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Driven by Increasing Software Content and SoC CompIeX|ty

Software

Development
Hardware

Development

Resources

Validation

Early Volume

Customer Production
Enablement



Triple Shift Left for Time-to-Marketsy: = )
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1. Verification and Software Shift Left Verification Continuum
platform

2. Validation Shift Left pre-silicon € post-silicon
3. Enablement Shift Left pre-silicon € end-customer SW bring-up

Software
Development

Resources

Early Volume

Customer Production
Enablement



Resources

HOWw 10 Verity RVW/SW systems o

Faster?

Seftware

Faster
Enablement for
SW Development

4
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Virtual Prototyping
Have we exercised real-RTL?

Emulation

Is the speed good enough for SW Development ?

FPGA Prototyping
Do | have Prototype-ready RTL and Capacity?

Faster Time t
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Performance & Power — Architecture Analysis, Optimization & Verification

=
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Do Platform Architect
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Architecture Analysis & Optimization SoC PPA Verification System Validation PPA Sign-Off

HAPS

Post-
Silicon

Software Enablement — Bring-up, Validation & Optimization

mn n ‘f‘h"i" a 0 Virtual
UlUuU Virtualizer ZeBu
Host

HAPS

Pre-RTL SW Development HW/SW Verification Validation & Tuning

Function — Block & SoC Véerification, HW/SW Verification & System Validation
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Datapath Verification  Block Verification SoC Verification System Validation Sign-Off

HAPS

Post-
Silicon
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Performance & Power — Architecture Analysis, Optimization & Verification
- : Hybrid Post-
=E= Platform Architect Performance ZeBu HAPS Silicon
Analysis
Architecture Analysis & Optimization SoC PPA Verification ~ System Validation PPA Sign-Off
Software Enablement — Bring-up, Validation & Optimization
— Hybrid Emulatlon
1077
0100

m
Virtual |

Pre-RTL SW Development

ZeBu HAPS

Hybrld Prototyping
HW/SW Verification

Validation & Tuning

)

A

e ol B

Function — Block & SoC Véerification, HW/SW Verification & System Validation

VC Formal Post-
VCS ZeBu HAPS
Datapath Verification  Block Verification

SoC Verification System Validation

Sign-Off
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« Hybrid Architecture Analysis
— Efficient architecture analysis and smart performance monitoring
— Offline and online analysis of performance data collected on ZeBu
— Faster PPA optimization, helping shift left verification cycle

= =+

ZeBu
* Hybrid Emulation
— Early Driver/Firmware/Application development
— Complete SoC model using VDK and synthesizable RTL IPs
— Power and performance validation over billions of application cycles

» Hybrid Prototyping
— Software driven system validation with real-world 10
— Early Driver/Firmware/Application development
— Modular and scalable validation from IP to system level
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Production Software Stack - SW Signoff before Tapeout

Hybrid Emulation
CPU Model § IP/SoC RTL SoC RTL:

SW Driven
Full System Validation

VDK ZeBu ZeBu

iy = «

TLM Model 1+MHz
VDK SW Development

- CPU Model # IP/SubSys RTL SoC RTLQ/ Platform

10~200MHz SW Driven

Hybrid Prototyping IP/Subsystem Validation

Continuous SW Driven Development/Verification Platforms
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Use Case: Virtual I/0O

Using VDK to Bring up Al SoC FirmWare

Tensorflow, Caffe, Data center Al SoC
Paddle etc:---

« N

’ ‘V‘:DK,_ J FirmWare
Al SW Tool Chain T

i

User Driver: packetize  mmma e e#N

binary & data, MCUs )  Core#0

comm with SoC
OS & PCle Kernel Driver Data Fabric

@ VirtualBox

Simulation Host
Machine OS

2wy
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ANGHAI | MAY 26, 2021 SYSTEMS INITIATIVE

Design Type : Al SoC

» PCle Virtual I/O for
Al HW/SW
Integration &
Optimization

* Al Host OS and SW
Tool chain SW
running on
VirtualBox

* VDK connected to
VirtualBox via PCle
Virtual I/0




Use Case: Virtual Host

Reuse VirtualBox setup for ZeBu HW/SW validation

Tensorflow, Caffe,
Paddle etc:---

Al SW Tool Chain

Data center Al SoC

FirmWare

KACT I

MCUs ) Core#0

User Driver: packetize
binary & data,
comm with SoC

PCle

EP Data Fabric

Simulation Host
Machine OS

OS & PCle Kernel Driver

PCle RC

@ VirtualBox

Smooth Transition to Emulation for Validation

2021
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Design Type : Al SoC

« Same VirtualBox
setup

« Speed up HW/SW
validation and turning
performance

* Re-use mature host
side Al SW tool chain,
driver, and SoC
Firmware develo mrsum

I"‘;i:;-:d:;&lh .I-.:tf
phased-ORAMINK  ajad
published in SNPS WgChat  Elarare

Al ALWAE ol all o aW.al -k
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5G Modem Full HW/SW Verification Platform B
P N - Design Type : 5G Modem
e 4/5G Physice - Start full-stack 5G HW-
Cuztr?énigpug Igrgggtrol % :2 . bsyste acto SW co-verification and
testing 6~9 months
[(analyze|572/écé)lprotocol)} N Tester ) e earlier
* OS boot within 10
U Stack | minutes - run one 5G
L3 sW o B SISy case in 15 min
L2 SW mapio
RTOS B » Users identified more
than 100 HW/SW issues
BUS on hybrid platform
before tape out
)

* More productive HW/SW
Leading Networking Company Starts Full-stack 5G Co-verification 6-9 months earlier
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Accelerating SW Development and RTL Validation |
Design Type : Drone SoC

« Easy Setup
VDK on host machine HAPS « VDK with custom OS
 Different IPs in HAPS
Interrupt « Smaller prototype
» Faster prototype compile

I N
A (L=
.i Ll =
il e

em:,oﬁ]i&um
J1ebbngaq Jaziienuip

« Debug Productivity
A\ « Boots OS in <1 minute

Codec « OS trace/profiling helps
IP HW/SW debug and SW
performance analysis

DDR3 « Full HW debug visibility for
registers/pins

\ 4

A

—)
axidlite
master
Linux/Root . i4
File System axi
Images m master

\ 4

» Fast Speed

« 4K 100 Frames Encoding
took 3mins to complete in
hybrid, while in pure FPGA it

Leading Asia Drone Company boots Linux in <1 minute




2021

Customer Successes LA

CONFERENCE AND EXHIBITION

SHANGHAI | MAY 26, 2021 SYSTEMS INITIATIVE

Spreadtrum Adopts Hybrid for AP & Modem SoC Socionext Hybrid Prototyping

System Validation: Step-by-Step EPRSPREADTRUN Hybrid Emulation Platform for Software Development EARSPREADTRUN FPGA F’rototyping
Virtualizer Virtual Prototype o « Difficult to implement large SoC to 1 chip FPGA
Vietuatizee 1 ‘X,','E“'.',"""""“ == il oRAM Core e oo i S aioey Tior * Implementtoo huge circuit effect to performance
! S —— B SRS e = Flow with methodoloay solution + Divide to multiple FPGA has more load
bbome s 2 Hybrid Platform for — ‘ . .
" RAPaITRGA o Ay °"';;‘;°;7_GEW Do TS . e — — : Smooth connection to SW design env
Verif. & SW Dev [ e = =
b-vz.a—?u e “ I EHECEEE 1]
& Power on Android o | 2D Graphics GPU Secape i ?ﬁ:‘ I Manufactu l s
Project timeline Communication |
Processor ZeBu Emulator =
Arch AL Hybrld Prototyping
s [ Pesiicon ]/ Reachip ]
LTE System Emulation: ZeBu and Physical Tester BSPREADTRUN Major Achievements with ZeBu and Virtualizer E/BSPREADTRUMN I’ — v Minimize circuitim plementlng to FPGA
Host pC Aoplication Processor: Y S // 1 Simulator/HW Emulator // product / * Reduce risk to slow performance
ZeBu (Emulator) (ZeBu Runtime Server) M Found and fixed 2 fatal systemissues e ! . Use VDK for CPU sub System
Actual CPU/GPU/DDR performance consistent with ZeBu sw SNt e . R
emulation results for both Intel and ARM platforms . Flexible to connect SW des|gn flow
TE Completed MP3/MPa/etc. multimedia playback under 0 soclonext E to ch
Androld system for power profin .
! Completo Spemmctumta i 588 prs icon B35 ocard asy lo chance memory map
. support package) development on time . Reuse by Chang|ng target IPS
Modem:
- S Virtualizer Zegu Rk wirkd st cot il Vst pracilicon ecer Create VPF of common platform
' LTE data transfer under Android system on ZeBu at 4 MHz . Good usab"rty USG as internal tool
Digitaliq emulation performance i 5 -
; = Early start of OS porting/basic SW development Use as sales tool for external customer

Successful Al Edge Design Case: A Leading Al System Company ) _ h I 4
VDK = Hybrid=> Zebu Smooth Design/Verification Flow Hybrid Emulation for faster SW development 4\

i Presented by NXP and Synopsys at SNUG World 2021
Pure VDK ) VDK & Zebu Hy‘brld Pure Zebu ¥ ynopeys . - Increasing demand for software
VDK VDK Zebu M o L - bring-up on emulator for complex
Hybrid Hybrid embedded multicore SoCs
L1008 2\ AlARD SWE gpators Hybrid Emulation for NXP §32G274 { @

Linux Hybrid emulation technology
provides shift-left approach and

helps to reduce risk and cost

Pure k - T " Hybrid
ARM ¥ VDK to ARM to pure "

: On-Chip

Subsystem I Hybrid Subsystem Zebu Mebrioe

Cortex A, GIC | Cortex A, GIC

ZERZEA
-acum
Lm

= . Fast setup with large library of

.

Al NPUs:

Al NPUs: Al NPUs:

TLM model RTL RTL model Jlti e EorORren] | |t At e ] o e y
i UBsotOptimizstion | 11 mia 11 sezs 9.4 secs & [PPprep e e—— models and transactors in
Periphs Periphs Periphs m 7.5 hours 46 seos =40 secs 8Tx W LAt e V"II“tLIa“Zer and ZEBL.I
Technical Ad ta
= nl?;chx a::rll n?:n-u aght up In secands S H b d F 1M 1 h I
= = Use Hybrid Emudation for Firmware developrment & Device Driver Bring-up yior asthilem technology
L care \eldaton ues cos o i 1P ol RTL enables high simulation speed for
« Start SW dev 3~6 month earlier with VDK * Same SW run in VDK and Hybrid * Same SW run in VDK, Hybrid and Zebu _ ) : h d
+  Linux boots successfully in 30s in VDK « IP & Subsystem validation testcases run in = Using pure emulation to do HW/SW final Benefits shared memoary access
« Explore SW architecture flow in VDK minutes in hybrid; in pure EMU run hours to validation * Bring-up SW on Appliontion Cores betors: RTL e Snslize & sinbls -
+ Develop SW testcases for HW verification boot Linux and do testcase on top of it + Less SWdebug in pure emulation as SW Aoty :::: x::“;W G e e i i + Planning to setup automated
* Al SW compiler tool chain testing and *  SWimg. load at runtime after Linux boot t?st?d/debugged in VDK or hybrid + Sofwnre Enginsens ane, vary.salisfied by the i tadnent regression tests and explore power
validation based on VDK » Save design size in Zebu as rest of design platforms | |
*+  SWimg. load at runtime after Linux boot in VDK side Rl and performance U?E'GESES
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Spreadtrum Adopts Hybrid for AP & Modem SoC

System Validation: Step-by-Step

——

PRSPREADTRUN

Hybrid Emulation Platform for Software Development

RSPREADTRUN

I Virtualizer Virtual Prototype

cPU

=

Socionext Hybrid Prototyping

Virtualizer

E .T;llrtunl Platform

for SW Dev.

2 | Hybrid Platform for
1P Verif. & Dv(ver Dev.
h HAPS/FPGA f

lv=rrf & SW Dev]
4

Virtualizer+HAPS
Virtualizer+ZeBu
PS/FPGA

ZeBu

LTE System Emulation: ZeBu and Physiq

Host P
ZeBu (Emulator)

Successful Al Edge D
VDK = Hybrid—> Zeby
Pure VDK

Al App SW

ARM
Subsystem
Cortex A, GIC

On-Chip

Al NPUs:
TLM model

Periphs

+ Start SW dev 3~6 month earlier with VDK

Enabling Aggressive Mobile SoC Schedules

Samsung Mobile Devices drives rapidly changing requirements: Samsung SLSI delivers on time

FPGA Prototyping

. leflcult to implement large SoC to 1 chip FPGA
=t too huge circuit effect to performance
Inultiple FPGA has more load

ection to SW design env

¥

Samsung Exynos Coolness

Verification in the Era of Constant Changes

= Samsung Mobile SOC
— The Mobile P that

ds battery life

— Exynos 9 Series

« GPU : Mali™

— https://youtu. be/ZayD-rzml-4

= CPU : Custom Quad-core + little Quad-core (Cortex®)

+ Process : 2™ gen. 10nm FinfFET Process

* More info on Samsung Exynos 9 Series

speed and

Samsung 3¢
Cortex
Quad-core
(Little)

Memory IF

‘Sys. Peripheral

Increased design complexity
Less verification time and SW development/verification time
.

otyping

E circuit implementing to FPGA
risk to slow performance

K for CPU sub system

Design | Verification | sw verification w to connect SW design flow
Design | Verification Lo vermestion chance memory map
m AisSadenpl Veritcton il y changing target IPs
m - .
— . e . . Tape-out internal tool
e e ‘_ sales tool for external customer

Re-Design | Verification SW Verification )

Nt

il

Left-Shifting Paradigm for SW Development/Verification

Results: OS Boot Time @ Mobile SOC

Speed [Hz]
A~

2G

100M

m

Pn-Srﬂcon Sugo (—Posr SJhccn Srage
Shrﬂ Left formannh davolopmmmmu

Silicor

Test Board

“Fixed Release Date”

0.1K

RTL Design

GLS/ Tape-Out

Environment Initialization 4 min| 5 min|

Kernel Boot-up (prompt) 125,867 min’ 96 min

Android Home Screen 741,517 min’ 661 min

867,384 min’
866Hz

Total Consumed Time

Effective Frequency

Source: DVCon 2018

Increasing demand for software
bring-up on emulator for complex
embedded multicore SoCs

Hybrid emulation technology
provides shift-left approach and
helps to reduce risk and cost

Fast setup with large library of
models and transactors in
Virtualizer and ZeBu

Hybrid FastMem technology

DAC 2018

enables high simulation speed for

+ Linux boots successfully in 30s in VDK [\
« Explore SW architecture flow in VDK

+ Develop SW testcases for HW verification

+ Al SW compiler tool chain testing and
validation based on VDK

+ SWimg. load at runtime after Linux boot

IP & Subsystem validation testcases run in
minutes in hybrid; in pure EMU run hours to
boot Linux and do testcase on top of it ‘
SW img. load at runtime after Linux boot
Save design size in Zebu as rest of design
in VDK side

= Using pure emulation to do HW/SW final
validation

* Less SW debug in pure emulation as SW
tested/debugged in VDK or hybrid

L platforms

Benefits
- Bring-up SW on Application Cores befors HTL is tnaize & stablo
= idenlify sarly SW bugs

- antity sary bugs n HW RTL by being &b 10 asecute mors reakstc ests

= Gofteans Engineens are very salished by the speed improvemant

shared memory access

Planning to setup automated
regression tests and explore power

SYNOPSYS

and performance use-cases
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Virtualizer ZeBu/HAPS

Adapt

PN

Hybrid
B ——— Black Boxed

SW / Linux : FastMem
Images

XTOR

File System
.bin

resets PVAGEN




10x Faster Hybrid Creation

Configurable Hybrid Building Block

Pre-configured Hybrid

Adaptors
: Virtualizer
ZeBu Haf_g”d Adaptor S = To match DUT XTORS
Iorary pr— = No manual intervention

Hybrid Configurable
Building Block

- = Pre-Configured
—BEEUCEISP Testbench Blocks

= Fully Automated setup

= - UART I
ZeBu glépl)ports U , CSlI,

ZeBu

Compiler

Hybrid Model

2021
BVETIN (aceellera
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« 10x faster Hybrid setup

 Fully Automated
« Correct by construction

* Pre-configured ZeBu
Testbenches for
UART/CSI/DSI

« Automatically generate
templates for Custom
monitors and
testbenches
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Unified ZeBu-Virtualizer views for Single-window

—onerafion e RTL browser
_ RTL browser

v Access to all DUT

~ # top | Type | Acces Name

- dut Copy Path =
T KL signals
> # bootrom ; o _p a_e vae
b # clint s Pin Signal
b # debug 1 = Simulation Output El Console (= Details §
i Runtime monitor
b # intsource 5 W

I # intsource_1
b # intsource_10

@ XTORs ready forclock |+ @ myGroup S R U nt i m e m O n itO r

1 O T 1T

e FWC 2 timestamp 33380318
b # intsource_11 . -
b 4 intsource 2 Dynamic Probes @ CSI_Rpitrlk 23380708
i = Triagers 3 = Simulation Output & Console & Details § / S t I k St t
s o 0 s p . stem Clock Status
orced Signals
> # Intsource_4 i Runtime control
b 4 int ’ Pinned Signals © Clock =
# intsource | _ _ __ A ocks ame / 1
Y hmeres M2 cm — XTORs Readiness
= simulation Output E) Console [E Details [|| ® XTORSs ready for clack | axi_ram ] . - CAPTURING
ause -
= FWC | el ; .
= Dynamic Probes Terminate Capturing Stat u S
€8 Elocks Name Triggers View Capture in Verdi
i Q - XTORs ready 1 rclock . ZE.!bU_TI"E Forced Signals Copy Wavefile Path
Fwc ® Zebu_Tre Pinned Signals
Dynamic Probes @ Zebu Trgrmrmmrnr rmemenes Sporienis s oacre snes oo .
Triggers ® Zebu 7= Simulation Output & Console = Details [B Uart_phy I§ RTL Browser g ZeBu 5 &3 4,
Forced Signals @ Zebu_Trd

Pinned Signals @ Zebu Tz © Clocks Name :Vaiue > R u nti m e CO nt ro |

@ XTORs ready for clock

i v' Waveform dump (FWC,

Dynamic Probes

Tiggers QIWC, Dynamic Probe)

Forced Signals

ignas v Triggers

_/ I:I\lff\t\f\



Hybrid Checkpoint Restore

Enables fast turn around time for boot & run,

debugaing

Standar Run through the OS Boot, load & run

applications
Initialize ZeBu &

Initialize ZeBu &
Load DB

Load DB Apps, Tests ..

Hybrid Emulation

Apps, Tests ... ‘

Y min

X min X Seconds ‘ [ ‘ X min X Seconds

Checkpoint-Restore Sequence

Boot OS, Checkpoint, Run Apps etc
Next time: Restore, Run Apps

| Rerun boot

Hybrid Emulation

Initialize ZeBu &
Load DB

Initialize ZeBu & S
Load DB (oo [ Avps, Tests

/b
/I

>:

I Apps, Tests

v

X min X Seconds
/

Checkpoint

Restore

2021
BVET (accellera
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* Bypass boot sequence
for consecutive tests

« Save Hybrid Setup

« HW DUT in ZeBu

* Virtualizer Platform
including files and
configurations

» Restore Hybrid State



Hybrid Clock Regulator

Time alignment between Software and Hardware

SW request job
& to be complete
in less than 60ms

Timeout
(from the S
Viewpoint

W
)

Virtualizer &r_/syv ]
Timer ---> CPU
DUT RTL
ZeBu
—
.. SW
Virtualizer —_——
Timer --> CPU
4

Clock Regulator

[

»

DUT RTL
ZeBu

Virtualizer time
. Job complete
- in 30ms
5 3 i
30 ZeBu time
SW request job Time-check Job
& to be complete :
. done No issue
in less than 60ms
0 60
. Regulated Virtualizer time
m Job complete
= in 30ms
\4
I , ~
b ZeBu time

30

2021
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* Purpose

SYSTEMS INITIATIVE

» Resolve timeout issues
between Fast (Software)
and Slow (DUT in
Hardware) side Hybrid

components

« Maintain speed

* Technology

» Clock regulator to align
timer in Virtualizer with
execution in ZeBu

* No need to “hack”

Software

* No trial and error to
figure out timer & ZeBu
clock settings
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Faster Debug with Hot Reset BV (atcellrd)
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Accelerate the debug TAT by faster Hybrid emulation
restart . i
Standard Sequence Found a SW Bug, potentially fixed it, Reduce the reStart tlme
Need to restart to debug again tO Only a feW SeCOndS
m — brid Emulation m Reset Hybrid Emulation
Initialize ZeBu & ' L
X min X Seconds = X min X Seconds ‘ .
' * No Design Database
Wait the Zebu to re-
\ load the DB reload

Hot-Reset Sequence

Found a SW Bug, potentially fixed it,
Need to restart to debug again

Start VDK m Reset brid Emulation

Trigger Reset ybrid Emulation
Reset Signal .
) T * Load and test multiple
SW Images at Runtime

X Seconds Almost no wait time
to restart the Hybrid
simulation

Initialize ZeBu &
Load DB :

X min X Seconds
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Smart Monitors for Performance and Transactional

Analysis zepy Platform Architect ° Perf(_)rm_ance
DUT instrumented with SPM monltorlng at SoC
Interconnects
CPU || NPU GPU + Throughput,
Latencies
Command/Data/
AX| Interconnect Transactions

* Assertion-based

DDR Controller ISP max Commar]d
MIP| latency violation
checks
* Transactional
« SV insertion in DUT « Automatic launch & configuration Monitoring for
- Fast pre-processing « Fast & efficient analysis database Memories and Bus
« Fast DPI-C interface « Stream performance analysis Interfaces
» Batch / Post-run
* Dynamic / On-line e < 5% emulation

speed impact
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« Software and System Validation drives more than 50% of design

cost and timelines
« Early HW/SW system verification is key for time to market

« Synopsys Hybrid is widely adopted in the industry to address early
HW/SW system verification

« Synopsys has the largest investment in virtual prototyping,

emulation and continues to innovate in new hybrid technologies
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Thank You

Q&A



