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A Wide Variety of Terminals

Sony PlayStation 2
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Defining Convergence
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Convergence & SoCs
Go Hand In Hand
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Display dependent

processing ... DDX, IntelliMic

v

IrDA

Bluetooth
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Display
'> Process.
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Audio
Interface

MEDIA

Image Input ACCELLERATION

Pipeline

Image Generation Pipeline
Noise Reduction
Pre-processing

Enhanced Compression ...

MPEG4, MPEG2, JPEG
AAC, AC3, MP2, MP3
Watermarking, secured
content ...
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REMPEG
Minimized memory usage

STD OS support
Middleware, JAVA
API for MM
Streaming ...




From The SIA Roadmap...

On one chip we shall have

900 M Transistors
10 GHz Clock Rate
175 Watts power

HOW SHALL WE DO IT °
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Two Paths forward

/ 0\

BRUTE FORCE SMART

. GIPS « IDENTIFY SYSTEM INVARIANT
10's GIPS * HARDWIRE INVARIANTS

100's GIPS SOFTWARE TO PERSONALIZE

THE VARIABLE PART

ALL IN SOFTWARE
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The Algorithmic Driving Force

Shannon asks for more than Moore can deliver...

Algorithmic Complexity
(Shannon’s Law)
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|C Design Challenges

Growing Cost per IC The Verification Challenge
100 x 10,000 =

R&D A 100x / 6 years /

cost

per
xponential 10B 1 million times
growth more simulation load

device

idate

00M

M

10,000x more vectors
required to valid

10x / 6 years

Process Impact on Design |IC Shortage in Europe
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® P4 @ 1.4GHz, 75W NozzleSun’'s
Surface

L g

Pentium Il ® processor
Pentium |l ® precessar

Pentium Pro ® processor
Pentium ® processor
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1.5p 1p D0.7p O0.5p D35p 0.25u 0.18p 0.13p O.lpy 0.47p

Courtesy of Fred Pollack, Intel
Keynote speech, MICRO-32
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Which computing engines?

SuperH,
Motorola ColdFire ARM
Infineon Carmel MIPS,
Tl Motorola PowerPC

- Intel x86
Quick Silver Tech. Motorola 68K
ST200

Trimedia
Tl C6
Motorola/Lucent
Customizable StarCore
Intel RISC
ARC,
Tenslica
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Navigating The Space of Custom
Architectures

=CA™ =

GREM = 1
SWEM = &£
LMEM = 4
IALLU = 1B
FEG = 51Z

KEY TO THE CHOICES INVESTIGATED HERE:

GVEM -
SVMEM -
LMEM -
| ALU -
REG
UNR

TJ
X CA~

d obal nenory ports (always 1 here)
Static nmenory ports (not currently used)
Local nmenory ports (not currently used)

Nunber of integer ALUs

- Nunber of registers

- Optimal nunber of pixels to consider

at once for this architecture choice

- Cycles per pixel (measure of perfornance)

- Factor faster than i960/ CA (another

nmeasur e of performance)
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< Each of these is a single architecture choice

Where you go when you cut

UkRE = 8 :
o \ one parameter in half
153 1alu 8

GMEWM = 1
SklEM = £
LMEM = 4
IALL = B
FEG = 51Z
UME = 8

TJ = 56.<
=CA™= 137

UA cicicare
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Faster architectures are to the left

The starred architectures ﬁrlere the sweet spots




Embedded System Design Turned
Right-Side-Up

Traditional CPU Design Right-Side-Up CPU Design

With the user, PORT THE
APPLICATION to family toolset

BUILD HARDWARE for what you
think is a good embedded CPU

ARCHITECT THE CPU and related
system tools

BUILD A COMPILER and other
system tools for that CPU

BUILD HARDWARE for what you
know is a good CPU for the
application

give it to the user to PORT THE
USER APPLICATION TO. Hope
the match is good

e T e e e e e e e e e L Lt
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A New Design Methodol ogy

Customers’ SW investment

PCBs, CABLES... 5%
SILICON 10%

SYSTEM DESIGN 15%

SOFTWARE 70%

Scalability Portability
struct
Costp _reent Applications
*ptr | ON)
AND
“Fransport
“Audio
MPEEB",\ZD@raphics

FULL HI-END CONS. Analog procCessing in digital

Video pre7bbst processing

Hardware

Some 3D graphics
HDTV on graphi

CTV 11996 11999 12002 12005

Advanced System Technology paris02
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The Environment

Hardware Software
<:> Simulator ﬂ;-
Hard Macro
Behavioral t
Functiond Sl Driver
RTL OS Call
Netlist C Modd
Analog TV Graphics AC-3 MPEG Transport
Processing
Processor Video Memory Network DENC
Accelerator Processing M anagement | nterface

Advanced System Technology
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Multimedia Platform
| tadwae  JEM  sofware MM widdleware |

Return Channel

Image Capture’BIpeline
BrelPestiPreocessing

Media

Lx2 Spec’s
Processor
KPP I _—

Input

I/F
Rendering

HW Unit
Accelerator
BoStIProcessing
Image Quality Virtugl
Rendering

Rendernng
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HW/SW Plug & Play

Functions library

DCT/iDC@
CBR Iib>

Function implementation
SW Motion Est.

SW API

HW Motion Est.

v

HWl‘

HW 2

STBUS

—y
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HW/SW Plug & Play
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Power Conscious Multistandard
Termina Architecture

DSP Processor

Digital Hardwired
Logic # 1

RF IF
RF IF
RF IF

Control Processor

Digital Hardwired
Logic # 2

Digital Hardwired
Logic # 3

Advanced System Technology
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Log FLEXIBILITY ——»

|mplementation Space

General

Purpose Digital
Processors Signal Application
Processors

Specific Signal
Processors

Field
Programmable
Devices

Application
Specific
ICs

Physically
Optimized
ICs

Log PERFORMANCE >

102 - 10%

Source: T.Noll, RWTH Aachen
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10° - 106
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A New Approach To Design

Algorithms Tools

Architecture
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Parallel Processing (2)

M ultiprocessing: the new fronteer
o« Compilers
o Architectures
e Toolchan

’

can we leverage grid technology?
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The Future of Embedded Systems

CONTENT [ Music } [ News } [ E-mail } [Games} [Banking}

Media Player DRM Messaging Browsing

APPLICATIONS {Intertrust} {Playmedia} [SMS }[MMS}

PLATFORMS [ Linux 1 [Windows} [Symbian} [ Palm 1 [VxWorks}

[Microcore H Media Accelerator 1
\—{ Secure Hardware H Memory 1

Advanced System Technology paris02
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Business Moddls
For a Semiconductor Company

e System house?

e System integrator?

e Solution provider?

o Subsystem provider?
e Technological |eader?
e |Pprovider?

e Foundry?

Advanced System Technology

Applications

Device Manager

TV Run Time Engine

Event Interface

Devices
Adaptation cond
Access Graphics
layer ST40 Software LibF;ary
ST20 Software Adaptation layer
5T-Lite | ST-API Kernel
Other Drivers Other | eg Graphics
drivers (eg MPEG drivers | CHORUS Device Driver
AV, PTI...) or PSOS
ST20 uK
Omega Hardware and — ST40 Hardware and Graphics device

Peripherals

paris02

Peripherals
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A Few ThingsTo Do .....

GSM, XML, DAVIC, DVB, MPEG2, MPEG4, MPEG7, TINA-C, QTP, ATM, WAN, LAN,
SONET, SDH, IPVG, COFDM, QAM, QPSK, VLIW, RISC, CISC, GPRS, EDGE,
UMTS, CDMA, WBCDMA, ADSL, VDSL, G-LITE, REMPEG, SLIMPEG, SPKI, PKiI,
SDMI, DVD, MP3, AC-3, BLUETOOTH, USB, ETHERNET, DSS, JPEG, 1394, DOS,
WINDOWS, EPoC, OS/2, CD-ROM, BBNT, HOMERF, 802.11, HYPERLAN II,
SIRLAN, CRYPTO, ZERO-IF, PRML, AGENTS, LINUX, VXWORKS, TURBOCODES,
CORBA, DCOM, JAVASCRIPT, JINI, CSSI, UNIX, SCSI, POSICS, OST, OPENIP,

WINCE, CMIP, KERBEROS, WBEM, CA-TV, ITTIl, FDMA, DECT, SDR, HSCCSD,
SIM, STK, WAP, WAN, PALMOS, GEOS, MAGICLAP, ORBITOR, IS-95, POTS, SS7,
T1, CCBS, VPN, GUI, UICC, USIM, DIRECT-X, MMX, MHI, MeXe, 3GPP, APIs, SPS,
DWDH, CCBI, QoS, PROXY, VCSEL, UWB, SWANET, MSP, MSC, PCS, MIMOWL,
MCFD, ADFED, OPENGL, FDTD, FFT, PDC, HTTP, CTI, DSP, CPU, EPLD, IFFT,
TCM...

just to mention a few...
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A Globa World

!

=8 Security ﬁ; Networking Consumer ﬁ Wireless
¢ Storage ﬁAutomotlve ‘ Computer Smence




Learning From The World

Lead Customers R&D and

Engineering and
Design skills in fast

Engineering: Seagate,
Western Digital
(California,Colorado, ...)

Joint Design center with

Engineering and

Design skills in digital

servo controllers:
Design team with

SSD/Parthus - Dublin,

Ir.

microprocessors:
Bristol, U.K.

Seagate: Scotts Valley,
CA

a

Competence on R/W
technology: Joint Design
with EXAR - CA

T~

Process Technology R&D
in BICMOS (mixed) and
CMOS (digital) :
Grenoble, France

Engineering and Design Capability /
Close understanding of customer
application / Design Center: S. Jose
CA

Coordination and
strategic capability:
Agrate (Italy) and
Geneva
(Switzerland)

Process Technology
R&D in Bipolar and
BCD; Design

L competence on
analog and mixed
signal ICs :
Castelletto, Agrate
and Pavia (Italy)

S

Customers’

Design of ‘packaging’, testing
and final assembly (Back End)
capability: Malaysia, Malta,
Singapore

Manufacturing :
Singapore, and other Far
East locations

(Source: Doz, Santos, & Williamson, “ From Global to Metanational: How Companies Win in the Knowledge Economy” ,
Harvard Business School Press, 2001 forthcoming)

Advanced System Technology
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A World of Opportunities

«— University
IP |
O O
% rovider
P
/ rovider
i
&> -
uUniv.
P OEM |

A
Customer Customer
* - University \
O O

ervice
D[]

Drovide
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Working With Leaders

ACCESS NETWORKING

v NOKIA
NQRTEL
NETWORKS

SECURITY

£ % Agilent Technologies
Schiumberger % Bull @ SRS S .

VIDEO STORAGE

Proneer || sin

THOMSON ﬁ'ﬁ’a’:ﬂ

AUTOMOTIVE IMAGING

[Rlll BOSCH| @ PRty | OLYMRUS
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Moving Down the Value Chain

SEMICONDUCTOR

MANUFACTURERS OEMs OPERATORS

COMPONENT SUBSYSTEM & SYSTEM NETWORK

Manufacturing Design | Definition | Design Definition | Manufacturing | Integration Design | Management Services
‘ CEMs S:RVICE

FOUNDRIES i CCMPANIES
SEMICONDUCTOR INCUMBENT
MANUFACTURERS OEMS OPERATORS

CAD
SUPPLIERS FABLESS ““““ STANDARD |||||”' NEW
COMMITTEES OPERATORS BROADCASTING

COMPANIES

ERESIRATEGIC FOCUS MOVES TO THE BUSINESSHVIGHSS. I

Advanced System Technology paris02
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The Value-Added Proposition

APPS
KNOW-HOW

APPLICATIONS
SW/HW MACROS

SOFTWARE DEVELOPMENT
TOOLS

A

COMPETITIVE
ADVANTAGE

/ SILICON MACROS AND DESIGN KITS \

/ DESIGN CYCLE TIME AND FTSS \

/ MANUFACTURING TECHNOLOGY/CYCLE TIME \

QUALIFYING
FACTORS

Advanced System Technology paris02
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A World-Class Network of Partherships
|cadencei CMre : %9 Chartered

Csynovsys [ e
Y umc

~q : = EDA VENDORS
2 =
AWA = |P PROVIDERS =Atec. 1"’5‘}
= FOUNDRIES & |ICHN) ST ) (ARt
’ » J = Q .
ARM SUBCONTRACTORS ~ 3900
/4 »PlayMedia’

= COMPETITORS

\ - :
PHILIPS START-UPS CANALPLUS.FR
» SOFTWARE PROVIDERS g ® telia

e Rel] + OPERATORS

ﬁTELEC om
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World-Class Academic Network

CNR IRISA uSlI ENST
g ) ) gy N ey

SISSA l
| | N )
Catalunya Berkeley _J SRS
UCLA
— e

ST
V=

Politecnico Politecnico
di Toring S wiano | evrecon |
CNET I

ooiogna )

K
=l

-~ Y

ENS

T -
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ave to be able to live with a lot of differe

es, and above all you have to get used tc
at you can’t give orders.

P. Drucker
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New Organization Models

INSTABILITY

BOUNDED INSTABILITY

Far from
agreement

STABILITY

Close to
agreement

7

l
I

|
1)

Close to certainty Far from certainty

I
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From The Machine Model To

Complex Adaptive Systems
Predictable Uncertain
Hierarchical Ambiguous

planning adaptability

Advanced System Technology



L eading Convergence

CULTURE J

HMNERﬁMHH
o T dﬁ '

METHODOLOGY

PROVEN
EXECUTION
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Take part of a lamprey s bram._

Professor Sandro Mussa-lvaldi's Team
Northwestern University Medical School, Chicago, USA
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Central Pattern Generators in the
L California spiny lobster
~ /A

Dorsal dilalor
muscle (PTY}

Cardiac sac

Pylorus :I ?7“ - xh___:
p—- | T |
PY conatrictor muscie [_—ﬂ' Ml "f__:.’“ b
o
g constrictor muscle |4 —
I i ___:}\__\.__-.'n l
.:I.:,' \"x.__ Pyloric dilater L I
b muscle (PLY) e 1_
Esophagcal ; ...|——__:|!' .-‘—‘|IH i
; s o,
ganglien b |; i
Esophagus ganglion :* 5
EF.™ T |
o ——A-E [y
neurcn neumpll:,‘ | - - ‘
cell ! 1
; _{neuronal | =g |
bodies interactions) I .. S

FIQ. 2. Blodok dugren fr the foar gimens ol HE remem wrssy] mocem experrETla [aess
s ware desagresy] b mepluoste the bdvooe af mdiwidual. molwted pources Boen e kdmier
STG In vam exprovineenits they weore coggalad clecirically s well as via ag dectropic nploaatation

of inhibitory ol l".'n.l’l".-l.lulg chenicnl synapecs,

acit:]-.ral}itng patierned Courtesy of Henry Abarbanel, Director
P motor cutput Institute for Nonlinear Science
University of California, San Diego, USA
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Coupling of Biological And
Electronic Neurons

® Succeeded in coupling
the e-neurons to the
biological neurons, and
even in replacing an

e-neuron.
Courtesy of Henry Abarbanel, Director
Institute for Nonlinear Science
University of California, San Diego, USA
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THE MERGE OF MICROMECHANICS,
ELECTRONICS, BIOLOGY, GENETICS
WILL OPEN A COMPLETELY NEW
HORIZON TO MANKIND.

AND TO COMPUTER SCIENCE, TOO.
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