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Disclaimer:

- T do embedded development
and still feel the metal







embedded
software

development
1s hard.. ;<




T work for

oCILSOI'S
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embedded
software
development

1s still hazrd..
—(




Challenges:




Abstraction
wilithout
Runtime Cost



C considered
unsafe



(High Level)
Program
Annotations



Static Checks

-

Verification



Product I.ines
Support

(variants without #ifdef)



but lets
have some

fun..










I have
stolen the

NXT robot
from..
















what 1if..

you could change

languages




what 1if..

you could change

languages

like you can
change programs?




what 1f..




what 1f..

you could

use
the DSL
YOU want ?




what 1f..

you could
use
the DSL
YOU want 7

(Within your GPL)



SELECT firstname, lastName from
employee where age = 42;



SELECT firstname, lastName from
employee where age = 42;

([+-1?10-9]%) | ([A-Z][a-z]+)
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what 1f..




what 1f..

you could

build
the DSL
YOU want ?







mbeddxr C

Approach




An extensible C
with support for

embedded
developemnt



SDK for building
your own
Language

Extensions!



Build with
open source

JetBrains

MPS

Open source
Language Workbench
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Incremental Extensnon
of




C
(cleaned-up)



removed bad stuff..




module Calculator imports

exported int8_t add(int8_t x, int8_t y) {
return x + y;

}

exported int8 t multiply(int8 t x, int8 t y) {
return x * y;

}
}




module Calculator imports

exported int8_t add(int8_t x, int8_t y) {
return x + y;

}

exported int8 t multiply(int8 t x, int8 t y) {
return x * y;

}
}

module HelloWorld imports Calculator {

int32 t main(int32_t argc, int8 t*[ ] argv) {
return add(2, 2) + multiply(1e, 2);
}
}




Binary literals in C+l11 ?
(after years)




Binary literals in C+l11 ?
(after years)

Supported i1n mbeddr C
(2 hours to implement..)




module MNuambers

9|

int32 t main{string[ ] args) {
return test testHex, testBinary:
1
exported test case testHex {
inté t = = hex<l>;
inté t v = hex<ax;
aszert{d) x 4+ v == hex<h>;
h
exported test case testoctal {
intd t x = octdVs0
int8 t v = oot<lx;

assert(0) x + v == oct<l10>;
1
exported tes testBinary {
inté t = =
inté t v =
assert{0) :
h



Native Support

for Unit Testing



module UnitTestDemo imports

int32 t main(int32_t argc, int8 t*[ ] argv) {
return test testMultiply;

}
exported testMultiply {
assert( imes2(21) == 42;
if (1>2){
fail(1l);
}
}

int8_t times2(int8_t a) {
return 2 * a;




module UnitTestDemo imports

int32_t main(int32_t argc, int8 t*[ ] argv) {
return test testMultiply;

- testMultiply {
s2(21) == 42;

int8_t times2(int8_t a) {
return 2 * a;




module UnitTestDemo imports
int32_t main(int32_t argc, int8 t*[ ] argv) {

return test testMultiply;

testMultiply {
imé52(21) == 42;

int8_t times2(int8_t a) {
return 2 * a;




module UnitTestDemo imports

int32_t
returr

in(int32_t argc, int8_t*[ ] argv) {
stMultiply;

exported test case testMultiply {
assert(9) times2(21) == 42;
if (1>2) {
fail(1l);

int8_t times2(int8_t a) {
return 2 * a;




Native Support

for Unit Testing
and Logglng



module ARealHelloWorld imports {

message list HelloWorldMessages {
INFO hello(string name) active: Hello World
ERROR wrongNumberOfArguments(int8_t expected, int8_t actual) active: Wrong number of Arguments

}

int32_t main(int32_t argc, int8_t*[ ] argv) {
report(@) HelloWorldMessages.wrongNumberOfArguments(1l, argc) {
if (argec =1 ) {
report;
return 1;
}
}s
report(@) HelloWorldMessages.hello(argv[@]) on/if;
return 8;




module ARealHelloWorld imports {

elloWorldMessages {
(string name) active: Hello World
ERROR wrongNumberOfArguments(int8_t expected, int8_t actual) active: Wrong number of Arguments

int32_t main(int32_t argc, int8_t*[ ] argv) {
report(@) HelloWorldMessages.wrongNumberOfArguments(1l, argc) {
if (argec =1 ) {
report;
return 1;
}
}s
report(@) HelloWorldMessages.hello(argv[@]) on/if;
return 8;




module ARealHelloWorld imports {

HelloWorldMessages {
ello(string name) active: Hello World
ERROR wrongNumberOfArguments(int8_t expected, int8_t actual) active: Wrong number of Arguments

- main(int32_t argc, int8_t*[ ] argv) {
elloWorldMessages.wrongNumberOfArguments(1l, argc) {
if (argec 1=1) {

report;

return 1;

HelloWorldMessages.hello(argv[@]) on/if;

return 8;
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Incremental Extension

O'f (\‘

\P‘ysical Units




Without
Template
meta

programming
Hell !




Unit Declarations

-2
derived unit H = kg m = for force

-2
derived unit Pa = Hm for pressure

derived unit v

I
=
|

for wvelocity

-2
“derived mnit a = m s for accelkaratiun

convertible unit F for temperature

convertible unit ¢ for temperature

Conversion Rules

conversion F O C ral * 9 f 5 + 32
conrersion C O F = {(val - 32) * 5 f 19



And
error messages

at
EDITING time !




volid testBasiclUnits{) {
intd t/HS n = 3 H;
-2
Kqg m s
H * 4= f 3=
nd * 3 m;

int8 t/H/ n3 =
int8 t/H/ n4 =
intd t/H m/ n5

int8 t/cd/ aluminousIntensity = 0Ocd;
int8 t/m/ length:

int8 t/fs/ time:
-1
int8 t/m s f speed = length f time:

int8 t/v/ thisShouldNotlWork = <node length + time has err



_ gawnalen -

Jncr, anta

G;

I—l
E.

JJJIJ

te Machines
Paysical Units




State Machines
as
first class
concepts



unter {
in start() <no binding>
step(int[@..1@] size) <no binding>
out someEvent(int[©..1@@] x, boolean b) => handle_someEvent
resetted() => resetted
vars int[©..100] currentVal = ©
int[©..186] LIMIT = 18
states (initial = initialState)
state initialState {
on start [ ] -> countState { send someEvent(100, true && false || true); }
}
state countState {
on step [currentVal + size » LIMIT] -» initialState { send resetted(); }
on step [currentVal + size <= LIMIT] -> countState { currentVal = currentVal + size; }
on start [ ] -» initialState { }




State Machines
+

Model Checking



in start() <no binding>

step(int[@..1@] size) <no binding>
out someEvent(int[©..1@@] x, boolean b) => handle_someEvent

resetted() => resetted
vars int[©..100] currentVal = ©

int[@..100] LIMIT = 10
states (initial = initialState)
state initialState {

on sta

}

on ste

= =

state col PFDFI'E'I"W

on ste| State 'initialState' can be reached
on stalctate 'countState' can be reached

Status

Trace Size

Variable 'currentVal' is always between its defi...

Variable 'LIMIT' is always between its defined ...

State 'initialState' has deterministic transitions

State 'countState' has deterministic transitions

Transition 0 of state 'initialState' is not dead

Transition 0 of state "countState' is not dead

Transition 1 of state 'countState’' is not dead

Transition 2 of state "countState' is not dead

Condition "currentVal == 8' can be true
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Incremental Extension
of mponents

SEte Machines
ysical Units




Components
Interfaces



exported c/s

intl6_t heading
post(8) result >= 8 & result <= 359

void orientTowards(intl6_t heading, uint8_t speed, DIRECTION dir)
pre(@) heading >= © && heading <= 359

rienter on contract error MultibotMessages.prePostconditionFailed {




exported c/s:
intl16_t hea

| result >= 0 && result <= 359

entTowards(intl16_t heading, uint8_t speed, DIRECTION dir)

heading >= @ && heading <= 359

Orienter on contract error MultibotMessages.prePostconditionFailed {

Components
Intexrfaces
wilith Contracts !




exported component OrienterImpl extends nothing {

provides Orienter orienter
requires EcRobot_Compass compass
requires EcRobot_Motor motorLeft
requires EcRobot_Motor motorRight

field int16_t[5] headingBuffer

void orienter_orientTowards(int16_t heading, uint8_t speed, DIRECTION dir) <-
op orienter.orientTowards {
intl16_t currentDir = compass.heading();
if ( dir == COUNTERCLOCKWISE ) {
motorLeft.set_speed(-1 * ((int8_t) speed));
motorRight.set_speed(((int8_t) speed));
while ( currentDir != heading ) { currentDir = compass.heading(); }
} else {
motorLeft.set_speed(((int8_t) speed));
motorRight.set_speed(-1 * ((int8_t) speed));
while ( currentDir != heading ) { currentDir = compass.heading(); }
}
motorLeft.stop();
motorRight.stop();

intl6e_t orienter_heading() <- op orienter.heading {
return compass.heading();




Interface + Implementation

extends nothing {

exported componen

enter orienter
obot_Compass compass
bot_Motor motorLeft
EcRobot_Motor motorRight

field int16_t[5] headingBuffer

void orienter_orientTowards(int16_t heading, uint8_t speed, DIRECTION dir) <-
op orienter.orientTowards {
intl16_t currentDir = compass.heading();
if ( dir == COUNTERCLOCKWISE ) {
motorLeft.set_speed(-1 * ((int8_t) speed));
motorRight.set_speed(((int8_t) speed));
while ( currentDir != heading ) { currentDir = compass.heading(); }
} else {
motorLeft.set_speed(((int8_t) speed));
motorRight.set_speed(-1 * ((int8_t) speed));
while ( currentDir != heading ) { currentDir = compass.heading(); }
}
motorLeft.stop();
motorRight.stop();

intl6e_t orienter_heading() <- op orienter.heading {
return compass.heading();
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Incremental Extension

of mponents
Productlines
S

te Machines
ysical Units




Product Iine
Variability



Define
a
feature model



feature model DeploymentConfiguration
root ? {
logging
test
valueTest [int8_t value]

}




o

i

DeploymentConfiguration

.

valueTest [int8_t value]

Example Feature Model:
- logging
- testing
- a value




2 Productlines:

feature model @@%Eﬁ@%%&%?@%% xww&@%ﬁm

T T it s i Wl £ 5

- Debug
dduction

test
configuration model Debug configures DeploymentConfiguration

root ¢
[ ]

=l @@Pﬁ ~

}

root {
logging
test
valueTest [value = 42]

configuration model Production configures DeploymentConfiguration
root {
<< v 2P




feature model DeploymentConfiguration
root ? {
T o g g
LOBEINE
test

valueTest [int8_t value]

configuration model .
root {

logging
test

valueTest [value = 42]

onfigures DeploymentConfiguration

configuration
root {
{{ LI }}

configures DeploymentConfiguration




Variability from FM: DeploymentConfiguration

Rendering Mode: product line
1test)

module ApplicationModule imports SensorModule {

{1022ine)

message list messages {
INFO beginningMain() active: entering main function
INFO exitingMain() active: exitingMainFunction

exEorted test case testVar {

report(@) messages.beginningMain() on/if;
int8_t x = getSensorValue(1l) Fmmrrmesmey 42;
(30ces e

report(1l) messages.exitingMain() on/if;

assert(2) x == 10 FFISTETEIET 42;
(. a1uerest)

int8 t vv =;
tvaierests

assert(3) vv == 42;

int8 t ww = 22 EEeTETwe—— 12 + D,
£ 1valuerest;)

assert(4) ww == 22;

(valueTest)
assert(5) ww == 54;

int32_t main(int32_t argc, string[ ] args) {
return test testVar;

feature model DeploymentConfiguration
root ? {
logging
test
valueTest [int8_t value]

}

configuration model Debug configures DeploymentConfiguration
root {
logging
test
valueTest [value = 42]

}

configuration model Production configures DeploymentConfiguration
root {
<< wee 22

}




Variability from FM: DeploymentConfigura
Rendering Mode: variant rendering config
module ApplicationModule ‘imports {
message list messages {
INFO beginningMain() active: entering main function
INFO exitingMain() active: exitingMainFunction

exported test case testVar {
report(@) messages.beginningMain() on/if;
int8 t x = 42;
report(1l) messages.exitingMain() on/if;
assert(2) x == 42;

int8_t vv = NEMENQEISELSDEITE];

assert(3) vv == 423

int8_t ww = 12 + VEMUQEISEINIT3];

assert(5) ww == 54;

int32_t main(int32_t argc, string[ ] args) {
return test testVar;

feature model DeploymentConfiguration
root ? {
logging
test
valueTest [int8_t value]

}

configuration model Debug configures DeploymentConfiguration
root {
logging
test
valueTest [value = 42]

}

configuration model Production configures DeploymentConfiguration
root {
<< wee 22

}

Debug FM




feature model DeploymentConfiguration
root ? {
logging
test
valueTest [int8_t value]

Variability from FM: DeploymentConfigura

Rendering Mode: variant rendering confi
module ApplicationModule ports SensorModule { }

configuration model Debug configures DeploymentConfiguration

root {
logging
test
exported test case testVar { vatuetest [value - 42]
int8_t x = getSensorValue(1); }
asser‘t(Z) ¥ == la; configuration model Production configures DeploymentConfiguration
root {
i.ll1:i§__1: WW = :1:! ; << .ea O
}
assert(4) == 22;

int32_t main(int32_t argc, string[ ] args) {

} return test testvar; rOduCtion FM







Status
and

Availability




http://mbeddr.com



It runs on
Lego/NXT with

OSEK RTOS







and on our

first sensors..




C 1s not

dead !







But its

still there..







Thank you !




