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ns (value:int)
bool;

L4, L5, L6, L7:int;
count;

= L7;

1;
pre L7;

L2 + L3;

if L1 then (L4) else

9,
(L6) -> (L5);
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L1 = count;
value = L7;
L2 = 1;
L3 = pre L7;
L4 = L2 + L3;
L5 = if L1 then (L4) else (L3);
L6 = 0;
L7 = (L6) -> (L5);
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Input: count:bool

Output: value:int

|cond = if count then inc else preV;|
|inc =1 + preV;|
| prev = pre(value);|
value = @ -> cond;
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KIELER Demo



scchart increment {

node increment (count:bool) returns (value:int) input bool count
var cond:int; output int value
inc:int;
preV:int; dataflow {
int cond, inc, preV
let
cond = if count then inc else preV; cond = count ? inc : preV
inc =1 + preV; inc = 1 + preV
preV = pre(value); preV = pre(value)
value = @ -> cond; value = @ -> cond
tel }
3
increment

input bool count
output int value




SCCharts Dataflow Semantics

dataflowExample

inputinta, b, c
dataflowExample output int o1, 02

inputinta, b, c
output int 01, 02 __df main
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KIELER Compilation Chain

. Lustre to SCCharts _

Reference Expansion _s, Region Actions

—> SCL Code Effects —> ForVv2

-

> Pr Transttions —> Const —> Timed Automata _, Init Operator _>, History

_]
> Signal —> Suspend —> Count Delay > Pre > Followed By Operator

T
(> Weak Suspend _5, Deferred —> Static —> During Action —> Complex Final State
_]

> Abort —> Exit Action —> Initialization —> Entry Action —> Connector L
; Array initialisation s, User Schedule —> Trigger / Effect > Surface / Depth  _5, SCG _‘
s Dependency V2 _s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer |

_J
> C Code 9



Lustre Clock Calculus

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
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When Operator

node equations(a:int; c:bool)

returns ();

var x:int when c;

let

X

tel.

a when c;

equations
in| inputinta
in| input bool ¢
int int x

scchart equations {
input int a
input bool c
int x
dataflow {

X =c ? a : pre(x)




Lustre When Operator

false

clk false false | false
x| true | false | false | true true | false | false | false | true
y| trye | false | false | true | false | false | true | true | false
XClk =
false false
X when clk
y when xClk | true false false




When Operator with Variables |

clk false false false | false
x| true | false | false | true | true | false | false | false | true
y | true | false | false | true | false | false | true | true | false
XClk = clk? x| true Q false true | false true
XCIk? y | true | false false false




Hierarchical When

equations
input bool clk, x, y
node equations(clk,x,y:bool) bool xClk, yClk
returns ();
clk '—1’—]
s xClk
var xClk:bool when clk; X xCk @
yClk:bool when xClk; é =
y > — yClk
let
xClk = x when clk;
hart ti
yClk = y when xClk; scchart equations {
input bool clk, x, y
tel.

bool xClk, yClk

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



When Operator with Variables [l

clk false false false | false
x| true | false | false | true | true | false | false | false | true
y| true | false | false | true | false | false | true | true | false
XClk = clk? x false false true
(clk&&xCIK)? y | true false false




Current?

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
(clk&&xCIK)? y | true false false

Always implicit current through variables
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KIELER Compilation Chain

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

-

> Pr Transttions —> Const —> Timed Automata _, Init Operator _>, History

_]
> Signal —> Suspend —> Count Delay L, Folowed By Operator

T
(> Weak Suspend _5, Deferred —> Static —> During Action —> Complex Final State
_]

> Abort —> Exit Action —> Initialization —> Entry Action —> Connector L
; Array initialisation s, User Schedule —> Trigger / Effect > Surface / Depth  _5, SCG _‘
s Dependency V2 _s, Basic Blocks —> Guards V2 —> Scheduler V2 —> Sequentializer |

_J
> C Code 17



Pre Operator in SCCharts

equations

input int a
output int x

a —pre— x

scchart equations {
input int a
output int x

dataflow {
X = pre(a)

}

—>

equations
input int a
output int x
int rega=0
int _pre_a
__df _main
N\
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Pre Operator in SCCharts
nduced Dataflow View

equations
input int a

®
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Lustre Pre Operator and Clocks

clk false | false false false
X 1 2 3 4 5 6 7 8 9
xXClk =
x when clk 1 4 S ! J
pXxClk = :
ore(xCIK) nil 1 4 5 7
pre(pxCIk) | nil nil 1 4 5




Pre Operator and Clocks
with 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 4 9
AN
pgz%(lk:) nil « 1\ 4§ « 5\\ « 7
X N \\s ‘h&
pre(pxClk) | nil 1 1 5 7
nil 4 5

21




Clocked Pre Operation in SCCharts®

equations
equations input int a
input int a input bool clk
- - output int x
input bool clk é int reg a= o0
output int x int _pre_a
a —RIE— X __df main
cII<--———J

scchart equations { ~
input int a pre_a = _reg a; reg a=a gy S

input bool clk
output int x

dataflow {
x = pre(a, clk)
}



Clocked Pre Operator
with Variables

clk | true | false | false | true | true | false | true | false | true

X 1 2 3 4 5 6 7 8 9

XCIlk = clk? x 1 4 5 7 9
AN

PxClk =1y 1 4 5 7
pre(xCIk) N N N N\

N\ N N
pre(pxCIlk) | nil nil 1 5 7




Model Recovery @

node counting(tick:bool;top:bool) tick
returns (out:int);
var v:int; out —— pre —___
+——
|et init
v = if top then 1 else O; E top | 0 -—J
out = if tick 1l o—

then v ? . —out
-

else (0 -> pre out + v);
tel.

Behavior Preservation

Lustre ‘ Outputs

—
s
—

SCCharts ‘ Outputs




Sequential Constructiveness .
Concurrency

node increment (count:bool) ~
returns (value:int) C_df_O x_‘_ / cond = count ? inc : preV , —df_d0
var cond:int; L CTmmmmmmmmmm—m—————mT
inc:int; ~
let
cond = if count then inc else preV; ( df 2):‘ _ N df d2
inc =1 + preV; — -_’P£e_‘£:£’£‘i(!§'992.1 - =

preV = pre(value);
value = @ -> cond; ~\
tel _df 3 X _/value =0 -> cond -y __df_d3

_______________
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Conditioned Updates:

X = b;
X += b? y;
X += ¢c? 3;



Sequential Constructiveness /@
Sequentiality

node simpleInc ()
returns (value:int)
let
value = @ -> value + 1;
tel



Sequential Constructiveness @
Sequentiality with Automata

Counter
output int out

A @ B
O |foewzo, 5

> Execute behavior of two states within one tick
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