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Evolution of Silicon Technology &g
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HW & SW Productivity Gap
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Silicon Design Methodologies &

* In Silicon Design we have progressed
through three major design methodologies
and are heading into a fourth.

* 1964 Transistor Level Design (IC CAD)

* 1980 Gate Level Design (IC CAE)

» 1987 Register Transfer Level Design (RTL)
e 2005 Electronic System Level Design (ESL)
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ESL Definition —wiiped Vo

* Electronic System Level

* An emerging electronic design
methodology that focuses on the higher
abstraction level concerns first and
foremost
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ESL Advantages

Product Specification

S — E
Virtual Platform S

Architecture Spec.

Driver and L
Application
Software
Development

-~ -2

* System-level design
* HW/SW co-design
* Architecture exploration

Full System Validation/Prototype

¢ Virtual prototyping
* Co-simulation/co-verification
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ESL Advantages (Verification)

Product Specification

— E
Virtual Platform S

Architecture Spec.

Driver and L
Application
Software
Development

e B ¢

Full System Validation/Prototype

Unified design and verification environment,
that all the development parties can use

Source: ARM, Intel, Chip Design Magazine
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ESL Advantages (Exploration)

Product Specification

— E
Virtual Platform S

Architecture Spec.

Driver and L
R Application Ability to Ability to A
Software & Quantify Impact
T Development “‘\N“\ Design
L N\
Full System Validation/Prototype
. i ] |
System architecture Physical Gate 11 penavioral Algorithmic System
Design Level Level Level

exploration and power
estimation

Source: ARM, Intel, Chip Design Magazine
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ESL Advantages

Product Specification

I I l Virtual Platform S

Architecture Spec.

Driver and
Application
Software
Development

e B ¢

raditional Design Flow

Wait on Prototype Driver SW
Application SW Integrate
HW & SW
HW Development

| Driversw_g oo R

Full System Validation/Prototype

System
Definition

Specification

[

System I

' Virtual Appllcatmn SW I TT™ I
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. Hon Gain |
' ESL-based Design Flow ' (%) :

Source: ARM, Intel, Chip Design Magazine [
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SystemC Overview

* Isan HDL, not designed for implementing SW,
although it was the original intention in making it a
language that can describe both

e Version 1: just another HDL, not much to do with
system-level designing

e Version 2: became a system-level language with the
adding of channel

e Version 2.1: adding some programming language
features and simulation semantics.

e [EEE approved OSCI* SystemC 2.1 as the IEEE 1666
Standard on 12/12/2005

* OSCI: Open SystemC Initiative
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SystemVerilog vs. SystemC

* IEEE approved Accellera SystemVerilog 3.1a as IEEE
1800 Standard on 11/8/2005

» SystemVerilog is Verilog plus verification (assertion)

* Actually the above statement is not fair but it is the
truth now

* SystemVerilog and SystemC work together to complete
the design platform from system-level to gate-level

* SystemC deals with whatever above RTL
* SystemVerilog deals with RTL and below
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Classic Design Flow

System Specification |

N

Hardware No Software
Development [*'~ i tion || Development
. »
Hardware Software
. Re-design Re-design ;

| Chip Fabrication |

Source: “Transaction-Level Modeling with SystemC: TLM Concepts and Applications for Embedded Systems”, Springer, 2005
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Novel SoC Design Flow

Customer Specification
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Paper Specification

TLM: Transaction Level Modeling
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Source: “Transaction-Level Modeling with SystemC: TLM Concepts and Applications for Embedded Systems”, Springer, 2005
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A Higher Level of Abstraction &g

MEM

Il
API

Periph

Source: CoWare

mﬁ;ﬁhp}ix
\ Transackion

* RTL: The bus is merely wires
RISC? e Each device on the bus has a pin-

| :“ ”i HN accurate interface
——e e Each device interface must implement

Boi g ; o T the bus protocol
Periph E ——— .
== * TLM: The bus model is key

e Bus model enforces the bus protocol

e Each device communicates via
transaction level API
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Transaction & Transfer

Transaction

' Arbitration I

HREQ

HGRANT

Transfer:

HADDR .qramfc' operation

HBURST [ HWRITE /
HSIZE [ HPROT

. WriteDataTrf

HWDATA
HREADY
HRESP

T ="

12T
o .7 | + TH —
Source: CoWare
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OSCI TLM Development Vo

2N Dec2006 [ M Novzoo; B M Jun 2008

4 ) 4 ) ~ ™ 4 ~

* TLM -1.0

* TLM 2.0-

* put, get and  TLM-2.0- draft-2 « TLM-2.0
transport draft-1 + nb_transport * Unified
request- * Generic . New pavload interfaces and
response payload &ew pay’od sockets
interfaces extensions

\ J \. J . / \ J
Source: OSCI
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RTLvs. TLM

Functional
Model

Transaction level

Pin accurate, - function call
cycle accurate

write(address, dat a)

Functional
Model
Simulate every event 100-10,000 X faster simulation
Source: OSCI
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Transaction Level Modeling

* The TLM serves as the unique reference across
different teams

e Software team

« The TLM serves as the reference for earlier software
development

e Hardware team
» The TLM serves as the reference for coarse-grain architecture
analysis
e Verification team

« The TLM serves as the golden model to generate functional
verification tests that will be applied on the RTL platform
once it become available
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Abstraction Level

Performance o i
(nstructions Per Second) SW Application Firmware
Developers Developers
Instruction Set Model c
Interface
Cycle Approx Model SystemC
i  Grols Aneita Mot | terace
100K ' ' — T—
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10K Sign-Off Model Verilog
Interface

1K
100

';" Gate-level
"~ Sign-Off Model

% Accuracy

Source: ARM white paper---Taking Design to the System Level
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Simulation Speed vs. Accuracy @/ g

ESL
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Design < PV
EES SystemC TLM < 3 Mcps
[ Executable Spec ——
Re-use for Platform
1MIES Early Software Examples
Development
O
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o
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Hardware
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Source: CoWare
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DAC 2009 Highlights
Trends and Opportunities
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DAC 2009 Highlights

* Design Automation Conference
July 25-30, San Francisco, CA

&
rh
. 7“9”96i+iatteruj€%ﬁ; DESIGNAUTOMATIONCONMFEREN
* Selected 148 papers from 684 submissions
* 29 first-time participating companies from 202

companies (~14%)
* Additional events:

» 8 workshops, 11 collocated events, 6 tutorials,
10 user tracks
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Gary Smith’s Talk

* EDA Trends and What’s Hot at DAC
* “I Love DAC” at the beginning

* Emphasized “ESL, ESL, and ESL’

* “What To See” list

e Total companies: 24
e ESL-related: 16
e High-level synthesis: 8
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EDA Industry Revenues

EDA Market ($ Millions)

$8,000
$7,000 $6, 5El5

$6.000 $4 - $5,815
$5,000
$4,000
$3,000
$2,000
$1,000
$0

2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: Gary Smith EDA, 2008
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Keynote Address f

® Presenter: TSMC VP Fu-Chieh Hsu

e Title: ” Overcoming the New Design Complexity
Barrier: Alignment of Technology and Business

Models”
* Open Innovation Platform (OIP)
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EDA Companies
Exhibit
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Synopsys System-Level

Solutions £

;Xﬂmomhmxg /[ sw N\

|

- Design | A \Development;
System Studlo / '-, Innovator &

. V|rtual Platforms == DesignWare System-Level

N f '
>N\ — ~/ Library

N
System
. Validation |

AN J/

Discovery Verification Platform

Source: Synopsys
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Synopsys Virtual Platform and

Verification Platform

Discovery Verification Platform

|

System Studie
Virtual Platform Saber
DesignWare System-Level Library e —
Software | e : ‘.':'ETF;
Debugger essors | s AMBA _
multi-core " L SILEE: m " |L;f|?. -

DesignWare

. Virtual Platform Run-time Environment (SystemcC)

SystemVerilog/SystemC

Innovator HSPICE
HSIM

+ Platform Editor
; ManoSim
« Run-time Coptrol
SpiceExplorer

« Hardware Debuagger
WaveView Analyzer
XA Technology

Source: Synopsys
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Synopsys System-Level Services @ o

* Model creation
e Virtual platform assembly/customization
* System-level methodology consulting

Vendor Architecture Virtual Platforms
ARM VPAI

Freescale 1.MX31 VPMX31

Marvell PXA VPXA3

OMAP,
Tl O_MAPVOX’_ VPOM serials, VPOM-V1030, VPDA295
Audio & Imaging
Processors
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Platform Architect

Processor Designer
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FORTE Design Systems:

Cvynthesizer

* TLM synthesis provider
-F 0 RT E /;_v/ SystemC / TLM

DESIGN SYSTEMS Untimed C++
Behavior
//_ SystemcC Intarfaces |

ASIC & FPGA
Libraries | - peﬁ dency Man @Em
_ 0e Scheduling Sng

ﬁ. Datapaf*
Synthesis Cynthesizer.

Bliractives

Optimization Timing 4
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JEDA Technologies

e ESL verification automation solutions

JEDA

Technologies

NSCa:
Assertions across TLM levels

Unified Coverage ( C/C++/SystemC) OCPcov:
Coverage JEDAdCc: Functional Data Coverage Transaction and Data
JEDAcc: Code Coverage ,_; coverage

OCP-ITG -
Traffic Generation| Intelligent Traffic Generation | Intelligent Traffic generation

Source: JEDA
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Virtutech: SIMICS

* A flexible and scalable software solution provider

User program User program Middleware
Gul
ﬂ V i rt U tec h m! m| Simics SystemC Bridge Scripting
th.__— M NETW;FRS Systernﬂ Built-in
emory an
O Inspection | L[| vO links Debugger
Caontrol 5 - SystemC
Features L L fevi
model
Processor Devices
core
Standard Simics Models
Target Machine
s y External
Simics C API world
=& a  Simulation event connections
Simics Core i queue and kernel

Simics <vb

Source: SIMICS
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CALYPTO

* Power
optimization
and
functional
verification
solutions
provider

' Sjrstefn Level
implementation . Model

CALYPTO

Optimized RTL

Source: Calypto
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NEC CyberWorkBench

* C-based synthesis
and verification
environment for
system LSI

Elb

"iuneéring_{:;band LSI Design

Cﬂ-Srnlhesls a Simulation u Formal 'u'eriﬁc-aiiuD

Behavior [P—

!|| S pecilizatio
Emri-'ptipn, arror correcting, J

'Egﬁ%diéng' i
G;Inﬁguréﬂhrhgcpremaa: r

i cormpller

|

g Source: NEC
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NEC CyberWorkBench
Reducion

. | 16 manths :

Traditional |‘ | f : >
Design | T ! e er— i

(RTL based | oczier S !
design) Wailing Time ="

C-based Reduction

design HW: hardware

SW: software
| herdwere/sofiware L 1t works In the first atiemot
dlo Verrfu::ial " coardinated verifi:;al'mn bocause of the preverilicalion
0 month 3 month & month g month 12 month 15 month 18 month

{example of 1 million gate LS1)

Code size Simulation hours Humber of gates
I : 1) Code size
i 200 hours H

system design

2) Verification speed

9,200 lines 40,000 C design Operation simulator
fines (~10MHz)
1 10 tims faster
Cycle simulator
amost the Same Guabty 1/7 code size ﬁ_' {~100KHz)
- RTL si 00 timaes lastar
200N ' > (100~1KHz)
3
1/4 code size
10 times faster
Logic simulator
1,000,000 gates S

Source: NEC
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ChipVision PowerOpt

* Low-power system-level spmkicnisce (RS
tools and services provider r —
Sl firchikectann ChipVisicn
Uses CHIDUISION | .

Constralels

]n|:q_|15 B Comctrabgms The Low Power Specialists

-

{G-}UI RT Lewel

Gale Leyel

Lyl

PowerQpt congists of five major compoenents: synthesis, analysis,
estimation, characterization and modeling.

Source: ChipVision
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AXILICA FalconML

* UMLto UML (XMI)
silicon ol
design
solution
provider

FPGA/ASIC

Source: AXILICA
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AutoESL

o ESL to Silicon

Platform-based & communication-centric ESL synthesis
+ Automated ESL-to-GDSII silicon compilation
* Rapid platform-based system-level exploration

* More than 10X design productivity gain d Design Specification
_ cfwrsystey User Constraints]
/ g‘;‘mm AutuPl m}

———
[Pmsynthesls npﬂmlzaﬂnné] g

'®: Uouagjsal UOWWOD

) -
AutoESL Behavioral & Communication| » | Piafiorm
Design Technologies, Inc. LSWMIS and Optimizations f‘"t?;'r:w“““"

J" k4
RTL HDLs & |[Timing/Power/Layout
- RTL Syste Constraints

N BuidAjojoud pue ‘uogedyLIaA ‘uopRINWIS

ASICSFPGAs
Implementation

Source: AutoESL
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o Open Virtual Platforms
OV P

Cpan Virtual Flatiorms

e OVPsim simulator: full documentation, ARM, MIPS,
ORi1K, homogeneous, heterogeneous, single core,
multicore library

TI'_UE.E'_"I SIGA SIMPLIFIED

° Imperas multicore solution provider

o £S/L /X dedicated ESL consulting services
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Summary £

* Multi-core biggest challenge is debugging race issues

® Multi-core SoC performance is determined by
interconnects and memory sub-systems

* 70% Top 20 companies using ESL

* ESL Hot Topics

e High-Level Synthesis
e ESL for Low Power
e Design Acceleration & Emulation

“Exciting times for ESL!”
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Q&A

Thanks for your attention!!




