VERIFICATION

Cadence New Verification Technologies
Accellera Day, Taiwan

April 2017

cadence



Key Verification challenges to address

» Need objective project signoff criteria, metrics based tracking & trend analysis
* Plan-driven Metrics across engines, Cloud compute, Machine Learning

4. When are we done?

« Need for early Software bring-up on RTL, with high speed platforms
e + Virtual & Hybrid, Emulation, Early FPGA, HW/SW debug

Middleware 3. Software bring-up ?

O 5 (IR Need test automation, scalable fast engines, power & performance verification
 Plan & Metrics, Parallel Simulation, Emulation, Verification IP, Portable Stimulus

Bare Metal SW
st o 2. SoC Verificatio ?
Chip Need more robust and efficient IP verification, to find bugs earlier
Sub-System Plan & Metrics, Formal first, Verification IP, fast Simulation
" 1. IP Verificatiol ?

Project time cidence



Verification Suite

Technology innovation leadership: Fast, Smart, and Optimized

/

Verification Fabric
Uniform multi-engine verification

VIP
VERIFICATION IP

vManager™
METRICS

Indago™
DEBUG

Perspec™

SW-DRIVEN TEST

N

a

Palladium®2Z1

EMULATION

Xcelium™
SIMULATION

JasperGold®

FORMAL & STATIC

NEW

Total throughput

Metric driven signoff

Application optimized

Cloud centric architecture

Protium™ $1

FPGA PROTOTYPE

NEW

SN

Fast Best-in-class engines

Smart Flow-driven engine
integrations

Optimized comprehensive
solutions
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- Ever-rising verification needs driven by growing hardware & software complexity
- Fast time to results is essential, to ensure projects can meet schedules

* Right tool for the right job: Formal + Simulation + Emulation + FPGA Prototyping

JasperGold® Palladium®
FORMAL & STATIC = EMULATION

gates HW tapeout SW readiness
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JasperGold — best ease-of-use, capacity and performance

Best engines and subsystems

Targeted and optimized Apps
for ease of use

Production use at 9 of top 10
customers
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Best Proof
Convergence

Deepest Bounds

Leading Coverage
Analysis
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Bug Hunting Autoprove Subsystem

J

ProofGrid™ Manager assigns best engine for task
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JasperGold formal adoption explosion

17 of the top 20

Top Semiconductor
Companies

Design bring-up benefits

= Another GPU example:
= Not more, not less bugs, but the bugs are found much earlier
= So less RTL changes (code churn), especially late

Formal bring- | Bug density Code churn Bug density Code churn
up usage total total late late
L2C High 6 242 1 10

LSC Medium 8 577 2 34

13 171
Bugs found much earlier: 4 54
82% less code churn 3 53

7

All bugs L2C bugs

Voted #1 product in EDA in 2016

Junieer
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Three generations of simulation
Ushering in the era of parallel simulation

Xcelium™

Parallel Logic Simulation

roc»etick

Performance
and scalability
~ via multi-core

Compiled Simulators

Ex. Incisive®

Use Performance and
Cases  scalability via compilers

Interpreted Simulators

Ex. Verilog®-XL

v

1990 1995 2000 2005 2010 2015 =
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New Xcelium parallel logic simulation
18t production proven multi-core logic simulation

REVOLUTIONARY

* Runs on standard servers: 1 to 64 cores

r O C ))I e t I C K  Patented fine-grain multiprocessing technology

* Top talent parallel simulation R&D

 In production use at market leading companies

PROVEN I

Incisive®

Xcelium®

3X+ RTL 5X+ Gate 10X+ DFT

ARM 4y

cadence

Enterprise Simulator

OPTIMIZED I

* 2x avg. single core speed-up

» Direct kernel engine integration
* New randomization engine




Xcelium contains roc»etiCK Multi-Core technology
Proven core engine for third generation of simulation

Breaking the Dependency Barrier

Complex dependency graph

@
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Rocketick’s Virtual Machine

« Unique compile/elaboration process analyzes each design’s dependency graph
» Patented and patent-pending technology, proven scalable beyond a billion gates
« Multi-Core speed-up over Single-Core performance
cadence



Xcelium performance speed-up

Fast Single-Core performance Executed leveraging Multi-Core servers
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Palladium Z1 emulation

 Palladium® Z1 enterprise emulation platform 16 of the top 20
— Up to 5X greater emulation throughput Top Semiconductor
Companies
 Scalability from IP blocks to full systems on chip
— Capacity of up to 9.2 billion gates with 2304 users 9 of the top 10
 Best in class total cost of ownership (TCO) ;ﬁc‘:ﬂﬁr;mg;irlshﬂggi!fs

— 22 use models

* New era of datacenter-class emulation Used i_n 23 of 25
— Proven reliability Top Emulation Consumers

VS M =2 FUjiTsu 572 ARM O zcamm

HUvaa NVIDIA. Mellanox ggricsson /ﬂaaw.sys Imagination

EEEEEEEEEEEEE




Palladium Z1 emulation momentum

1.8X annual shipped

capacity growth

“Palladium XP
® Palladium XP I
H Palladium 21

In-Circuit Emulation

Q ICE with SpeedBridge® adapters
Q ICE with Synthesizable TB

O Multiuser regressions

< Emulation Development Kit

¥ 7
4 ; . .
Virtualization
U Hybrids with Virtual Platforms
Q Virtual Verification Machine
U0 Embedded Testbenches
U Quick-cycle remote access

2014 2015

+ Emulation Development Kits

- \

/

é‘ri‘rﬁ‘k‘K
(EEE
24 24
s
Pallac ®
)
C
a DOE

( Acceleration
O Simulation Acceleration (SBA, TBA)
O Code & functional coverage merge
A In-Circuit Acceleration
O Gate-level acceleration
O DFT acceleration

\‘:‘ Accelerated Verification IP W,
4
Hardware/Software

Q Peripheral software bring-up

O Hardware and software coverage
O Software debug

Q Firmware optimization/validation
O Scenario verification w/ Perspec

.

=7

Architecture

O Performance validation / optimization

Post-Silicon

O ATPG generation

O Post-silicon validation

Low Power
Q Dynamic Power Analysis w/ Joules™
Q IEEE1801 / UPF / CPF Verification

O Use Models

« Enabling Capabilities
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Palladium Z1 + Protium $1

Compile

4
NN
%%

&k
%

Palladium® Z1 | Protium™ S1

» Best debug
« SoC acceleration, HW/SW
* Power & perf. analysis

Highest performance

SW development

HW/SW regressions

SpeedBridge
Adapters

Congruency and common environment

cadence



New Protium 81 FPGA Prototyping

Fast bring-up time: from months to 1-2 weeks
— No RTL changes | Automatic partitioning | Full FPGA P&R

- Congruency with Palladium® Z1 emulator
— Common compiler | Environment re-use

Scalable performance (3-100MHz)

— From fully automatic to user guided | Adv. black-boxing

« Advanced software debug
— Memory upload/download | Force & release | SCE-MI

& XILINX.

Mellanox

TECHNDOLOGIES
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Protium 81 enables fast prototype bring-up

Reducing time-to-prototype (TTP) from months to weeks

RTL

Memory

preparation remodeling

Compile
Synthesis

Automatic / manual
Multi-FPGA partitioning

Functional model validation

b= <« Protium™ $1

Traditional

| No RTL modifications needed
— Clocking / number of clocks

— Automated memory compilation and modeling

| Fully automatic, multi-FPGA partitioning
— Optional manual optimization

| Pre-FPGA P&R model validation

— Multiple design integrations per day
— Avoids time-consuming FPGA P&R

] Fully integrated FPGA P&R

— Automatic constraint generation

— Guaranteed P&R success

cadence



Protium 81 faster bring-up time and initial performance
Customer examples

Networking . o 8190 P 30)Hz :2::;3;21
Networking - | € 85% - 4 MHz

Consumer m— 3 MHz

CPU « | €4 91% — 5 MHz

Consumer «— . 4.89% 5 MHz

Networking - . 4 91% 4 MHz
Mobile g <« 79% [ 25MHz
0 5 10 15 20 25 30 35

Bring-up time (weeks)

16 © 2017 Cadence Design Systems, Inc. Cadence confidential. -~ @
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Verification Suite — Verification Fabric
Technology innovation leadership: Fast, Smart, and Optimized

Verification Fabric VIP vManager™  Indago™ Perspec™
Uniform multi-engine verification VERIFICATION IP METRICS DEBUG SW-DRIVEN TEST

« Smart Flow-driven engine
integrations

cadence



Verification fabric

Multi-engine verification environment automation

* Unique multi-user plan management
* Industry-leading VIP titles and use
+ Comprehensive debug

» Innovative source-independent test generation

Perspec™ System Verifier —> SOC
~~
uvM — IP
k“

vManager™ piatform

JasperGold® Xcelium® Palladium® Protium™
FORMAL & STATIC SIMULATION EMULATION FPGA

VIP Catalog

Verification IP
Protocol I/F + Memory Models

Virtual / SpeedBridge® Adapters
SoC Workbench

Indago™
Debug Platform

A

« Strong TB & ESW debug
* Adding new debug apps

cadence



Expanding Verification IP portfolio leadership, with latest titles

Simulation VIP

ARM AMBA | ARM AMBA | ARM AMBA | ARM AMBA | ARM AMBA
4 Stream

Ethernet
CAN Display Port| 10/100 1G/
10G

Ethernet HDMI JTAG
MHL 3.0 | MIPICSI-2 | MIPI CSI-3 M MIPI DigRF
: - | C-PHY e
MIPI DSI MIPI DSI2 MIPI
MIPI I13C incl. incl. MIPI LLI 2.0 M-PHY
DBI, DPI DBI, DPI

Ethernet Ethernet
25G/50G | 400G/200G

MIPI MIPI Sound . NVM
SLIMbus Wire MIPI UniPro OCP 2.2
OCP 3.0 PCI PCle Gen2 | PCle Gen3 | PCle Gen4
PCle PCle
SR-IOV MR-IOV M-PCle PLB 6 SAS 6G
SAS 12G | SATA24G | SRIO 2.1 SRIO 3.0 UART

USB 2.0w/ | USB3.0w/ |USB 3.1w/ Wireless
Type-C/PD |802.11 MAC

Bluetooth

LE CCIX

Cellular Compact DDR DIMM DDR DDR Sync | DDR Sync
SRAM FLASH SDRAM GFX RAM RAM
DDR4 Incl. DDR4 DDR4 :
DDR2 DDR3 LRDIMM SDRAM Delay line
Embed. Embed.
DFI SSRAM | SSRAM TI eMMC 4.4 | eMMC 4.5 | eMMC 5.0
Enhanced FLASH FLASH Flash ONFi
SDRAM | FCRAM FIFD ONFi 3/4
FLASH PPN
LBANAND | LL DRAM LPDDR LPDDR2
Memory
LPDDR3 LPDDR4 LR DIMM Stick Pro
NOR
One NAND Pseudo
FLAS_H FLASH PROM Burst SRAM QDR SRAM
Spansion
TxambUS | Register File| RLDRAM | Scratch pad| SD Card |SD Card 3.0
Synch Mask| Synch RAM
DRAM ROM NEC

SD Card 4.0

UFS 2.1 HyperFlash | NVDIMM-P

Accelerated VIP

ARM AMBA ARM AMBA | ARM AMBA | ARM AMBA

Ethernet
10/100 1G/ Ethernet Ethernet

25G/50G* | 40G/100G

Keypad  MIPICSI-2 | MIPIDBI MIPI DSI
MIPI NVM PCle PCle SR-
UniPro* Express* Gen2/3 [O)VAd

S SIM Carg | USB 20w/ | USB 3.0
. OTG* Host*
Device

Productivity Tools

Indago
PureView Protocol
Debug App

Interconnect | Interconnect
Workbench Validator

TripleCheck J§ TripleCheck | TripleCheck | TTiPleCheck

PCl Express | MIPI CSI-2 : Al
p MIPI UniPro SoundWire

TripleCheck § TripleCheck
BLE WiFi

Assertion-Based VIP

: . ARM AMBA | ARM AMBA | ARM AMBA

OCP

cadence



Recent and upcoming VIPs

Blﬁatagth % CCIX

Low Energy

CseEthernet mlpl |3C
50G 200G 400G

< . S
Deizes 4.0 Sl TSN >

DDR5 HyperFlash LPDDR5S NVDIMM-P Octal SPI

cadence



Plan-driven multi-engine verification metrics with vManager

vPlan Hierarchy

Kl Switch Verification Plar

B 58.39% *

=Hfs 1 SoC 0
#{ 1.1 HW_slash_SW Integration [VIRTUAL L] 58.39% * /o 0
“[] 1.2 Use Case [SW DRIVEN] 0
=i 2 Subsystem Ers171% B 60% 0
#{> 2.1 ENet [SIM-ACCEL] =T 69.62% nfa 0
=] 2.2 10 Subsystem I 33.8% B s0% 0
[# 7 2.2.1 Interconnect Verification [SIMI 2] 46.46% nf 0
#75 2.2.2 |P Connectivity [FORMAL] L] m— 0 nfa 0
@75 2.2.3 Power Intent [SIMULATION] [EEI)54.95% @ J60% O J as pe rG o) I d
=HEsy 3 1P B0 59.32%  EECJ63.75% 1
4= 3.1 UART [SIMULATION] =1 73.98% E==188.89% 0
#(] 3.2 SMC [FORMAL] E=10s0.38% EEJ43.18% 1
#{9 3.3 PLL [MIXED SIGNAL SIM] B 53.27% 0 Verification IP
4= 3.4 GPIO [SIMULATION) E=0 58.25% 0
0

#{ 3.5 SPI[SIMULATION] 0 30.73%

Xcelium

Palladium

JasperGold® Xcelium™ Palladium®Z1 Protium™ S1
FORMAL SIMULATION EMULATION FPGA PROTO

21 © 2017 Cadence Design Systems, Inc. Cadence confidential. -~ @
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Verification Suite — Solutions
Technology innovation leadership: Fast, Smart, and Optimized

e | e | i

Total throughput

Metric-driven signoff

Application centric . Optlfmzed comprehensive
u | solutions
Cloud optimized architecture
N AN AN AN )
< %

cadence



Total throughput

Schedule and turn-around-time reduction

» Acceleration & hotswap
« Unreachability analysis jll © VIP & Accelerated VIP

« Formal linting « Hybrid & SmartMemory ab ompile

« Formal-assisted debug Debug ca 0-® g

) NE

PDOIlAdDIC
productivity
sweet spot " : "

P JasperGold® Xcelium Palladium® Protium
FORMAL & STATIC SIMULATION EMULATION FPGA PROTOTYPE
=]s s engines 1€ Ology Tounaatio
schedule

cadence



Metric-driven signoff
Quality via multi-engine metrics aggregated in vManager, IP to SoC level

~ ™~

—= » Code, functional, assertion
T H « Low Power design
_ ™ * Mixed Signal integration

P .
CTests | Merokemel Portable stimulus =

* Protocol compliance
Optimized integrated compile, irun : " Predictable : —
A Y A UL . S cirvon SoC coveragy
SW-driven SoC coverage
Congruent data models in engines Power profiling
JasperGold® V Protium™ SoC performance analysis
FORMAL & STATIC SIMULATION EMULATION FPGA PROTOTYPE

Normalized metric semantics

A A ies - Web-based dashboard

. : . : Runs .
Multi-engine metric merging Coverage § "o Automated rollup

DB * |dentify and close gaps
- - Management

visibility

cadence



Functional signoff

Verification Plan

B vPlan Hierarchy

PCle ~ 2

Jex e Name

“ (V| PCle

I
5

r=
L
r=
=
> ¢

Connectivity
Register Access (Secure and NoN-Secure)

7 2.1 RP_reg_access
)} 2.2 EP_reg_access

Reset

Clocks

Interrupts

5.1 Enable

5.2 Mask

Power

Performance

7.1 RP_to_EP_MEMORY_perf_test
7.2 EP_TO_RP_MEMORY_perf_test
7.3 EP_DMA_MEMORY_to_RP_MEMORY_perf_test
7.4 Severe_back_pressure_test
7.5 DEAD_LOCK_NIC_400_tst

7.6 Stress_test_in_one_direction
7.7 Stress_test_multi_master_case
Security

Core Features

9.1 PCIE_DMA_transfer_test

) 9.2 pcie_RP_TO_EP_memory_test

9.3 pcie_EP_to_RP_memory_test
9.4 pcie_msg_test

) 9.5 pcie_legacy_interrupt
» ) 210 Interfaces

Defines ‘What’ to Verify
Defines Sign-Off Criteria

Verification Jobs

with requirements traceab

JasperGold®

FORMAL

Xcelium
SIMULATION

Palladium® 21

EMULATION

Protium™ S
FPGA PROTO

ility, dashboards

Verification Results

sutchsot i @

[ 1.2 Use Case [SW DRIVEN] »
{5 2 Subsystem

#{77 2.1 ENet [SIM-ACCEL]
= 2.2 10 Subsystem

9 Fallures
« Regression
1 SoC g Coverage
#{* 1.1 HW_slash_SW Integration ;? Risks I—

s 1

Prolect

13 m

etric

A ne

"
ect Verifica
2 %ggnty [FORMAL]
Hy 2.2 3S?g‘ﬁ[8ffIONl
=5 3P

B 59.32%

3.1 UART [SIMULATION] =11 75.95%
3.2 SMCM#E\[ISQS =11 50.38%

#ig 3.3 PLL =T 53.27%
3.4 GPIO [SIMULATION] = 58.25%

| 3.5 SPI[SIMULATION] 1 30.73%

= 54.95%

GQVG rage sem

D ais 1boa lhds
ﬁi% e

T bility

rgt;ea

1
By
1

L

wltﬂIZHSﬂ 1

gw essions -

:nu\m [T10 ssbsaten 14 2

et [ AR e
molted [ Lovbover veif:

%3 vPlan Hierarchy
APB_UART ~ i

IName [Combined
[Covered Grade
4 [ APB_UART =D 746%
4T3 1 APB_UART = 74.62%
)0 1.1 48 90.91%
» O 1.2 UART =0 74.22%
40 1.3 Core Features - White Box | G 74.77%
» B 1.3.1 Serial Data FIFOs
» O 1.5.2 Transmitter = 83.23%
» O 1.5.5 Receiver = 74.25%
» B 1.3.4 Code Coverage =0 73.34%
» B 1.4 Input Scenarios

L v
LAl
1

Combined
Status Grade

=2 a115%
= 91.15%

D 89.36%
B 92.42%

0 86 67%
B 97.22%

magraham
negsn
sty
W i
W e

0
0
1
1
]

0w phn
7 e hn
0w phn

foverall
avered Grade

=onas
= 7112%
90.91%
= 71.09%
=0 70.4%
5%
= 77.42%
=0 66.52%
= 7033%
I 100%

i F
Assertion Formal Formal
Status Grade _ fcovered Grade Status Grade

alld Metrics.

D era% | CT4533%
= e7.29% | CT45.33%

ED7s2% [pe-s
EO7522% [be-s

O s 71% | CT 42.38%
B gsa1% | CT47.72%

B 633% [be-
EEN g3 [be-

B g0.32% | T 48.61% = 7661% [be-
B 6.0a% | LT 4119% Emissesx |be-
[—=PRY be -

Multi-Engine Analysis
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Mixed-signal verification signoff

NN e e e

Requirements Management

Virtuoso® ADE Verifier I ‘ |

e &)
ciderce |

Coverage merge to
SoC-level

L}
I s

Bare Metal
SW

System on
Chip

Sub-
System

Enables analog/ Coverage merge to

v

mixed-signal SoC-level
coverage tracking \
Virtuoso® ADE Verifier

T -
Led2o

Digital

i Model provides
‘ /— 1,000X speedup

Common planning
and management

ncisive ® vManager™ top-level view

SW-driven testbench
automation

SW-Driven Verification Environment|

L= === /—- simulation
RNM

_____________ B MS
r UVM SV/e
|
: : _— Digital-SPICE
Model create/validate/regress x Model validation/ UVM SV/e | co-simulation
e ' regression N

Fast SPICE enables Reusable testbench

morellonaor tacte
L TOTTOT Iv\-ll TwvuUlw

SPECTRE/APS/XPS

Simulation performance requirement
XCELIUM
CADENCE CONFIDENTIAL

PALLADIUM

This roadmap is provided for informational purposes only and does not represent a delivery/availability commitment.

Integrated
mixed signal
debug
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Application centric
Vertical-tailored IP to SoC to HW/SW co-verification and SW bring-up

Power i
CONSUMER verification SERVER and (e COTSp(I)IaZ%ZGGZ NERO el
and loT . NETWORK g ) DEFENSE
and analysis DO-254)

=
O
Ijl m MOBILE AUTOMOTIVE
Performance (( @ )) Domain expertise

verification .
. services
and analysis

Mixed-Signal
verification

Distinct vertical applications bring additional verification requirements

cadence



ARM-based flow for Mobile and Server

Perspec™
SW-DRIVEN TEST

CoreLink GIC-400

64 / 32 bit sub-system

SHIVA_AXI_M
FISSION_AXI_M

DDRC COHERENT PATH

Conex-MaISCP

ConLInk NIC-400|

HIEED w | m |
¢ A53| | [Cortex-AS7| |
L — l,,,,‘
84 # s
o ARMCoreLink ¥ cci-400 "

CouLInk NIC-400

LPDDR3 Ctrl
LPDDR3-SDRAM DDRC NON

Xcelium™
SIMULATION

JasperGold®
FORMAL

2 - 10X+

Faster
simulation

]
p—

DDRC
REG
GIC
SLAVE

SHIVA_AXI S
FISSION_AXI_S

B POWERED

Palladium®Z1 Protium™ S1
EMULATION FPGA PROTO

1 MHz 11.9 MHz

| 3daybring-up | 4 day bring-up
from Xcelium from Palladium

CADENCE CONFIDENTIAL

SERVER and
NETWORK

—
—,

MOBILE

vManager™

METRICS

Unicov
Coverage

PERFORMANCE
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AUTOMOTIVE

Cadence safety verification flow view ()

Functional —— I Safet Functional
Verification . c y
e , Functional & Safety Requirements i
Verification Tracking e Analyes Safety
Reports y

Extract failure modes
P and map to faults

Failure Correlate & identify
mode faults based on failure

correlation modes

Requirements verification ———
vManager™

traceability
Verification Plan

FMEDA Plan

Qualify and select tests
based on fault detection
potential

Tests <---

Qualify and reduce fault
list and fault results

N JasperGold
Safety

Verification Environment Fault List
JasperGold® S

Safety SoC/Subsystem
Design

Fault Results
DB

Coverage /
Runs DB

vManager Verification Tracking Fault Campaign Mgmt, Traceability
JasperGold Xcelium® Palladium® Xcelium™ JasperGold
Formal Apps Simulation Emulation Safety Safety
Tool Qualification g
CADENCE CONFIDENTIAL C ad ence

This roadmap is provided for informational purposes only and does not represent a delivery/availability commitment.



End-to-end efficiency and productivity with full Verification Suite
Prime vendor consolidation at large European Telecom OEM

« Challenge: inefficient system design & verification
— Shrinking project schedules, TAT

— Rise in SoC complexity |
— Lack of horizontal flow reuse .

— Multi-vendor inefficiency, cost : f
— Growing early SW and HW/SW issues T T Lm Yo L BRI ]

» Solution

— Consolidation with Cadence for delivery of complete verification flow

— Xcelium™ platform as verification framework glue
— Adoption and scaling of Palladium® Z1 usage for HW and HW/SW
— Expansion in use of JasperGold® and Verification IP

— Close collaboration on upgrades from MENT & SNPS technologies to CDNS

— Flow driven partnership with new technology use: Perspec™, Indago™, ...
CADENCE CONFIDENTIAL cadence’



Verification Suite

Technology innovation leadership: Fast, Smart, and Optimized

/

Verification Fabric
Uniform multi-engine verification

VIP
VERIFICATION IP

vManager™
METRICS

Indago™
DEBUG

Perspec™

SW-DRIVEN TEST

N

a

Palladium®2Z1

EMULATION

Xcelium™
SIMULATION

JasperGold®

FORMAL & STATIC

NEW

Total throughput

Metric driven signoff

Application optimized

Cloud centric architecture

Protium™ $1

FPGA PROTOTYPE

NEW

SN

Fast Best-in-class engines

Smart Flow-driven engine
integrations

Optimized comprehensive
solutions

cadence
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