unde‘aTTd‘Sﬁlentlflc Direct

) % [ /
The Edgar L. and Harold H. Buttner @hair of EECS
’ Universityp‘f California a

Co Founder, CTA an Memheroft Board,

#
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We Live in an Imperfect World!

NHTSA To Probe Reports Of Sudden
Engine Stalls In Prius Hybrids

lZ!r'I.]r' it is inv -... 1 it 1% — "ﬂ
r 188 l.]'_n'-. ﬁm_.nn_-.-'- Moy r vhr m%m
' ' ﬁ'
-
NHTSA ha s of ste CONTesT E'r_'E‘F'-&_-"— .
I!'|'rr|r1 mode] ven : .

[ 1]
that stalled did so at speeds t:;-rfn een 35 and 65 miles
per hour

Sept. 20-21, 2007

GSRC Annual Symposium
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GSRC Vision 1998

ARN: It’s all
about

Concurrency!

ASV: It’s all about

Communication! ]
- ~ EAL: Actually, it’s all about

Heterogeneity!

S @;
®
ey m®

L !

GSRC Quarterly Workshop

Copyright: A. Sangiovanni-Vincer‘n‘telli
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Concurrency, Communication,
Heterogeneity

Mobile Communications Navigation

MOST
Firewire

Information
Systems

Telematics
Fault
Tolerant

L2 Cache St

i
i 115 9‘_5“3.0_' Body
NN v Electronics

Body
Functions

Intel KEROM dual core
ISSCC 07, 290M trans.

Body
Electronics

ge
25
<5
90
=5
=
L
o e
Ewr
.Eg
|

an

IBM/Sony Cell
ISSCC 05, 235M trans.

Fault
Functional

5

Bosch: Car Electrical Architecture
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Objectives: Efficient energy utilization and occupant comfort for normal building operation
Robust response to health and safely threats and evenis

Energy & mass balances govem steady- -Large, spatially distributed system

state building energy PE”{?'”“E"CE HVAC equipment -Interconnected system
“Slow” non-ocal coupling - — - Room neighborhood scale
from air movement Lo " =7 ey . — Building floor scale

== g - Whole building scale

-Multi-scale dynamic system & its control
- Wide time scale separation
- “Close” coupling leading to dynamic
constraints between network and
physical system

Multi-zone, steady/quas S’[E‘{{d". behavior at intermediate scales
relevant to -::n:r:upant comfort and safety

* Roomz ¥

doorway
]

Local
coupling Roomz '

—

“Fast® nonHocal
coupling over
communication/
control network b i} ) )
for response to e Sty Spatiotemporal airflow aynamics at room
transient events scale relevant to safe building

G oo aaa environment




Challenge: Platforms and Software Content

2003 &
Beyond

ST Reference Designs...[ Qualified Software, Certification <«

Cost Effective Tumkey Manufacturing Tooling & Specifications)

Application { Navig., Electr. Guide, Browsing, ... }
Middleware A.L. { MediaHighway, OpenTV )

2000 = ST Drivers

STAP| { audio, video, 05D, demux, tuner, smartcard, teletext... )

1998
Specs *

—r—
( STLite, VxWorks, PS0S)) Adaptation Layer /

» System-Above-Chip (Boards, Chips, & ) (BAEE LT
g Software) -
e ;_C" = NO value in customer owning/writing drivers. SU pplled by ST
T (TMM, E*, HNS)

= Customer added value is application,
Conditional Access, Brand Name
= ST supplies the complete base system
BELOW MIDDLEWARE to save time to market




Challenge: Design Chain Integration
Automotive Industry

2005 Revenue

Automakers $11T
v TOYOTA -
: * CAGR 2.8%
m k‘““"‘”“ & 0 ’ (2004-2010)

DAIMLERCHRYSLER

Tier 1 Suppliers deiipls SO

~$200B
-Stm DENSO JAHNSON s 90%+ of revenue « CAGR 5.4%
W CON TPFJfL_; — a L from automotive (2004-2010)
BOSCH DELPHI
IC Vendors « 2005 revenue
~15% of revenue $17.4B
“freescale- RENESAS from automotive « CAGR 10%

(2004-2010)

L&yy (fineon. NEC EQ

Copyright: A. Sangiovanni-Vincentelli


http://www.st.com/stonline/index.htm
http://www.delphi.com/
http://www.toyota.co.jp/en/index.html
http://www.vw.com/index.html
http://www.gm.com/
http://www.ford.com/en/company/about/brands/ford.htm

Challenge summary

Yesterday Features (can you do it?)
Today Cost (are you cheaper?)
Tomorrow Integration (but can you also...?)

Industry will move towards robust architectures which can:

NXP Semiconductors, René Penning de Vries, May 3 - 2007, IEF
Athens
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The Integration Nightmare

Specification: -

| P. Picasso “Femme se
coiffant” 1940

Copyright: A. Sangiovanni-Vincentelli



il

The Integration Nightmare

Implementation:

P. Picasso “Femme se
coiffant” 1940

Copyright: A. Sangiovanni-Vincentelli
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*The role of Communication-based Design

e Platform-Based Design for Communication in
Distributed Systems: a Synthesis Approach

 Failures in Innovation: a Personal History
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Basic Goals

* [dentify precisely and formally the concept of
communication, its level of abstraction and of the
corresponding models of computation.

* New theories to combine different medels of computation

* Determine a set of properties that characterizes each
level of abstraction.

13

Copyright: A. Sangiovanni-Vincentelli
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NOC Design

® v

M3

M 2

M4

M5
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What's the Problem?

® v

M3

M4

M5
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Communication Synthesis Platform Stack

: : bw1,d1) (bw3,d3)
Communication \

Specs (bvm\ . (bwa.d4) _ _(bws,ds)
Link 1yl N(33) (x4,y4)
1 > )(X y(x)z,y2) /'bw3+bw'4'f\
bwil+bw2 ("
¢ Comm. nodes \

yA

AW Relay Stations

Processes +
Shells

e \\Ir €S
/\ Buffers

Copyright: A. Sangiovanni-Vincentelli



Point-to-Point Specification

mmmm Given

s COMputed
M 2
p(s)

b(s,d)
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Network Topology Implementation

mmmm Given

s COMputed

M 2

p(s)

p(rl) \

o~ o

Cp(r]%./
p(r2)

¥ v
\ M5

p(d)

cp(rl2) = capacity of link r1->r2



Protocol Implementation

e Given p(rl) = position of rl
gl(rl) = queue lenght of r1

C ted
s COMpuUte bp(rl,s) = backpressurerl->s

Copyright: A. Sangiovanni-Vincentelli



Physical Implementation

Copyright: A. Sangiovanni-Vincentelli



Platform-based design:

Communication synthesis

Function Domain
'

Function

s

inv-

Abstract Function Doma
(Connectivity + Flows)

min C'(p)
s.t. Ul*(p)

in

Connectivity Platform

~

P, v

ste [0 dest™ link ]

A

Topology Platform

o
inv -

Common Semantic Doma
(Topology + Flows)

srcl ddest ] linki I routerd |

qlc dest link router

@ﬁ*cﬁfﬁ]@ﬁ“




Synthesis of network topology

Abstract Function Domain Topology Platform

P

Bus—-based topology

‘
. e
RN

srcl] dest] link(™]

 —

router-.)
3 i)

N

. Restoration .
N R Complete topolog

MinCost Multicommodity Flow
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Comparison

Function Domain

Function

Abstract Function Domain
(Connectivity + Flows)

Point-to-point

Common Semantic Domain
(Topology + Flows)

Connectivity Platform

[ ]
L] |
sre [ dest link [ .
5 .
5y

Topology Platform

A
A\
£
/N

dest link router |

@“r#ﬁ?ﬁ?

bangiovanni-Vincentelli
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*The role of Communication-based Design

e Platform-Based Design for Communication in
Distributed Systems: a Synthesis Approach
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system

Energy & mass balances govern steady-
state building energy perf{:-nnance

“Slow™ non-local t:uuping
from air rmwement

HVAC: High Performance Buildings
Objectives: Efficient energy utilization and occupant comfort for normal building operation
Robust response fo health and safety threats and events

-La

rge, spatially distributed system

-Interconnected system
— Room neighborhood scale
— Building floor scale
— Whole building scale

-Multi-scale dynamic system & its control
— Wide time scale separation
— “Close” coupling leading to dynamic

relevant to occupant comfort and sarety

constraints between network and
physical system

Multi-zone, steady/quasi-steady behavior at intermediate scales

O o @ oW D
m B L W

1 Spatiotemporal airflow dynamics at room

scale relevant to safe building

. Roomd '1 Room3 ® ]
Lﬂ[:al ™, Bathecan Fan F ¥ .
coupling | ® Roome@ Roomz "™
Contaminant O Coeatymad
i | ety
“Fast” non-local 1
coupling over ® Room5 Room1 "
communication/
control network ¢ Flow ke +
for response to ~
transient events [
miouw e -
G o ogide it : o]

environment



Building System Physics
Dynamics at multiple spahal & temporal scales must be addressed

length scales 4

building-scale
O{10%-10°m)

— »
O{psec) O{sec) O{1-10minutes) O{1hr)

fime scales

& mlm Rassara Caew 4




Design Tools: Platform-Based Design
Adopt to networked cyber/physical security systems: fire and HVAC confrol

/" Modeling ™ /Embedded Systems

S Dymola o
Matlab IDA ﬁ =
Specification I g . ¥
System Behavior System Platform
L T . |T I-l

Evaluation of
architectural
impact on
functiona)] behavior

Evaluation of
architectural
and partifioning

alternatives

Froduct Development Process

Calibraticn

T

i




Platform-Based Design for Dynamic Networks

SRR Tl T

" g :. |

Apphcation Distribated platform




Putting it all together....

* We need an integration platform

— To deal with heterogeneity:
— Where we can deal with'Hardware and, Software
— Where we can mix digital and analog
— Where we can assemble internal and external IPs

— Where we can work at different levels of abstraction

— To handle the design chain

— To support integration

— e.g. tool integration

— e.g. IP integration

* The integration platform must subsume the traditional design
& flow, rather than displacing it

Copyright: A. Sangiovanni-Vincentelli
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ESL History

Millions of Dollars

$800
614.5
$400 243.8
1657 133.7
$200 1188 90.2
26.8 30.7 4|7.6/‘ A
$- -_‘I | ‘ I | I | I\-/I‘l I | I I I I I I Pl
AN < O o) - AN < O 0 O
(©)) (o)) o)) (@) o o - - o O
(o)) () (o)) (o)) o o o o o O
—i —i — —i AN 9\ AN 9\ N «
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Design Process Transformation in Chip Design

Embedded System Design Gaps

lm

\
A
Functional RTOS Drive
High Level CODE CODE
HW MODELS

m‘}m

Validate

UU

Cycle

VTetSt U Accurate RTLE
ectors
Simulate .
N

VEULETE)
Verify
Gates [

\ U o

Timing
Accurate
Gate-Level

Netlist

Source: Greg Spirakis, Intel
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How to make Innovation work

« EDA companies have not been successful in internal innovation
« Acquisitions may not be the best sustainable technology source
 What are the root causes of the disease?

* The problem is VERY complex

Copyright: A. Sangiovanni-Vincentelli
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Distillation

1.. Larg€ @ll encompg
fallure: “burea

.
W N
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The Present

 Electronic Industry facing.an array of complex problems from
design to manufacturing invelving complexity, power,
reliability, reconfigurability, integration, embedded software

« Design Methods and Tools lacking: active research field
 EDA vendors haveto extend their reach into the system space
* Innovation of this magnitude is difficult to achieve

*Investment needed from Government, IC and System industry
otherwise the situation is bound to become more critical. Not
anissue of languages or point tools!!

* A Glimpse at the Future ......

Copyright: A. Sangiovanni-Vincentelli



} System Design:
E FROMAr 0 Science
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Paul Caspi: a view from a friend!
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