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The talk will include . ..

* Recap on Virtual Modeling and System-level IP:
— Progress in 3 years.

* Introducing System Prototyping
— End-to-end platform for system design and verification
— Fast and accurate platform for Software validation

* Proof-of-Concept demonstration Integrating . . .
— Innovator Virtual Platform
— CHIPit FPGA Prototyping Platform
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The ESL Big Bang
“Let there be abstraction™

Tools
Behavioral Compiler (Synopsys)
SYNT (Synthesia AB)
Monet (Mentor Graphics)
FAST and OCAPI (IMEC)
Languages
Rosetta (US DoD)
Esterel (French Ecole des mines)
Handel (OUCL, Celoxica)

C (C-level, Frontier, IMEC, CoWare,
etc.)

Clg=Tolg]ler=1

MDD (Gedae)
Simulink (Mathworks)

Expressive (Vizef)
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The Abstracted Universe

| I\/Iodelling | Implementation

Model of system
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From 2006...

tforms — The ESL Killer App

Real Savings & Benefits

What's B e N
« Broad Appeal « Easyto Use/Deploy
« Start SW development 9-12 months

. No change in SW
before HW availability

. Benefits all Embedded
development and
« SWruns on the day silicon becomes

h a e e d SW developers
p p n debugging methodology
[ ]
S I n Ce t h ? available
e n L] munﬁSynnpsys,mc,un
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Virtual Explosion since 2006

 Virtual modeling has matured and become standardised
— e.g. Tool (Innovator) supports SystemC natively

— Key technology concepts from Synopsys have been donated
to OSCI and became the heart of TLM 2.0

« System-level IP has thrived
— Synopsys DesignWare System Level Library (DW SLL)
(The largest tool-independent library of SystemC TLM models)
« We see three individual areas of strong ESL act|V|ty
— Tools
— Services
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Virtual Platforms from Synopsys today

High ; Environment for E . ; I
igh-performance developing, running & xpert services for mode

models to build virtual debugging virtual creation, virtual platform
platforms platforms assembly & customization

DesignWare®
System-Level Library

ystemC™ Transactio
Level Models

Start SW development early to . . .
v' Shrink time-to-market using high-
performance Virtual Platforms

v'Enhance design quality through
SystemC executable specification

v'Increase design confidence through
complete HW/SW system verification

SYNOPSYS'
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Systemic Complexity of SoC Validation

3 party IP

Complex power
management

High-speed external
interfaces

Standards compliance

©Synopsys 2009

ik Cizraton
Power CIptrization

Embedded

Legacy software

3rd party software

Drivers & firmware
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There May Be A Few Bugs...

Cache
Performanc’,

Legacy
components

Software

Bus Contention HWI Sw codecs
eed /O Gro Bug S

boul ware

Multicore

PEgrformance interaction
Transie
Semaghores

Mhreading

parasitics
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System Prototyping: The Next Wave

‘ IP Models

Virtual
Prototyping

7 System Level
Verification

| Functional
Verification
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Rapid
Prototyping

—

Circuit
Simulation

Transistor
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Transistor RTL/

©Synopsy:

Pre-RTL: Virtual Prototyplng

Virtual /0O \ | UserInterface | High-speed \

NA

apid
Prototyping

|
3.
<
L
@

\ Emulation ' | (SystemC) C++ "
\ ! A\ | Models
Vlrtual I/O & User Interface System 10 |

Fast Instruction-set
Simulators

Transaction-
level
Interfaces

CPU
Instruction Func TLM Bus

-accurate 1SS
Func
Peripherals

Graphical

e Start software 9-12 months
before silicon

« SystemC TLM 2.0 — Very fast
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Intellectual Property - Multiple Views
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Complete System: Rapid Prototyping

Virtual
Prototyping

« Performance (10’s of MHz) allows software
development

» At-speed I/O for system validation

« Automatic implementation and debug flows
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Confirma Use Modes

Performance

Co-
Simulation

Link between VCS
Simulator & CHIPit

Reuse simulation
test bench

For IP verification

For design bring-up
support

Transaction
Based
Verification
SCE-MI 2.0
compliant

Link between
system-level test
bench and HW

For high-
performance,
targetless emulation

In-Circuit
Verification
“Real-world”

stimulus and
interfaces

High performance
For “real world”

Link between testing
algorithmic design HW/SW
and HW validation

For high-
performance, design
exploration

For pre-RTL
software
development

Algorithmic
Acceleration

Methodology
—

SYNOPSYS
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SCE-MI 2.0 Enables System Prototyping

Transaction-Level
Interface

a> SCE-MI2.0

o= CHIPj{

Testbench/Application :
\ C/C++, System C, SystemVerilog ) tandard Oo-=mu |at|0n \ Rapid Prototyping System |

odelling Interface

SCE-MI 2.0 provides a functional call based mechanisms (based on DPI) for connecting a
C/C++, System C or System Verilog model/application with an DUT running in hardware
(FPGA) to accelerate the verification.

Advantages:

*Performance increase by stimulating DUT on transaction level instead of signal level (minimizing the
number of data exchanges between host and hardware

«Standard, platform independent communication interface; reusability of existing testbench

*Simplified description and complete infrastructure (communication interface) is created by the tool

SYNOPSYS'
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irtual-Physical Boundary?
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Where is the Virtual-Physical Boundary?

This is governed by . ..
» Required performance (especially for CPU)

 Availability of . ..
— RTL
— Library Models
— Transactors
— Real-world interfaces

Tolerance of latency across SCE-MI interface(s).
Signal-width at SCE-MI interface
FPGA Board Resources
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System Prototyping
Combining Virtual and Physical Prototypes

High Performance

* Gain Speed: Offload softwareto g~ Transaction IF
WOI’kStatI()n - ‘ II_:_-.I._._E-f'-;H. MR
* Avoid Modeling: re-using
existing RTL in FPGA Prototype
with Virtual Platform

» Verification: Virtual Platform as
test bench for FPGA Prototype

« System l/O: Joint virtual / real
system environment connections
(USB, SATA, ...)

 Keep FPGA in Lab: Virtual ICE
in virtual platform connected to High Performance
FPGA prototype RTLModels

SYNOPSYS'
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Mode 1: Gain Speed

User Situation

« Customer does not get speed
In processor based deSIQn .“_;.-'."” Transaction |F

 Reason: FPGA not optimized . (scEMm

for processor implementation

Virtual Software Execution

« Software on workstation and
virtual model processor Software
execution is often faster than in
FPGA prototype

System Prototyping Benefits
 Faster software execution

 Maintain accuracy of
accelerators and peripherals

SYNOPSYS'
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Mode 2: Avoid Modeling

User Situation

« Concerned about modeling
effort for Virtual Prototyping

Re-use existing RTL

« RTL from previous project as
existing IP or may be acquired

System Prototyping Benefits

« Avoid modeling effort of blocks
due to complexity etc.

Increase overall fidelity early
as FPGA prototype is cycle
accurate

©Synopsy

Transaction IF
( SCE-MI)

Reall/O
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Mode 3: Verification

User Situation

« Verification started on virtual

platform and we want to re-use it el
( SCE-MI)

Virtual Platform as test bench for
FPGA prototype

. Re-use data used atthe pre-RTL 4 ¥ =
level for validation Software

Benefits

More application of system-level
development efforts

Avoid duplicate efforts
Model re-use

SYNOPSYS'
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Mode 4: System |/O

User Situation

* Needs to verify design in the
context of the overall system

Transaction IF
( SCE-MI)

Joint system environment
connections (USB, SATA, ...)

Virtual 1O in virtual platform

Daughter card in FPGA
prototype

Connect to real world 1/0O &9

Benefits

* Real world stimulus used
where most appropriate

P Software

Virtual I/O

SYNOPSYS'
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Mode 5: Keep FPGA in the Lab

User Situation

- Software developers don’t want a
board on their desk, need familiar
environment, shared resources.

Transaction IF
( SCE-MI)

Virtual platform “Virtual ICE”
connected to FPGA prototype

* Re-use virtual environment (disk,
USB, visualization etc.) for FPGA
prototype

Software

Benefits Virtual /O
Avoid additional development efforts

Environment re-use increasing
familiarity for designers (juts
keyboard and screen)

Keep FPGA prototype remote

SYNOPSYS'
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Proof-of-Concept Demo

Small ARM sub-system
Running linux
External USB IO

L

USB device driver (Host)

. Previously modelled
infrastructure ARM920T
No hardware

DesignWare USB OTG 2.0 Core Model n

SYNOPSYS'
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How we might do it with FPGA only . ..

FPGA Prototype Model
(Requires RTL)

Linux

USB device driver (Host)

) | ARM920T
RTL equivalentto CPU
IP-MATE Board AHB Bus

User FPGA

DesignWare USB OTG 2.0 Core

USB
PHY

Plug in Card
CHIPit

SYNOPSYS
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How we might do it today . ..

Innovator

Boe

£

036100

Samsung
IP-MATE Board
Model

Virtual Platform

[
et

SystemC
TLM-2.0 transactor

SCE-MI 2.0

AMBA AHB

User FPGA

FPGA Prototype

CHIPit

QLOHAVADY @
i a

SYNOPSYS'

Predictable Success

\V}
By




Users
Group

29s 86s 12s 43s
23s (31x) 702s 10s (70x) 61s (12x)
15s <1s 22s
4s <1s 3s
<1s <1s 9s
225x% 1x 625x ~30x

28




Comparison of Option

nnos

S

Early RTL

Pre-RTL,
Early RTL

Pre-RTL

Late-RTL

After-RTL

cycle
accurate

As required

loosely
timed

cycle
accurate

cycle
accurate

slowest

slow

fast

fast

Realtime

Very

Very

Somewhat

Somewhat

Too Late

Too Slow

Yes

Very

Very

Too Late?
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System Validation And SW Development

Need To Move Earlier In The Design Process

Traditional flow
HW-then-SW ! ! : o
- Firmware OS & Driver Middleware Applications

Optimal flow
HW-and-SW

are OS & Driver Middleware Applications

>

Reduce schedule risk Time

v’ Start SW development earlier
v’ Enter market sooner
v’ Validate system sooner

SYNOPSYS
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System Prototyping: The Next Wave

‘ IP Models

Virtual
Prototyping

7 System Level
Verification

| Functional
Verification
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Circuit
Simulation

Transistor
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Thank You

damos@synopsys.com
willems@synopsys.com




Confirma Prototyping Platforms
Prototyping made easy
HAPS Rapid Prototyping Boards CHIPit Rapid Prototyping Systems

Implementation And Debug Software

Project Management &

Transaction-based Co-
Multi-FPGA Implementation

FPGA Synthesis yericaton Advanced Debug

Hard And Soft IP

HapsTrak extension and daughter-cards DesignWare IP cores
; *PCle
-USB
*Ethernet
etc...

SYNOPSYS'
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