coverage graph

1 ;}’j':k arBa axl OPERATION 100%: 100%
1 +3k REQUEST 100% 100% [
1 +3k RESPONSE 100% 100% [
1 5l FEATURES 100% 100% [
1 b3l narrow_transfer 100% 100%
1.3 _ﬂﬂ unaligned_hurst 100% 100%
1.3 _ﬂﬂ multiple_outstanding_addresses_write 100% 100%
1 .
1
1
1
1

+h5le multiple_outstanding_addresses_read 100% 100%
_J_f_}ﬂ out_of_order_transaction_completion_write 100% 100%
_J_f_}ﬂ out_of_order_transaction_completion_read 100% 100%
+3dr phase_ordering 100% 100% [
45l write_data_interleaving 100% 100%

VIP Component

User component

© Mentor Graphics Corp.
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Questa Verification IP Example
Coverage results for SPI Controller

m Questa Verification IP provides protocol Test Plan, Test Sequences
and Coverage

m User adds DUT specific Test Plan, Test Sequences and Coverage
m Questa Verification Management combines the results

#- Verification Management Tracker

¥|Sec# | Testplan Section ¢ Coverage Link \Description \Coverage |Coverage graph  |% of Goal |Weight | Goal Unlinked
0 =5l testplan N | 5026% 1 100% Mo
1 byl 5P Interface B | s0i5% 1 100% Mo
a _—_rj:k APB3 Interface 4065% D ] 40 65% 1 100% Mo
2.1 _—_r;ﬁk General General &PB3 op... I | Fo00% ! 100% Mo
£1.1 ;}j:k AMEBES 3 APB AMES 3 AFPB 0% N | T0.00% 1 100% o
21.1.1 :_r;ﬂk Ciperation This covers the b... 100% ] 100.00% ! 100% M
2112 ;_};it Slave ID This covers cycle... 100% ] 100.00% 1 100% M
2113 ;_};it YWait count This covers the n... cov 1 E0.00% 1 100% M
2114 ;_};it Cycle with slave error This covers the er... I 2 | S000% 1 100% M
2115 ;_};it Cycle with slave 1D This covers the sl... 100% [ 100.00% 1 100% Mo
2116 ;_};ﬁt Cycle with wait count This covers the n... cow ] E0.00% 1 100% Mo
2117 i};ﬁt Back to back cycles This covers the n... 100% [ 100.00% 1 100% Mo
g +l3fr Registers This covers that w... I | isTE 1 100% Mo
23 ;_}5;& automatic Slave Select Cavers the autom... N | so00% 1 100% Ma
24 ;_}5;& Character Length This covers the dif... 312% | | 312% 1 100% Ma
2a ,ﬂﬂ Divider Covers the differe... 1.596% | | 1.96% 1 100% Ma
3 +h3kr Interrupt B | s000% 1 100% M
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Questa Verification IP Features
Protocol stack debug

Quickly understand and analyze bus activity

File Edit ¥iew Add Format Tools Window
U&= & RBD I MAE
LR Ll - SINCROW RORIRTEN Y

PEF W0y ELENEAE OG0 | &L s 8 -4

= AX|_read
+ e{", .addr: 00000000000000000000001001170000
L size: 4% BYTES 4
4 Jurst: AXI_INCR
A4 Jock: AXI_MORMAL
A4 .cache: AXI_NONCACHE_NONBUF
A prot: AXI_NORM_SEC_DATA
a4 dd: 10
+ ‘-.(:; burst_length: 1111
+ ‘} 0 B3537 131074 196611 262148 327 585 393222 456739
- "‘a’ AXI_OKAY AX|_OKAY AXI_OkKAY AXI_OKAY AXI_OKA
v
v
L+ S
g
[+ S
[+ S
[+ S
[+ S
v
v
v
[+ S
L+ S
[+ S
v
4700 hs 4500 ns 4300 ns
Cursor 1 3091 ns
4600 ns to 5620 ns Mow: 10 us  Delta: 3 i

© Mentor Graphics Corp. MSR
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Questa Verification IP Features
Protocol stack debug

88

Highlighting links transaction and signal activity

File Edit ¥iew Add Format Tools Window
U@ & § @D Mg %
o kg Qaqes | L AN

= 5)_read
+ ‘} .addr: 000000000000000000000071001170000
L size: A% BYTES 4
4 Jburst: AXI_INCR
A4 Jock: AXI_MORMAL
A4 .cache: AXI_NONCACHE_NONBUF
A prot: AXI_NORM_SEC_DATA
a4 id: 10
+ ‘} burst_length: 1111
+ ‘& 0 B3537 131074 196611 262148 327 585 393222 456739
- ‘} HI_OKAY aX|_OKAY AX]_OKAY AX_OKAY AXI_OKZ
. |||||”|”””””””|“ ”I”
3 @ s o o
g4 D00000000000000¢
[+ B __
0 T R S R
B
B
B
.
4
.
B4
B4 ‘
B T N N W 15 [T gl
4
trererelbereeereeebeeen
5200 ng
Cursor 1 3091 ns
4600 ns to 5620 ns Mow: 10 us  Delta: 3 i

© Mentor Graphics Corp. Mgn'or
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Questa Verification IP Features
Full support for UVM and OVM

89

m Connect and reuse standard UVM or OVM components
— Agents, TLM ports, sequences, sequence items, config

Test Config

Test : PCIe IP
Sequence DUT

or Graphics Corp.
www.mentor.com

GMSRIRY



Protocol support

90

m Supports popular and leading edge SoC standards

— AMBA
— APB3, AHB, AXI, AXI4, AXI4-lite, AXI4-stream, AXI-LP

— PCI Express
- 1.1, 2.0, 3.0
— USB
— 2.0, 3.0, OTG, UTMI, PIPE
— Ethernet
— 10/100, 1G, 10G, 40G, 100G
— SP1 4.2
— DDR2, DDR3
— OCP 2.2
— HDMI
— 12C, 12S
— SPI, UART

© Mentor Graphics Corp.
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Questa Verification Platform

Best In Class Engines

91

Questa Formal
Questa CDC

< s <
@ S @
= 2 =
(@) (®)
D
= B
@ ® O
- =5 I
~—t

UVM Connect Questa Codelink Questa Verification

UVM Express Management
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Questa Verification Platform
Best In Class Engines - Unified Front End Analysis & Compile

B LA A

B D 8 A RS e R
=3
"

, - - Iy
-l _ L5 - M W
I I | - - ) N

© Mentor Graphics Corp.
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Questa Verification Platform

m Comprehensive integrated SOC
verification platform

— Best in class engines

— Integrated
] ] '/ INTELLIGENT '\
— Comprehensive debug analysis = , \ FUTORRTION
= Industry Leading SOC Verification Solutions SIMULATION

COVERAGE

— Coverage Closure Solution

— Low Power Verification Solution |
: pe e : N/ FORMAL
— Software Driven Verification Solution R ERiEICATIoN

m Standards Leadership

— Driving the evolution of IEEE
standards

— Major donations to Accellera UVM
— Accellera UCIS from Mentor UCDB

© Mentor Graphics Corp.
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Agenda

94

m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa CDC
— Questa Formal
— Questa VIP

m Rule Checking
m Precision

© Mentor Graphics Corp.
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A RTL Reuse Method

Previous Design

* Unknown Quality
« Unfamiliar Design

Reused
RTL

| New.
Functionality

Step 1
Design
Integrity

Step 2

Quality
Assessment

Step 3
Design
Visualization

Ready to Reuse

* Quality Quantified
* Fully Understood

Rules
RMM
Vendor
Essentials

Reused
RTL

Assess RTL to
Design Standards

Visualize Behavior
and Structure

Automate Analysis
of RTL Integrity

New
il Functionality

Share Knowledge

© Mentor Graphics Corp.
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Do I Have all the Files?

Design Files Design Support Files Tool Output Files

= Verilog » Tool Scripts = Netlists
= VHDL » Design Documents = Reports
" C & C++ » Projects

= Memory Content
= Constraint Files

@ m Design Files: describe the design to the tools in a flow

m Design Support Files: help you understand & automate

yd aspects of the design flow
\:i m Tool Output Files: tool-generated files for use as input or
that provide information

© Mentor Graphics Corp.
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97

Missing Files are Found

I3 Design Manager, - Project tinybus_completion

File Edit Wiew HOL Tasks Tools Options  window  Help
-3 -
G W -& - -9 -

S ET]

b dd B F [ JE

Design Explorer [ Using viewpoint : Default Yiewpoint ]

Deszign Hierarchy
= .E‘:.E tb_interface_testbench

tb_interface_testbench

th_interface
tingbuz_controller

- Dezign nit Type Language
HOL | - WTINYEUS_EDMF‘LETIDN_LIB...
e @ arbiter Component Werilog '35 - '@ th_interface_testbench
Wew | Add e @ fifo_B_tester Component Werilog '35 '@ arb arbiter
=

-5 out

] @ tb_interface Comparent Werilog '35

e E{} tb_interface testh. . [MalyTaletny) Werlog '35

+- ] th_interface_tester Component Werilog '95 th_interface
o + &E tinpbz_controller Comporett Werilog '35 th_interface
tb_interface_tester
=
Simulate . . .
Missing Files are
=

18 Highlighted in the Hierarchy

ualization

E TINYBUS_COMPLETI...
+ # Design Files

] nt &
e - [EI] TINYBUS_COMPLETION_...
4§ @ arbiter. v Source File 2FkB
-5 @ fifo_ 8 testerw Source File 2KB B
+- 5 [2] newthiv S ource File 7KE
-5 @ tb_interface_testben... Source File IKRB
Explore +-5 (2] th interface testery  Source File 17 KB v
Tazks < ? { |
Viewpaints | [] | TINYBUS_COMPLETION_LIBT |

I Deszign Unit Name
tb_interface_testbench

L~

IName
tb_interface_testh
tb_interface_testh
arbiter
tb_interface
tingbuz_controller
data_in: fifo 8
data_out: fifo B
tb_interface_teste

|sam|dma_|_;susn_|_"msmmg qns"ped uaune-||

ed
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A RTL Reuse Method

Previous Design

* Unknown Quality
« Unfamiliar Design

Reused
RTL

New.

{# Functionality

98

Step 1
Design
Integrity

Automate Analysis
of RTL Integrity

Step 2

Quality
Assessment

Rules

RMM
Vendor
Essentials

Assess RTL to
Design Standards

Ready to Reuse

* Quality Quantified
* Fully Understood

Reused
RTL

New
il Functionality
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Take Emotion Out of the Decision

How do you
tell people
their baby Is

ugly?

© Mentor Graphics Corp .
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Objective Standards are Key

100%

Code
Quality

7 —

HDL Files

Automated
RTL Quality Assessment

RMM 3.0 Xilinx Altera Essential User
Rules Rules Rules Rules Definable
0%

Design Rule Standards

© Mentor Graphics Corp. E
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Code Scoring

m All rules have can have a score
m This allows you to see how “good” your code is within seconds
m YOu can set your own scoring system for your own rules

m Code quality results are automatically created for your checking
run (it can optionally be turned off).

S ettingz

Dezign Quality: 156193 [79%]

[Juality Score:; FaE
ScoredTotal Pozsble Score: 156/198 Excludes 0 Dizabled Rules
Rulezet Hierarchy Beport;

Rulezet Score 4 Error Warning Mote Dizabled
by _Ezzentialz_Policy 156/198 79% 3 G ] 1]
Ezzentials 156/198 79% 3 B ] 0
Coding Practices REST2 TaE 1 3 ] 1]
Downgtream Checks B4/90 A% 2 3 0 n
Code Reuse J6SI6 003 0 ] ] 0

Yiolations: 45

Rules: [Uzing palicy My_E szentials_Palicy]

Dezign Units:

© Mentor Graphics Corp.
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Assess Reuse Effort

' DesignChecker

File Run Edit

Setup
Results

View Errors
in Context

B -d|Y - S @9 &e 58 B E

Wiews Setup Results Tools Options  Help

iewpoint Management - Active Viewpoint: Severity & Rul FI Iter1 G ro u p ’
Available Yiewpoints: SO rt ReS u I tS

&% Severity & Ruleset A __New |

B Al Mo Groups) /
& List: [Mao Groups] -

& Sewerity & File 4

% Metrics w D efault

Wiewpoints allow you to customize the browser. Manage vour viewpoints here. Use the tabs on the left to control filker options,  adjust the layout or add/remove columnz
fram the various explorer views.

Results [Using viewpoint: Severity & Ruleset] Summary A=
Message Line | =) Diesign Qualiyy: 132/198 (57%) A
[=] @ Eror -5 items, 287 violations. (287 primary, 0 associated) b | Quality Seore: 57
[ ERROR : Coding Practices - Matching Range - 12 items, 181 violations. (181 primary, 0 associated) Score/Total Possible Score: 1324196 Ewcludes 0 Disabled Rule:
@ ERROR : Downstream Checks - Mon Synthesizable Constructs - 5 items, 80 violations. [80 primary, O Ruleset Hierarchy Report

Ruleset Score % Error A
132196 B7% 5 7

= @ ERROR : Downstream Checks - Sensitivity List - 3 items, 8 violations. [ primary, 0 associated)

My_E zzentials_Palicy
=] EXAMPLES_LIBT, eth_tsethmac, Module - 2 items, 2 violations. [2 primary, 0 associated)

Wiewpoints

Feady

Eszentialz 1324196 67% 5 7
I=1 @ Sensitivity list of process/always statement "< anonymous: " includes duplicated signals "StateData Coding Pract R2/70 T 1 4
= Downstre 4690 Bz 4 2 B
34436 94% 0 1
[StatePreamble or Statel ata or StateDvata or StateFCS or Statedam or StateSFD or Txl
9 Cr: or MibCnt or MibCrtE 151 [=1 Winlatir
Sensitivity ligt should contain only the signals needed by the process/block. a1y violations of sach severity
@ Sensitivity list of process/always statement "< anonymouss " includes unneeded signals "MibCnt, St Mo i
EXAMPLES_LIB1, eth_rsstatem, Architecture - 1 item, 1 violation. [1 primary, 0 associated) 287 from 5 Fules
ExAMPLES_LIB1, eth_cop. Module - 5 items, B violations. [5 primary, 0 associated) 397 from 7 Rules
@ ERROR : Downstream Checks - Latch Inference - 3 items, 14 0 &
rirnan winlatinne for earh ccone: __
< ¥

Results

102
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Customize Your Own Rules

The Process:

& DesignChecker
File FRun  Edit Wiew Setup Resulks Tools  Opkions  Help

|- W - m m Create ruleset(s)

Setup Content of Ease Rule Categony : Clocks & Fesets |
ﬂﬂ = ﬁ Policies Marne Type Design-wide | Shart De [ ] Drag & d ro p

El My_Altera_Paiicy @ Clock Declaration Style Baze Rule Mo Cher #
L ; b% m;l_pl-:c;z}?nhals_Puhcy kg Conditional Ressts Baze Rule Yes Chex ru | eS etS & ru I eS
3 El M_I,J:HMM_PD“C_I,I @ Conzistent Resets Baze Rule Yes Chec | n to yO u r OW n
¥ @ by_ilires_Palicy @ Edge Detection Baze Rule Mo Chex | t
¥ 3 RuleSets £3) Fixed Value Resets Baze Rule Mo Chex r u eS e S
+- 3 ) Altera (3] Gated Clocks Base Rule Yes Chex

+ i ES;:ZM@ Intemally Generated Clocks Base Rule Yes Chet [ C h an g e ru I e
. &@ = @ Internally Generated Flesets Baze Rule ez Che:
i @ Mixed Clocks Resets Base Rule Yes Che + p ar am et e r S

- (3 Filins

¥ 3 Base Fules < 4 . .
% i"”_w Parameters of Base Fule : Gated Clocks | [ | C r eat e p O | I C I eS
ssignments Parameter Yalue I
C
E&‘; = l}% Mame Gated Clocks th at I I n k tO

hﬁ Severity Error r U I eS etS

@, D:umple:-:lty
@, Conditions 15% Scare 5
(T3 Configurations %, weight 2
G’ Dfecla.ratinns hﬁ Language WHOL A, Wenlog Ay
% Eg;ctw& 15% Hint Awoid gated clocks unlezz modeled uzing
CE* Gates l}& Short Dezcription Checks for the use of gated clocks and h
@’ Instances hﬁ Keywords clocks, gated, gating, synchronous, enab
Ea, Labels W 15% Action Dizallows &l Gated Clocks
Results < a 4
Wigwpoints Setup

Ready
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103 www.mentor.com G Y



Good Coding Practices

No extra or unused signals
Isolate or avoid gated clocks
Avoid internally-generated resets
Avoid mixed clock edges

No multiply-driven signals
Assign a value to a signal before reading it
Matching comparison/assignment ranges

Ensure expected & good results

© Mentor Graphics Corp.
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Downstream Checks

No combinational feedback loops
Avoid latches & inferred registers
Register outputs

Avoid or isolate gate-level logic
Ensure naming compatibility with downstream tools
Avoid delay times

Avoid default initialization

Establish a subset of allowed constructs

Use complete sensitivity lists

Catch issues before running other tools

© Mentor Graphics Corp.
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A | B | ¢

Design Root
Library: Ethernet
Frimary: eth_fifo

Secondary: eth_fifo
Master Clocks clk
Master Resets rst

Document Quality
. Export Summary report as CSV, TSV, or HTML

Depth: =ingle
Yiolations: 23
| EXport Resu |t Tab | e as CSV, TSV, or HTM I_ Mumber of violations for each scope:
Errors 0
: Moteg a
m Export rules used in ASCII format Wamings 23 from 7 Rulefs
Mumber of violations of each seventy
— 0 0%
Rule Severity Severity, Ruleset and Rule Library, Design Unit and Scope 0 0%,
Warnmg - 2.1 - 0 sz'r'ﬁ
Warning Feneral Maming Conwventions - Ethernet, eth fifo, Module Eeset signal "reset" wolates narning convention: us g g nf
2. 1.9. - Eeset name prefix 7 100%
Warning : 2.1 - 0 0%,
Warnihg General Maming Conwventions - Ethernet, eth fifo, Module Dimension defimtion "[0.DEPTH-1]", for "ffa", do ] 0%,

2.1.11 - Descending bus order
Warning 3 - Portabdlity -

Warnihg 321 - Avoid hard- Ethernet, eth fifo, Module Lyoid using hard coded numenc values such as [
coded numeric values FuleSet 4 - Clocks & Fesets/4.5 - Intemally Generated Resets
Warning : 3 - Portability - Rule Mame: 4.6.2 - |zolate Condition resets

Warning 32.2.1 - Avoid hard- Ethernet, eth fito, Moduld Baze Pule: Conditional Besets

coded mumernic values

- e [ Names 4B 2 - fealate Dondition reset:

Severty: Warning

Language: WHDOL Ary, Werlog dny

Hink: If conditional rezetz are uged, izalate into a zeparate module

Shart Dezcrphion: I conditional resets are used, izolate into a separate module
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A RTL Reuse Method

Previous Design

* Unknown Quality
« Unfamiliar Design

Reused
RTL

| New.
Functionality

Step 1
Design
Integrity

Step 2

Quality
Assessment

Step 3
Design
Visualization

Ready to Reuse

* Quality Quantified
* Fully Understood

Rules
RMM
Vendor
Essentials

Reused
RTL

Assess RTL to
Design Standards

Visualize Behavior
and Structure

Automate Analysis
of RTL Integrity

New
il Functionality

Share Knowledge

© Mentor Graphics Corp.
www.mentor.com



Design Visualization Challenges
Learning & Integrating Legacy Designs

m Designs are easier to write in Text, but harder to

read
— Design structure is hard to “see” in text
— Design functionality is hard to trace across text files
— Interfaces are often poorly documented

m Re-Drawing by Hand is Inefficient
— Very Time Consuming
— Error prone
— Hard to maintain

Existing
RTL Code

© Mentor Graphics Corp.
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Delve Deeper with DesignPad

HQ 0: C:/MentorGraphics/HDS2007. 1/examples/tutorial_ref/Sequencer_vls/hdl/fibgen_struct.v (read-only)
File Edit Search WView Graphics Document Tasks Options ‘Window Help

HES 21 I
eABEREID|e 5 » &2

0: fibgen_stuct.w ]

" Code Browser takes you
§ _#Inside design units
| jﬂ 64  |accwmilator ace suml

Code Browser :: :Zi:ﬂ{ Ezi:?ﬂf] ’ - N aVi g ate po rtS

Parger Level |Fu|| i :; izc EgE: ’ - H
3ot | e — Navigate declarations
] fibgen 71 b - -

T
L " View as graphics
1, clock ) !
s P il ul
1, fibout 77 Lelr {olr), COI Ia‘pse Open up/down
_:: 3 78 .inc [inc) . ! ’
! B - ’ 1 i I
T e & split windows to aid
L, gnd g1 1:
1, inc ba

L, 1 assign sum =
sum 85 |// HDL Embedded Text Elock 2 ground

E':_t tsr:: :: za’JS’S}iIgE g:nze:d:d:'rext BElock 3 ebl | “DifP, Similal‘ ﬁles

L] A oebl 3

Lo b 83 |// HDL Embedded Text Block 1 adder naVI atlon
- B4 L+B;

@ =] always @ (posedge clock) begin
EHI instances 20 /¢ Asynchronous Reset
GHEF acc_ A 91 if(zlr) begin
B acc B 92 // Reset kctions
N 93 tmp = 0;
E-OF acc_sum ag encpi
B FSM 95 else begin

97 // Block 1

a3 tmp = tmp+l;
23 end

100 end

10z endmodule // fibgen

File: fibgen_struct.v [RO [Irs [B [N [ Line:83/104 | Catd
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Structural Levels are Block Diagrams

H[} tb_mcB051/mcB051_topsstruc (Block Diagram) (Visualization)
File Edit WYew Options HDL Diagram ‘Window Help

BEB- -~ #H2LP0L h-AM Wa &

OLE

4

g
2
(LA LLLLL)

medlS_rorm

mcEla_core

File Edit

Miems HOL Diagram Tasks Simulate Add  Options

Window Help

i_meBl31 _core

T_moala _rom

ik
reset

IDesign "th_mcB051/mcB051_topdstuc" saved successfully.

110

clock  He
Id_a_B inc clr Id_sum gnd
L. frssign gnd = 0 ;
plock b Sequencer_vlg
reset control —
»—F -_—
FSM
<
Ready

© Mentor Graphics Corp.
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tate Machines are Bubbles & Arcs

111

H[} TINYBUS_COMPLETION_LIB1/tinybus_controller/fsm [current_state]{ Visualization State Diagram)

File Edit WYiew HDL Diagram Simulate Animstion  Window Help
HSES @ #weELeeLe|k-ANMAE
Sl [T
=
&
=
=
3
read_data o
=
4d3 ]
£
@
Y
write_data
A4d5
req_cmd == WRITE req_emd == READ
wr_bus_data = 1b1; 14_bus_data = b1;
w
o
[=]
clr_fifo
clr_out_fifo 44 4
4d2
read_response
£d7
wr_bus_data = 1'b1;
write_tdone2 bus_wait_enable = 1'h;
Ad1z
load_data
4d11
write_response
110
™,
£ .
Design "TINYBUS_COMPLETIOM_LIB1Ainybus_contraller/fsm™ saved successhully.
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HTML Export

Automatically create an interactive
website with HTML Export:

Complete control of content
Navigation matches HDL Designer

View results in an HTML browser
Snapshot a project any time  grerm——"—
No access to design database |-

uuuuuuuu

Great for Design Reviews Too

amul
fib!en tester fibgen

Checker uuT

g« HDL Designer™
L 3
&l 2 iy Computer

© Mentor Graphics Corp.
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The Results

<3 HDL Designer, Web Export - Microsoft Internet Explorer

File Edit View Favorites Tools  Help

eBack = ;/l \ﬂ @ __h /_\J Search “3';::(Favorites @Media E} < ~ .:\?_ l)_;-l = _J @ ﬁ J%

Address |@ CHHDLDocs\ SeminarsiHDS_Jumpstart’ JumpstarkITLabl jurmpstart_libfibgen_thinde:x, htm V| G0 Links
Google - | v| @psearchweb - g3 FassRank D g () [ optians & -

Diagram | Infarmation I Side

2y CF 4 |m 4 =

jumpstart_libfibgen_thfibgen_th

T Checker : jumpstart_libfibgen_testsr
-ﬁ%jumpstart libfibogen_testerdfiboer
22 CIkGen

%%checker flowchart_proc
EHUUT - jumpstart_lib fibgen

=] ngumpstar‘t libfibgenfibgen

[E1: &bt

LFFSM : jumpstart_lib.control

always R
CUurrent_state)
begin : machined next state _block proc
case (current state)
clr regs:

: | . next state = inc acch;
= njumpstar‘t libfeontralizontr: - -
L 8current state .
. . ince acch:
Lhace A jumpstart_lib.accumul -
B g jumpstart_lib/accumulatorn next_state - load acc sum:

22 process0
Ttace B jumpstart_lib.accumul

: . . load acc sum:
B~ gaiumpstart_libaccumulator - -

next_state = load acc 4 B:

load acc A B:
next_state = load acc sum:

default: begin
next_state = clr_regs:
end
endocase

end -~ MNext State Block

always [
| > current_statel
— begin : machined output_hlock proc
HDL Designerm -~ Default Assignment
cle = 0;

i

£

g My Camputer
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Agenda

m Verification Overview
— Assertion and Functional Coverage
— Constrained Random
— Requirements Tracing
— Algorithmic TB (InFact)
— Questa CDC
— Questa Formal

m Rule Checking
m Precision

© Mentor Graphics Corp.
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Precision 2009 - Synthesis Leadership

115

Leading multi-vendor physical synthesis

— Average 10 % Fy,, Improvement

— 26 devices supported from all major vendors
Fully automatic incremental synthesis

— Up to 60% run-time savings

Unique resource analysis/management improves QoR

Industry leading mixed language support

— Superior SystemVerilog coverage

Physical Synthesis

FPGA P&R

© Mentor Graphics Corp.
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How Physical Synthesis Works

Syn|\t|he|_sifed J m Advanced Delay Estimation
euliIs

v

— Estimates location
' I — Estimates routing resources
PhysicallSynthesis — More accurately estimates net

) delays
Gen e & — Identifies Critical Paths
Delay Estimator
_ m Netlist Optimization
P'hy.s |ch — Retiming, Replication, Re-
Optimizations synthesis

m No placement sent to P&R
— No DRC/packing violations
— Maximum flexibility for P&R

Physical
Library

Optimized Netlist

© Mentor Graphics Corp. E
116 www.mentor.com i



Automatic Incremental Synthesis

117

Up to 60% runtime savings )
— Design, change dependent .

—— -

design change-- '

Industry’s only automatic
incremental synthesis

s . . . mpi ncremental
— No partitioning or prior planning e o gieenen
Synthesize
— Maintains QoR with cross-hierarchy FPGARERdOr

optimizations P&R
— Based on real changes in parse tree

All FPGA families supported

© Mentor Graphics Corp.
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The Need for Design Exploration

m Each design has unique characteristics

m Very time consuming to try all synthesis options for each
individual design

© Mentor Gra phics Cor p. E
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Precise-Explore

120

Exploration Goals
— Meet Constraints
— Max Frequency
— Min Area

Exploration Options
— Turning off will use
selected mode from
other options page

Place & Route
Runtime Limits

What's New in Precision 2012b

[ Input

Verilog/SystemVerilog
- Qutput

cplore
e-Explore Goal Options.

- Design Assurance
-~ Timing Analysis
G ISE

- Session Settings
- Editor Options

-~ Transcript Options

[} Schematic Viewer

Precise-Explore Compute Optiong

< | ]

T—— e . oo
| Precise Explore Goal Options Page

Goal

@ Meet Design Constraints

 Maximize Frequency

 Minimize Area

Licenses
Mo Of Licenses

Additional License Servers

Iunlimited *?l

Optimization Options
Explore Resource Sharing
Explore Re-Timing
Explore Physical Synthesis

Place and Route
’V Run Place and Route

Total Runtime Limit

" Runtime Limit

Synthesis Runtime Limit |M :"3' [hh:zmm]

Inone | [hh:mm]

Eancell Help |

© Mentor Graphics Corp.
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Precise-Explore
Benefits

121

m Precise-Explore automates
the process

m Explore implementation
options for different design
structures in both synthesis
and P&R

m Control for exploration
options

m Multiple computing options
m Detailed reporting

What's New in Precision 2012b

GMSRIRY



Precise-Explore
Product Configuration

m 2012b
— Controlled feature
— Requires special license
— License available upon customer request

m 2012c”

— Production feature
— Included in Precision RTL Plus license

© Mentor Graphics Corp.
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Precision Synthesis 2012b Summary

123

m Support for the latest FPGA devices & software
m Expanded SystemVerilog coverage

m Explore your FPGA design with Precise-Explore

© Mentor Graphics Corp.
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