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Distributed Systems and Embedded Software

Traditional Flows

Silicon Implementation Platform

Design for Manufacturing
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Changing Face Of The Consumer
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‘Executive Jewelry’
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Challenge: The Bifurcation of the Market

The Core:

Performance is premium
Power and cost constrained

Relatively long life-time

The Expanding Periphery:

Cost and size are premium
Integration and power are key
“Just enough performance”

Short to very short lifetime
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Electronics, Controls & Software
Shifting the Basis of Competition in Vehi

Fuel Cell
Wheel Motor

-More functions
-Less hardw
-Faster

Potential inflection | |
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System Connection

Subsystem Controls & Features Forefront of Innovation
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System Above Chip - SAC

ST Reference Designs...[ Qualified Software, Certification -qf._.-_;.:'

Cost Effective Tumkey Manufacturing Tooling & Specifications)

2003 &
Beyond

=W walue in customar ownitgieriing drvers, [TMKMEY HNE)
*Custorner added value is Application, Condibional Access Brand Mame

* 5T supplies the complete base system BELOW MIDDLEWARE

o save time o market
I CME-Design
STHicroslectionics Conflidential and Propristarny

* System-Above-Chip (Boards, Chips, & Software) Su PP lled by ST




Automotive

Three Levels |

Automakers

@ &2 [000TA | = « 2005 Revenue: $1.1T
@ W ) « CAGR 2.8% (2004-2010)

DAIMLERCHRYSLER

Tier 1 Suppliers

visteon D EIN'S @) ENEeN 90%+ of rever!ue
@@l “E ﬁL = from automotive

BOSCH DELPHI|

IC Vendors

freescale RENESASY L] wii ~15% of revenue

IS7 :Infmeun NEC - from automotive | "4_2010)

Source: Public financials, Gartner 2005
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The Desi ain for Cellular Phones

Hardware )
manufactures /

Orange
DoCoMao
3
T-Maobile

Cingular
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INFOWORLD, JUNE 28, 2002 - BY PAUL KRILL

-

&

Software bugs cost the U.S. economy an
estimated $59.5 billion per year, or 0.6
percent of the gross domestic product,
according to a newly released study by
the U.S. Department of Comme

half the costs are borne b

users and the remainder
developers and vendors.

Sy
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SUNDAY, FEBRUARY 6, 2005 - THE NEW YORK TIMES (by Tim Mo,

hat's Bugging the High-Tech Car?

On a hot summer trip to Cape Cod, the Mills
family minivan did a peculiar thing. After an
hour on the road, it began to bake the
children. Mom and Dad were cool and
comfortable up front, but heat was blasting
nto the rear of the van and it could not be
tumed off

Fortunately for the Mills children, their father
~W. Nathaniel Mills IIl, an expert on
computer networking at 1.B.M. - is
persistent. When three dealership visits,
days of waiting and the cumbersome
replacement of mechanical parts failed to fix
e problem, he took the van out and drove
i the oven fired up again. Then he
he mechanic o look for a

Additionally, the study found that atthough
errors cannot be removed, more than a'lt
took two minutes for them to hook up their
diagnostic tool and find the fault," saidg
Mills, senior technical staff membej
|.BM.'s T.J. Watson Research @
Hawthome, N.Y. "I can almgg

software code; a sensor w3 HTSA Tu Prnbe Repurts Of SUdden

Indeed, the high-tech cg

confused. The rear teg Engine Stalls |I'I PriUS HYbrldS

the 2001 Dodge van
sending a signal that P i i

freezing at 32 degred ) : : _ ; m TM

up. third of the costs, | 5wkl yesterday it it i sofbware
billion, could be elimild o ; _..-: BAR#ETEAH
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. Plug and Play?

el

Plug and Pray!
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awkward architectures.
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nd Heterogeneity

Today, more
than 80
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Application

are distributed

-

Interactions difficult to
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Process Networks

Continuous
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Computational
— but not first—and—forem,ost ac

— SEeRnsors, actuatprs

Reactive I B —

— at the speed of the environment, o
' , <

Heterogeneous .

-

— hardware/software,
Networked

—shared, ada

.
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computational
systems science and systems
practice with

— Verifiability
— Understandability

sames,  meeRSEIRELL ot o
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Functional C/C++ SW RTOS Driver
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Simulate

RIL Synthesis
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Structured m

limits the space of a
exploration, yet achieves
good -

. A formal mechanism for

identifying the most critical
hand-off points in the design
chain; t

th@ cﬁ%p ete electro
dESIgﬂ process!

&%jju s

Texas Instruments
OMAP

Baal-Tine Taska

Philips Semiconductors

Nexperia™ Hardware Architecture

MIPS soram | TriMedia

GENERAL e
PURPOSE RISC MIESIGED MM | TriMedia CPU
PROCESSOR [ ps >

+50t0 300+ MHz | | 1§
* 32-bit or 64-bit

PRXXXX TM-xxXXX

DEVICE I/P BLOCK

Library of Device| |

Blocks DEVICE I/P BLOCK |

« Image
coprocessors

+DSPs

+ UART

* 1394

- USB

DEVICE I/P BLOCK

DEVICE I/P BLOCK

DVP MEMORY BUS

DEVICE I/P BLOCK | DEVICE I/P BLOCK

...and more DVP SYSTEM SILICON

Semantic Platform

Architectura

VLIW MEDIA
PROCESSOR:

+ 100 to 300+ MHz
« 32-bit or 64-bit

Nexperia
System Buses
* 32-128 bit
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Architecture:

Philips Nexpe

MIPS CPU TriMedia CPU
D$

™ PRxxxx T M-xxxx
DEVICE IP BLOCK DEVICE IP BLOCK

DEVICE IP BLOCK DEVICE IP BLOCK
experia

Streaming and
Iatform Software

DEVICE IP BLOCK ‘ DEVICE IP BLOCK

Source: Philips
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Platform-h
(ASV Triangl

Tensilica
Xtensa

Platform

(Sof?Ware + Hard
Platform

Platform

Design-Space ot ireless Baseband

L o 4 Processor

Processor
Protocol

2latform Instance
Architectuy

« Platform: librat

hide unnecessary details

expose only relevant parameters for the next step
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Platform-t

Application Si
PP ‘@ | Architectural Space

0

Platform Instance
App

-

that will b
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.

— Very important resources are
communication protocols
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f Design

Platform
Platform Design-Space
Mapping Export

tion S
Function Space Platform

(Architectural) Space

Function Instance
Plafform Instance

Function Space Platform
\ (Architectural) Space

Platform Instance

Function Instance
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Outline

Applications of PBD t
Control

Copyright: A. Sangiovanni-Vincentelli




HVAC: High Performance Bull
Objectives: Efficient energy ufilization and occupant comfort for normal buillding operation
Robust response to health and safety threats and events
-Large, spatially distributed system

Energy & mass balances govemn steady-
state building energy performance HVAC equipment ‘Interconnected system
“Slow” non-local coupling — Room neighborhood scale

from air movement — Building floor scale
system — Whole building scale

(UVPCO) -Multi-scale dynamic system & its control
— Wide time scale separation
- “Close" coupling leading to dynamic
constraints between network and
physical system

relevant to occupant comifort and safety
a2

<Iw-
ol - » B Room3 ™ ] =
- T Baitieves Fan .dﬂmy 1 - — *,.:
coupling | * Rooms Roam2 | * “;_-,,
2 L am 1 ?&;?
Contamirant 0 Courmsd
™ source L
“Fast” non-local 1 .
coupling over * Rooms Room1 *
communication/
control network  § Flow pulks : + b et - : -
for response to O Spatiotemporal airflow dvnanucs at room
transient events I ; - scale relevant to safe building

g ﬂ.&-ﬂﬂdtm = s environment




Building System Physics

Dynamics at multiple spahal & temporal scales must be addressed

length scales 1 I
> /
building-scale (iouveridarrper) e v s /
O{10°-10°m) : "m{mm “""""EWE,?EF;I
F 4
| L
floor-scale
O{10°m)
O(1m) chation
Ofusec) O{sec) O{1-10minutes) O{1hr)
hime scales

&m'mn M B




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

—_—

~ r/"m odeling ™ /Embedded Systems
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Platform-Based Design for Dynamic Networks

it PO Lo R

Applcatun Distributed platform —
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Challenge@g “

Find a common language
and decide the abstraction level

B el

\Coula ive automatic collrect-HyConsir
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Synthesis

Stage 1
Function « Common lanauaae cture
Model in C ey CMD
e Primitives
COVW Stage 2
!
Further Stage 3

Synthesis
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ARM11 core

- - -

Memory Management

Peripheral
Port

Instruction Data
Interface Interface

N[ [ [y U

DMA
LI]?HJLIIILILIILI

| & I"'"” W LACET

PowerVR MBX

\ Texture ,
= 11 e .
HSR Engine Shading Unit (= Pixel Blender

DIEF"[H? List Texture Cache
I Parser

MG § ™

[
E

Internal
memary
buses

TMS320C55x
DSF core

Configuration

S

Private
TIPB
bridge

DMA

(EMIF)
(DARAM)
(SARAM)

(MPLID

(TIPB)

LA

MPUI port

BUFFER A

BUFFER B

Pseudo
dynamic
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System level design

Single source for hardware and software solution

C
Program

CPU/DSP ’

\ Custom CPU’ DRP ’

()]
>
(D)
-
@)
=
&)
©
| -
-
7))
@)
<

Software solution Courtesy: NEC Hardware solution




Hetero and scalable architecture

- Heterogeneous and scalable architecture

for various markets
- Multi-core abstraction layer
for software virtualization

Middleware

oS, OS, OS,
Driver Driver Driver

Hardware§isec ity R
Peripherals =) DSP, dedicated HW

) —— 7
V >

Courtesy: NEC Multi-core Various markets

44
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Infineon

U.. Ramacher, CPR ST
2004-11-01 Page 45

Designing Beyond the 3" Generation

function « WCDMA, DVB-H, UWB,
modeling « WLAN, WIMAX, ...
i + CR

front-end for code generators

N

back-end back-end tﬁ:k-end

architecture modeling

« multiple program- reconfigurable DP+IC fpga-inspired
mable processors architecture architectures

Common Research Agenda:

* benchmarks

« real-time in f&a space

« common rules for modeling

« connection between function and architecture model

« systematic design space exploration

* synergy in designing code generators

« Future-proof” framework for Function&Architecture Modeling
(Matlab, Simulink, Metropolis ... ?)



Framework for Platform-

Typical Application: The Intel MXP5800

* Complete
Solution for high
performance
Digital Imaging
Applications

— Multifunction
Printers

— High End
scanners

intgl.

‘ B|Rin)E]: J838T T80 3333

DMA Units

20

Courtesy: G. Spirakis, Intel
ASPDAC, Jan. 2005 qS R




Architectural Exploration:
FX3 Baseline SBW Hardware Architecture 1

s Mechanical Backup Steering Column

‘_ Steering Torque

|, $tepring Feedback
| | | Steeripg|Angle
.Q . Relative Position
. Sensor RR2
-; Absolute Position
. Sensor RR1
Relative Position - ~
Sensor F2 SMcCuU ?\/?A\{\é)c(:]_ SbW CU Relative Position
Sensor RR2
pusolut ( ) (MABX3) SMCUgg
Sensor F1 ——— Rack Electric Motor Actuators
N Sbw &U L[ Sbw cu
Relative Position SMCU
Sensor F2 MAB X (MABX4) Relative Position
( )
Sensor RL2
—> Absolute Position
Sensor RL1
Relative Position
Sensor RL2
Steering Link Clutch

Actuator
CAN Link
Motor temp sensors in all SMCU. ——» Hard-wired sensor signal
Motor current, voltage sensors in all SMCU'’s. ———— Hard-wired actuator signal
Shutdown HW voter gets votes from all FlexRay

replicated supervisors to shutdown power
P P P O/ d  Absolute / relative sensors

to the rack electric motor actuators. 47




— To deal with heterogeneity:

/here we can deal with Hard

S -

ere we can mix digital and ar

.

— To handle the design

— To support |

[

e

| e integration platfo
flow, rather than displacing it
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Applications of PBD to
Control

A synthesi

Metropolis
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Vetropolis: An
Integrated Electronic
System Design

Environment

Based on a metamodel with formal semantics that developers can use
to capture designs, Metropolis provides an environment for complex
electronic-system design that supports simulation, formal analysis,

and synthesis.

‘J;‘ﬂ‘ solid design flow moust caprure designs at
0 well-defined levels of abstraction and pro-
Ei& | ceed toward an efficient im plementation.
Theeritical de

isions involve the system’s

B B architecnire, which will execute the com-
puration and communication tasks associated with

the design’s overall speci ion, Understanding
the application domain is essential to ensure effi-
cient use of the design Aaw.

Today, the design chain lacks adequate support,
Most system-level designers use a collection of
unlinked tonls, The implementation then proceeds
with informal techniques that involve numerous
human-language interactions that create unnecessary
and unwanted iterations among groups of designers
in different companies or different divisions, These
wroups share litde understanding of their respective
knowwledge domains, Developers thus cannot be sure
that these tools, linked by manual or em pirical trans-
lation of mtermediare formats, will preserve the
design’s semantics. This uncertainty often results in
errors that are difficult to identify and debug.

The mowe toward programmalble platforms shifis
the design im plementation msk toward embedded
software design. When embedded software reaches
the com plexity typical of rodayv designs, the risk
that the software will nor funcrion correctly
increases dramatically. This risk stems mainly from
poor desipn methodo logies and fragile soFrwane sys-

tem architectures, the result of growing functional-
ity over an existing implementation tharmay be
quite old snd undocumented. The Metropalis pro-
ject seeks to develop a unibed framework thatcan
cope 'n'ill'l II'IL'.‘;L' L‘l‘l'.l||n.'l'l:.{|.'.\'.

DESIGH OVERVIEW

We desipned Mermopolis to provide an infra-
Srroctre l'\fl!\l'.'LI on a |11|JL|L'| '.'.-'il‘l'l Pl\.‘l_'i.‘il.' sermant ir.'!-
that remain general enough to support existing
com putation models' and accommoda te new ones.
This metamodel can support not only functional-
ity capture and analysis, bur also architecrure
description and the mapping of functionality to
architectural elements,

Mermpolis nses a logic linguage to capture non-
functicnal and declarative constraints, Because the
mexlel has a precise semantics, it can support sev-
eral synthesis and formal analysis tools in additon
1o simulari

The first design activity that Mermopolis supports,
commumication ofdesign intent and results, oouses
on the interactions among people working ar dif-
ferent abstraction levels and among people working
concurrently at the same abstraction level, The
metamodel includes constraines that represent in
abstract form requirem enes not ver implemenred or
assumed to be satished by the rest of the system and
115 EnvITomTLEnL.

IS necessary

0 external tools
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Fundame

e Support for different Models

ort for Architecture Spe

L

* . )
Imperative and declarati

.
-

e Quantities of interest dictated b

el
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Mapping

e An architecture provides

- A functional model uses these
services

>stri
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B Tagged Signal Se
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- Multi-media Platforms

 General Motors
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sw“érogrammable platform modeling
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m-based Design

-
-

Applications of PBD to DistI

Metropolis

=
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SBWSBd Hthweae Adatafeeture 5

CAN Link
——» Hard-wired sensor signal
Steering Torque ——» Hard-wired actuator signal
P 1teering Feedback FlexRay

O /@ Absolute / relative sensors

l | | Steeripg Angle

- Relative Position
’ . Sensor RR2
Absolute Position
. Sensor RR1
Relative Position

Sensor F2 «Q P Relative Position
Sbw ¢U—
SbW C cu Sensor RR2
Absolute / \ \
Position . 4 Il S
Sensor F1 A\ v + RY Rack Electric Motor Actuators
Relative Position
SMC
Sensor F2 S SbW C Relative Position
Sensor RL2
—> Absolute Position
. Sensor RL1
Relative Position
“ |||||||||||| ||||| I o

Architecture 5 has no SMCU'’s and
the 10’s are redistributed to the other components with
redundant actuators 56




Architecture 5: Result

Dependability

Extensibility 8

Reusability/Cost

Composability

Baseline

A Tilization Architecture

Architecture 5

Architecture 4

S7



Automotive Stability Control

Find common language between functionality and architecture
by choosing semantic domain Q in CMD C(P).

Functionality Architecture

e synchronous Simulink model o clock drift between distributed
. ECUs, asynchronous comm.
* N0 message loss or duplication

 data loss and duplication




CMD Selection (Stage 1)

® Find CMD from modeling domain relation graph

.~

Common ancestor domain:
Process Networks semantics

B(f) cB(f) BE)I<ED

Original Function modeling domain:
Synchronous/Reactive semantics

Original Architecture modeling domain:
Semantics of LTTA
(loosely time-triggered architecture)

[1] H. Zeng, A. Davare, A. L. Sangiovanni-Vincentelli, et. al, “Design Space Exploration of
Automotive Platforms in Metropolis,” SAE 2006 59/34




Transformation of architecture model

® CMD uses synchronous/reactive semantics
® Function model does not need to be changed

® Architecture primitives P, should be transformed to P,. in
CMD to support synchronous/reactive semantics
o Protocol to avoid data loss [1]

— Constraints on process periods

— Requires clock drift to be within a certain range
o Clock synchronization to restrict the clock drift [2]
o Alternating bit to avoid data duplication

o B(a’) € B(a), but correct behaviors can be assured when
function model f' is mapped to architecture model a’

[1] A. Benveniste, P. Caspi, P. Le Guernic, H. Marchand, J.P. Talpin and Stavros Tripakis,
“A Protocol for Loosely Time-Triggered Architectures”, EMSOFT '02

[2] M. Gergeleit and H. Streich, “Implementing a Distributed High-Resolution Real-Time
Clock using the CAN-Bus”, 1st International CAN-Conference




Automatic Synthesis

® Covering problem
Function primitives instance f; : tasks and messages
Architecture primitives instance a, : ECUs and buses
Quantity constraints : maximum workload on ECU

Objective function: minimize inter-ECU communication and
balance computation load across ECUs

Utilize the Scotch [1] package
o Function model graph and architecture graph
o Partition-based algorithm solves the covering problem

® Further synthesis

® Task priorities — based on pre-assigned message priorities

® Task periods
o Adjusted to satisfy end-to-end latency requirements

o Task periods need to satisfy the protocol to ensure the correctness
of semantics

[1] Scotch, http://www.labri.fr/perso/pelegrin/scotch




Experimental Results

® 14 tasks, 48 messages
® 6 ECUs, 1 bus
® Automatic synthesized design vs. 6 manual designs

® Simulated in Metropolis framework

Design

Total delay
(ms)

Bus
utilization

Max ECU
utilization

Manual 1

/87.10

57%

60%

Manual 2

761.84

50%

2%

Automatic

559.51

34%

48%




Summary

* Electronic Ir ' ay of complex problems from
design to manufacturing involving complexity, power,
reliability, reconflgurablllty embedd:

situation is bound to become more
Ianguages or point tools

« EDA vendors have to extend their

-

A ;Future

P
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