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2
3 input bool inl, in2
4 output bool o
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6 dataflow {
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L SCADE Q

poaol

L1 = count;

value = L7;

L2 1;

L3 = pre L7; count

L4 L2 + L3; q int32 7] int32 ‘

L5 if L1 then (L4) else (L3); [_
int3z2

L6 0; T inta _
L7 = (L6) -> (L5); PRE . n— T T IR e e

+ +

node Counter (count:bool) returns (value:int) Counter
var L1l:bool; input bool count

L2, L3, L4, L5, L6, L7:int; output int value
let
L1 = count;
value = L7; KIELER
L2 = 1; > count
L3 pre L7; 1

| = |
L4 FZ + L3; . Iﬁ e nE
L5 = if L1 then (L4) else (L3); T pre — . —— —>—value

L6 0;
(L6) -> (L5); 0 —J

L7
tel
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it~ ovyo - »iH
1-node Counter (count : bool)
2 returns (value : int)
3
4 var preValue:int;
5 let
6 preValue = pre value;
7- value = 0 ->
8 if count
9 then 1 + preValue
10 else preValue;
11 tel
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Larger Example

O

. - float32
joystickCmd > r 1| float32 1| float32 float32
- X
0] T

(V] 250
leftAdvers eYaw float32 1 . *
floa}32 floaty2
rightAdverseYaw floats2

AdverseYaw 0.25 —

RollIRateCalculate

input float joystickCmd

input float |eftAdverseYaw

input float rightAdverseYaw

output float rollRate

ref AdverseYaw AdverseYawl

ref LimiterSymmetrical LimiterSymmetricall

joystickCmd b * —L
leftAdverseYaw —— J—
J__AdverseYawl 0.25 J— 0.0 ——LimiterSymmetricall— rollRate
rightAdverseYaw
9 25.0-)

> roliRate



KIELER Compilation Chain

% Lustre to SCCharts Reference Expansion _s, Region Actions  _5, SCL Code Effects _, For V2

-

—> Const —> Timed Automata __s, Init Operator > History
r B
s Signal | ~,|Suspend —> Count Delay |~ |Pre —> Followed By Operator
T
> Weak Suspend _, Deferred —> Static —> During Action —> Complex Final State
T
L Abort > Exit Action > Inttialization > Entry Action —> Connector
> Array initialisation _s, User Schedule —> Trigger / Effect _ > Surface / Depth | |4 SCG

s Dependency V2

> Basic Blocks

—> Guards V2

—> Scheduler V2

—> Sequentializer

B
-
s

\

+C Code
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4 Lustre to SCCharts ‘|> Reference Expansion _s, Region Actions |~ SCL Code Effects | ~,|For V2

-

; Pr Transitions —> Const —> Timed Automata __s, Init Operator —> History
, B
s Signal | ~,|Suspend —> Count Delay |~ |Pre —> Followed By Operator
T
> Weak Suspend _s, Deferred —> Static —> During Action —> Complex Final State
7

L Abort —> Exit Action —> Initialization —> Entry Action —> Connector

T
> Array initialisation _s, User Schedule —> Trigger / Effect >, Surface / Depth | 5|SCG e
; Dependency V2 __s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer _\
> C Code J
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Transformation Challenges

Lustre
X 1 2 3 4 5 6 7 8 9
clk true false true false false true false true true

x when clk 1 3 6 8 9
when, current?

SCCharts
X 1 2 3 4 5 6 7 8 9
clk true false true false false true false true true

clk? x 1 3 6 8 9

12



When Operator

equanns equaﬂons
Input int a input int a
input bool ¢ input bool ¢
Int X int x
node equations(a:int; c:bool) &
returns (); ] - |
var x:int when c; > 2 @ a)— e~
X = a when ¢;
tel.
scchart equations { scchart equations {
input int a input int a
input bool c input bool c
int X int X
dataflow { dataflow {
X =Cc 7?7 a: pre(x) X=¢7?a
} }
} }
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clk

XClk = x when clk

y when xClk

When Operator

true

true

true

true

true

false

false

false

true

false

false

false

false

true

true

true

true

false

true

false

true

false

false

false

false false true
false false true
true true false
true
false
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When Operator with Variables |

clk true false true false true true false false true

X true false false true true false false false true

y true false false true false false true true  false

XClk = clk? x true false true false true

xClk?y true false false false
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When Operator

node equations(clk,x,y:bool)
returns ();

var XClk:bool when clk;
yClk:bool when xClk;

let
xClk = x when clk;
yClk = y when xClk;
tel.

equations

input bool clk, x, y
bool xClk, yClk

clk

= \cﬁ xClk
&&

y < —yClk

scchart equations {
input bool clk, x, y
bool xClk, yClk

dataflow {
xClk = clk ? x
yClk = (xClk && clk) ? vy

}

16



When Operator with Variables I

clk

X

y

XClk = clk? x
(clk && xClk)? y

true

true

true

true

true

false

false

false

true

false

false

false

false

true

true

true

true

false

true

false

true

false

false

false

false

false

true

false true

false true

true false

true

false
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Current

clk true false true false true true false false
X true false false true true false false false

y true false false true false false true true

XClk = clk? x true false true false

(clk && xClk)?y true false

Always implicit ‘current’ through Variables

true

true

false

true

false
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State Extension

node states (x,y:int; toggle:

returns (result:int);

let
automaton Calculator
state ADD
let
result = x + vy;
tel
unless if toggle restart
state MULT
let
result = x * y;
tel
unless if toggle restart
returns ..;
tel

bool)

—
MULT;

ADD;

inputint x, y
input bool toggle
output int result

ADD

X-—c

. |

+ —result

states

toggle

toggle

MULT

X

. |

* —result
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4 Lustre to SCCharts H Reference Expansion ‘|> Region Actions  _5. SCL Code Effects _s, For V2

-

; Pr Transitions —> Const —> Timed Automata __s, Init Operator > History
, B
s Signal | ~,|Suspend —> Count Delay |~ |Pre —> Followed By Operator
T
> Weak Suspend _s, Deferred —> Static —> During Action —> Complex Final State
7

L Abort > Exit Action —> Initialization —> Entry Action —> Connector

T
> Array initialisation _s, User Schedule —> Trigger / Effect >, Surface / Depth | 5|SCG e
; Dependency V2 __s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer _\
> C Code J
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SCCharts Dataflow Semantics

dataflowExample
inputinta, b, c

dataflowExample output int o1, 02
inputinta, b, c
output int 01, 02 __df _main
»
Tin, "
& J_" 2o ] —
m [ ~
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—> Lustre to SCCharts _, Reference Expansion _s, Region Actions

|~ |SCL Code Effects |~ |For V2

-

; Pr Transitions —> Const —> Timed Automata __s, Init Operator —> History
, B
s Signal | ~,|Suspend —> Count Delay Pre Followed By Operator
T
> Weak Suspend _s, Deferred —> Static —> During Action —> Complex Final State
7

L Abort —> Exit Action —> Initialization —> Entry Action —> Connector

T
> Array initialisation _s, User Schedule —> Trigger / Effect >, Surface / Depth | 5|SCG e
; Dependency V2 __s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer _\
> C Code J
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Pre Operator in SCCharts

equations
input int a
output int x
: int rega=0
equations int pre a
input int a
output int x __df main
—
TN
S IEC _df_O 8 /X — _pre_a '1 _df_dO
scchart equations {
input int a Fis S
output int x L pie s neg.d; feg.a S.a vy
dataflow {
X = pre(a)
}
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Pre Operator in SCCharts
Induced Dataflow View

equations

input int a
output int x

int rega=0 @
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Pre Operator with Clocks

clk true false false true true false true false true

X 1 2 3 4 5 6 7 8 9
XCIlk = x when clk 1 4 5 7 9
pXCIlk = pre(xClk)  nil 1 4 5 7

pre(pxClk)  nil nil 1 4 5

25



Pre Operator with Clocks
and Variables

clk true false false true true false true false true

X 1 2 3 4 5 6 7 38 9

XClk = clk? x

\\\\\\\\
N\NN

pXClk = pre(xCIKk)

pre(pxCIk)
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Clocked Pre Operatorin
SCCharts

equations
equations input int a
input int a input bool clk
input bool clk output int x
output int x int_ rega=0
int _pre a
a )—Re—X
—
ik | df main
N\
_df 0 /X =_pre_a » df dO

scchart equations {
input int a

input bool clk N
output int x @_pre_a = reg a; rega=a 4 -

dataflow {
X = pre(a, clk)
}
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Pre Operator with Clocks
and Variables

clk true false false true true false true false true

x 1 2 3 4 5 6 7 8 9
XClk = clk? x 1 4 5 7 9
pxClk = 1 4 5 7

= pre(xClIk, clk)

pre(pxClIk, clk)  nil nil 1 4 5
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—> Lustre to SCCharts _, Reference Expansion _s, Region Actions

|~ |SCL Code Effects |~ |For V2

-

; Pr Transitions —> Const —> Timed Automata __s, Init Operator —> History
, B
s Signal | ~,|Suspend —> Count Delay |~ |Pre % Followed By Operator h
> Weak Suspend _s, Deferred —> Static —> During Action —> Complex Final State
7

L Abort —> Exit Action —> Initialization —> Entry Action —> Connector

T
> Array initialisation _s, User Schedule —> Trigger / Effect >, Surface / Depth | 5|SCG e
; Dependency V2 __s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer _\
> C Code J
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Fby Transformation

equations
e
input int a output int o
input int b
output int o e i
a)—moy} <o N
n [ —AFON Jo=afbyb 4 _drdO
equations
input int a
inputintb
output int o
df_main
d-> pre (b) int _ fbp_next0
~
— _df O /o= _fbpo , _df dO

e

30



Fby Transformation Il

equations
equations inputinta, b, c
inputinta, b, c input int o
output int o
__df main
= _L int__fbp 0
# int _ fbp_nextO
b)——fby—o int __ fbp_tmp0
= __J— int _ fbp _nextl
~
_df_o \_/ _o_ f _TEEE—_O_ 4 _df_do
scchart equations { / _fbp 0= _fbp_next0
input int a, b, c | _fbp 0= ' i
: . e (init )= mTm— - > dela — loo
input int o (init) - | _fop nexto = _fhp tmp0 Gl
dataflow { [ _fbp_tmpO0 = _ fbp_nextl
_ /| _fbp tmp0O =Db & = e T
) o=a fby b fby c @ """""""" > delay <./ _fbpnextl=c P loop
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Fby Transformation
Induced Dataflow View

equations
inputinta, b, c
input int o
N
__df_main g i
int__fbp 0 Initial Tick
int _ fbp nextO
int __fbp tmp0
int _ fbp nextl
@ [ _fbp tmp0 = _fbp nextl
/ _fbp tmpO =b o TN b » pre(c)
@ """""""" > delay { / fbp_nextl=c y loop

/| _fbp O0=a V' TN\
@ """""" > delay «_/ _fbp next0 = fbp tmp0 4 loop pre(prejf...)
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Fby Transformation
Induced Dataflow View

equations
inputinta, b, c
input int o
__df_main X ;
int__fbp_0 Following Ticks
int _ fbp nextO
int __fbp tmp0

int _ fbp nextl @

[ _fbp_tmpO0 = _fbp_nextl
/| _fbp tmpO=b = —N\
@ """""""" > delay { / fbp_nextl=c y loop

pre(c)

pre(...)
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Summary

Model Recovery

node counting(tick:bool;top:bool)
returns (out:int);
var v:int;
let
v = if top then 1 else 0;
out = if tick
then v
else (0 -> pre out + v);
tel.

~ T

Behavior Preservation

—
(oo
—

Lustre

SCCharts

tick

out —— pre —__

+ ——

‘ Outputs

‘ Outputs

. —out

34



Thank You!

Download KIELER Nightly Version
https://rtsys.informatik.uni-kiel.de/confluence/display/KIELER/Downloads
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