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We Live in a System on Chip World

SoC Designs Challenge Verification

m Processors
— Embedded CPUs, GPUs, & MMUs

Single- or Dual-Core Processor

Hard Processor System (HPS)

ARM Cortex-A3 ARM Cortex-A9
NEON/FPU N
L1 Cache

UsSE OTG Ethemnet
(®2) (x2)

RC
GPIO x2)
. M e I I l O ry JTAG B4-KB Timers SPI CAN
DebugTrace ! RAM (x11) (x2) (x2)
— SDRAM, DDRAM, & Cache Layers oo | o Qoo ] om | o
Hard Memory Flash izl Flash Ctrl MM (x2)
Controller*
Shared Multiport DDR HPSto FPGA to FPGA
3.125-Gbps and 5-Gbps SDRAM Controlleriz: FPGA HPS Configuration
Transceivers® T T T T l T l
m Interconnect iri
*Cptional Configuration

— Fabrics, Networks, & Bridges

| Processor Interrupt Virtualization Heterogeneous processors—CPU, GPU,
R DSP and accelerators
T )

Upto 4 cores
percluster
>

m Peripherals
— Multiple IP Blocks & Protocols

Upto 18
AMBA

CoreLink™ CCN-504 Cache Coherent Network

m Software
— Instruction Sets & Operating
Systems
— Drivers & Application SW

interfaces for

8-16MB L3 cache L 1/0 coherent

accelerators
andlO

Integrated
L3 cache

CoreLink™
DMC-520

Dualchannel m ------

( x72
DDR3/4x72 [SSSGESs

DDR3/ DDR3/
ILPDDRZI EPDDRZI | Slaves l I Slaves
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We Live in a System on Chip World

SoC Designs Challenge Verification

m Processors
— Embedded CPUs, GPUs, & MMUs

m Memory
— SDRAM, DDRAM, & Cache Layers

m Interconnect
— Fabrics, Networks, & Bridges

m Peripherals
— Multiple IP Blocks & Protocols

m Software
— Instruction Sets & Operating
Systems
— Drivers & Application SW

Veloce Strato Presentation 2019

CorelLink CCN-512 - Mixed Traffic Infrastructure SoC Framework

I Virtualized Interrupts with CoreLink GIC-500 I Heterogeneous processors — CPU, GPU, DSP and

accelerators X . .
= 7 7 3 Virtualize 1O with

GIC-500 / / S CoreLink MMU-500

~
@

/ o
10-40 ¢ . [’
G Cow ) ot

(o) | (D) | (G | (T )

NIC-470

OOOOOO o 5 asse (ASEEE I/O Virtualisation Corelink MMU-500
0 J 1 ] 1 | |

CoreLink™ CCN-512 Cache Coherent Network

1-32MB L3 cache Snoop Filter

Memory Memory Memory Memory
Controller Controller Controller Controller
DMC-520 DMC-520 DMC-520 DMC-520

x72 x72 x72 x72 N ( Flash )--er
DDR4-3200 DDR4-3200 DDR4-3200 DDR4-3200 N\
N

&
End-to-end QoS, ECC and RAS with up to 4
channels of DDR3/4 with CoreLink DMC-520

Network Interconnect Network Interconnect
NIC-400 NIC-400
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Design & Verification

Current Investment Trends Are Not Sustainable

Mean Peak Number of Designers & Verification Engineers per Project

m Verification Engineering
— Double Digit Growth 25
m Verification Engineers Increasing by 12.5% per Year

- InveStment EC|IpS€S DESIgn m Designers Increasing by 3.7% per Year
20

15

10

2007 2010 2012 2014

Source: Wilson Research Group and Mentor Graphics, 2014 Functional Verification Study
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Design & Verification

Current Investment Trends Are Not Sustainable

m Verification Engineering
— Double Digit Growth
— Investment Eclipses Design

m Design Engineering
— Spends as much time
verifying as designing

m Design & Verification
— Current Trends Cannot
Continue
— Something Must Change

Veloce Strato Presentation 2019

35%

30%

25%

20%

15%

10%

5%

0%

Design Project Completion Compared to Original Plan

m 2007 : 67% Behind Schedule

m 2012 : 67% Behind Schedule

®m 2014 : 61% Behind Schedule

>10% 10% On ;10% 20% 30% 40%
Early

Early Time Late Late Late Late

Late

50% >50%

Late

Source: Wilson Research Group and Mentor Graphics, 2014 Functional Verification Study
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Where is Verification Time Spent
SoC Designs Make Existing Verification Challenges More Difficult

m Running Simulation (24%)
— Speed & Capacity

= Debugging (37%) " Debug
— Power & Predictability B Simulation
B Testbench
® Planning
o @ Other
m Testbench Development (22%)
— Stimulus, Coverage, & Re-use
m Test Planning (14%)
— Metrics, Analysis, & Process
et & 2017 e o Gooion — IGTIOF
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MENTOR EVP PLATFORM



Mentor Graphics Enterprise Verification Platform

Investing in Next-Generation Verification — Faster, Smarter, & Stronger

m Faster Verification

— Virtual Prototyping o
— Simulation

— Emulation ; t A
— FPGA Prototyping v
— Stimulus
—  Metrics A A A A A
— Analysis v h v v v
— Debug

m Stronger Verification virtual FPGA
— Standards Prototype Prototype
— Methodology
— Verification IP
— Low Power

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Mentor Graphics Enterprise Verification Platform

Investing in Next-Generation Verification — The Whole is Greater than the Sum of the Parts

O Verlﬂcatlon Engines

Interoperable Management
— Shared Data & Analysis -
— GIobaIIIy Resourced A
— Formal Automation ; :
v

m Verification Tools & Technology R
_— Usable across deS|gn Scope Verification Infrastructure
— Usable across engines

— Common user presentation A A
v v

y N y N y N
m Verification Infrastructure |
— Architected and built on standards
— Consistent VIP across engines Virtual FPGA
— Consistent VIP across design scope |ikiliiides PrOsSlS
— System wide low power flow

Restricted © 2017 Mentor Graphics Corporation Menlaro |
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Faster — Accelerating Simulation via Emulation

Verification Engineers Can Quickly Transition Between Questa and Veloce

m Commonality &

— Environment

A
v

— Methodology
— Tools ; :
® Inteface Solutons

— Physical Devices D D
— Transactors - . v v .
— Virtual Devices

m Global Resourcin Formal AT
— Network Accessibility
— Multi-Site

— Multi-User

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Common Environment, Methodology, & Toc

Coverage, Assertions, Low Power Verification, Verification IP, and Metrics

m Common Verification Environment
— Coverage Models
— Assertions & Checks
— Verification IP Transactors

m  Common Verification Methodology
— Low Power Analysis Throughout
— Single Results Database
— Collective Metrics & Management

m  Common Verification Tools
— Visualizer Debugging
— Verification Management
— inFact Stimulus
— Codelink Debugging

13 Veloce Strato Presentation 2019

inFact Codelink

Tools

Coverage

Assertions

Low Power Ve|0ce

Verification IP

UCDB/Metrics
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Questa Verification IP

Native UVM — Complete Models Enable Portability & Maximize Re-Use

m Portability el | e
— Simulation EEE | Assertions
— Emulation
— Prototyping

m Commonality
— User testbench
— DUT interface

Users’ Test Accelerated
Sequences Transactor

SIMULATION

m Virtualization
— Emulation
— Prototyping

Restricted © 2017 Mentor Graphics Corporation Menlaro
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VELOCE
EXECUTIVE UPDATE



Investing in Increasing R&D Headcount

IC Verification ‘ ‘ Siemens agreed to acquire Mentor for $4.5
billion and we would not make such a
+31% R&D Headcount significant investment to short change

Mentor's strengths in IC and SoC design.

+ Acquisition of Solido

+ Acquisition of Austemper The world of IC and SoC design will be new

to us, no doubt about it. However, it is not

new to Mentor, and that's why we are so i,’;‘iﬁ’;ﬁ‘;‘;‘ﬁfﬁiﬁf
interested not only in Mentor's flagship Siemens PLM
products but also the talented people that
will come with the acquisition.

Mentor Emulation

+33% R&D Headcount

Mentor is truly focused on providing the
best technology. Siemens is excited to

+ Acquisition of Sarokal make future investments in Mentor's key
EDA technologies so that those can grow
even faster. , , Tony Hemmelgarn
CEO, Siemens PLM
Restricted © 2017 Mentor Graphics Corporation Menlal'-O
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The Bigger Picture for Mentor + Siemens

Electronics are now at the Heart of all Systems

THE JOURNEY
TO REALIZE 10 YEARS
DIGITALIZATION $10 BILLION

Now the Leader in Industrial
Software for Digital Innovation

“Digital Twin”

Leadership through Digitalizatiol
PTC SAP

Creating the Software Leader
for the Product Lifecycle

Mentor+Siemens is taking our

Customer relationship/partnership
to a different level

Restricted © 2017 Mentor Graphics Corporation ® |
MeQI‘ELEESS
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VELOCE
PLATFORM OVERVIEW



Veloce the Complete Verification Platform 159 20262

Power Coverage/ SW Debug/ F | Enterprise
Assertions HYCON Server
Memo Transactor Virtual ICE
Y Library Solutions Solutions

Veloce Strato OS

StratoT

Apps

(015

Strato2M
5B Gate

e

Quattré”
256M StratoM

2.5B Gate

Strato3M
7.5B Gate

Gate 1.2B Gate

Platform ‘

Strato4aM
VE/OC'E 10B Gate

A 7 AT

|/Eloces

il

Restricted © 2017 Mentor Graphics Corporation @ |
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Funded Custom Chip and HW Roadmap

. I Veloce X

c-'/oas-'

Same chassis g | _5;;?470
AVB upgrade
+50% capacity

Veloce X
/E/oce,

A 57!.470

Cx
Rack-based chassis
Performance boost

| o) e § C3*

A S 7/AATO

B

| /c/0ce

A S7RA70

OS & Apps

Software ®  Accelerate availability of new chips

m  Compatible OS Software Methodology among generations

n Re-usable Applications among generations

L Re-usable Veloce Solutions Restricted © 2017 Mentor Graphics Corporation Menlaro |
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Veloce Strato: Value Proposition

Capacity Scaling
(40 MG => up to 15 BG)

L/E/oce

A 572470 5x Productivity
(3x Compile, 3x Bandwidth, 10x Wave Upload)

Best ROI Data Center Friendly
LOWESt COO (Footprint, Air Cool, 1/3 Power/Gate, Uptime/Service)

Easy Adoption, Migration and Use
(Same Scripts, Apps, Use Model, Flows & Resource Efficient)

Quality
(Reliable, Robust, Resilient)

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce Strato Hardware Platform I/L/q,gjg-'
m StratoM m StratoT

StratoM Memory

Chip Memory 33 GB

Board Memory 128 GB

. Power
m

Up to Up to 17 kW
1.2 BG mie Lalas (air cooled)

. Power

Up to Up to 35 kW
2.5 BG e el (air cooled)

Up to 64 Up to 32

. s 10 BG, 15BG

Path to higher

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce Strato: Flexible and Scalable Capacity

Veloce StratoM

Veloce Strato2M

Veloce StratoT

e ———— e —————

StratoM
Link

No Impact on Performance and Gate
utilization as Design size grow

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Chassis Options: Flexible and Scalable Capacity

Veloce StratoT Family
Veloce StratoTiL Veloce StratoTi Veloce StratoT .

Veloce StratoT2M

Veloce StratoM Family

Veloce StratoMi Veloce StratoM

Empty Module

*Veloce gates, utilization is around

80% depending on design

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Improves Verification Productivity

Fast Compile
Up to 300 MG/hr

Fast Design Download
(2min/2BG)

Verification Cycle

Compile

\

Very Fast / high bandwidth Interface
between workstation and Veloce

Up to 40 physical interface links/ 2BG

1+ MHz Design clock

Livestream: at speed waveforms

Very fast 100% visibility
1M cycle/ 2BG design in 5 minutes

Check point save and restore

25 Veloce Strato Presentation 2019
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Fully Automated and Unified Compile

RTL Design

module ddr > (EOUT DIN, WA, RA, WE);

Crystal SoC

T 3 5 = ‘
S Compiler HLLE——D Compller
r : 0] DOUT; - _1/
S N ) N

-------
*—b—o—4
ooooo

ooooo

Unified Compilation Flow for ICE, Acceleration, Virtual and Hybrid
Runtime Selectlon to enable ICE or Virtual

300 MG per hour Today for nghly Repetitive Designs ntor-

A Siemens Business
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Fast and High bandwidth Channels

m Optical technology with latest PCle
protocol

Co-model Hosts Co-model Hosts

oo | | de — Optimized data packing and transfer
; = :f — 40 physical links / StratoM

e Host MODULE MODUL — 64 parallel users
— T G | 3

User Benefits
tim: — Time to Debug
MODULE MODULE | — — Time to Power

0 1 - - o — Design and memory download

S — Testbench acceleration (UVM/SC/C++)

— Native Support C, SystemC, C++
— High bandwidth for Virtual environments
— Efficient Debug for ICE Environments

Co-model Hosts

ViV
-l-

Restricted © 2017 Mentor Graphics Corporation Menlaro
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VELOCE USE MODE



Highest Debug Productivity
LiveStream & Check Point Save and Restore

Time ~m First run
First Run: LiveStream and regular checkpoints o lf_l\llleStree(]:Im: run emulation at
ull spee
30 30 30 30 30 30 30 30

> _ Marching waveform (selected
o 1 i 1 i 1 i I signals) for entire test duration
O Snap Snap Snap Snap Snap Snap Snap . .
a_) shot shot shot shot shot shot shot —_— Chlp performance ana|y5|s
T — Take regular checkpoints
c
9 cPU Mem
4 o = Debug run
[ *{ rnet
" ol v — Fast forward to the nearest
O checkpoint
©
& |Debug Run — Enable full debug: Assertions,

Triggers, Waveforms, Monitors

29 Veloce Strato Presentation 2019



Complete Solution for All Verification Use Mode

(1) SW test benches

@ @ — UVM/SV

Simulation In-Circuit
Acceleration Emulation

— SC/C++

(@) Apply stimulus using real devices
(3) (NO test benches)

O, G) — Physical devices (ICE)
— Virtual devices

Software .
Validation VirtuaLAB

@ SW validation

Complete end to end SoC

Verification/Validation

30 Veloce Strato Presentation 2019



Veloce ICE Use Mode : PCIe example

PCI Express PC PCI Express
- Speed Adapter 1,2, 4, 8 or 16 lanes
Parallel PIPE 8/16/32-bit, or PIE-8

Real-time PCle
< >

DUT
PCIe End Point

I'YY VY

Mentor provides speed bridges for all standard protocols

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce Deterministic ICE App

m Delivers repeatable
behavior for ICE debug

m LiveStream generates
waveform for entire ICE
run

m Apps: Power, Coverage,

RECORD

Boost productivity for the traditional ICE use mode

Strengthen ICE offering and enable path from ICE to Virtual

Restricted © 2017 Mentor Graphics Corporation Menlaro
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33

Veloce VirtualAB : PCle

Veloce Strato Presentation 2019

Same functionality as ICE with higher productivity and flexible/ easier debug
SW validation / native SDK

Accurate performance analysis (bandwidth and latency measurements)
Protocol analyzer

Checkpoint save restore after the initialization

=1 PCIe VirtualLAB | = °

PCle Root Port

E2FBoag

SDK eUser Application

eFedora/Ubuntu/
Guest OS  “\yi dows

PCle device «pcle Root
driver Sl

VirtualLAB: A Differentiated offering from Mentor
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Accelerating Simulation-Based Verification

-~

&

Testbench
C/C++/SC
UvM/SV

N

p

SV DPI/UVM

-~

J

Veloce Strato Presentation 2019

Testbench
C/C++/SC
UVM/SV

&

N

Design
Under Test

J

SV DPI/UVM

L/c/loce

A .S 72478

Design

Under Test

Design

Support modport
expressions, 2015 SV
constructs, ...

Testbench
Support for #delays

Hierarchical access to
RTL signals and clocks

Expanding $display,
$fscanf, $random,
$readmemh support ....

Performance profile
report

Behavioral Constructs Supported by Veloce

®  RTL subsst

DPI function/'task calls

§ SystemVarilog interface ®  SCE-MIZ.0 compliant

®  SystemVerilog Virtual Interface transaction pipes

®  SystemWerilog final block m  Clocked tasks

®  SVAsampling functions (Srose, $fell, $past, Sstable, 5 Gated clocks
fchanged, $sampled) m  Variable delay clocks
S\A functions Scountones, Sonel hot, $onehot,

$isunknown m  Multiple drivers
®  language based force/release
n  C-AP] based force/release

n $testplusargs and Svalueplusargs

= Memory armay
SV oover groups
®  Support for Stime, $realtime

5 Initsl blocks m  Support for complex data-

§  Behavioral clock/reset ganers Har types in DPI calls
B System tasks; Scisplay, $fdisplay, sfurite, $fscanf, w  Mested Interfaces
frandom

]O_(_)t_ ,O ion}u
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Software Debug Solutions for Veloce

m Debug Probes

— Traditional interactive debug using wired
JTAG connection

— Physical Probe connected to design
through I/O cables

— Enables control and visibility into
software running on the processors in
Veloce

m Virtual Probes
— Traditional interactive debug using JTAG
transactors
— No physical JTAG probe needed — fully
virtualized connection
— Delivers the same capability as physical
probes without the wires and hardware

m Codelink

— Off-line post emulation software debug

— Completely non-intrusive debug

— Enables efficient sharing of emulation
resource

Restricted © 2017 Mentor Graphics Corporation Menlalm
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Software Debug via JTAG

m Enables software debug through

traditional JTAG interface
— Complete run control with memory

and register visibility
m Interact with hardware under

design
— Peek and poke hardware registers

m Validate debug connection

before tape-out
— Exercise JTAG circuitry and
Coresight logic

m Works with all JTAG probes and

embedded debuggers
— Exposes standard 20 pin DIP
connector

Embedded Debugger

Restricted © 2017 Mentor Graphics Corporation Menlaro
36  Veloce Strato Presentation 2019 A Siemens Business



37

Software Debug via Virtual JTAG- Veloce Vprobe

Veloce Strato Presentation 2019

All the capabilities of a physical JTAG
connection- Equal or better performance!!

Emulation clocks can be stopped and
resta rted Embedvdedn Debugger _

I,‘.‘:.‘“L:".'.*::"

— Enables time for waveform uploads
— Debug and analyze hardware while
system is stopped

Fully compatible with TBX transactors
and VirtualLAB test bench components

Fully supports Checkpoint and Restore

Allows designes to freely move from

one emulation resource to another
— Not tied to a specific set of I/O Cards

No need to maintain physical hardware

SCE-MI Interface

Restricted © 2017 Mentor Graphics Corporation Menlaro |
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Software Debug via Veloce Codelink

m Emulation Debugging
— Off-Line Replay

m Synchronized Viewing

Waveforms
CPU Registers
Memory
Source Code
Output
Variables

igital Playback System

Fast forward
Rewind
Single-step
Pause

m Runs at 50MHz

Veloce Strato Presentation 2019

Efls EOf View Complle Sewiate Add Trascrpt Tooh Layow Window Codednk
| % W 5 T || Hep

cpun \Eput), cpuz
Gompiting Matrix siltipiacation
I N B

15678 Tl
18123 A el
wEsr sl

BFM Gortex-30 KPGor:
Smtric Multivs Gcassing (SNP) mods initislization
Hunbo,

Unlocking the sther processara
CFUL - Ready

Fesal
Ready

(Computing on CFUD . 1464247434
P00 Resuac. (90 200 104 1707

449

1L Rights Ressrved

THIS WORK_CONTATNS TRADE SECRE:
;.z PRERIETARY IIRGTION HICE Te" B oha

WEOR CRAPRLLS LRSCRATION oF 176 LICENSIRS
u S TE Simiecr o LECENGE TERMS

n -do bve_replay do -viey wsin wlf

, 9006 May 03 2010 Linux 2.4, 21-15. ELsnp

y Copyeicht. 20012009 mentor Graghics Docporarion
Rights Res:

u THIS WORK CONTAINS TRADE SECKET AND PROSRIETARY

IFOURTION WIGH 13 D RoRERTY 0 Sewron
7 SHAE SuREbRa LIGENSORS AND 1§
” SUBIECT T0 LICENSE TERNS

B SE RN | @4« 0T
3 | %

-

A E T

oy EIE T B PR E NS
L N

Codaik CPU Registars EEr
oo\ eput , cpuz \QETIENA o
sncortex_aSimp_D (Read-only)
v hiame [Vaiue Shaie [
o ox00B0IDE
n Cx00D00S00
e Cxa0D00S 08
m Gx00B00000
n Cx00000001
n Oxa0B00000
" Txa0p00001
" oa0B0a000

Codolink Memary EEr
coun \ e, cpuz \JEEIERL 0
[Chsdress | w0 [ sa | s
¢ 13000000 LLULLLION ULLUULLL 000000CE 0x *|
0113000010 0G0000AR ULLULLLL UUULUULL UL
013000020 LUULLUU ULLULLLL UULLUULL L
0413000030 LUULLLUL ULUUUULL DUULUULL L1
0113000040 LUULLLUU ULLULLLL UULLUULL LU
0113000080 LUULLLU ULLULLLL ULLLLULL 1L
0303000050 LUULLUY ULLULLLL UULLLULL L
0w 13000070 LUUULLUL ULLULL [T
013000060 LUUULLUU ULLUULL UULLUL UL

K
~ ] o1 3000000 Alsl

I ¥l

B % || Layout Fimuiees  w |

Cadelink CPU Source Code
cpuo \, cput \, cpuz SR

| |eamem 4| @@ pamar

Faplay |BTL B

if e have u oI,

o diffarencises between §

cesent (void)
& unmigred int primscelld

= (mmsigned <) (61

- o4 ine spriscelll @ fneianed 1) (6)
volatile unsigned int *prinecell = (umsigned ] (G)
Lo unsigned & mecelld = (i e
Lo unsigned int +perighD - (o 4 oxe

volats o
volatile w.n.wc ot tpecipll - (imas g
bt e o vl e

if (*primecelll -« tprinscelis
“pegipd - putae et
cotucn 1.

orb e pecs

ine main(void)

Snit_mag systen
R ErSE AR (tvuid +iuan_pasE. 000100000)
)

emocy_bacrier (Sxbwas beccier. how meny_of_us):

I
conputs_on_cpud (a1 (0], b1(0]. 31{1]. b1(1]
D - 1)

eangues_on_cput (s2(0],b1[0], 22111, b1[1]
58 - campute_om cpul (31011 (01, 33111, b1 111

it Topoth o
SCTUT3 I canpuba_on_cpul (+4101. 1101 sA[11. b111]

menacy_bacrier (iwbvas_bacsier, how_many_of_ua):

addcess_word = (int+) CORES_SHARED REQION,

a_printf ("CPUID. %d Result: 1% % 3d 1d|%a”, CEUID. 2

zya_swit (0]

/4 Don't et it finish

ratuch (0:

ko ——
[ CoRTER R oo lcsiva Jois | CORTEXAS_pavve_indicaiva.c [ <

Processor

Processor

Processor

Processor

Veloce

Processor

Processor

Processor

Processor

Restricted © 2017 Mentor Graphics Corporation

Menior

A Siemens Business



Veloce the Complete Verification Platform 159 20262

Power Coverage/ SW Debug/ F | Enterprise
Assertions HYCON Server
Memo Transactor Virtual ICE
Y Library Solutions Solutions

Veloce Strato OS

StratoT

Apps

(015

Strato2M
5B Gate

e

Quattré”
256M StratoM

2.5B Gate

Strato3M
7.5B Gate

Gate 1.2B Gate

Platform ‘

Strato4aM
VE/OC'E 10B Gate

A 7 AT

|/Eloces

il
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Enhanced Veloce Gate Level Flow

RTL Design Gate Design

o

module ddrl (DOUT, )
DIN, WA, RA, WE);

input [23 : 0]
WA, RA; :Q‘
DIN;

input WE;

Lower Correlation

Silicon

v%y
|

input [7 : 0]
High Correlation

m Gate level design
— Accurate representation of Silicon
— Gate verification a big value (GLE, Power, DFT)

m Veloce Enhancements
— Fast compile for gate netlist (Flat and hierarchical)
— Small memory foot print for compilation
— Ease of use like RTL flow
— Functional verification no timing (SDF)

Restricted © 2017 Mentor Graphics Corporation Menbluw
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Veloce Coverage App: Assertion & Coverage

Complete SVA assertion support

SV Functional coverage: Covergroups, Coverpoints, bins,
crosses and transition bins

Code coverage: Statement, Branch, Toggle
Standard UCDB support & merged with simulation UCDB
Flow to enable XML merge with other platforms

ZER
ISO 26262
NS

Cover Directive,
Covergroups,

||||||||||||| ST T T T T T T T T T T T

. — wienor
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Complete Solutions by the Vertical Segments

Verification IP VirtualLAB “Virtual” ICE

Simulation Acceleration 1 Enterprise-wide Virtual Platform
More Flexible than ICE

- ~ 9IEEE
L’L\{M Gvsrene SystemVerilog

ICE

iSolve speed adaptors

o A e A

Memory

For ICE, Virtual ICE,
Simulation Acceleration

SoftModels £

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Accelerated VIP, Memory Models, Virtual

Devices, and HW Peripherals (ICE)

SoftModel Memory Models

Accelerated VIP (Transactors)

VirtualLAB (Virtual ICE)

iSolve (ICE)

AMBA Slave (AXI, AHB) AMBA (AXI-3/4, AHB, APB3/4, AXI4Stream) Ethernet Ethernet (small systems)
AHB 5 (EA) 1G/10G/25G/40G/50G/100G/200G/400G

DDR2 AMBA (ACE, ACE-LITE) Ethernet Switch (large port count)

DDR3 + DFI AMBA 5 CHI Multimedia: Multimedia:

DDR4 + DFI HDMI (Transmitter only): 1.4, 2.0 + HDCP 2.2, 1.4 HDMI, DisplayPort, S/PDIF, HDMI, DisplayPort, S/PDIF,

GDDR6 eDP 1.3 + HDCP 2.2 : eDP 1.4 (EA) RGB, YUV, 12S, PCM, DVI, RGB, YUV, I2S, PCM, DVI,

eMMC 5.1 Ethernet 1G/10G/25G/40G/50G/100G/200G/400G HDMI Audio, Raw Bayer HDMI Audio, Raw Bayer

Hybrid Memory Cube (HMC) 12C MIPI CSI-2 (EA) MIPI CSI-2 (EA)

HBM + DFI I2S PCIe Gen4/Gen3/Gen2/Genl Host PCIe Gen3/Gen2/Genl

12C EEPROM MIPI CSI-2 USB 3.1/2.0 PCIe Gen4 (EA)

LPDDR MIPI DSI SATA 6/3/1.5 Gbps SAS 3/6/12Gbps (22.5G EA)

LPDDR2 NVMe 1.2 (Host) (EA) UFS 2.0 (Peripheral) SATA 6/3/1.5 Gbps

LPDDR3 + DFI PCIe Gen3/Gen2/Gen1l JTAG Probe USB 3.1/2.0 (Host)

LPDDR4 + DFI PCIe Gen4 (EA) NVMe Gen4/Gen3 Peripheral (EA) UART

LPDDRS5 (EA) UART JTAG Probe

ONFi 4.0 NAND Flash/Toggle DDR2 +DFI

USB 3.0/2.0/1.1 (Host)

Samsung NOR Flash

SAS 3/6/12/22.5GBps

SD Memory Card SPI

Spansion NOR Flash V-by-One
Strata Flash CAN, CAN FD
QSPI and Octa-Flash LIN

SPI NOR Flash FlexRay (EA)
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Automotive Ethernet (EA)
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Networking

Veloce Delivers Complete Verification
Eco-System for Networking Designs

Ethernet IP Providers

Platform ga’ COMIRA" |

SOLUTIONS

B Highest Comodeling
Bandwidth

B Largest Capacity

B Native TCAMs

Testers [XlAQ i

@, SAROKAL [

rrrrrrrrrrrr

rl VirtualLab Ethernet
B VirtualLab PCle

B ICE & Virtual ICE
B Deterministic ICE

Solutions

Pre-silicon . Post-silicon lab test

verification Software validation

Restricted © 2017 Mentor Graphics Corporation @
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Veloce HYCON

Veloce Strato Presentation 2019

Is NOT ;ust HYBRID!

— Full featured platform
— Includes a full SW stack
— Fully integrated and compatible with Veloce

Apps
Opportunity to produce full-system power
estimates and optimization pre-silicon in
the context of real applications

Example use cases:

— SW Development; Power Analysis and SW
Correlation; Performance Analysis; SOC
Validation

Allows for Multiple Usage Models
— Pre-RTL; IP Integration; SoC Validation

Provides a path from Pre-RTL (Early
Architectural Analysis) -> IP Integration ->
SoC Validation

Delivers on the promise of “Shift Left”

Restricted © 2017 Mentor Graphics Corporation Menlalu-® |
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Why Veloce HYCON?

SOC
Validation

Power Use
Case

=

SW
Integration

Performance
Analysis

Architectural
Analysis

“With the Veloce Strato emulation platform we get more than just
talk about ‘shift left’, we get technology that makes the shift left
promise a reality in a way that can be easily executed in our existing
verification environment.” — Nasr Ullah Samsung SARC

uuuuuuu

uuuuuuuuuuuuuuu

Use \ Y A
Cases
Hardware Development mDe-out

Run 28
Applications/Benchmarks; Do Early Power, Perform_ance, 8s
workload analysis SW & HW Integration -
RTL Deploy (TO -1-2 Years ) TO — 9 months TO — 2 months Silicon Available
Restricted © 2017 Mentor Graphics Corporation Men r@
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= Mobile CPU/GPU

12000

9000

8 6000

To,

Run Fast
Run
Accurate

HYCON: SW-Power Correlation

Compile Freq 1 Mhz

Time to Linux Boot 30 secs

RF to RA Switching <10sec
time

[

top

R 1.6 0.0 0:11.14 top
S 6.3 0.1 18:15.76 Xvnc
S 0.3 0.0 0:33.58 metacity
5 0.0 0.0 0:55.19 gnome-terminal
S 0.0 0.0 ©:00.00 gnome-pty-helpe
S 0.0 0.0 0:00.39 bash
S 0.0 0.0 0:00.00 launch_gdb
S 0.0 0.0 0:00.00 codelink gdbser
S 0.0 0.1 0:02.45 vish
S 0.0 0.0 0:00.00 vim
- o x
2| pifrr 23398205100 » W HE»

24000000000

uPlaid.cpu

2222222222

3000
|
‘MJ‘W M\M" i’ “l‘ ”lﬁ"
‘ waﬂlﬂ’m [ U
0
0 20 40 60 80
Tim
Tne Path, ¥iName value |Kind 113327 rvaddula 20 © 29960 2832 1268
B::Data.List - 24548 rvaddula 20 @ 152m 79m 7236
i i { 7 q : i | T 24567 rvaddula 20 © 415m 12m 9432
N .n:mm| e up = » Go | Broax | | s‘-r | over | Entry | Go Mode |6 £/ 3| Fna Aas VaGrulD) 29 % Jioh: JIe0%92
[ Activiey Plot Viewsr COUMIK CPUSOHTCH Cooe =l i res 2440 rvaddula 20 © 24012 988 936
B Edl Yiw Tk Suings Bockmarks Wndow bk /+ do remaining bytes (le an NMAX, 2411 fust one wodulc 4077 rvaddula 20 © 119m 2312 1744
B Yow T ks Yindow B L& Gani™t avoid modulos 1f nons rewaining * SATT_ruaddila. 20 6 131Am 1434 1283
|| MAD | menvy pey w Gonibutar : Al Y IR R T RN-E Y = x| 1 e it - 5 x
Lo - Bt L} s-mbpapaaaaes
123 {
124 bufes;
125 fus2 os adler;
127 HODCadler) s
128 HOD(2unm2) 1
)
i S values-C1 23000000000
132 |-v-un «dl:-l | (sum2 << 16)5
133 |
B:Frame
gw\ummjnmm ilocals s cCatter| e I

f— o

amicar | wpatus

oo B0

CPU Core running Geekbench
m  Codelink

m  Power peaks synchronization with SW instructions
running on CPU
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_ndlt s runique_ptrcatd:

FO.tbench.top.uPlaid.cpu. ARBARM[1:0]
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Mobile

‘ .:Eﬂ Handle Large SoC
e s (RTL/Gate)

3DMark GFXBench

Geekbench AnTuTu

R PAAE i

Performance for Complete — /M\;\
Verification (e.g. OS Boot) Accurate Power Numbers .
[100s Millions of Cycles !] SPEED Based on Real = 2

Switching Activity

Restricted © 2017 Mentor Graphics Corporation Menlal"O
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Automotive Strategy: Four Pillars

Sensor Data Compute Data Actuator Data

Veloce VIP (P
VTL transactors

Functional §Efef§ \

Safety o J
VECTOR > PACE

Compute: Veloce Strato Actuate \, /
Sense - ’ AMESim
A = Transmission
. Sl = Sensors - Mechanical and
AUtOmOtIVG : Traffic = Image Powertrain dynamic simulation
.- . . _ Data = Processinm Controller .
interaetiona| ~ 5 T
D|g|ta| TW|n g Engine ;-i:%"b'! 2P
- szn G Sire
- o 11
/ 1.4 (0] . /‘ RSO i
fo AT 3 Sensor | Safety & & LB 5000+ Models
. : System o Fen_sor Security Custom Models
Security Hybrid and Algorithms § § usion Controller o
Virtual
MODELS
Prototyping

Restricted © 2017 Mentor Graphics Corporation Menlal"O
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Machine Learning: ICE Solution

= Plug n Play
JTAG Board — Real World Stimulus

m 1+MHz Perf

m Non-deterministic
— De-ICE available

Ethernet SIS SIS
Speed Adapter IcC ellefe|e
Processing || Processing
Clust Cluste Mem | HBM
| ey m Std Interface - speed
Processing || Processing

gaskets available

Cluster Cluster

Processing || Processing

PCI Express

(@]

o

=
OO0 ™~ W

Spee dA dapter Cluster Cluster .
Processing || Processing :;:rln: I:*::" . Pe rf Ana IYSIS
Cluster Cluster
3|2 cc |2 ]|g

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Machine Learning: Virtual Solution

Use C
A / s et (S Plug n Play =
= (UPF) MLPerf Application Framework (+ Optimizations) T Real World StImUIus
Libs Run-time

(AGL, Android)

=1 Middle inux 4.
L5 ware — (+L0ptimizjti;s) 1 + M H Z Pe rf
NexGen Hybrid Layer - SW DeV @ 50 M hZ

THECOMPLETE i

SOLUTION uP I/F TensorFlow

Activity Trend Time-Based
Analysis Power Analysis

(Activity Plot) (API)
L EmwE W )

Averag\e/Power

LI
_""' LA Analysis

(SAIE, API) . Virtual JTAG I I
Deterministic

| =1 =1 -l - - - -
H oflallge|l e ICC oflella|le
Standard 1
Proprie;aril B Processing || Processing || Processing . Sta nda rd/ Proprletary
/" | HBM | Mem Cluster Cluster Cluster Mem | HBM H =
= ! e — _ — e | puv || B8 protocol solutions
ernet D Processing || Processing || Processing
Cluster Cluster Cluster M
= D) SPI, IC2, MGMT /
v GPIO CPU
: R =
i | Bl [ ey 2 = Accurate Perf Analysis
— HBM | Mem Mem | HBM | | | 12)
-3 Standard / B | PHY | Ctrlr | | Processing || Processing || Processing | | Ctrir | PHY R
% : Proprietary S Cluster Cluster Cluster
5 = I 4 ] - _ =
5 Guest 05 | gn specq (oY EERBERRIRe ] (8|8 || <o |[][8 m Deep Power Analysis
- eI Protocol
5 driver
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VELOCE STRATO OS



c/oce
Veloce - Unique Roadmap of Innovation ’me

VE/OC' & Leading HW Foundation ’ﬁ@,ﬁ;fos

AN < 7AATE

— Capacity to emulate the largest systems
— Uncompromised visibility and debug
— Fast and predictable compile and bring-up
— Max throughput, near 100% utilization
— Lowest Cost of Ownership

Unique Operating System
— Multi users
— Multi-projects
— Multi-generation HW support
— Modular resources

Fault oo v || Determinisic | . || Enterprise ]
Injection Virtual Network ICE Server I Hybrid

Coverage/ Protocol Solutions : e
S | W0 | (vralre s o) | Viseten

/ i

0S

/TR
ISO 26262

N1
Mentor Safe Certification

Differentiating Applications
— Multi-verification applications
— Maximize capital ROI
— Optimize HW utilization

L/c/loce

A &7 AA7

Segment Solution Leadership

~ = tricted © 2017 Mentor Graphics Corporation Menlaro |

A Siemens Business
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Veloce Strato OS - Verification Productivity kK&ecs 0S

Debug

(Waveform, Replay
Technology, LiveStream)

Use Modes
(ICE, TBX, Virtual)

Core Compiler
(Synth, Partition, PnR)

Veloce Strato Presentation 2019

Veloce Strato OS

Apps
Power, DFT, Coverage, ES,...)

=) S
,m-,c,(e.\es\‘at.\c.v&\g
ian o
(Faster | e aion ©
up fre \je\OCe\

Faster Compile
SV Acceleration...
Higher Throughput
Faster Time to Visibility

Incremental Force
Flexible RTL Trigger

Enhanced TCAM Modeling
IP Protection

Veloce Prototype Support
ISO 26262 Certification

Restricted © 2017 Mentor Graphics Corporation Menlaro |
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Fastest Simulation Acceleration Velce 0S

High bandwidth, low latency Parallel Execution (TBX)
Communication channel Deterministic Concurrency (Debug)
- Stimulus/
\
Stimulus/ Tests
| Tests
N J . J

‘ Testbench/
| StlmulusJ< Channel |

L @ Fast and flexible Platform

@ Bandwidth on Demand

Stimulus/
Tests

S

Restricted © 2017 Mentor Graphics Corporation @ |
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Efficient Memory Map - Flexmem Velocs OS

m Veloce Flexmem - Overview An efficient, flexible |
— Automated construction of shared HW/SW 20 Ca ) vl
map large memory
system memory models

map on Veloce

— Large/multi ports memories
— Optimal access from both SW and HW

— Fast mem download/upload for large data images

Veloce HW
Memory

Host SW
: Memory

R =

m Advantages
— Validate designs without modifying memories
— Eliminates capacity impact from large system

memories

Restricted © 2017 Mentor Graphics Corporation Menlalm
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Veloce Flexmem VEeloce OS

An efficient, flexible |
and easy way to
map user defined
memories on Veloce

m Veloce Flexmem - Overview
— Automated construction of shared HW/SW
system memory models
— Large/multi ports memories
— Optimal access from both SW and HW

— Fast mem download/upload for large data images

— Minimal performance impact
— Some scenarios it can improve performance

Veloce HW
Memory

m Advantages
— Validate designs without modifying memories
— Eliminates capacity impact from large system

memories

Restricted © 2017 Mentor Graphics Corporation Menlalm
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Veloce Flexmem — Details

m DUT reads and writes work on the HDL cache image

$readmemh
$writememh

SCEMI-DMI/
TCL commands/DM APIs

Veloce Strato Presentation 2019

PAGE TABLE

A

y

[
>

HVL-side

I
I
‘.1
I
> Heap Page (4kB) I\L
\:I\ 1K ¢
I
I
[
I
I

»  Heap Page (4kB)

> Heap Page (4kB)

Heap Page (4kB)

dirty_bit

cached_hit

HDL-side

4-BYTE

v

N

HDL Cache

2

leloce OS

Flexmem provides a view that user has 1TB on both HDL-side and HVL-side
Allocates small percentage (< 1%) of RTL memory on the emulator

The complete memory image resides on the HVL-side in the co-model process
All the SCEMI-DMI/DM APIs/TCL/Verilog commands work on the HVL image

always @ (posedge clk)
RDO = tiny [RAO];
tiny [WAOQ] = WDO;

v

9

roxI

>

OmE@ > T
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Efficient Debug - Veloce Offline Monitor ¥&2<£0S

Emulation Run m Enable offline monitor flow at compile

Monitor

thread - m Run emulation with monitor process/thread disabled

disabled

<> | m Veloce writes raw transactions to a file
Raw L1 Monitors .
transactions N E=——— ===

m Example throughput improvement from 3% to 30%
on a customer design

Offline Run _ _ _
m Replay monitor process/thread offline with stored

Host transactions

Monitor 4— m Monitor processing overhead is eliminated from
transaction -
e emulation run

Delivers increased emulator efficiency for monitor based debug

(Decreased emulation time by 10X)

Restricted © 2017 Mentor Graphics Corporation Menlalu-® |
A Siemens Business
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Efficient Debug — LiveStream & Checkpoint I locs OS

Time ~m First run
First Run: LiveStream(Xwave) and regular checkpoints o lf_l\llleStree(]:Im: run emulation at
ull spee
10M 10M 10M 10M 10M 10M 10M 10M

. _ Marching waveform (selected
L
% SI S] SI SI S] SI SI signals) for entire test duration
a_) sho? sho? sho? sho? sho? sholi'J sho? —_— Chlp performance ana|y5|s
T — Take regular checkpoints
C
% cPU Mem
Q Ethe
Q *{ rnet | Debug run
" " AT — Fast forward to the nearest
S checkpoint
o
0p)]

Debug Run — Enable full debug: Assertions,
—_ Triggers, Waveforms, Monitors

Restricted © 2017 Mentor Graphics Corporation Menlol"® |
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VELOCE APPS



Veloce App Summary Veloced pps

m Overview of Veloce Application portfolio
— Veloce Power App
— Veloce Enterprise Server
— Veloce Coverage App
— Visualizer App
— Hybrid App
— DFT App
— Fault Injection App
— Deterministic ICE

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce Power App VEelocedpps

m Low power verification at SoC level where power
controls come from application SW

m Handle Large SoC (RTL/Gate) with Full Visibility

m Performance for Complete Verification
(e.g. OS Boot) [100s of Millions of Cycles]

m  Accurate Power Numbers based on real switching
activity

MARKET SW Driven Power
LEADER @ " Management

(UPF)

Activity Trend
Analysis

(Activity Plot)

Time-Based
Power Analysis

(API)

Averag\e{ Power

Analysis " X
PCI 42MG 40 hours 5 hours
(SAIF, API) Subsystem
65MG  15M 51 hours 6 hours 8.5X
. UPF 3.0
THE COMPLETE Support Video 35MG 72 M 90 hours 8.5 hours 10.5x
Enc-Dec

SOLUTION
Faster SAIF Revamped PowerPro Restricted © 2017 Mentor Graphics Corporation Menlal"O |

Generation Activity Plot Integration

2017

A Siemens Business

63 Veloce Strato Presentation 2019



Veloce + PowerPro Solution l/cloce ops

INUVV 3 2017 (Beta)
A Peak A Peak A Peak
«  SAIF support «  CRD support *  API support
. SDPD SAIF Support (State-Dependent + Identification of time window of interest *  No file handoff
Path-Dependent) ' in Veloce -> analysis in PowerPro Live power plot

*  Multi-CPU space & time split « 2-way data flow

Veloce

Veloce copsesl A eiiaaal PowerPro |

Capacity support and complete Solution Leading Power Opt solution enabled

Complete, Fast & Unique Power Flow

Restricted © 2017 Mentor Graphics Corporation Menlal"®
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Power Analysis

Identification of Power peaks
Large peaks (~1us) -> e.g. Supply integrity
Narrow peaks (~1ns) -> e.g. IR-Drop

Verification of Power Signoff
Domains Usage via UPF Power Plot

SO R O 2 |l M

Close
Correlation

Should be OFF
- Veloce

Activity Plot
Power Surges Identification Electro-migration
_ dI/dt voltage drop High power on very long periods
R Power Trends 0.075
Hot Spots Identification Compare activity plots across RTL drops

Optimization targets, Local IR-Drop,...
Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce Enterprise Server App VEelocedpps

On Average 20%

Efficiency & Throughput gain

Optimized HW allocation for
a given job

Service high priority jobs UNIVA
(Suspend/Resume/Relocate) “IRUntime

View current Veloce status

Generate Veloce HW Reports

Features

Transparent access of Veloce
HW by users

Maximize Veloce utilization

Benefits

Track Veloce use by project

Restricted © 2017 Mentor Graphics Corporation Menlol’“’ |
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Enterprise Server App

m Maximize Veloce utilization

& sharing

m Automated job scheduling &

prioritization

m Flexible Veloce sharing by multiple

teams worldwide

m On-the-fly utilization repor

(S

m Support LSF, SGE, NC or custom

Veloce Strato Presentation 2019

I ARKING

L/e/loceEq s

High
Priority
Job

Vaiting
Job #3
Waiting
Job #2

= g
|
Current
Job #1
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Veloce Coverage App Veloced prs

Hard-to-reach corner cases requiring
millions of clock cycles

Coverage collection using real-world
stimulus

Boot OS and collect coverage while
running software

Coverage for safety compliance

Questa
Untimed
Testbench

Covergroups,
Coverpoints,
Bins, Cross

Restricted © 2017 Mentor Graphics Corporation Menlalm
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Visualizer App Veloced pps

= Common platform for Veloce,
Questa, Veloce Prototyping System

m Competitive debug environment
compared to other debug tools

= Short learning curve for transition
from other debug tools

Restricted © 2017 Mentor Graphics Corporation Menlaro
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V/eloced o0

Visualizer - Powerful, Easy Searching and Filtering

m Search and Filter in any window to find objects

m Biometric search adds color tags to a search
so that it is clearly highlighted in the waves

o Wave Search Mark l:és‘ x

0000000e Add |

atal [31:0]P00001 Edl(i ave Seare, iz
s ien[15:0]] 0002 0008 ' ( De|e| Search Value:[0000000¢
e —————— — H Color ~ @gEx ™ Disable
JReadDatal [31:0]P0000L 00000100 00000010 00000100 0000000 (000 cl
-_— I~ Disz Ok | ancel

t.m.alu.Zero 0

m.alu. ATUCp[1:0] 0

t.m.alu AlUSeld
alu.AL8elB[1:0]
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Veloce Hybrid Platform enabling early SW Development

71

Without Hybrid With Hybrid

Benchmarks

B vodeling B rodeling
W B v
B sw B sw

“Shift Left”
Window of
Improvement

Limited early access to a stable HW
platform in the SW phase, extends the SW
development & validation effort

Early Hybrid SW platform, reducing SW
cycle by weeks

m  Veloce Hybrid enables early access to a shared SW reference model for SW teams

m  Model running at speeds of +30Mhz with OS boot in minutes

m Large development cycle reduction, enabling SW teams access to a development-debug
platform long before early Silicon or FPGA prototypes are available

Benchmarks

§ Y

Performance
and Power
Results 2-4

months earlier

4 Y

Shorten Time
to Market by
months

W

Software
development
costs reduction
in double
digits

Restricted © 2017 Mentor Graphics Corporation
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Hybrid- Automotive Grade Linux Demonstration
Reference Platform For Automotive I clocepps

- m Hybrid exirEEILe_ run(rjﬂng AGL Stack (Automotive Grade Linux) \ ? s
— inux drivers B\ = 2%)
o — AGL video using QT ‘ . @ * @ @ ~O)
Automotive Apps (Dashbrd) —  AGLapps (HVAC, etc) QL
[ The reference platform can execute the demo “out-of-the-box”. Linked —— S . ’
e to customer RTL on Veloce T'UE AUG 30 7:39 PM
n

Automotive QT
Framework

Software execution speed of +30MHz

@ SPEED B FUEL

g

OS time to Boot 3mins
K ——————!

| IS CUNT NE— |

= LEVEL:
5 = RANGE:
MPH " AVG:

Middle 1 AL Linux
ware

Veloce

Software Stack

On top of Virtual CPU & ) ) _ _
Veloce instrumented RTL  System Validation of Automotive Designs

@ Right Front Tire

23.6 PSI

Screenshot of Hybrid
Running *AGL Demo

in the context of automotive software

Restricted © 2017 Mentor Graphics Corporation @
MeQI‘EUSEESS
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L/e/loceEq s

Veloce DFT App : Accelerate DFT Verification

DFT Verification
Unit Delay Patterns

Accelerate unit delay patterns using Veloce

« Achieve faster overall DFT verification
« Ensure entire DFT verification flow is done

DFT Verification > Ny | before tapeout signoff
Patterns with SDF , o 1!

Data Center — CHU fary

Simulate patterns with SDF back annotated using
CPU farm

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Veloce DFT App

Functional
Verification Flow

Backend
Implementation
Flow

DFT
Gate Veloce DFT
Level

DFT Simulation
3.1 days
83.3 days
2.7 days

Design
Sensor

WidelO

Graphics

i b L

Veloce DFT

90 sec

120 min

58 sec

Mask  Silicon Test

Initial Functional
Application

Qualified and Reduced
Test Bring Up

Improvements

1000x
4000x
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L/e/loceEq s

Verification of DFT logic and
BIST structure

Increased pattern correctness,
robustness, reliability

Pre-tapeout pattern validation,
acceleration of time to
production

Reduction of ATE test time and
costs

Restricted © 2017 Mentor Graphics Corporation
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Veloce Fault App Veocepps

m Emulates design behavior in presence
of structural faults

m Measures Fault Tolerance of design
— Inject different types of structural faults

M — Types: Stuck at 0/1, Transition,
piff A Bridging fault

— Monitors effects of faults

m Automates comparison of values from

a golden run vs a faulty run
— Reports mismatches at runtime

m Important for safety critical industries
(automotive, aerospace, military)

Test Bench

T
ISO 26262
NS

Restricted © 2017 Mentor Graphics Corporation Menlalm
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Veloce Fault App

m Perform system level safety circuit

verification
— Ability to detect and respond to fault
conditions

m Fault list compiled with design RTL or

Gate Netlist

— Fault site and type identification
— Fault Detection Net(s) identification

m Golden Veloce run with no faults
— Capture reference FDN behaviour

m Veloce run with fault enabled

— Compare FDN behaviour against reference
and report any mismatch

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Deterministic ICE Letoce o

Extending Virtual Advantages to ICE

Results = Repeatable

I

Asynchronous

Nondeterministic

Yol®

D

&)

=
= r

m

J
New Use Models
trace buffer Stream Waveform for Entire Test
for Target Run Emulation at full speed .
S o Menior:

Clock
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VELOCE — INDUSTRY
SEGMENT SOLUTIONS



c/oce
Veloce - Unique Roadmap of Innovation ’me

VE/OC' & Leading HW Foundation ’ﬁ@,ﬁ;fos

AN < 7AATE

— Capacity to emulate the largest systems
— Uncompromised visibility and debug
— Fast and predictable compile and bring-up
— Max throughput, near 100% utilization
— Lowest Cost of Ownership

Unique Operating System
— Multi users
— Multi-projects
— Multi-generation HW support
— Modular resources

Fault oo v || Determinisic | . || Enterprise ]
Injection Virtual Network ICE Server I Hybrid

Coverage/ Protocol Solutions : e
S | W0 | (vralre s o) | Viseten

/ i

0S

/TR
ISO 26262

N1
Mentor Safe Certification

Differentiating Applications
— Multi-verification applications
— Maximize capital ROI
— Optimize HW utilization

L/c/loce

A &7 AA7

Segment Solution Leadership

~ = tricted © 2017 Mentor Graphics Corporation Menlaro |

A Siemens Business
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Vertical Market Solutions and Horizontal Apps

Networking Storage Mobile

Multimedia CPU Automotive Mil Aero

res_J L_ooR_J " DDR |
| o=
s BT

Security System Performance Coverage DFT Hybrid
Fault Power

Assertions Software Development D-ICE

G .
Restricted © 2017 Mentor Graphics Corporation Menlal"O
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Driving Complete Solutions for Vertical Market Segments

Simulation Acceleration
Veloce Transactor Library (VTL)

o
¢ IEEE UVM (< srone

SystemVerilog = “—

VirtuaLAB Enterprise-wide Virtual Platform

In Circuit Emulation
iSolve speed adaptors

SoftModels | | | 1\/%

Memory Models

-~

. i User Endpoint Remote Radio Wireless
Mobile/ Mil/Aero / Soft UE Head Routing Core

Multimedia

Unique SW solutions tailored for each Segment

Restricted © 2017 Mentor Graphics Corporation Menlal"® |
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VELOCE
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Veloce continues to dominate GPU Emulation

Veloce continues to lead across multiple Markets

Installed base: 4000+
Veloce2 AVB?2 installed WW
with more than 90 different
customers — over 70 Billion

emulation gates installed *

8 of the 10 top
telecom/networking
companies have shifted to
use Veloce during past 3
years

Driving new Emulation
markets IoT, Automotive &
Mil-Aero

Networking

Processor Mobile/ Mil/Aero

Multimedia
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Veloce Continues to Dominate Networking Emulatio
Latest's Press Releases
BAREFCO:T Per

NETWORKS

Jun

NETWORKS

Mentor Graphics Veloce VirtualL AB Adds Next-Generation

Storage

WILSONVILLE, Ore., Juy 15, 209 - My
eiccel arrulaon platters was acceas
Uner-progeaTimatie 332 Ngh-pettamarc
Choms e Vekoce auleson o for L
93 ey IHER NICOnd 0 Petaerng o6

Veloce is winning in SSD Controller market

Barefoct Natvonks SArCPeares T oty
bbbl  Mentor Graphics Veloce Emulation Platform Used by Starblaze for

et Verification of SSD Enterprise Storage Design

“The Veloce smulation platfor
pregrammabile, networking-#
Lenoski, VP of Engineerning, |
of the Veloce emulation platk
hardwane+sotwane co-emuda

WILSONVILLE, Ore., Seasmbas 30 A48  dhantas Munsiios Masmarstinn AACHAR MAERT! andire 2o ok s ot s s

Veloce continues to ddininate GPU Emulation

Networking

| Imagln'ﬂ'lon Mentor Graphics Veloce Emulation Platform Used by
Imagination for Verification of PowerVR Wizard Ray-Tracing

Veloce is winning in Automotive Market

WILSONVILLE, Ore

Imagination Techrc
CPUs, deployed ihe
internal versification m
IGPUY. Imagination’s
prowhucts, delvenng @

Graphics Emulation Services Accelerates Verification with the
mulation Platform
"To simplify ti
verification st Continentl achisves At AEsE swccess aning Wantos Fmuistian Senices

Processor

EVP, Powery WILSONVILLE, Ora., April 14, 2018 - Mantor Graphics Comarstion (NASDA MENT) inday anmounced el Meror® Emusson
total solution Eanscas, which combines i Vakioo® smulyion patom with g Serices and 1P, scosenates varsizaton and reduces tha
i mesocimbed With sysies-cn-chip [SoC jdessgn. Menior Emulaiion Senvices brngs T \eiocs smusson petiom o
silicon succe: el s RS v WG Pas 1 Grari:uis A N 1, 7 WY e 1 WAoot RARCHTTS ] el OBl SBasil- iy
- capacity.

Intemabonal automolme supplier Continenial used Menbor Emulalion Serwces for e verficabon of a complex SoC that achaved
frstpass succss, on scheduin

“Gettng first-pass success was an extraordinary achievemnent for a design of the size and
memnisvity wia ware varifying,” said Theodor Maier, director of microelectronic integration,
orporate Systems & Technology at Continental “In our case, the decision to forego FPGA
protatyping came very labe in the project phase when we only had three to five months before
tapaout. Mentor Emulation Services helped us to reduce the risk in this very big chalenge, gving
us the canfidence 1o go o on scheduls.”

r@

& NentorGraphics Com, Company Confidentl
LT OO

* Upon request the largest Veloce customer gates removed from count



eloce for Networking Designs

Juniper

Verification Methodologies @ Juniper

= Methodologies in use versus validation levels

Gate-Level Simulation

RTL Simulation

Methodologies

A N

Number of cycles

Stz Vetcancn

Cavium
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ustomer Adoption

ASIC Veloce Environment

Ethernet Packet Generatos
& Monitor: EPGM

Virtual PCIe
OR

SystemC
Testbench for
Initialization

Ethernet

ystemC Testbenc
doing end of sim |
checks

USERZUSER

Cisco

Veloce Use Modes and type of projects in
HiSilicon
m Why we selected Veloce

— Huge capacity to support fast chip size growth.

— Easy of Maintenance without extra equipment needed.
— Performance advantage in total Emulation flow.

Type of projects and sizes
— Fixed Networking, Wireless, Mobile and Multimedia applications.
— From tens million level gates to billion level gates.

Where emulation fits in the flow
— Emulator is used for software and hardware co-verification.
— It is the key to support verification “shift left”.

m Main use modes
— ICE, TBX and Hybrid

= Plans
— Extend Emulation to support bigger designs.

— Extend Veloce to more verification methods.
- ) USERZ2USER

. Vekoce n Wtkon, ApHOO18S

Hisilicon

Why we need Emulation

= Simulation is very slow

= Simulation license shortage

HT, Aceelerating UVM-based Verification imulation to Veloce, Aprl 2017

m Started using Emulation to

— Debug turnaround time augment our verification

can be in days
— Longest test could

— Using for simulation
acceleration (TBX)

possibly run for 3 weeks — Run >100K packets at full
— Shortest test ran for 6-8 chip level in about an hour

hours — Use for performance/stress
testing

— Run very long tests to find
corner case bugs
— Wait times can be long

USERZUSER

Palo Alto Networks

Mentor Graphics Veloce Emulation Platform Helps Barefoot

Networks Verify the World’s First Fully Programmable Switch

Networking

WILSONVILLE, Ore., July 19, 2016 — Mentor Graphics Corporation (NASDAQ: MENT) today announced that the
Veloce® emulation platform was successfully used by Barefoot Networks, a pioneer in building

gl and high-per network switches, to verify its 6.5Tbps TofinoTM switch. Barefoot
chose the Veloce emulation platform for its high capacity, superior virtualization technology, remote access option
and proven track record in networking design verification.

Barefoot Networks benchmarked the different emulators available, and after a careful and lengthy evaluation,
decided the Veloce platform was the only emulator able to handle the large and complex Barefoot Networks
design.

“The Veloce emulation platform gave us the capacity we needed to verify our
programmable, networking-specific and interconnect-dominated design,” said Dan
Lenoski, VP of Engineering, Barefoot Networks. “Beyond the fundamental strengths
of the Veloce emulation platform, we were also able to take advantage of their proven
hardware+software co-emulation, which is critical for verifying a programmable
networking device.”

Barefoot Networks

Restricted © 2017 Mentor Graphics Corporation
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Summary : Leadership in
Mobile, CPU/GPU, Networking and Storage

SAMSUNG

Comparison to Silicon Data (2/2)
w  Floating Point workload from
Geekbench v4 suite .
m Silicon data from prior | ]TI.I]I
generation

s Raw ActivityPlot data | M b et | [ I
overlaid on silicon data ' ‘ |
H

m Differences in magnitudes i
should not be interpreted as 1
‘error’ |‘

= ActivityPlot CR=1024; silicon {0y | ;
data 1ms granularity e B o s

= Further calibration of

ActivityPlot data and debug " e sl
of deltas are work in

progress I

Performance Metrics - Packet Streaming

Simulation Emulation

40 600000
NIIr pochs per Ll
minute minute

CISCO

Runs 15000X over simulation

USERZUSER

17 AM, Maximizng Veloce Value for Networking ASICs, May B018
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USERZUSER

AMD¢1

SimNow™ Virtual Platform — Hybrid configurations

Hybrid Mode #3:

On Emulator: Graphics IP
In SimMow™: AMD GPU SoC
In VirtualBox: x86 Processars, Memory, and I/0

Benefits:

w  Accelerate graphies IP verification and driver
development

m  Quickly start executing OS and system software,
and graphics performance tests

[ -
-mup- In b

USERZUSER

14 TM, MukHevel modeing Techniques for pre-siicon, May 2018

Full Virtual Emulator Environment

Veloce Emulator ——
NVMe NAND |
Controller CPU Controller _.UN o ST LAZE
I e

XRTL NAND Soft Model

DDR
Controller

-

SRAM Peripheral =]

DDR

DUT |sp1

XRTL DDR Soft Model [ — 1
Synthesizable
NOR Flash
Model

Menlor

A Siemens Business

7 BC, Improve Fimware Design Schedule by Combining ASIC Simulator and Veloca Emulator, May 2018 USERZUSER J




Veloce Strato: Customer Adoption

Billion | | STRATO SUCCESS PER VERTICAL
cates Veloce Strato Deployment Since Introduction MARKET

80

Mobile

13% CPU/GPU

17%

70
60

50
Storage

40 9%
Automotive,
ML/AI,
Milaero
30%

30

20

10

Network
Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 5 Quarter 6 31%

B Capacity ® Customers

Restricted © 2017 Mentor Graphics Corporation Menbluw
86  Veloce Strato Presentation 2019 A Siemens Business



Menlor

A Siemens Business

www.mentor.com



BACKUP



Veloce Power App: Fast and Accurate Power Analysis

PowerPro

89

PowerArtist

Average
Power /

~N

Peak Power

Quacommx U

USERZUSER

J

m Average power
— Read API

— SAIF & SDPD SAIF for gate level netlist

— FSDB

m Peak power
— Read API
— FSDB

m 10X Speed up over “"FSDB based flow”

Veloce Strato Presentation 2019

“Effective Power Analysis Emulation Activity Stream AP based Power Analysis
for Next-Generation SoC ™ i
Ragavendar Swamisai :
o e | I~ T
+ Elimi nd large file E ’
(FSDBNCD}OPN tions Powe by / e

5x Faster with Parallel
GAF Generation Flow

Complex
Use case
Traditional File Flow 5400 sec
Emulation Based Flow 1020 sec
Early RTL power visibility for real-time applications
© Mentor Graphics Corp.  Company Confidential
Mentor Graphics Confidential www.mentor.com m

FSDB
Flow
PCI 42MG 40 hours 5 hours
Subsystem
65MG 15M  51hours 6hours  8.5X
Video 35MG 72 M 90 hours 8.5 hours 10.5x
Enc-Dec

Restricted © 2017 Mentor Graphics Corporation Menlal"®
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CLOUD HOSTING OPTIONS



Flexible Business Models incl Remote Usage

m Remote Usage — Mentor Cloud m Remote Usage — AWS Cloud

/moum Accou | \ ! Customer B - Account \
Customer Office Mentor Data Center m Bl S 47:, s
e | B || ee— | B
Customer VPC1W§- ) Customer VPCZ?S- )

\egrfl/

S—C wr | o
. \ __,,f_s Direct
Connect
=]

Seamless — Extended Customer Network Fast — Efficient data transfer

Fully Secure and Physically Locked in a Cage Fully Secured by AWS on full transfer channel
Hassle Free Usage — No Addn’l Maint/Operation Expense | Hassle Free Usage — No Addn’l Maint/Operation Expense

Restricted © 2017 Mentor Graphics Corporation @
MeQI‘EUSEESS
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Veloce and Prototyping Flow Compatibility

Design RTL Config &
Constraints

Com mon Front'End Libraries Memory specs

Engine-specific Implementation

Debug VPS in Veloce

mmon Debug \&l

o3 29

%-’-‘ Verification S e e _tme Validation =]

- e . T 2.3

o< > Z
Visualizer

Restricted © 2017 Mentor Graphics Corporation Menlaro
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Funded Custom Chip and HW Roadmap

. I Veloce X

c-'/oas-'

Same chassis g | _5;;?470
AVB upgrade
+50% capacity

Veloce X
/E/oce,

A 57!.470

Cx
Rack-based chassis
Performance boost

| o) e § C3*

A S 7/AATO

B

| /c/0ce

A S7RA70

OS & Apps

Software ®  Accelerate availability of new chips

m  Compatible OS Software Methodology among generations

n Re-usable Applications among generations

L Re-usable Veloce Solutions Restricted © 2017 Mentor Graphics Corporation Menlaro |
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