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How many computers do you own?
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Transistor Cost Continues
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Each Pentium sqld for about $600 initially. ‘
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About $100 in todays doIIars

From Donald NormanJ The Invisible Computer 1998 .
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Environment and humans ~ Computers subservient to
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What happened to Home
Motors became cheap enough to embed in any applianc
that needed them. o —

How many motors
do you own?
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Hidden Computers

Casio Nokia 7110 Sony
Camera Browser Playstation 2
Watch Phone .
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Embedded System Challenges=—=====s

Real-time Deadlines
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Concurrency
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Java Esterel
| PC ock
i fipl ement's. Runnabl e { every 1000 M5 do
p?bllfv;)i?run() { . T~
or (i; B
java.util.Date |now = y emt SE\\
Dat i
yslSibay® o1 0T eng .
println(now toString()); / \
try
h ?ad fu%e;ﬁThread() / \
sl ee
} catch FI ntExcept e) {} | Just works \
} [ |
public class O ock { | o
public static void e |
mai n(S”Ing args[]) { | - /
Thread t < AN
new Thread(new Pg/ock()) N\
t.start(); \ /
) // \
$ java dock / \ .
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Software complexity gro

Size of Typical Embedded System

1985 13 kLOC o \
1989 21 kLOC | 44 %/pér year
1998 1 MLOC

2000 2 MLOC

2008 16 MLOC m‘r Windows NT 4.0
2010 32 MLOC/ "~ Windows 2001‘)
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Source: “ESP: A 10- Year Retrospectlve Embedded Systems Programming,,

November 1998 N /

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

 Existing multi-threaded concurrency models

...are completely ur)s;ructu*re'd'
The “goto” of control |

/
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* Most real-time scheduling
...ignores communication aspects
‘
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We need some alternatives!
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An Example

/ Force signal-present i |n th|<
emit B;

present C then ~—— M&ﬂ(e D present if C is
emit D end;

cycle

B |
Written in stone-age languages=—=======
B

“Which of the following programming languages have you
used for embedded systems in the last 12-months?”

c 8% N
Assemply 70% \
CH+ 39% ‘
Visua{ Basic 16% \
Java 1%
i
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Source: “ESP: A 10- Yea(r Retrospecﬁve, Embedded Systems Programming, /
November 1998 / \ ’

An Alternative: Esterel

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

Uses a synchronous model of}ifﬁe that is deterministic
and provides precise contrql/bver time.

/
Timing verification becomes checking a single
worst-case-execution-time bound.
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An Example e
B
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Wait for next cycle where A is present
await A; / o

/ \

pause \ ,
Wait for next cycle
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An Example

100p ~——— |nfinite Loop
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end
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emit B; \
prefent C th

Same cycle bidirectional communic:

present B th
emit C epyl;

Add Threads

/
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An Example
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[| =———Run Co‘ currently \
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An Example
every R do
loop o
await A;
emit B;
present C then
emit D end; ood for hierarchical FSMs
pause ] )
end Bad at manipulating data
I loop \ Hardware Esterel variant |
present B then proposed to-address this
emit C end
pause
end
end \‘
\ i
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Split at Pauses

await A;

pause

An Example

every R do \
Restart on R

end {

Translate every

every R do

end f

Add Code Between

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

loop 1
present B then
emit C end;
pause ’
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Finished Translating

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

end

loop 1
present B then
emit C end;
pause ’

end \

Add Dependencies an

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

loop 1
present B then
emit C end;
pause ’

end ‘
end \




Completed Example

Summary

Esterel and the synchronous paradigm solve some
problems N

s I
e Synchronous model prov/id{s deterministic
concurrency

\
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¢ Finite state permits a}d/tomatic model checking \

* Execution time verifi¢ation provides timing assurance ‘
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Generated Code

if ('R {

}
if (B) C=1;
if (t == 0) {

it (9 D=1
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if (s ==18A {

=1, T~
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Summary

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

/
Embedded system challenges:

* Real-time issues “
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« Concurrency I \
\
* Software comw@y and reliability

Implemented with SoC tech;?/aﬁ', these embedded
systems will be dominated by software.
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