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From Donald Norman, The Invisible Computer, 1998.



What happened to Ho

Motors became cheap enough to embed in any appliance
that needed them.

How many motors
do you own?




2000 MacMall Catalog

The New iMac!

350MHz G3 Processor
and Stereo Sound!

heck onnt the affordable new . —ph
ihMac with its faster processor this Mlac

and a bigger hard disk. You can SUESEEELIES
quickly surf the Internet, send and <=3/vnoeth
receive e-mail and play Cl»s Machall £2

Features and Benefits: PaymeTt
® 350MHz G3 PowerPC processor lan’' g
® 64MB SDRAM; support up to 1GH

@ 7GR Ultra ATA hard disk drive

@ Slot-loading 24X speed CD-ROM drive
@ Built-in 15" (13.8" viewable)

@ Resolutions up to 1024 x 764

® Built-in 56K V50 modem

® 2 USE ports

® [ /1008asc-T Ethernet

35%0OMHz iMac™
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With FREE 04!
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How many computers do you own?
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Great Add-ons!
LaCie Bx4x32

External FireWire
CD-RW Drive

3497

4

100MB USB
Lip Drive ,

i _Qﬂﬂ\"

69"

D-490
Zoom ‘
Camera ‘

44997




What will the SoCs of the

Hint:




Hidden Computers

Nokia 7110
Browser
Phone

Casio
Camera
Watch

Philips
DVD Player

TiVo Recorder

Sony
Playstation 2

=T

Philips




Transistor Cost Con
Plummeting
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1970 1975 1980 1985 1980 1995 2000

Each Pentium sold for about $600 initially.

Source: Intel




Computers’ Changing Role

Environment and humans ~ Computers subservient to
subservient to computer ~ humans and the

. | | ~ environment
Simple peripherals

\C\)omplex peripherals
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Embedded System Challenge

Complexity

/
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Software complexity gro

Size of Typical Embedded System
1985 13 KLOC

1989 21 kLOC | 44 % per year
1998 1 MLOC

2000 2 MLOC
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2008 16 MLOC =~ WdeWS NT 4.0

2010 32 MLO(/ Windows 20\3\

Source: “ESP: A 10- Year Retrospective,” Embedded Systems Programming,
November 1998 |
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“Which of the following programming languages have you
used for embedded systems in the last 12 months?”

~ N

C 81%

Assemb 70% \
C++ 39%
Visual Basic  16%

Java 1%
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Source: “ESP: A 10-Ye§1f Retrospective,” Embedded Syst\e\ms Programming,
November 1998
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Fhoto by Thomaz D ancoghue \ -




Existing Techniques
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...aren’t up to the task.

e Existing multi-threaded concurrency models
...are completely unstructured

The “goto” of cgrﬁol \

/ \
* Most real-time scheduling \
...ignores communication aspects
|
We need some alternatives! ~ |

\




An Alternative: Esterel

Domain-specific language for safety-critical, real-time
systems. o

7 S

Uses a synchronous model of time that is deterministi
and provides precise control over time.

/

Timing verification becomﬁés checking a single

worst-case-execution-time bound.
|
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Timing

Java Esterel
I PCl ock
"I mplenent's’ Runnabl e { every 1000 MS do
p]chbI iE; v;)i? run() { -
or (;;
java.util.Date now = em t SECOQ
Syspgvn\gjoalél util.Date(); end
println(now.toString());
tr
yI'hi ead. current Thread(). = \

} catch (IntExcept e) {}

}
} |
public class O ock { \
public static void |

}
$ java O ock

Sat Sep 14 13:04: 27 EDT 2002
Sat Sep 14 13: 04 29 EDT 2002 AL pSecond’?
Sat Sep 14 13:04:30 EDT 2002
Sat Sep 14 13: 04: 31 EDT 2002

\

sl eep(1000) ; Just works

main(String args[]) {
Thread t = ‘
new Thread(new P ock()) /
} t.start(); \ /
/ \
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An Example

nt in this cycle

— Force si
emit B;

present C then <——_

! ke D present if C is
emit D end;




An Example

await A: —

emit B:
present C then
emit D end;

pause \

Wait for next cycle where A is present

Wait for next cycle




An Example

loop < — Infinite Loop
awalit A;

emit B:
present C then
emit D end:;
pause
end




An Example

loop
await A,
emit B;
present C then
emit D end,;
pause
end
|| = Run Concurrently
loop
present B then
emit C end,;
pause
end




An Example

every R do
|00p \
Restart on R

awalit A;
emit B:
present C then
emit D end;
pause
end
| |
loop
present B then
emit C end:;
pause
end
end




An Example

emit B;
pregent C th

Same-cycle bidirectional communic

present B thgn
emit C e

>atio



An Example

every R do
loop
await A;
emit B;
present C then
emit D end;
pause
end
| |
loop
present B then
emit C end:;
pause
end /
end |

\
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ood for hierarchical FSMs

'~ Bad at manipulating data \
| |

- Hardware Esterel variant |
. proposed to address this /




Translate every

every R do
loop
awalit A;
emit B;
present C then
emit D end:;
pause
end
| |
loop
present B then
emit C end;
pause
end
end




Add Threads

every R do
loop
await A;
emit B;
present C then
emit D end:;
pause
end
| |
loop
present B then
emit C end;
pause
end
end




Split at Pauses

await A;

pause




Add Code Between P

loop
await A,
emit B;
present C then
emit D end,;
pause
end




Translate Second Thre

loop
present B then
emit C end;
pause
end




Finished Translating

every R do
loop
await A,
emit B;
present C then
emit D end,
pause | |
end | |
| | |
loop ! J
present B then | |
emit C en
pause
end /
end |
\




Add Dependencies and

every R do
loop -
await A;
emit B;
present C then
emit D end, |
pause / \
end
loop |
present B ths/ \ /
emit C end; |
pause /
end
end | - ,
\ /



Run First Node




Run First Part of Left Thread =




Context Switch




Run Right Thread




Context Switch




Finish Left Thread




Completed Exampl




Generated Code




Summary

Plummeting transistor cost is making it practical to put
more, smaller computer systems everwhere

\\

Implemented with SoC techno gy these embedded

systems will be dominated by software. \
/ \
Embedded system challenges:
e Real-time issues
e Concurrency T
 Software complexity and reliability /
/ \\\ ,///
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Summary

Esterel and the synchronous paradigm solve some
problems L

e S
~ N

 Synchronous model provides deterministic
concurrency /

/
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* Finite state permits automatic model checking

e Execution time verification provides timing assurance

e Efficient compilayt'gﬁ/écheme elir\ﬁi\nates OS overhead
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